Carbohydrate Research, 116 (1983) 277-287
Elsevier Science Pubhishers B.V | Amsterdam — Printed in The Netherlands

SYNTHESES OF 3-FLUORO-, 3-EPI-3-FLUORO-, AND 3,3-DIFLUORO-3-
DE(METHOXY)SPORARICIN A*

TsuToMU TSUCHIYA, TAKAHIRO TORII, YUKIKO SUZUKI, AND SUMIO UMEZAWA
Institute of Bioorganic Chemistry, 1614 Ida, Nakahara-ku, Kawasak: 211 (Japan)
(Received September 21st. 1982 accepted for publication October 20th, 1982)

ABSTRACT

3-Fluoro- (4). 3-epi-3-fluoro- (3), and 3.3-difluoro-3-de(methoxy)sporaricin
A (5) have been prepared by reaction of diethylaminosulfur trifluoride with the
corresponding precursors: 1,2',6'-tris(N-benzyloxycarbonyl)-4-N, 5-O-carbonyl-3-
de(O-methyl)sporaricin B (6), its 3-epi-3-hydroxy isomer (10), and the 3-oxo de-
rivative (9 ). The structures of 3, 4, and 5 were determined by 'H-. '*C-. and "°F-
N.M.T. SPectroscopy.

INTRODUCTION

Sporaricins A and B are** aminoglycoside antibiotics isolated from the fer-
mentation broth of Saccharopolyspora hirsuta subsp. kobensis®. They belong to the
pseudodisaccharide class and their structures® were determmed to be 1-amino-6-O-
(2.6-diamino-2.3.4,6.7-pentadeoxy-B-L-lyxo-heptopyranosyl)-1.2 4-trideoxy-4-gly-
cylamido-4-N-methyl-3-O-methyl-D-chiro-inositol (sporaricin A, 1) and its de-
glycyl isomer (sporaricin B, 2). The amino sugar portion of sporaricin is. therefore,
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the 6-eprisomer ot purpurosamine B (ref. 5). Other related pseudodisacchanide an-
tibiotics are fortimicin®. istamycin’. sannamycin®, and dactimicin”. Sporaricin A 1y
active against Gram-positive and Gram-negative bacteria. including some annnog-
Ivcoside-resistant stramns. Several attempts to improve the brological properues of
these antibiotics have been undertaken  as briefiy summarised m a recent report™
This paper describes the syntheses of three 3-fluoro dernvatives of sporarncin
A namely. 3-cpi-3-fluoro-3-degmethoxy)sporaricin A (3. 3-tuoro-3-de(meth-
oxy)sporaricin A (4). and 3.3-diflucro-3-de(methoxv)sporaricin A 5}

In the carbohydrates field, tew fluore compounds cther than those of
monosiccharides have been reported: Vass ef al.’' preparcd pseudodisaccharides
containing a 2. 3-dideoxy 2-fluoro-a-D-ribo-hexopyranosv restduc as precursors for
mutasynthesis of aminoglycoside antibiotics. Our purpose i prepanmng the fluoro
derivatives 3, 4, and 5 wus to decrease the toxicity of sporancin. The rationale for
introduction of fluorine atom(s) at C-3 of sporaricin A was our as\umption' that
the strong clectron-withdrawing property of the flucrine atom will decrease, by s
inductive effect, the basicity of the amino group wt C-1: thas decieused basienty of
the amino group may lower the toxicity of the antibiotic it the basicity of the amino
group contributes 1o the toxicity of the antibiotic. Another reason for the introduc-
tion of Huorine lies 1n the small Van der Waals radius of thionine . between that of
hydrogen and oxygen; a deoxyfluoro derivative of an anttbiotie can. theretore, be
expected not to show a large decrease of activity, at keast trom the purely
stercochemical viewpoint.

RESULTS AND DISCUSSION

The syntheses started from 1,27.6-tris{N-benzyloxvcarbonyl)-4-N 5-O-car-
bonyl-3-de(O-methyl)sporaricin B'Y (6), which was preparcd trom 3-de(O-
methyl)sporaricin B'"_ itself prepared by acid hydrolysis'"' of sporaricin B (2). As
fluorination by displacement of the 3-O-{methylsulfonyl) derivative of 6 with te-
trabutylammonium fluoride in acetonitrile was unsuccessful, direct fluorination of
6 with diethylaminosulfur trifluoride’ ' (DAST) was undertaken. Fluorination of
primary hydroxyl groups in carbohvdrates by DAST has been found successful ™,
but fluorination of the secondary hydroxyl groups of carbohyvdrates has rarely been
reported. Tewson and Welch'™ preparcd 3-deoxy-3-fluoro-bp-ghucose 1 9077 yield
by Huorination ot 1.2:5.6-di-O-isopropylidene-D-allofuranose with DAST . with m-
version of configuration at C-3 through the 3-O-(dicthylaminodilluorosulfur) inter-
mediate, but attempted fluorination of  1.2:5.6-di-O-isopropyvhidenc-p-ghuco-
furanose by the same reagent failed. Somawardhana and Brunngraber ' obtained
4,6-dideoxy-4.6-difluoro-D-galactose (6077} by treatment  of - methyl a-D-
glucopyranoside with DAST

When 6 was treated with DAST in dichloromethane, the corresponding 3-
epi-3-fluoro derivative (7) was obtained readily i moderate vield. Selective cleay-
age of the cyclic carbamate ot 7 with aqueous barium hvdroxide gave the 1.27.6'-
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tris(N-benzyloxycarbonyl)-3-epi-3-fluoro derivative 14, having the methylamino
group free at C-4. Coupling the N-benzyloxycarbonylglycyl residue to the
methylamino group by the active ester method gave the 4-N-glycyl derivative (15).
Debenzyloxycarbonylation of 15 by hydrogenolysis with palladium-on-charcoal
gave the desired 3-epi-3-fluoro-3-de(methoxy)sporaricin A (3).

In order to prepare the 3-fluoro compound (4) having the same configuration
as the 3-hydroxyl group of sporaricin, the 3-epi-3-hydroxy derivative (10) of 6 was
prepared by oxidation of 6 with pyridinium chlorochromate'” or with Pfitzner—
Moffatt reagent, followed by reduction of the resulting 3-oxo derivative (9) with
sodium borohydride. Reaction of 10 with DAST as described for 7 gave the 3-
fluoro derivative 12 in good yield with inversion at C-3. Subsequent reactions as de-
scribed for 3 gave, via the decarbamate (16) and the glycine-coupled intermediates
(17), 3-fluorosporaricin A (4).

For preparation of 3,3-difluoro-3-de(methoxy)sporaricin A (5), the 3-oxo de-
rivative (9) was utilized. DAST is known to give difluoro compounds'> when
treated with ketones. Reaction of 9 with DAST readily gave the 3.3-difluoro de-
rivative (13) in good yield. Compound 13 was then converted into 3.3-difluoro-3-
de(methoxy)sporaricin A (§) by the conventional sequence of reactions through
two intermediates (18 and 19).

Structural elucidations of the synthesized compounds were mainly performed
by 'H- and '*C-n.m.r. spectral studies. The first fluoro derivative (7). prepared by
fluorination of 6, was deblocked by catalytic hydrogenolysis; the resulting deben-
zyloxycarbonyl-cyclic carbamate (8) showed a clear "H-n.m.r. spectral pattern
lacking benzyloxycarbonyl groups. The large Ji;—3 y coupling constant (50 Hz) is
typical for geminal *Jy ¢ coupling constants'®, and the large Jy;_»,  value* (46 Hz),

*The hydrogen atom at C-2 trans(cis) to H-1 is tentatively termed H-2a(H-2¢).
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is typical for an “unperturbed™ vicinal frans-diaxial system (*41 ¢ 43.8 Hz). as pro-
posed by Phillips and Wray'®. This result indicates that F-3 and H-2a are in ideal
trans-diaxial disposition. This result shows that the fluorine atom is introduced at
C-3 with inversion of configuration.

Next, the conformation of the aminocyclitol portion of 8 was studied. As the
J 2. value (7 Hz) is small for the trans-diaxial 3144 1 arrangements (the value is ex-
pected to be ~14 Hz, according to the Abraham equation'”). a conformation such
as A (which is between the chair and a half-chair) is improbable. Alternatively, two
twist conformations (B and C), formed by flipping up C-6 of A but avoiding ec-
lipsed interaction between the 4-amino and the 5-oxy groups are also considered.
However, for B, J, », is too large and Js , (5 Hz) too small (B is expected to give
J1 22 ~0 and J5 ¢ ~10 Hz); also for C, both J, 5, and J5 ,, are too small (C is expected
to give 12-14 Hz in both cases). From the foregoing experimental results, the con-
formation of the aminocyclitol portion is considered to be a time-averaged confor-
mation between A and B (not between B and C, or A and C) in approximately
equal proportion. This means that the C-5-O bond is situated in a more-perpen-
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dicular orientation than that of the C-4-N bond against the averaged cyclohexane
plane. The large coupling constant™ * Ji_ . ; (27 Hz). which indicates the frans-
diaxial relationship between F-3 and H-4. also supports the foregoing conclusion.
These results also preclude any conformation having Huorine cquatorial through
flipping down of C-3 in A. 4-N.5-0O-Carbonyl-3-¢cpi-3-de{ O-methyl)sporaricin B
{11). prepared as a reference compound. also showed similar iy ¢ values with
those of 8.

The structural assignments of the final products (3, 4, and §) were made as
follows. The 'H-n.m.r. spectrum of the 3-epi-3-fluoro compound (3). recorded in
an acidic medium to prevent cleavage of the base-labile glycyl residue, showed an
unsatisfactory pattern, giving no clear coupling constants to fluorine. However, the
"F-n.m.r. spectrum showed resonances for fluorine at C-3 as a set of triplets {(~350
Hz for Ja, ¢ and Js3 ., ~37 Hz for J, g, and =5 Hz for J., ;). The three large cou-
pling-constants indicate that the conformation of the aminocyclitol portion of 3 is
a real chair, despitc the expected 1,3-diaxial repulsion between fluorine at C-3 and
the hydroxyl group at C-3. This result suggests hydrogen bonding between the
fluorine and the hydroxyl group to diminish the repulsion. as shown. The "H-n.m.r.
spectrum of another final product, 3-fluoro-3-de(methoxy)sporaricin A (4) showed
the following coupling constants involving fluorine: Ja, ¢ 12, Ja. . ~5, and J4 - 50
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Hz. This result clearly shows that the fluorine is introduced equatorially at C-3.
These Jy ¢ values, as well as the Jy y values, indicate that the aminocyclitol portion
of 4 has a chair conformation. Another final product. 3,3-difluoro-3-
de{methoxy)sporaricin A (5) was also concluded to have a chair conformation in its
aminocyclitol portion. The large J, g3, coupling constant (28 Hz), although

TABLE1

B¢ CHEMICAL SHIFTS (p.p m }* AND PROTON-DECOUPLED COUPLING-CONSTANTS (Jp ¢ N HZ) FOR $O1 U-
TIONS (pD ~2) Ok 3, 4, ANDS INDO

Compound
Carbon atom 3 4 5
I 92.80 92.76 92.91
Y S1.83 51.81 5182
3 21.15 21.20 2105
4! 26.27 2623 26 25
5 70.96 70.94 71.05
6 49,64 49.65 49.60
7 15.20 15.22 15 20
i 44.62 d0.81 36 34
47.02 46.51
2 30.45 304 3373
30 80 30.76 3414
3453
3 89 56 83 69 117 14
92 80 86,50 121.08
121 12
125.06
4 5196 56.23 S200
3221 56 50 5236
52 40
52 6%
5 67 98 68 07 68 15
68 22 68.28
6 74.21 7303 73.58
N-CH; 33 59 32 04 33.63
33.72 3373
Gly-CH, 4120 413 12y
Gly-CO 168 42 168.82 169 66
Uk 1 177 2(d) 176.3(d) 249(t)
e ooa 22 ((d) 22.0(d) 25(0)
ecos 16.1{d) 17.0{d) 17 4, 20.0(ddy
P 0 13.6(d) 11.0(d)
e oos 0 9 3(d) 7.6(d)

“Measured from an internal reference of 1.4-dioxane, taken as +67 40p.p m.
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slightly smaller than that of 3 on account of the presence of another strongly nega-
tive fluorine atom at C-3. indicates that H-4 and one of the fluorine atoms are trans-
diaxially disposed.

The "*C-n.m.r. spectra of 3, 4, and § are shown in Table 1. The fact that com-
pound 5 has two fluorine atoms at C-3 is evident from the proton-decoupled reso-
nances of '*C-3, which appeared at low field (121 p.p.m.) as double doublets hav-
ing large spacings™ ('Jy. ¢ 247.5 and 250 Hz); the corresponding C-3 signals of the
two monofluoro compounds (3, 4) appeared at a higher field (near 90 p.p.m.) as
doublets of a smaller spacing (177 Hz). The orientations of fluorine at C-3 of these
compounds are distinctively differentiated by the presence or the absence of long-
range coupling®*** for *J; . Compounds 4 and 5 both have fairly large coupling-
constants Jg ..y (~12 Hz) and “Ji _s (~8 Hz). consistent with the assumption
that both compounds bcar fragments having antiplanar F(equatorial)-C-1 and
F(equatorial}-C-5; compound 3 has no such fragment. Another point of note is
that *Jy ¢, (22-25 Hz) is always larger than *Jy. . 4 (~17 Hz) in the three com-
pounds.

Aantibacterial activities' of the fluorinated compounds 3, 4, and § were 2.76.
2.11, and 5.13 ug/mL, as expressed by the geometrical mean of the minimal inhibi-
tory concentration in the strains tested, the former two being comparable with that
(2.57 pg/mL) of sporaricin A. Tt should be noted that acute toxicity of each of the
three compounds was, as was hoped, lower' than that of sporaricin A.

EXPERIMENTAL

General. — Specific rotations were measured with a Perkin-Elmer Model
241 polarimeter. Infrared spectra were recorded, for potassium bromide pellets.
with a JASCO A-202 grating spectrophotometer. "H-N.m.r. spectra were recorded
at 250 MHz in the Fourier-transform mode with a Bruker WM 250 spectrometer
and the shift values were calculated from an internal reference (in both CDCl, and
D,0) of tetramethylsilane. '*C-N.m.r. spectra were recorded in the Fourier-trans-
form mode with a Bruker WM 250 spectrometer operating at 62.9 MHz. The shift-
values (8) of '"F-n.m.r. spectra were calculated upfield from an external signal of
CFCl;. Thin-layer chromatography (t.l.c.) was performed on precoated Kieselgel
60, Merck. For column separation of the products. silica gel (Wakogel C-200) was
used.

1,2",6'-Tris(N-benzyloxycarbonyl)-4-N ,5-O-carbonyl-3-epi-3-fluoro-3-de-
(methoxy)sporaricin B (7). — To a cold ( —15°) solution of 6 (ref. 10, 498 mg) in
dry dichloromethane (5 mL), was added dropwise diethylaminosulfur trifluoride
(0.5 mL) dissolved in dry dichloromethane (2 mL). and the solution was kept for
15 min at —15° and then for 30 min at room temperature. Water (0.1 mL) was
added followed after 30 min by dichloromethane (50 mL), and the solution was
then washed with aqueous sodium hydrogencarbonate (saturated). dried (anhy-
drous sodium sulfate), and evaporated. The resulting syrup was chromatographed
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on a column of silica gel with 2:3 benzene-ethyl acetate as the developer, and frac-
tions containing the main product (7, t.1.c. Rg 0.3, with 1:1 benzene—ethyl acetate;
compound 6: Rg .15) were collected and evaporated to give an amorphous pow-
der, yield 294 mg (59%); [a]d +34° (c 1, chloroform); v Ko™ 1755 (cyclic carba-
mate), 1710 em™'; "H-n.m.r. (CDCl5): & 1.06 (d, 3 H, CCH,) and 2.84 (s, 3 H,
NCH,).

Anal. Cale, for CyoHsFNOyq: C, 62.56; H, 6.06; N, 7.48; F 2.54. Found: C,
62.58; H,6.02; N,7.65; F,2.29.

4-N,5-O-Carbonyl-3-epi-3-fluoro-3-de(methoxy)sporaricin B (8). — A solu-
tion of 7 (72 mg) in acetic acid (4 mL) was hydrogenated in the presence of pal-
ladium black as described'” to give a solid, yield 32 mg (76% as the sesquicarbo-
nate); [a]3" +53° (¢ 1, water); »XB 1735 em™'; 'H-n.m.r. (20% ND; in D,0): 8
1.02(d, 3H,J7 Hz, CCH,)., 1.4 (dq, 1 H, J3a0a = Jaaae = Jaas ~12, J3caa
~4 Hz, H-4'a), 1.56-1.86 (m, ~3.5 H, H-3'a,3'e.4'e and the upper-field part of H-
2a), 1.98 (ddd, ~0.5 H, the downfield part of H-2a), 2.36 (ddt, 1 H, H-2e). 2.75-
2.85 (m, 2 H, H-2',6"). 2.92 (s, 3 H, NCH3), 3.42 (dt, 1 H, H-1), 3.52 (m, 1 H, H-
5}, 4.08 (dd, 0.5 H, the upper-field part of H-4), 4.16-4.22 (1.5 H, H-6 and the
downfield part of H-4), 4.88 (dd, 1 H, H-5), 5.01 (d.1H, J,- » 3 Hz, H-1"), 5.10
and 5.30 (each short-range m, 1 H total, H-3); J1 2. 6, J1 2, 74 Jaa2e 16, J5c 3 3.5,
J2a33.5, 020§ 16, J20 46, J3 £ 50, J5 43,1 £ 27, J457.5, J5s 65, and J, s 3.5 Hz.

Anal. Calc. for CsH57FN,O, . 1.5 H,COs: C, 45.10; H. 6.83; N, 12.75; F,
4.32. Found: C, 45.28: H, 6.82; N, 12.60; F, 4.39.

1,2',6'-Tris(N-benzyloxycarbonyl)-4-N 5-O-carbonyl-3-de(methoxy)-3-oxo-
sporaricin B (9). — To a solution of 6 (300 mg) in dichloromethane (30 mL),
pyridinium chlorochromate!” (600 mg) was added. and the mixture was boiled
under reflux under nitrogen for 3 h. Addition of benzene (60 mL) followed by fil-
tration, and evaporation of the filtrate gave a residue, which was purified by silica
gel column-chromatography with 2:1 benzene—ethyl acetate to give 9 as a solid,
yield 268 mg (90%): [«]& +57° (¢ 1. chloroform); vra 1760, 1715 cm™'; 'H-
n.m.r. (CDCl,): § 1.05(d, 3 H, CCH3) and 2.68 (s, 3 H, NCH,).

Anal. Calc. for CaoHuN,Oy,: C. 62.89; H, 5.95; N, 7.52. Found: C, 62.64;
H,5.97.N,7.32

1,2',6’-Tris(N-benzyloxycarbonyl)-4-N,5-O-carbonyl-3-epi-3-de(O-methyl)-
sporaricin B (10). — A mixture of 6 (1.00 g), dimethyl sulfoxide (3 mL, dried over
calcium hydride), pyridine (0.6 mL. dried over calcium hydride), trifiuoroacetic

acid (0.3 mL), N,N-dicyclohexyicarbodiimide (1.20 g), and dry benzene (30 mL)
was stirred overnight at room temperature. After addition of benzene (90 mL), the
organic solution was washed with water, dried, and evaporated to give crude 9 as
a solid (1.05 g). T.l.c. with 2:1 benzene-ethyl acetate showed a single spot having
Re 0.5 (compare 6: Rg 0.13). To a solution of the solid in methanol (40 mL),
sodium borohydride (400 mg) was added. The solution was kept for 2 h at room
temperature, made neutral with dilute hydrochloric acid. and evaporated to a re-
sidue that was extracted with chloroform. T.l.c. of the extract with 10:1 benzene~
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ethanol showed two spots having Ry (.34 (10, major) and 0.36 (6. minor). The
mixture was separated by double column-chromatography on silica gel with 15:1
and then 10:1 benzene—cthanol as developers to give pure 10. vield 742 mg (74%¢)
and recovered 6, (189 mg, 19%). Compound 10 had [a]3’ +26" (¢ 1. chloroform);
"H-n.m.r. (CDCl5): 8 1.00(d, 3H. CCH;) and 2.76 (s, 3 H. NCH ).

Anal. Calc. for C Hy (N,Oyp: C, 62.72: H, 6.21; N, 7.50. Found: C, 62.59;
H.6.30;:N.7.27.

4-N,5-O-Carbonyl-3-epi-3-de(OQ-methyl)sporaricin B (11). — Compound 10
was treated as described for 8 to give 11 as a solid. yield 83%: |a]iy’ +58° (¢ 1,
water); KB 1735 cm ¥ '"H-n.m.r. (20% NDj; in D,0): 8 1.02 (d. 3 H. CCHa).
1.38 (dq. | H. H-4"a). 1.56-1.85 (4 H, H-2a.3'a.3’e.4’¢e), 2.16 {ddd, 1 H. H-2e).
2.7-2.9 (m, 2 H, H-2".6'). 2.89 (s. 3 H, NCH,;). 3.4-3.55 (m. 2 H, H-1.5", 4.00
(dd, 1 H, H-4), 4.184.3 (m. 2 H, H-3.6), 4.82 (dd. 1 H. H-3), and 5.00 (d. 1 H.
Jia 35Hz H-1")J, 50 0.5 05, 5 15, T30 24,033 3.5.0, 8.5, and J< . 6 Hz.

Anal. Cale. for CsHaxN;Os - 1.5 H.COy C. 45300 H. 7.14; N, 12.81.
Found: C.45.47; H. 6.98: N. 13.04.

1.2°,6'-Tris(N-benz vlioxvcarbonylj-4-N,5-O-carbonyl-3-fluoro-3-de(meth-
oxy)sporaricin B (12). -—— Compound 10 was treated with dicthvlaminosulfur
trifluoride (0.5 mL) as described for 7 to give 12 as a solid, vield 341 mg (68%);
[a] +40° (¢ 1. chloroform); p KB 1760, 1710 cm '; "H-n.m.r. (CDCL): 8 1.05
(d.3H.CCHj) and 2.87 (s. 3 H. NCH3;).

Anal. Cale. for C3,H sFN,O,,: €. 62.56; H. 6,06; N, 7.48; F. 2.34. Found: C,
62.49: H,6.33; N, 7.54, F. 2.53,

1,2°,6’-Tris(N-benzyvloxycarbonyl)-4-N,5-O-carbonyi-3.3-difluoro-3-de(me-
thoxy)sporaricin B (13). — To a cold (—15°) solution of 9 (503 myg) in dry
dichloromethane (5 mL.). was added diethylaminosulfur trifluoride (0.5 mL), and
the solution was kept for 3 h at room temperature. Successive processing as de-
scribed for 7 gave a syrup that showed (t.1.c., 1:1 benzene—cthyl acctate) a major
spot having Ry 0.65 (compare 9: Ry 11.5). Purification of the syrup by column
chromatography on silica gel with 3:1 benzene—ethyl acetate gave 13 as a sohid.
vield 372 mg (72%); [a]d' +39° (¢ 1, chloroform): X8 1760, 1710 em 'y 'H-
n.m.r. (CDCl3): 6 1.04 (d. 3 H, CCHa:) and 2.89 (s. 3 H. NCH3}.

Anal. Calc. for C H;F-N O C.61.09; H. 5.78: N, 7.31, F. 4.96. Found:
C,61.27; H.6.05;N.7.11. F. 4,95,

1,2',6'-Tris(N-benzyloxycarbonyl)-4-N-(N-henzyloxvcarbonyiglyevl)-3-epi-
3-fluoro-3-de(methoxy)sporaricin B (15). — To a solution of 7 (280 mg) in 1.4-
dioxane (14 mL) was added 0.25M aqueous barium hydroxide solution (14 mL),
and the mixture was heated for 1.5 h at 80°. T.l.c. (7:1 benzene—ethanol) showed
a major spot (R (1.2, ninhydrin-negative) and three minor spots |R,: 0.4 (7); 0.3
(trace) and 0.13 (each ninhydrin-positive)|. After introduction of carbon dioxide.
followed by centrifugation. the supernatant solution and washings of the precipi-
tate with 1.4-dioxanc were combined and evaporated. The residuc was extracted
with chloroform. the extract washed with water, dried (sodium sulfate). and evapo-
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rated to give a solid (272 mg) including 14. To a solution of the solid in oxolane
(7 mL), were added the N-hydroxysuccinimide ester (280 mg) of N-benzyloxycar-
bonylglycine and triethylamine (0.7 mL), and the mixture was heated for 2 days at
37°. Evaporation gave a residue that was extracted with chloroform, and the solu-
tion was washed with M aqueous ammonia. The crude product-mixture obtained
was chromatographed on a column of silica gel with 2:1 benzene—ethyl acetate to
give crude 15 (169 mg) and recovered 7 (84 mg, 27%). Further purification of 15
by preparative t.l.c. with 1:1 benzene—ethyl acetate gave 15 as a pure solid, yield
148 mg (43%); [a]3’ +32° (¢ 1, chloroform); »XEr 1710 cm™'; 'H-n.m.r. (CDCL):
6 1.05(d, 3 H, CCH3), and 3.12 (s, 3H, NCH3,).

Anal. Calc. for C43HscFNsO,5: C, 63.08; H, 6.18; N, 7.66; F. 2.08. Found: C,
63.18; H, 6.32; N, 7.70; F, 2.05.

1,2',6"-Tris(N-benzyloxycarbonyl)-4-N-(N-benzyloxycarbonylglycyl)-3-flu-
oro-3-de(methoxy)sporaricin B (17). — Compound 12 (242 mg) was treated with
barium hydroxide as described for 15; the crude 16 was then glycinated to give,
after column and thin-layer chromatographic purification, pure. solid 17, yield 134
mg (45%), [a]’ +48° (c 1. chloroform); 5B 1710 cm™'; '"H-n.m.r. (CDCl,):
6 1.02(d,3H, CCH;) and 2.99 (s 3 H, NCH3).

Anal. Calc. for C;xHsFN<O;,: C, 63.08; H, 6.18; N, 7.66; F, 2.08. Found: C,
62.95;H.6.37; N, 7.54; F., 2.30.

1,2',6'-Tris(N-benzyloxycarbonyl)-4-N-(N-benzyloxycarbonylglycyl)-3,3-di-
fluoro-3-de(methoxy)sporaricin B (19). — Compound 13 (320 mg) was treated as
described for 15 to give solids of 19, 103 mg (26%) and 18. 102 mg (33%). Com-
pound 19: [a]3’ +28° (¢ 1, chloroform); 'H-n.m.r. (CDCl): 6 1.01 (d, 3 H,
CCH3) and 3.07 (s, 3H, NCH,).

Anal. Calc. for C4gHssFoNO (5 C, 61.86; H, 5.95; N, 7.51; F, 4.08. Found:
C,61.79;H,5.57; N, 7.24, F, 4.48.

Compound 18 had [a]3’ +29° (c 1, chloroform); 'H-n.m.r. (CDCl;): 8 1.04
(d, 3H, CCH,) and 2.38 (s, 3 H, NCH3).

Anal. Calc. for C3gH F-N,O,: C, 61.61; H, 6.26; N, 7.56; F, 5.13. Found: C,
61.82; H,6.01; N, 7.29; F, 4.87.

3-Epi-3-fluoro-3-de(methoxy)sporaricin A (3). — A solution of 15 (70 mg) in
methanolic 0.2M hydrogen chloride (4 mL) was hydrogenated with 10% palladium-
on-charcoal under one atmosphere pressure of hydrogen. Crude product obtained
by conventional processing was purified by a column of CM-Sephadex C-25
(NHY form, 5 mL) with aqueous ammonia (0.1—0.3M). Ninhydrin-positive frac-
tions were freeze-dried, and the powder obtained was made neutral with
methanolic 0.2M hydrochloric acid. The solution was again freeze-dried to give the
hydrochloride of 3 as a solid, yield 36 mg (909 ); [a]7 +61° (¢ 1, methanol);
m/z 378 [(M + H)*]; 'H-n.m.r. (D,0, pD ~2): 6 1.37 (d, 3 H, CCH3), 1.65 (m.
1 H, H-4'a), 2-2.2 (m, 3 H, H-3'¢,3'a.4'e), ~2.4 (m, 1 H, H-2a). 2.5 (narrow m,
1 H, H-2e), 3.29 (s with very slight splitting, 3 H, NCH,), 3.44 (quintet, 1 H, H-6"),
3.64 (m. 1 H, H-2"),3.89 (m, 1 H, H-5"), 4.07-4.17 [apparently br s, 3 H, H-1 and
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Gly(COCH,)]. 4.34 (narrow m, H-6), ~4.52 (1.5 H. H-5 and a part of H-4), ~4.7
(~0.5 H. a part of H-4), 5.20 and 5.40 (each br s. 1 H total. /s, 50 Hz. H-3). and
5.533(d, 1 H, Jy:5- 3 Hz, H-1"). On irradiation of H-1, each of the signal patterns
of H-2a and -2b was simplified. ""F-n.m.r. data (D,0, pD ~2): & 111.6 (dt,
Jap = Jagp ~50,J,4,: 37 Hz, F-3).

3-Fluoro-3-de(methoxy)sporaricin A (4). — Compound 17(70 mg) was
treated as described for 3 to give the hydrochloride of 4 as a solid, 36 mg (90%);
[a]3’ +90° (¢ 1, methanol); miz 378 {(M + H)*]; 'H-n.m.r. (D.O. pD ~2):
8135 (d, 3 H, J7 Hz. CCH,), 1.64 (m, 1 H, H-4'a). 2.03-2.18 {3 H. H-
3'e.3'a.4’e). 2.30 (quintet with ~12 Hz spacings, 1 H, H-2a). 2.60 (sextet with ~5
Hz spacings. 1 H, H-2¢), 3.19 (s. 3 H. NCH,), 3.43 (quintet, | H. J 7 Hz, H-6').
3.66 (m, 1t H, H-2"), 3.89 (m. 1 H, H-5"). 3.96 (m, t H, H-1). 4.12 (AB q. the
center half being most intense, 2 H, J 16.5 Hz, COCH,). 4.21 (br d. | H, H-6),
4.52 (m, 1 H, H-5), 4.6 (1 H, H-4), 5.22 and 5.42 (each dt. 1 H in total, H-3), and
552(d. 1 H,Jyv 2 3Hz H-1)0 Ty a0 ~5. 0000 = Foeza = Joup ~ 120 Ja0y ~5. 0003

~2):8 111.2(brdr, J; -49.6 Hz, F-3).

3,3-Difluoro-3-de(methoxyjsporaricin A (5). — Compound 19 (31 mg) was
treated as described for 3 (o give the hydrochloride of 5 as a solid, vield 17 mg
(57%): ]y +50° (¢ 1. methanol): miz 396 [(M + H)'|: "H-n.m.s. (D,O. pD
~2): 8 1.37 (d, 3 H. CCH.), 1.64 (m. 1 H, H-4"a), 2.03-2.23 {3 H, H-3¢.3a".4'¢).
~2.62 (apparent q. 1 H, H-2e). 2.62-2.83 (m. | H. H-2a ). 3.295 and 3.302 (cach
s. 3 H in total, NCH3). 3.44 (quintet, | H. H-6"), 3.63 (m. | H. H-2"). 3.88 (m. |
H. H-5"), 4.09 (m, 1| H. H-1), 4.17 (s. 2 H. COCH,>), 4.32 (br 5. | H. H-6). 4.63
(m, | H, H-3). 4,94 and 5.055 (each t. | H total. H-4). and 5.32 (d. 1 H. H-1");
Jos = dap s 34y w8 = Jaw<3Hz
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