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STRUCTURE OF MILDIOMYCIN, A NEW 
ANTIFUNGAL NUCLEOSIDE ANTIBIOTIC 

S~suo HARADA,~ Elrr MIZUTA and TOYOKAZU KISHI 
Central Research Division, Takeda Chemical Industries, Ltd.. Yodogawa-ku. Osaka 532, Japan 

(Received in Japan 20 January 1980) 

Ab&-The chemical structure of mildiomycin (1) active against powdery mildews was determined by chemical 
degradations and physical analyses to be 2 - [(2R, SS, 6.9 - 2 - (4 - amino - 1,2 - dihydro - 5 - hydroxymethyl - 2 - 
oxopyrimidin - 1 - yi) - 5.6 - dihydro - 5 - L - setylamino - 2H - pymn - 6 - yl] - 5 - (Xl+ - gua&Gno) - 2.4 - 
dihydroxyvalerate as shown in Chart 1.t 

A new antifungal antibiotic mildiomycin (1) was isolated 
from the culture fikrate of SIrep~ouerticillium rime- 
faciens B-98391.‘2 Mildiomycin shows strong activity 
against powdery mildews on various plants and remark- 
ably low toxicity in mammals and fishes.’ 

This report deals with the structure of 1 in detail3 as 
shown in Chart 1. 

In the preceding pape? the authors reported that 1 was 
a water-soluble basic antibiotic containing 5-hydroxy- 
methyl cytosine as a pyrimidine base; m.p. > 3W’, [(I]~ t 

loo”, pKa’ 2.8(-COO-), 4.2(3-NH&), 7.2(2”-NH,+) and 
>12 (guanidine). 1 is readily soluble in water and shows 
positive color reactions with Sakaguchi, Greig-Leaback 
and ninhydrin reagents. 1 gave mildiomycin formic acid 
salt (2). 2”-N-monobenzoate (3) and 2’. 3’dihydromiL 
diomycin (4). The physico-chemical data of l-4 revealed 
that the molecular formula of 1 is Cj9HWNB09*H20 
(532.53): The IR spectrum of 1 showed the absorptions 
at 1650, 100&l 150 cm-’ like peptide analogues. The UV 
absorption at A cX7 271 nm (z = 8,720) or A z:y”“’ 
280 nm (E = 13,100) indicated the bathochromic shifts of 
u nm compared with those of cytidine. In the ‘H NMR 

tThe numbering in Chart 1 is different from those in nomen- 
clature. 

spectrum (Table 1). two signals were observed at 
7.61 ppm (s, H6) and 4.42 (s, H,) instead of two doublet 
signals in cytosine.2 

On acidic hydrolysis in 2N HCl’ or Amberlite IR-120 
resin, 1 gave 5-hydroxymethyl cytosine (5) and L-serine 
(6) which were identified with the authentic samples of 5 
and L-serine N-benzoate (7) derived from 6 by N&n- 
zoylation. The 13C NMR signals of 1 (Table 2) cor- 
responding to those of 5 and 6 have been assigned. 

The presence of a guanidyl group in 1 was established 
from degradation studies. 1 was hydrolysed in 0.2N 
NaOH to give ammonia and a ureido compound (8) 
showing negative Sakaguchi and positive pdimethyl- 
aminobenzaldehyde (DAB) reagents. Another basic 
hydrolysis of 1 in saturated barium hydroxide afforded 
compounds, $6, 8, ammonia and urea (9) (Chart 1). A 
singlet signal at 158.0ppm in the “C NMR spectrum of 1 
can be assigned to the guanidyl carbon (Table 2). 

The aliphatic moiety was unveiled by proton spin- 
decoupling studies of 2 (Fig. I). On irradiation of a 
methine proton at 3.92 ppm (m, Hs,), methylene signals at 
1.95 ppm (dq, H,,) and 3.35 (dq, H,) collapsed two sets of 
AB quartet signals; only the 8’-proton signal was decou- 
pled when each of the methylene protons was irradiated. 
As two methylenes among four in the “C NMR spec- 
trum of 1 could be attributed to compounds 5 and 6, two 

N CH20H 

I 
HOCH,FHCOOH 

-3 03\Ny 
2N-HCI + ““‘2 

ref. 3hr H 

(5) 
(61 

Milctiomycin (I) 

rot.Bo(OH)I ref. 2hr NH3 
l 

FH 
$OOH 

H,NCONHCH~CHCHj$-OH 

(5) + (6) + (8) + NH, + H,NCONH, 

191 (8, R 

chart I. 
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1320 S. Hmm d al. 

residual methylene signals at 48.1 ppm and 39.2 should 
account for the N- (G) and C- (CT) methylcnes. These 
spectral data suggest the presence of -NXH&H(O+ 
CH&formula in 2. Seven nitrogen functions of the 
eight nitrogens in 1 were assigned to the parts of guani- 
dine, serine and 5-hydroxymethyl cytosine, and there- 
fore, nitrogen binding to Gmethylene was assumed to 
be the last nitrogen or the guanidyl group. The 13C NMR 
spectra of D, L-7-amino+hydroxybutyric acid (10) and 
its y-guanidyl compound synthesized (11)’ indicate the 
chemical shifts (Table 2). These spectral data evidenced 
that 1 has the following aliphatic moiety since cor- 
responding four carbon signals except for the carboxyl 
carbon in 1 was closer to those of 11 than 10 and 
&methylene at 1.95 ppm in 2 was not adjacent to CO 
groups from corresponding signals at 2.50 ppm in 10,2.68 
in 11 and 2.80 in blasticidin Ss (12). 

Furthermore, this aliphatic moiety was finally eluci- 
dated from a decomposition product. 1 was subjected to 
6% periodate oxidation to give optically active y-guani- 
dino+hydroxybutyric acid which was identified with 
the racemate synthesized (11) except for specific rotation 
(Chart 2). The partial structure A was thus confirmed. 

The presence of a Cmembered ring in 1 was suggested 
by the ‘H and “C NMR spectra of 1,2 and 4. In the ‘H 

NMR spectrum of 1 (Table 1) an anomeric and two 
olefinic protons were observed at 6.43 ppm (s like, HI,), 
6.05 (d like, J = 10 Hz, Hr) and 5.88 (d like, J = lOHz, 
H3’) which were similar to those of the sugar moiety in 
12. In the ‘H NMR spectrum of 4 the anomeric proton 
shifted to 5.66 ppm (q, J = 10 and 2 Hz, H,,) and newly 
occurring methylene signals were observed at 1.8 and 
1.9-2.3ppm (2H x 2, m, Hr and H,,). The presence of 
two olefinic carbons at Cr and C3# was also supported by 
comparison of 13C NMR spectra of 1 and 4 (Tables 2 and 
3). These chemical shifts and splitting patterns revealed 
that there is a cis double bond and an anomeric proton at 
its adjacent position in 1. When the proton signal at 
5.88 ppm (d like, H3.) was irradiated in the ‘H NMR 
spectrum of 2 (Fig. l), the methine signal at 4.88 ppm (d 
like, I&) was sharpened. On irradiation of the 4’-proton 
signal, the doublet signal at 4.24 ppm (J = 10 Hz, H,) 
collapsed singlet. These data elucidated the partial struc- 
ture B. The presence of a &membered ring is further 
supported by the ‘H NMR spectrum of cytosinine’ (13) 
and the ‘YZ NMR data of the sugar moiety in 12, which 
was determined by subtracting the signals of blastidic 
acid’ (14) and cytosine from those of 12 (Chart 3 and, 
Tables 2 and 4). 

On standing in acetic acid, N-benzoate of 8 (15) 

13c -NMR 

158.2 (51 67.4 (d) 175.6 (Sl 
NH 47.2(t) 

OH 
39.6 (1) 

(11 
H104/2N-HCI 
ref. 2hr 

) H,N-Z-NH-CH2-CH-CH,-COOH 

i I1 1 

H,NCN 

13C -NMR ( D,L-f-Aminc+hydroxy-butyric Acid 1 

158.1 (5) 67.9 (d) 79.5 IS) 

7” 4.1(t) 0’ 39.2(t) 

H,N-C-NH-CH,-;H- CH,- t-O- 
10’ 9’ 8’ 7# ‘6. 

Partial structure ( A 1 in I 1 ) 

chart 2. 

‘H-NMR 

6.17, 110) c 
6.4W 

Cytosinine 
(21 

13C-NMR 175.6 (SJ 
80.8 td I COOH 

133.7 126.9 
133.8 126.8 IdI cd, 
rdl td) 

Partial structure ( B ) in ( 1 I 
Sugar moiety of blasticidin S 

Chart 3. 
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1322 S. HAMDA et PI. 

afforded a compound (16) whose IR spectrum indicated 
the strong absorption at 177Ocm-’ (Chart 4). The ‘H 
NMR spectrum did not show any acetyl Me signal and 
8’-proton signal shifted to 4.60 ppm from 3.9 in 15. When 
16 was allowed to stand in ammonia, 15 was recovered 
completely. Acetylation of 15 gave 7-O-. 3”-Odiacetate 
(17) showing positive DAB. 8 was acylated to give (p- 
bromo) derivative of 15 (18). The IR spectra of 17 and 18 
indicated the strong absorptions at 177&1775cm-‘. 
Compared with the ‘H NMR spectra of 17 and 18 in 
DMSO& two acetyl Me signals were observed at 
2.08 ppm (3H x 2, s) and two methylene signals showed 
down-field shifts to 4.75 ppm from 4.20 (HI) and to 
4.4Qppm from 3.72 (Hr). After treatment of 17 with 
ammonia-methanol the IR spectrum of the compound 
showed the absorption at only 174Ocm-‘. 

These findings elucidated the presence of two free OH 
and one carboxylic acid in 8 because the 7- and 3”-OH 
groups were acetylated in 17 and the 8’-OH group pro- 
vided a S-membered lactone in 17 and 18. And, it was 
found that serine and pyrimidine were binding at Y-and 
N-l-positions, respectively, from the results of various 
acylations and UV spectra of the derivatives. 

The combination of these fragments for the partial 
structure B was elucidated from the decomposition stu- 
dies as described below. 

signals of pyrimidine base and anomeric proton disap- 
peared and a new methylene signal occurred at 3.85 ppm 
(2H, m). The corresponding methylene signal in the 
hydrogenolysis product of 12 (20)’ was observed at 
3.95 ppm (2H, m). The ‘T NMR data in the &membered 
ring was in good accord with those of 20 (Tables 3 and 
4). These data indicated that 19 was a hydrogenolysis 
product of 1. On basic hydrolysis 19 gave a ureido 
compound which was bemoylated to give N-benzoate 
(21). 21 showed the absorption at 177Ocm-’ in the IR 
spectrum, but no pKa’ value at 4-11. On acetylation, 21 
afforded 3”-0-, IO’-Ndiacetate (22) showing negative 
DAB. The IR spectrum of 22 indicated the absorption at 
1780cm-’ &membered lactone), 1740 (OAc) and 1700 
(NAc). The ‘H NMR spectrum showed the signals at 9.48 
(s, &-NH-), 8.63 (1, G-NH), 7.85 (d, &-NH-) and 
7.50 (d, Cd-NH) in acetone&, and 1.97 (3H, s, -NAc) 
and 2.03 (3H, S, -0Ac) in DMSO-&. 

On hydrogenation of 1 a compound (19) was obtained 
besides 4 and 5 (Chart 5). 19 showed the pKa’ values at 
7.2 (2”-NH3+) and 3.45 (-COO-), and no absorption in 
the UV spectrum. In the ‘H NMR spectrum of 19 the 

When 19 was vigorously hydrolysed by 3N HCI, a 
lactone dihydrochloride (23) was obtained together with 
L-serine (6) (Chart 5). 23 gave a monohydrochloride (24) 
or a free base (w). The pKa’ value of 25 was measured at 
2.8 (-COO-), 8.6 (new NHa’) and >12 (guanidine). The 
13C NMR data of 25 showed clearly the lack of the serine 
part (Table 2). 19 showed no absorption at 1680- 
1800cm-’ in the IR spectrum and the chemical shift at 
173.6ppm in the ‘% NMR spectrum so that the acid 
amide in 19 was cleaved by acid to give a primary amine. 
In the “C NMR spectrum of 29 the signals at Cs and C,. 
showed down-field shifts’ by 4.4 and 6.8 ppm, respec- 

(1) BzC’ ) 2”-N-Benzoate ( 3 1 
1 OH- 

RSl ” 
Ureido camp. ( 8 1 ,sp 2 -N-Benzoate ( 15 I _AcoH \ Ladonic camp. ( 16 I 

1 ( p-Br 1 BzCl 1 NH40H 

2”-N-i p-Br 1 benzoate 
Ac20-AcOH-Pyr. 

( 18 1 
7-O-, 3’1-Odiacetate 

(: 17 ) 

chart 4. 

I 19 L 

I 3 N-HCI 

NH62 

1-Soriwt6) 

Chart 5. 
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tively, when compared with those of 23 (Table 3). Thus, 
the primary amine should be located at 4’. 

The IR spectrum of 23 showed a strong absorption at 
1770 cm-’ but that of W showed no absorption. The r3C 
NMR signal of Cq’ showed a down-field shift to 77.5 ppm 
in 23 from 68.9 ppm in W. In the ‘H NMR spectrum of 25 
the signals at 3.75 ppm (m, HV) and 1.95 (m, H7’) showed 
down-field shifts at 4.95 ppm and 2.62 (d like) in 23 
whose signals were determined by proton spindecoup- 
ling studies (Fig. 2). These findings revealed that (1) a 
j-membered lactone occurred at G, (2) the binding 
location of carboxylic acid was at Cg. of the quarternary 
carbon and (3) the ‘T NMR signal at 178.7ppm in 1 
should be assigned to carboxylic acid. 

Finally, a-hydroxy carboxylic acid structure was 
determined (Chart 6). The chemical shifts of non-pro- 
tonated carbon at Cc are about 80 ppm in mildiomycin 
related compounds (Table 3) and therefore, the binding 

moiety are assumed not to be JH-O- or -(!LO. but to 

be-L-&or4 -O-. 

b 

O=C- - 

The following experiments were 

rs 
carried out to distinguish between these binding moieties. 

On basic hydrolysis 25 afforded a ureido compound 
(26) and ammonia. The crystals showing positive DAB 
possessed pka’ values at 7.75 (4’-NH*) and 2.9 (-COO-). 
26 showed characteristic absorptions at 27tXlcm-’ 
(-OH) in the IR spectrum and the peaks at m/e 256 
(W-ls(NH,)) and 211 (25645 (-OH)) in the mass 
spectrum. On acetylation 26 gave 4’-N-, 8’-0-, W-N- 
triacetate (27) which showed only one pKa’ value at 2.8 
(COO-) and broad absorptions at 170-1740 cm-’ (AC) in 
the IR spectrum. On methylation, 27 gave a monomethyl 
ester (28). In the IR spectrum of 28 the absor=ption of 
ester was clearly observed at 174Ocm-‘. The ‘H NMR 
spectrum in deuterated chloroform showed the signals at 
3.80 ppm (3H, s, -COOCH,) and 2.15 (3H x 3, S, 2Ac) 
(Table 1). These products and spectral data elucidated 
the presence of the carboxylic acid. 

On oxidation by lead tetraacetate, 26 gave carbon 
dioxide and a ketonic compound (29). In the IR spectrum 
the absorption of an isolated CO group was newly 
observed at 1720 cm-‘. The ‘H NMR data showed down- 

field shifts to 3.97 ppm in 29 from 3.8 in 26 at HY and to 
2.54ppm in 29 from 2.02 in 26 at H,‘. In the “C NMR 
spectrum of 29 the signal of an isolated CO group newly 
appeared at 210.9ppm (C6#) instead of the signals at 
88.4 ppm (C,) and 179.8 (Cl,) in 25. I’-N-acetate of 29 
was reduced to give a hydroxy product at C6, (30). The 
proton spin-decoupling studies of 30 revealed the fol- 
lowing; when the ‘I’-methylene signal was irradiated, the 
methine signals at 4.25 ppm (m, EI6.) and 4.03 (m, Hr) 
collapsed a doublet (J = 7 Hz) and a doublet-like. On 
irradiation of the methine proton at 3.62 ppm (q, HY), the 
He-methine proton collapsed a doublet-like. From these 
reaction patterns and spectral data the binding moiety of 
a-hydroxy-carboxylic acid was finally confirmed. 

The deseryl derivative of 1 was obtained as follows; 
on oxidation of 1 with potassium periodate the product 
showed no pKa’ at 7.2 and negative ninhydrin reaction. 
After treatment with alkaline hydrolysis, the compound 
was hydrolysed by 2N H2SOI to give the compound (31) 
as dihydrochloride (Chart 7). 

In the 13C NMR spectrum the signals of the serine part 
disappeared. The presence of the lactone ring was 
assigned by the strong absorption at 1770cm-’ in the IR 
spectrum and the down-field shift at 2.61 ppm (2H, sex. 
H7’) in the ‘H NMR spectrum. The sugar moiety was also 
obtained by acidic hydrolysis. 4 gave two decomposition 
products, 32 and 33 by refluxing in 3N HCI. The ‘H 
NMR of the minor hydrolysate (32) showed the anomeric 
proton signal at 5.75 ppm (s like) instead of the l’- 
methylene signal in 25. The major one (33) was identified 
with the dihydro derivative of 31 (Chart 7). 

As for the absolute co&uration of the 6-membered 
ring, the stereochemistry of Hr and HJ4 should be diaxial 
by the coupling constant of JWJG = 10 Hz in 2. Also the 
stereochemistry of H,, was assigned axial from Jlty = 10 
and 2 Hz in 4. Thus, three bulky groups in the ring should 
reasonably be all equatorial. Only two sterically stable 
stereostructures of 8-D or a-~ could be permitted among 
all possible isomers of dihydropyran as shown in Chart 8. 
Since these formula are in relation of the mirror image, 
Cotton effect of the CD spectrum in Bz. band’ must 
show the opposite sign to each other. The absolute 
configuration of blasticidin S and gougerotin has been 
determined as /?-D-9”’ Mildiomycin compounds showed 
negative Cotton effect quite similar to those of the model 
compounds (Chart 8) indicating that the 6-membered 

H2NCONH. 
CH( 

r” “‘-<OH 9” 8 

“LH:c 
“$-NH-C” .CH/t 

%Na q , ::” :zNo 

I 26 I 

AcZOIPyridine 

c 
co2 

I 11 A?OlPyridine 

21 NaBHqMeC-H 

Chart 6. 
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1 

(4) 
( 31 ) 

I 3N-HCI H*1P102 
I 

in Hz0 

CD spectrum Compound Compw nd 

B lasticidin 5 @I -12,900 270 ( 1 1 [fig,, -8,700 

Cytosinine W - 9.~~1 271 ’ 31 ’ (e),, -9,300 

Gougerdin [el - 2.700 280 (4) cl& -1,W 

chart 8. 

ring should be 8-D. The absolute con@ration of I was 
thus assigned la, 4’S, S’S and 2%” 

01~5 of the interesting structural features of I is that 
the carboxy-guanidinc-butyl group is bound to the un- 

saturated pyranoside with a C-C bond. In view of the 
biosynthesis of this antibiotic it provides another intcr- 
csting probkm whether the quartemary carbon (G.) ori- 
ginates from an amino acid or sugar as a precursor. 

Structure-activity relationship of the above-mentioned 
antibiotics is also very interesting. 2’J;Dihydro mil- 
diomycin (4) stable to acid showed strong activity against 
Rhodotolum mbm and Erysiphe gmminir on barley.’ 
However, ureido (a), 2”-N-benzoyl (3), descry1 (31) and 
dcpyrimidine (32) compounds showed little activity.” 

The m.ps were measured by IT-5 (MettIer) at Y’lmin. The 
specific rota&t6 were also measured at cuncentratioa of 05-1.0 
inwateru&s6otbcfwkttated.TbcIRs were measured 
inKBrpeUct.TbedrPlue,intbe’Hand’ NMRspectrauaing F 
XLJOO (Ovarian) were reuxded in ppm down&d from TMS. M 
spectra berein were measured in &O u&as otberwiv stated, In 
the “C NMR spectra dioxane was contained as an internal 

standard (67.4 ppm). Most of tbc samples herein contain water of 
crystallizatioo or adhesion measured by tkrmo-gravimctric 
analysis altbougb they were dried at 60” for IObr in uucyo. 
Blaatkidin S and its related compounds descn%ed herein were 
prepared and their spectral data were measured under the same 
conditions for comparison studies. 

Acidic hydrolysis of 1(5,6 Qnd 7) 
A suspension of 1 (log) in AmberMe II!-120 (H’ form, 2SOml) 

wps relluxed for 1 hr. The mixture was mounted on IR-120 
(25Oml) and elutd with O.S’N and 2N HCl. ‘Tk 2N HCI elude 
was passed through Amkrlite fR45 and c.or~~~trated to afford 5 
as color?ess crystals.’ Tbc cde crystals were recrystallized 
from EtOH-water to give pure crys~talr (24g). After treatment 
with lR45 050 ml) tbt 0% HCl elurtc was appkl to Amkrlite 
IRA410 (OH- form. MOrnI) and elutcd with 0.5N HCI. The 
eluate WM evaporated to give crude 6 (1. g). To a solo of 6 in 5% 
NaHC!O, (SOad) wu added bentoyi chbridc (15 ml) and the 
wbde was stirred at 2Y for 3hr. The mixture was chromato- 
gmpbed on activated chrcnd and ehted with acetone: water 
(29) and (1: 1). Ths Ante was ooncentratcd to obtain colorless 
crystals of 2 (348 zng). By similar metbod the authentic ~-s&e 
N-benzoate (64Omg.I wps syothcsized from commercial L-wine 
(lo). 7: m.p. 1W (dcc), m.m.p. l&P (dec), [a]g+UY, UV: 
A= 226 MI (6 = 10,600). (Fond: C. 56.92; H, 5.10; N, 6.64. 
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Calc. for CI,,HIINO, (209.20): C, 57.41; H, 5.30: N, 6.70; 0, 
30.59%). The crystals were identical with the authentic sample in 
UC and IR. MS and ‘H NMR spectra. 

Basic hydrolysis of 1 
(1) A soln of 1 (2Og) in 0.2N NaOH (2OOml) was refluxed for 

2 hr under N2. The gencrating gas was .trapped with N HCI 
(5Oml) which was concentrated to give colorless crystals of 
NH&l (28Omg). The mixture was applied to Amberlite CG-58 
(H+ form, 500 ml) and elutcd with 0.5% N&OH. The eluate was 
chromatographed on activated charcoal (5ooml) and eked with 
acetone: water (2: 8). The eluate was concentrated to give a 
colorless powder of 8 (11.2g):[a]~+83.0’, UV: AE,’ 270nm 
(E =7940) and A”~Hcr 279 (11.600). (Found: C, 43.11; H, 6.14; 
N. 18.03; 0, 31.57; HrO. 2.94. Calc. for Cr&Nr010*HrO 
(533.521, C. 42.77; H, 5.86; N, 18.38; 0,32.99: HzO, 3.38%). 

(2) A soln of I (log) in saturated Ba(OH)2 (500 ml) was 
refluxed for 2 hr under N1. After excluding Ba salt the filtrate was 
applied to Dowex 50W x 2 (250 ml) and eluted with 0.5N HCl. 2N 
HCI and 2N NaOH. The effluent gave colorless crystals of urea 
(9,133 mg). The 0.5N HCI eluate was applied to IRA-410 (100 ml) 
and eluted with O.SN HCI. The residue of the eluate was bcn- 
zoylated to give 7 (160 mg). 5 in the 2N HCl eluate was detected 
by tic and HLC. The 2N NaOH eluate was chromatographed on 
activated charcoal (250 ml) to afford 8 (5 g). 9: m.p. 134”, m.m.p. 
134”. (Found: C, 20.32: H, 6.71; N, 46.77. Calc. for CH,N20 
(60.06). C, 20.00; H, 6.71; N, 46.65; 0,26.&I%). 

Periodok oxidation of 1 (11) 
A soln of 1 (5.3 g) in 6% HIOI (300 ml) and 2N HCI (250 ml) 

was refluxed for 2 hr. After treatment with IR-45 (25OmB the 
mixture was applied to CG-50 (500 ml) and fractionated with 0.2 
and 05% NH,OH. The eluates were concentrated to afford 
optically active colorless crystals of I1 (252 me): m.p. 250’ (dec), 
m.m.p. 250.5“ (dec), [a]: -19.5” (in AcOH:O.OSN HCl:MeOH 
(3:7: 10)): (Found: C, 37.24; H, 7.02; N, 25.79. Calc. for 
C3H,,N30S (161.11): C, 37.28; H, 6.85; N, 26.08; 0,29.79%). The 
crystals were also identified with the racemate of 11 synthesized 
in tic, PPC, IR and ‘H NMR spectra. 

Benzoylation of 8 
(1) A soln of 8 (5 g) in 5% NaHCO, (250 ml) was benzoylated 

by benzoyl chloride (4 ml) at 25” for 3 hr. After chromatography 
of activated charcoal (40 ml) IS was obtained as a white powder 
(4.4g): [a]~+60.8” (in O.lN HCI), UV: A$: 268nm (c=9.100) 
and AZ!“” 278 (13,Oo). (Found: C, 47.41; H, 5.69; N, 14.82. 
Calc. for CYH33NrG011~2H20 (655.65): C. 47.63; H, 5.69: N, 14.96; 
0,31.72%). 

(2) A soln of 8 (1 g) in 5% NaHC03 (50 ml) was benzoylated by 
@-bromo) benzoyl chloride (1.5 g) at 25“ for 5 hr. After treatment 
with the same method as (1) 18 was obtained as a white powder 
(600 mg): [a# + 85.4” (in MeOH), UV: AK’ 27Onm (sh, c = 
10,900). (Found: C, 45.86; H, 4.77; N, 13.64; Br, 12.33; HzO. 1.85. 
Calc. for C&IreN,010~BrH20 (69853): C, 44.70; H, 4.62; N, 
14.04; 0,25.20: Br. 11.44; HrO, 2.58%). 

Lactonization of 1s (16) 
A soln of 15 (300 mg) in AcOH (30 ml) was allowed to stand at 

25” overnight. The residue of the soln was applied to prep UC on 
silica gel HFzr_, and developed with BuOH : AcGH : HZ0 (2: 2 : 1). 
Main band was extracted with MeOH : water (1: 1). The concen- 
trate of the extract was chromatographcd on activated charcoal 
(20 ml) and eluted with acetone: water (I : 1). The cluate was 
concentrated to give a white powder of 16 (105 mg): [a]:: +91X. 
UV: A’s’ 27Onm (E =9$50) and A’sHa 279 (13200). (Found: 
C. 50.58; H, 5.36; N, 15.74; HZOO. 2.17. Calc. for 
C&r,N,G,e-HZO (619.61): C. 50.40; H, 5.37; N, 15.83: 0,28.40; 
HrO, 2.91). 

A soln of 16 (20 mg) in 2% NH,OH (5 ml) was allowed to stand 
at 25’ for 4hr. The soln was evaporated to dryness. The dried 
powder was identical with 15 by tic and IR spectrum. 

Acetyhhn (17,22,27) 
(I) A suspension of 1S (800mg) in AqO, AcOH and pyridine 

(40 ml each) was stirred at 25” for 3 hr until becoming homo- 

geneous and allowed to stand overnight. After removing the 
solvents the residue was subjected to prep UC of silica gel HFw 
and developed with BuOH : AcOH : H20 (4 : 1: 5 upper layer). The 
main band was extracted with BuOH. The extract was 
evaporated to give a white powder of 17 (195 mg): [u]$j +99.8” 
(in MeOH), UV: 1::” 267 nm (sh. E = 7,aoO). (Found: C, 51.36: 
H, 5.29; N. 12.73; H20, 3.08. Calc for C&IaN&~HtO (703.69): 
C, 51.20: H. 5.30: N. 13.94; 0,29.56; HzO, 2.56%). 

(2) A soln of 21 (150 mg) in AcrO (5 ml) and pyridim (10 ml) 
was allowed to stand at 25” overnight. After BuOH extraction 22 
was obtained as a white powder (13Omg): [a]$ +29.8” (in 
MeOH), UV: Ak’” 225 nm (e = 12JfKl). (Found: C, 54.30; H, 
5.86; N, 9.60. Calc. for CUH32N1010 (548.57): C, 54.74; H, 5.88; 
N, 10.21; 0,29.17%). 

(3) A suspension of U (440 mg) in AcrO (15 ml) and pyridinc 
(30 ml) was stirred at 25” for 2 days until becoming homogeneous. 
After BuOH extraction the extract was chromatographed on 
activated charcoal (58 ml) to give a white powder of 27 (143 mg): 
[u]g +l4.6” (in MeGH). (Found: C, 49.52; H. 6.58; N, 9.63. Calc. 
for CI,HzrN,Q, (417.43) C. 48.91; H, 6.52; N, 10.87: 0,34.50%). 

Hydmgenution of 1(4,5 and 19) 
A soln of 1 (12g) in water (500 ml) was hydrogenated over 

PtOr. Hydrogen uptake ceased to absorb I.8 mole. The mixture 
was applied to CG-H) (400 ml) and eluted with 0.5% and l.O%- 
N&OH. The 0.5% NH,OH eluate was concentrated aod crystal- 
lized from water to afford 5 (1.6 g). The 1.0% NH,OH eluate was 
chromatographed on activated charcoal (m ml) and eked with 
acetone:water (5:95). (1:9), (2:8) and (4:6). The cluates of 
(5 :95) and (I :9) were concentrated to yield a white powder of 19 
(3.9 g). The eluates of (2:8) and (4:6) were concentrated and 
crystallized from EtOH: water (1: 1) to give colorless hexagonal 
plates of 4 (2.2g): 4: m.p. >3OtP, [al: ko”. UV: AZ: 274.5 nm 
(c = 9,020) and A02 HCI 283 (13,ooO). (Found: C, 42.72; H, 6.31; 
N, 20.78; 0, 29.57; H,O. 3.50. Calc. for Cr9H,N&H20 
(534.54): C, 42.70; H, 6.41; N, 20.96; 0,29.93; HrO, 3.37%). 

19: [a]: -21.8”, UV: End absorption. (Found: C, 43.88; H. 
7.44; N, 17.55; HrO, 1.14. Calc. for CI,H,N&1/4H20 (381.88): 
C, 44.03; H, 7.26; N, 18.33; 0.30.38; HrO, 1.18%). 

Benzoylation of the basic hydmlysate of 19 (21) 
A soln of 19 (300 mg) in 0.2N NaOH (3 ml) was retluxed for 

2 hr. After neutralization the mixture was concentrated and the 
residue in 5% NaHCOB (3Oml) was benzoylated by bcnzoyl 
chloride (0.3 ml). The mixture was treated with the same method 
described above to obtain a white powder of 21 (170mg). [a]:: 
t22.8” (c = 0.39), UV: AL? 228 nm (6 = I1600). (Found: C, 
50.96; H, 6.18; N, 11.56; HzO, 5.16. Calc. for Cz,HzLN&3/2H20 
(491.51) C, 51.32; H, 6.36; N, 11.40; 0,30X?; H20. 5.49%). 

Acidic hydr0Iysi.r of 19 (7 and 23) 
A soln of 19 (3.9 g) in 3N HCI (120 ml) was retluxed for 15 hr. 

After neutralization with IR-45 the filtrate was applied to IRA- 
410 (150 ml) and eluted with 0.5N HCI. The etlluent was chroma- 
tographed on activated charcoal (15Oml) and eked with 
acetone: 0.05N HCl(1: 1). The cluatc was concentrated to give a 
white powder of 23 (2.12g). The eluate of 0.5N HCI was neu- 
tralizcd and the concentrate was passed through activated char- 
coal (5Oml). The concentrated residue of the ellluent was ben- 
zoylated by the same method to give colorless crystals of 7 
(2lOmg). 23: [al: fl. UV: End absorption. (Found: C, 36.04; 
H, 6.45; N, 1465; Cl. 18.92; H20. 4.90. Calc. for 

C,,HX,N,O,*~HCI*H~O (363.25), C, 36.38; H. 6.66; N. 15.42; 0, 
22.02; Cl, 19.52; HzO, 4.%%). 

Monohydrochloride and free base of 23 (24 and 25) 
(I) A soin of 23 (500 mg) in water (30 ml) was passed through 

IRA5 (5801). The efRuent was evaporated to afford a white 
powder of U (427mg): [a]&%“. (Found: C, 40.38; H, 7.18; N, 
16.64; Cl, 11.44. Calc. for CIIHPNIOJ*HCl (326.79): C, 40.43; H, 
7.09; N, 17.15; 0,24&t; Cl, 10.85%). 

(2) A soln of 23 (500mg) in water (3Oml) was passed through 
IRA410 (5Oml). The effluent was concentrated to yield a white 
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powder of 25 (367 mg): [a]g -7.9’. (Found: C. 45.50; H. 7.65; N, 
19.67. Calc. for CllHnNIO~ (290.33): C, 45.51; H. 7.64; N, 19.30; 
0,27.55%). 

Basic hydrolysis of U (24) 
A soln of 25 (1.2 g) in 0.2N NaOH (12 ml) was refluxed for 2 hr 

under N2. The generating gas was trapped with 0.2N HCI (25 ml) 
to give NH&I (120mg). The mixture was chromatographed on 
activated charcoal (I50 ml) at pH 8. The eluate of acetone : water 
(5:95) was evaporated and the residue was crystallized from 
water to give colorless crystals of t6 (565 mg): m.p. 248” (de@. 
[a]g t5.9“. (Found: C. 44.85; H, 7.29: N, 14.16. Calc. for 
Ct,HI,N30s (291.31). C, 45.36; H, 7.27; N. 14.42; 0.32.95%). 

Mefhylation of 27 (28) 
To a soln of 27 (70 mg) in MeOH (7ml) was added excess 

CH2N2 in Et,0 and the whole was allowed to stand at 25 
overnight. The mixture was concentrated to afford a white pow- 
der of 2l3 (56mg): [a]g tl4.1” (in MeOH). (Found: C, 50.03; H, 
4.64: N, 9.51. Calc. for CIIH19Na09 (431.451, C, 50.1 I; H, 6.77; N, 
9.74: 0, 33.38%). 

PqOAC), uxidarion of 26 (29) 
To a soln of M (I.1 g) in water (23 ml) was added Pb(OAc), 

(2.2’g) in AcOH (I 10 ml) during 40min while stirring. The 
generating gas was trapped by 1% Ba(OHk. After 2 hr BaCOl 
accumulated was filtered and dried (342mg). Thereafter, the 
mixture was allowed to stand at 25” overnight. The mixture was 
passed through IRA-410 (5Oml). The effluent was chromato- 
graphed on activated charcoal (5Oml) and eluted with 
acetone: water (5:95), (I :9) and (2:8). The eluates were concen- 
trated to give a white powder of 29 (380 mg): [a]g-l.2”, -3.4” (in 
MeOH). (Found: C, 47.06; H, 7.83; N, 16.04; H20, 3.64. Calc. for 
C,0H,PN30,~l/2HI0 (254.29): C, 47.24: H, 7.93; N. 16.52; 0. 
28.31: H20, 3.54%). 

NaBH, reduction of 29 (30) 
A soln of b (26Omg) in Ac10 (5ml), AcOH (10 ml) and 

pyridine (IOml) was allowed to stand at 25” overnight. The 
mixture was treated with the sahe method described above. 
4’-N-Monoacetate of 29 was obtained as a white powder 
(I45 mg). To a soln of the acetate (120mg) in MeOH (6ml) was 
added NaBH, (22Omg) in MeOH (6 ml) while stirring and the 
whole was allowed to stand at 25” overnight. The mixture was 
chromatographed on activated charcoal (2Oml) at pH 4.5 and 
eluted with acetone: water (2:8). The eluate was evaporated to 
give a white powder of 38 (40 mg): [a]g +59.0”. (Found: C, 50.10; 
H, 7.68; N, 14.30. Calc. for C,,H,N,O, (289.33): C, 49.82: H, 
8.01; N. 14.52; 0,27.65%). 

Potassium periodare oxidation of 1 (31) 
To a soln of 1 (6g) in 0.05N HCI (6OOml) was added KIO, 

(2.8 g) and the mixture was stirred at 25” for 3 hr. After treatment 
by sat Sr(OHk the filtrate was chromatographed on activated 
charcoal (6OOml) and eluted with acetone: water (218). After 
concentration of the eluate, a pale yellowish powder (3.1 g) was 
obtained. UV: A Le 273 nm (E = 8.270) and AiF “” 281 (12,700). 

A soln of the powder obtained (2.5g) in N NaOH (50ml) was 

warmed at 60” for 2 hr. The mixture was chromatographed on 
activated charcoal (2OOml) at pH 4 and eluted with 
acetone: water (2:8). The eluate was evaporated to give a pale 
yellowish powder (1.3 g). A soln of the powder (1 g) in 2N HISO, 
(10 ml) was warmed at 85” for 5 hr. The mixture was treated with 
fine activated charcoal (1 g), The filtrate (150ml) was passed 
through IRA410 (20 ml). The effluent was chromatographed on 
IRC-50 (20 ml) and eluted with 0.5N HCI (100 ml). The eluate was 
passed through activated charcoal (20ml) and the effluent was 
evaporated to afford a white powder of 31(325 mg): [a]2 +26.y”, 
UV* AL< 272 nm (c = 8810) and AgFHC’ 280 (12,700). (Found: 
C, j7.39; H, 5J2; N. 19.07; Cl, 14.77; H20, 6.72. Calc. for 
CIhHuN,06*2HCI.2Hz0 (518.38): C, 37.07; H. 5.64: N. 18.92; 0, 
24.69; Cl, 13.68, HzO, 6.94%). 

Acidic hydrolysis of (32 and 33) 
A solo of 4 (5.5 g) in 3N HCI (110 ml) was retluxed for 15 hr. 

After treatment with lR45 (150ml). the filtrate was passed 
through IRA-410 (100 ml). The effluent was chromatographed on 
activated charcoal (200 ml) and eluted with acetone: water (5 :95 
and 2:8) and acetone: 0.5% HCOOH (I : I). The former eluate 
was evaporated to give a white powder of 32 (I 10 mg). The later 
eluate was evaporated to give a crude powder (2.2g). The crude 
powder (1.5 g) was again chromatographed on activated charcoal 
(50 ml) and eluted with acetone : water (5 : 95 and 1: 9). The eluate 
was concentrated to afford a white powder of 33 (450mg). 32: 
[a]F -40.2”. UV: End absorption. (Found: C, 37.71; H, 7.71; N, 
15.12. Calc. for C,,HnN,0b-5/2Hz0 (351.37): C, 37.60; H, 7.75: 
N. 15.95; 0, 38.70%). 33: [u]% -11.8”, UV: A:? 274 nm (6 = 
6410) and AK:“” 283 nm (f = 9660). (Found: C, 41.33; H, 6.64; 
N, 19.82. Calc. for C,6HnN,0t*HCOOH*Hz0 (493.50): C, 41.38; 
H, 6.33; N. 19.87; 0,32.43%). 
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