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ABSTRACT 

3’-Deoxy-3’-fluorokanamycin A (14) has been prepared by condensation of 6-azido-2,4-di-O-ben- 

zyl-3,6-dideoxy-3-fluoro-c-b-glucopyranosyl bromide (8) and 6-U-(2.0-acetyl-4,6-O-cyclohexylidene-3-de- 

oxy-3-tosylamino-r-u-glucopyranosyl)-2-deoxy-I ,3-di-N-tosylstreptamine (IO). Compound8 was obtained 

from 3-deoxy-3-fluoro- I ,2:5,6-di-O-isopropylidene-r,-glucofuranose in seven steps. 3’,4’-Dideoxy-3’-fluoro- 

kanamycin A (22) has been prepared from 12 through selective4’-chlorodeoxygenation a key reaction. Both 

14 and 22 were more active than 3’.deoxykanamycin A against both sensitive and resistant bacteria. 

INTRODUCTION 

Kanamycins are inactivated by enzymes of resistant bacteria phosphorylating or 

adenylylating the 3’-, 4’-, or 2”-hydroxyl group’,‘; among these positions, the 3’-hydrox- 

yl group is the most frequently modified. One method for converting kanamycins into 

derivatives active against resistant bacteria that produce 3’-phosphoryltransferases 

involves removal of the 3’-hydroxyl group. Synthetic 3’-deoxykanamycin A (ref. 4), 

3’,4’-dideoxykanamycin B (ref. 5, dibekacin), and other related 3’-deoxy derivatives 

successfully inhibit the growth of these resistant bacteria, indicating the validity of this 

approach. We continue to seek other derivatives more effective than the deoxy deriv- 

atives. As fluorine is less bulky than a hydroxyl group, is slightly more negative than 

oxygen in terms of electron density, and cannot be phosphorylated, substitution of the 

3’-hydroxyl group of kanamycin by a fluorine atom may be more satisfactory than 

deoxygenation for obtaining derivatives having least stereochemical and electronic 

changes from the parent kanamycin molecule. In other words, the preparation of 

kanamycin analogs more closely resembling kanamycin than 3’-deoxykanamycins in 

structure, and not susceptible to phosphorylation, will be of interest from the anti- 

bacterial viewpoint. Here we describe the synthesis of 3’-deoxy-3’-fluorokanamycin A 

and 3’,4’-dideoxy-3’-fluorokanamycin A. 

* Preliminary communication, see ref. I. 
’ Author for correspondence. 
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3’-deoxy-3’-fluorokanamycin A (14) was prepared from 12 by treatment with sodium in 
liquid ammonia, followed by deacetylation, and decyclohexylidenation. In this first 
reaction with sodium, the 6’-azido group was reduced, and the benzyl and tosyl groups 
were removed simultaneously, but the yield (3 1 Oh) was low. The reason was not clear, 
but radical reduction of the 6’-azido group of 12 by sodium was suspected to be the 
cause. Therefore the azido group was first reduced catalytically and then the benzyl and 
tosyl groups of the 6’-amino derivative 13 were cleaved with sodium. This modification 

improved the yield of 14 (from 12) to 54% (total yield from 10 was 24%). Compound 14 
was also prepared’ through condensation of 8 and 6-0-(2-0-benzyl-3-benzyloxycarbo- 
nylamino-4,6-O-cyclohexylidene-3-deoxy-rx-o-glucopyranosyl)-1,3-bis(N-benzyloxy- 

carbonyl)-2-deoxystreptamine (1 l), but the total yield for this coupling and successive 
deprotection reactions was only 20%. 
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3’,4’-Dideoxy-3’-fluorokanamycin A (22) has been prepared in the quest for an 

analog of 14 active against both kinds of resistant bacteria producing 3’- and 4’- 

modifying enzymes. Tosylation of 13 gave the tetra-N-tosyl derivative 15 and acetyla- 
tion of 15 with acetic anhydride in pyridine in the presence of 4-dimethylaminopyridine 
gave the tetraacetyl derivative 16. As 15 has only two hydroxyl groups, two of the four 
acetyl groups of 16 should be attached to two of the four N-tosyl groups of 15, and this 
was confirmed by the i.r. and ‘H-n.m.r. spectra; the shift-values of H-6’ and H-3” in the 
‘H-n.m.r. spectrum of 16 lie considerably to low field in comparison with those for 15, 
indicating that the two acetyl groups were attached to the 6’- and 3”-amino groups. 
Catalytic debenzylation of 16 gave the 2’,4’-diol 17. In this reaction, when crude 16 not 
purified by column chromatography was used, the catalytic debenzylation sometimes 
proceeded slowly to give the undesirable 4’-0-acetyl derivative (18) in large amounts 
through N+O acetyl migration. Treatment of 17 with sulfuryl chloride in dichloro- 
methane-pyridine gave the 4’-chloro derivative 19 with inversion of configuration. The 
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D-galactosyl structure was confirmed by the ‘H-n.m.r. spectrum of the deacetyl product 
20 (as exemplified by J4’,5. 0). Attempts to obtain the 3’,4’-dideoxy-3’-fluoro derivative by 
treatment of 19 with sodium in liquid ammonia failed, and a 3’,4’-unsaturated com- 
pound was formed, together with a disaccharide derivative lacking the 4-O-glucose unit; 

by deblocking, the compo.unds were, respectively, converted into 3’,4’-dideoxy-3’- 
enokanamycin A (23) and 6-0-(3-amino-3-deoxy-a-D-glucopyranosyl)-2-deoxystrepta- 
mine* (24). Compound 20 was therefore first reduced with tributylstannane to give the 
3’,4’-dideoxy-3’-fluoro derivative (21) in 77% yield, and then this was converted into 
3’,4’-dideoxy-3’-lluorokanamycin A (22) by treatment with sodium in liquid ammonia 
in 66% yield. Compound 23 showed much lower antibacterial activity (see Experi- 
mental). 

3’-Deoxy-3’-fluorokanamycin A (14) showed’ stronger biological activity than 
did 3’-deoxykanamycin A in inhibiting the growth of both sensitive and resistant 
bacteria, and 3’,4’-dideoxy-3’-fluorokanamycin A (22) showed activies against resistant 

bacteria producing both 3’-phosphorylating and 4’-adenylylating enzymes. 

EXPERIMENTAL 

General methods. - Melting points were determined on a Kofler block and are 
uncorrected. Optical rotations were determined with a PerkinElmer 241 polarimeter. 
1.r. spectra were measured with a Jasco A-202 grating spectrophotometer. Mass spectra 
were measured with a Jeol SX- 102 spectrometer. N.m.r. spectra (‘H at 250 MHz, “C at 
62.9 MHz, and 19F at 235.3 MHz) were recorded in the F.t. mode with a Bruker WM 250 
spectrometer. Chemical shifts (6) for ‘H, ‘C, and 19F were measured, respectively, 

downfield from internal Me&, Me& with the aid of 1,4-dioxane (6 = d,,4_d,oxane + 67.4) 
and Freon 11 (CFCI,), unless otherwise stated. The chemical shifts from ‘H-n.m.r. 
spectra were confirmed, if necessary, by the ‘H-shift-correlated 2 D spectra. T.1.c. was 
performed on Kieselgel 60 F?54 (Merck), and column chromatography on Wakogel 
c-200. 

3-D~oxy-3-~uoro-l,2-O-isopropyfidene-6-O-tosy~-cc-D-glucofurunose (3). -To an 
ice-cold solution of 2 (3 1.6 g) in dry pyridine (600 mL) was added p-toluenesulfonyl 
chloride (32.5 g, 1.2 mol equivalents for 2) and the solution was kept overnight at room 
temperature. Conventional work-up involving column chromatography (developing 
with 5: 1 benzene--EtOAc) gave syrupy 3; yield 4 1.4 g (77%) which, on crystallization 
from benzeneehexane, gave needles, m.p. 84.5585”, [a]: - 16” (c 1, CHCl,); ‘H-n.m.r. 
(CDCl,): 6 1.32 and 1.47 (each s, 3 H, Me,C), 2.46 [s, 3 H, Ts (Me)], 2.62 (d, 1 H, OH-5), 
-4.07 (H-4; the upper half signals (dd) were discerned clearly but those for the lower 
halfwere overlapped by signals of H-5 and H-6a), 4.67 (dd, 1 H, H-2); 4.97 (d, 0.5 H) and 
5.17(brs,0.5H)(H-3);5.90(d,lH,H-l);J,,,3.8,J,,,0,J,,~2.2,J,,,9,J,,o,4.5,Jz,,10.5, 

and JI,F - 50 Hz; “F-n.m.r. (CDCl,): 6 -209.3 (ddd). 

Anal.Calc.forC,,H,,FO,S:C,51.06;H,5.62;S,8.52.Found:C,51.14;H,5.83;S, 
8.62. 
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2:4:5:3 CHCl,butanol-ethanol17% aq. ammonia showed a ninhydrin-positive spot 

at R, 0.47. Purification of the product on a column of CM Sephadex C 25 (NH,+ form, 

20 mL) with aq. ammonia (O+O. 1 M) gave a solid of 9a as its carbonate; 126 mg (75%); 

[cx]~ + 140” (L. 1, HZO); ‘H-n.m.r. (20% ND, in D,O at 50”): 6 2.78 (dd, 1 H, H-6a), 3.00 

(brd, 1 H, H-6b), 3.43 (s, 3 H, OMe), 3.81 (ddd, 1 H, H-2), 4.54 (dt, 1 H, H-3), and 4.83 

(t, 1 H, H-1 1; J,., 4, J2,3 = J3.4 9, JS,ha 6.5, Jh:,.hb 13.5, J,,, 4, J2.r 13, and J3,F 54 Hz. 

Anal. Calc. for (C,H,,FNO&.H,CO,: C, 39.82; H, 6.68; F, 8.40; N, 6.19. Found: 

C, 40.15; H, 6.92; F, 8.29; N, 5.95. 

Methyl 6-umino-3,6-dideo.xy-3--uoro-~-D-g/ucop~vanoside (9p). - Similar treat- 

ment of 6p (396 mg) as described for 6a gave a solid of9p as its carbonate; 167 mg (75%), 

that had the same mobility (on t.1.c.) as 9a; [cc]ff - 27’ (c 1, H,O); ‘H-n.m.r. (20% ND,in 

D,O): 6 2.76 (dd, 1 H, H-6a), 3.05 (dd. 1 H, H-6b), 3.38 (ddd, 1 H, H-5), 3.53 (ddd, 1 H, 

H-2), 3.58 (ddd, 1 H, H-4), 3.59 (s, 3 H, OMe), 4.40 (dt, I H, H-3), and4.41 (d, 1 H. H-l); 

J1,28,J2.3 = J3,J9,Jj,j - lO,J,.,, S,J,,,,25,J,,,,, 14,J,.,O, J?,r 14-J,,, 53, andJ,,, - 14Hz. 

Anal. Calc. for (C,H,, FN0&.H2C0,: C, 39.82; H. 6.68: F, 8.40; N, 6.19. Found: 

C, 40.19; H, 7.02; F, 8.52; N, 6.27. 

6-Azido-2,4-d~-O-hen~~l-3,6-dideo.uy-3~fEuoro-~-glucop~~ranos~lacetare (7). -To 

a cold (- 20”) solution of6 (28.3 g) in Ac,O (140 mL) was added H,SO, (1.4 mL), and the 

solution was kept overnight at - 20”. Chloroform (4 L) was added, and the solution was 

washed with aq. NaHCO,, dried (NaSO,), and concentrated. The resulting syrup was 

purified by column chromatography with CHCl, to give syrupy 7. 25.5 g (84%) which 

consisted mainly of 7a (in t.1.c. with CHCI,, 7a had R, 0.32, and 7p, 0.2). Crystallization 

of the syrup from benzeneehexane gave needles of 7a, m.p. 56.5557”, [,!x]: + 120” (c 0.5, 

CHCI,); ‘H-n.m.r. (CDCI,): 62.12 (s, 3 H, AC), 3.46 (dd, 1 H, H-6a), 3.53 (dt, 1 H, H-6b), 

3.68 (ddd, 1 H, H-4), 3.71 (ddd, 1 H, H-2), 3.87 (ddd, 1 H, H-5), 4.92 (dt, 1 H, H-3), and 

6.31 (t, 1 H. H-l);J,.z4, J,,, = J3,49, J4.s 10, J,.,,4.5, J5.6,, -2, Jb;i.h,, 13. J,,,4, J2.F 12.5, J,., 

53, J4,F 13.5, and J,,,, -2 Hz. 

Awl. Calc. for C,H,,FN,O,: C, 61.53; H, 5.63; F, 4.42; N, 9.78. Found: C, 61.48; 

H, 5.61; F, 4.15; N, 9.58. 

6-A~ido-2,4-di-O-hen~~l-3,6-dideo.~~-3-~uoro-cr-v-glucop~ranos~l bromide (8). ~ 

A mixture of 7 (8.00 g) and TiBr, (8.45 g) in 10: 1 CH&l?-EtOAc (180 mL) was stirred 

for 40 h at room temperature. To the resulting deep-brown solution was added toluene 

(1 L) and anhydrous NaOAc (40 g), and the mixture was stirred for 10 h at room 

temperature. The resulting pale-yellow mixture was filtered and the filtrate was concen- 

trated. The resulting syrup was purified by column chromatography with CHCl, to give 

a colorless syrup of 8; 5.93 g (71%); [a]$ + 193” (c 1, CHCI,); i.r. (neat): 21 10 cm ’ (NR); 

‘H-n.m.r. (CDCI,): 6 3.48 (dd, 1 H, H-6a), 3.58 (ddd, 1 H, H-6b). 3.60 (ddd, 1 H, H-2), 

3.72(ddd,l H,H-4),4,08(dt,l H,H-5),4.99(dt,l H,H-3),and6.31 (t,1H,H-l);J,,24r 

Jz.3 = Jv 9, J-1.5 1% Jm 4, Jm -.. 3, Jha,hb 13.5, J,,, 4, JZ.F 12, Jj.F 53, JJ,F 14, and Jhb.F - 2 

Hz. 

Anul. Calc. for C,,H,,BrFN,O,: C, 53.34; H, 4.70; Br, 17.75; F, 4.22; N, 9.33. 

Found: C. 53.39; H, 5.12; Br, 18.31; F, 3.89; N, 9.08. 
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residue that was dissolved in water and neutralized with Amberlite CG 120 resin (H’ 

form, 10 g). The resin was packed onto a column that, after washing with water, was 
eluted with M aq. ammonia. Ninhydrin-positive fractions were concentrated and the 

residue was treated with 80% aq. AcOH (20 mL; 30 min, SO’) to remove the cyclohexyli- 
dene group. The resulting product was then purified on a column of CM-Sephadex C 25 
with aq. ammonia (O-+0.15 M) to give 14 as a solid, as a monocarbonate; 108 mg (3 1%); 

[cl]: + 121” (c 1, H,O); ‘H-n.m.r. (20% ND, in D,O): 6 1.22 (q, 1 H, H-2ax), 1.96 (dt, 1 
H, H-2e), 2.78 (dd, 1 H, H-6’a), -2.9 (2 H, H-1,3), 3.00 (dd, 1 H, H-6’b), 3.01 (t, 1 H, 

H-3”), 3.24 (t, 1 H, H-6), 3.32 (t, 1 H, H-4”), 3.33 (t, 1 H, H-4), 3.48 (dd, 1 H, H-2”), 3.60 
(ddd, 1 H,H-4’) 3.65(t, 1 H,H-5), -3.75(2H,H-6”), -3.8(1 H, H-5’),3,86(ddd, 1 H, 
H-2’), -3.9(1 H,H-5”),4.58(dt, I H,H-3’),5.02(d, 1 H,H-I”),and5.38(t, I H,H-I’); 
J 1.2o.r 12.5, J,.?<‘4, J,,, 9.5, Jznx.?r = Jzur 3 12.5, Jzp,3 4, J3,4 = J4 5 = J5,6 9.5, J,,,?, 4, J2.,3. = J3’ 4’ 
9, J4.,5. 10, JS,,e.a 7, J,,,., 2.5, J6.a,6.b 14, J;.s.2.,3.8,Jz,,,i,, = Jj../,u =‘J4..,5.: 10, J,.,4, J2s,F 13, J3,,F 54, 
and J4’,F 13.5 Hz; “C-n.m.r. (20% ND, in DzO): 636.8 (C-2),42.5 (C-6’), 5O.O(C-3), 51.4 

(C-l), 55.4(C-3”),61.5(C-6”),70.3,(d,C-4’),70.5(C-4”),71.4(d,C-2’),72.9(C-2”),73.4 
(C-5”), 73.6 (d, C-5’), 75.1 (C-5), 88.7 (C-4), 89.0 (C-6), 96.2 (d, C-3’), 100.7 (d, C-l’), and 

lOl.O(C-1”); Jc_I.,F 11, JC_Z.,F 17, Jc_j.,F 179, Jc_J,F 17, and JC_s,F 7 Hz; “F-n.m.r. (20% ND, 
in DzO; Freon 11 as external reference) 6: - 199.2 (ddt, J,.,, - 3.5, J2..F 13, J3.,F 54.5, and 
J4.,F 13 Hz, F-3’). 

Anal. Calc. for C,,H,,FN,O,,.H,CO,: C, 41.60; H, 6.80; F, 3.46; N, 10.21. Found: 
C, 41.78; H, 7.13; F, 3.35; N, 10.34. 

(b) From 13. To a solution of 13 (126 mg) in liquid NH, (12 mL) at - 55” was 
added Na (- 120 mg), and the solution was stirred for 5 min at the temperature, and 

then the mixture was treated as described for (a) to give 14, as a monocarbonate; yield 35 
mg (54% based on 12). 

(c) From condensation ofS andll. A mixture of8 (520mg), 11(500mg), Hg(CN), 
(600 mg), and Drierite (1.36 g) suspended in CH,CI, (7 mL) was stirred overnight at 100” 

in a glass pressure-bottle. T.1.c. (3: 1 CHCl,-EtOAc) then showed several spots including 
R, 0.28. Successive work-up as described for 12 gave the condensation product having 

expected R, value; 228 mg (32%). The product (83.5 mg) was dissolved in 80% aq. 
AcOH (10 mL) and heated for 1 h at 80”. The decyclohexylidenated product was then 
hydrogenolyzed with palladium black in 20: IO: 1 1,4-dioxane-water-AcOH (30 mL) 

under one atmosphere pressure of hydrogen, and the resulting product was purified by 

chromatography with CM-Sephadex C 25, to give 14 as a monocarbonate; 22 mg 
(61%), identical with that obtained through route (a). 

6’,3”-Di-N-acetyl-5,Z”-di-O-acet_yl-2’,4’-di-O-benzyl-4”,6”-O-~_ycfohexylidene-3’- 
deoxy-3’--uoro-l,3,6’,3”-tetra-N-tosylkanamycin A (16). -To a solution of 15 (860 mg) 

in pyridine (17 mL) were added Ac,O (0.70 mL, 12 mol equivalents for 15) and 
4-dimethylaminopyridine (77 mg, 1 mol equivalent for 15), and the solution was kept for 
5 h at room temperature. T.1.c. (4:l CHCl,-EtOAc) of the solution showed one major 

spot at R, 0.5 together with weak spots at R, 0.36 and 0.58. Concentration gave a syrup, 
that was dissolved in CHCl,, and the solution was washed with 5% aq. NaHCO,, dried 
(Na,SO,), and concentrated. The residue was chromatographed with 5: 1 CHCI,-EtOAc 
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H,.JI2.5Kz,H-2ax~,2.16,2.19,2.29,and2.38~eachs,3HTs,.(Me~ x4],.2,74Jbrd, IH,. 
J-13Hz,H-2e),3.10(brt,1H,J-10.5Hz,H-lor3),4.18(dd,1H,H-2”),-4.36(1H, 

K-Y), 4.40 (q> [ H, K-3”), 4.70 (dt, I K. K-23,5. t4 (t> [ H. K-4’). - 5.43 (‘1 K. H-S), 5.44 
(d, 1 H,H-1”), 546(ddd, 1 H, H-3’), 5.86(t, 1 H,H-1’),6,36(d, 1 H,J3 Hz,OH-5?), 8.01 

(br t, 1 H, J -6 Hz, NH-6’), and 9.14 (d, 1 H, NH-3”); J,,,? 4, JZ.,3, 10, Jj,.4’ 4, J4.,5, 0, J,..,2.’ 
-4, J7,.,3.< = J3”/,.. = J3.,,NH - 10, J,.,, 4, JT,F - 10, J7.,F 50, and J4.,F 4 Hz. 

Anal. Calc. for C,,H,,ClFN,O,,S,: C, 5 1.97; H, 5.54; Cl, 2.95; N, 4.66; S, 10.67. 
Found: C, 52.09; H, 5.77; Cl, 2.89; N, 4.71; S, 10.45. 

4”,6”-O-C~vclohexylidene-3’,4’-dideo~~~-3’-~uoro-l,3,6,3f~-tetra-N-tosylkanamycin 

A (21). - Reduction of a solution of 20 (760 mg) in 1.6dioxane (20 mL) with two 
additions of Bu,SuH (0.55 mL x 2) and a&-azobis(isobutyronitrile) (15 mg x 2; the 
second batches of both reagents were added after 1 h from the first addition) for 2 h at 

80” gave a crude product that was purified by column chromatography by elution with 
CHCl, (to remove the resulting tributyltin oxide and other side products) and then with 
15:l CHCl,-MeOH to give 21 as a solid; 565 mg (77%); [XI: - 10” (c 1, MeOH); 
‘H-n.m.r. (pyridine-d,): 6 - 2.14 (1 H, J - 12 Hz, H-4’ax), 2.16, 2.18, 2.28, and 2.35 

[each s, 3 H, Ts (Me) x 4],3.95 (dt, 1 H, H-2’). 5.10 (br d, 1 H, J 11 Hz, H-5’), 5.28 (m, 1 
H, H-3’; on decoupling of 19F, the m collapsed to an imcomplete dt), 5.45 (d, 1 H, J 3.8 
Hz,H-l”),and5.67(t, 1 H,H-l’);J,,,?, -4,J2.,J. = J3.,Kur -10,J?.,4.p -6,J,.,, -4,J?,,: -10, 
J Y,F - 52, and J4.0.r,F - 12 Hz. 

Anal. Calc. for C,,H,,FN,O,,S,: C, 53.50; H, 5.79; N, 4.80; S, 10.99. Found: C, 
53.45; H, 5.79; N, 4.59; S, 11.02. 

3’,4’-Dideoxy-3’-fluorokanamyciti A (22). ~ Compound 21(550 mg) was treated 
as described for 14 to give solid 22 as a monocarbonate; 170 mg (66%); [cr]:’ + 122” (I 

0.5, H,O); ‘H-n.m.r. (20% ND, in D>O): 6 1.22 (q, 1 H, H-2ax), 1.61 (quintet, 1 H, 
HA’ax), 1.96(dt, 1 H,H-2e),2.23(dddd, 1 H, H-4’~) -2.75 (2H,H-6’),2.80-2.95(2 H, 
H-l,3),3.0l(t,1H,H-3”),3.25and3.30(eacht,lH,H-4,6),3.3l(t,lH,H-4”),3.48(dd, 
1 H, H-2”), 3.63 (t, 1 H, H-5), - 3.75 (2 H, H-6”), 3.78 (ddd, 1 H, H-2’), 3.90 (dt, J 3.5, 

3.5, and 10 Hz, H-5”), 4.03 (m, 1 H, H-5’), 4.85 (dddd, 1 H, H-3’), 5.02 (d, 1 H, H-l”), and 
5.39(t, 1 H,H-I’); J,.,?,4, Jz,,,.9.5, J3.,4.ar 11.5,Jj,4.r5.5,J4.ur-,l.t, = Jq,,,s. 11.5, J4.r,5. - 1.5,J,.,, 

4, J2’.F 13, J3s.F 52.5, J4’u.x,F 11.5, and J4.<+ - 5 Hz; ‘C-n.m.r. (20% ND, in D,O): 6 34.7 (d, 

C-4’), 37.0 (C-2), 45.9 (C-6’), 50.3 (C-3), 51.6 (C-l), 55.6 (C-3”). 61.6 (C-6”), 70.7 (C-4”), 
70.8 (d, C-5’), 73.1 (C-2”) 73.2 (d, C-2’), 73.6 (C-5”), 75.4 (C-5), 89.1 (C-4 and 6) 91.8 (d, 
C-3’), 101.1 (C-l”), and 102.0(d,C-1’); JC_,.,F 11, JC_T.F 17, Jc.i,,r- 175, Jc_4.,F 18,and JC_5.,F - 

11 Hz; I9 F-n.m.r. (20% ND, in D,O; Freon 11 as external reference): ci - 187.4 (br d, J3..F 

52.5 Hz, F-3’). 

Anal. Calc. for C,,H,,FN,0;H2CO;H,0: C, 41.45; H, 7.14; F, 3.45; N, 10.18. 
Found: C, 41.45; H, 7.17; F, 3.20; N, 9.94. 

Reduction of 20 with sodium in liquidammonia. -Treatment of 20 (98.2 mg), with 

Na in liquid NH, as described for 14 gave solid 23 as a monocarbonate (14.7 mg) and 24 
as a monocarbonate; 7.1 mg. 23: ‘H-n.m.r. (20% ND, in D,O): 6 1.23 (q, 1 H, H-2ax), 
1.97 (dt, 1 H, H-2e), 2.74 (dd, 1 H, H-6’a), 2.80 (dd, 1 H, H-6’b), 2.85 (m, 1 H, H-3 or I), 

2.88 (ddd, 1 H, H-l or 3), 3.01 (t, 1 H, H-3”), 3.26 (t, 1 H, H-6 or 4) 3.32 (t, 1 H, H-4”), 
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