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Synthesis of 2',3'-Dideoxy-3',3'-difluoro and 2',3'-Dideoxy-2',2'-difluoro-
pyranosyl Nucleosides Analogues of Gemcitabine
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: The gem-difluoronucleosides 1 and 2, pyranosyl analogues of gemcitabine, have been

synthesized from D-mannose and D-glucose respectively. The key steps were the formation of the
difluoromethylene group by reaction of the corresponding ulose with DAST, and the glycosylation.
© 1999 Elsevier Science Ltd. All rights reserved.

nucleosides, have been used as probes for antiviral activity,2 and in the synthesis of acyclonucleosides3 and the
preparaiion of oligopyranosyinucieotides.* Introducing fluorine into nucieosides has aiso proved to be a useful
procedure for modifying the biological activity of these compounds. Specially efficient for this purpose is the
introduction of fluorine into positions 2’B,> 3’a (FLT)® and 5 (FTC)7 of a nucleoside. Gemcitabine, a 2’-
deoxy-2’,2’-difluoronucleoside (scheme 1), has proved to be highly active against cancer and has recently been
approved for treating several types of tumour.3:9

In this context, we planned to synthesise 2',3'-dideoxy-3',3"-difluoropyranosyl and 2',3'-dideoxy-2',2'-
difluoro nucleosides 1 and 2, which can be regarded as pyranosyl analogues of gemcitabine.
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Gemcitabine and related 2',2'-difluoronucleosides have been prepared from 2-deoxy-2,2-difluoro-D-
ribofuranose, which is obtained from glyceraldehyde through a Reformatsky reaction with ethylbromo-

uoroacetate, 1011 or from D-mannose and D-glucose by abtai ning the 3,3-difluoro-pyranosy vl derivative and

ifluoroacetate, or from D-mannose and D-glucose ng the 3 d

carrying out a subsequent degradation.!2 In addition, 3',3'-difluoronucleosides have been prepared by reaction
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We previously studied the preparation of 2,2-difluoro and 3,3-difluoropyranoses by reacting 2- and 3-
uloses with DAST and determining how the configuration of neighbouring groups affected the reaction.!> Thus,
in the case of 2,2-difluoropyranoses, a §-configuration in the anomeric carbon was found to be necessary to

prevent the formation of 1,2-difluorocarbohydrates due to a migration process. The reaction of a 3-ulose with

AST gave low vields due to a competitive fragmentation reaction.152.16 However, we showed recently that the
reaction of 2-deoxy-3-ulose with DAST leads to the 3,3-difluoro carbohydrates in good yields.!2
Taking these considerations iﬁto account, we made a retrosynthetic plan for the synthesis of 1-(2',3'-

dideoxy-3',3'-difluoro-B-D-eyrthro-pyranosyi)cytosine (1) and 1-(2',3'-dideoxy-2',2'-difluoro-B-D-eyrthro-
pyranosyl) cytosine (2), which is shown in Scheme 2. In both routes, the key step is the synthesis of a
difluorocarbohydrate by reacting a suitable ulose with DAST. In the first route, the 2-deoxy-3,3-
difluoropyranose can be readily obtained following a reported procedure,!2 and in the second, a B-ulose which
can be obtained through deoxygenation of position 3 of a B-benzylglucoside is needed (Scheme 2).
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Synthesis of 1-(2’,3’-dideoxy-3’,3’-difluoro-o,B-D-erythro-hexopyranosyl)-cytosine
(1). The 2-deoxy-3-ulose 3, which can be obtained in three steps from D-Mannose,!7 was treated with DAST
in CH,Cl (Scheme 3), to give the difluoro derivative 4 in 70% yield.12

Since thioglycosides are useful glycosyl donors!8 which have been successfully used in the synthesis of
disaccharides!? and nucleosides,20 we selected the thioglycoside 5 as glycosyl donor. Thus, 4 was treated with
PhSH in the presence of BF;.OEt, to give the unprotected thioglycoside, which by reaction with acetic

anhydride gave compound 5.
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several solvents (CH,Clp, DCE, CH3CN) at different temperatures, the nucleoside was not formed. An

elimination product was detected in some cases. However, reacting 5 with bis-(trimethyisilyl)thymine in the
presence of NBS, gave nucleosides 6o and 6f in a 50% yield although the stereoselectivity was poor (ratio o/
= 5:4). When NIS and triflic acid were used as promoters, the yield increased to 60% with an o/ ratio of 1:3.
Treatment of 6B with ammonia in methanol led to nucleoside 7§ in 85% yield.

Since all attempts to prepare the cytosine derivative from thioglycoside 5 were unsuccessful, we tried a
different glycosylation approach. Thus, the benzylidene group in compound 4 was removed in an acidic medium

and the resulting compound was reacted with benzoyl chloride and pyridine to yield the 4,6-di-O-benzoyl
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Compound 9 was readily converted into the mixture of cytosine nucleosides 10c and 108 in a 66% yield
£ o 1) T2 Lo el e cepitle 2100 nbmmtad Avrbanina i tlaa mnacmcran A bl adlecilaile,] 2flnbn no notalao ™. .
{t/p = 1:3) by reaction with silyl-protected cytosine in the presence of trimethylsilyl triflate as catalyst. Thi

mixture of protected nucleosides 10 was then treated with saturated ammonia solution to give a quantitative yield
of the mixture of cytosine analogues 10/1 which were separated by column chromatography.

Synthesis of 1-(2',3'-dideoxy-2',2'-difluoro-o/B-D-erythro-hexopyranosyl)-cytosine
(2). For the synthesis of the 2',3'-dideoxy-2',2"-difluoropyranosyl analogue of gemcitabine (2), a synthetic
route starting from D-glucose was devised (Scheme 4). The key compound 3-deoxy-2-ulose 12, which has the
B-configuration necessary for the success of the gem-difluorination reaction,!52 was prepared by oxidation of
hen treated with DAST 2a
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glycoside 11.21 The ulose 12 was
difluorocompound 13 in good yield; no rearrangement products were detected. Deprotection of the 4,6-

. 2

benzylidene group and protection of positions 4 and 6 with the benzoyl group afforded compound 14 which
was converted into the difluoropyranose 15 by hydrogenolysis of the anomeric benzyl group.

The glycosylation step was carried out following the same procedure described for the synthesis of
gemcitabine.!0 Thus, pyranose 15 was converted into the 1-mesyl derivative 16 by treatment with mesyl
chloride in pyridine and this compound was then coupled to silylated acetylcytosine using trimethylsilyl triflate
as activator. Initially, refluxing dichloroethane was used as solvent, but the reaction proceeded slowly. So, we

decided to increase the temperature by using a solvent with a higher boiling point. Thus when the reaction was

carried out in refluxing 1,1,2,2-tetrachloroethane, a mixture of pyranosyl nucleosides 170/178 was obtained in
o VL0 il i aes A et . wishi M alyy neauan
a 36% yield and an o/P ratio of 7:4, which, unfortunately, proved to be difficult to separate. However, after
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nucleosides 20/2p which was then obtained could be purified by chromatography and characterized.

Structural determination. The presence of the CF> group was confirmed by NMR spectroscopy. The
I9F NMR spectrum of difluorocompounds shows two signals with a characteristic geminal coupling constant
Jpr ~250 Hz. In the 13C NMR spectrum, C-3 for compounds 1o and 1B and C-2 for 2a and 2 appears as a
triplet signal (115-123 ppm, Jc g~ 240-250 Hz) which is also characteristic of the CF group.

The NMR data of products 1o, 1B, and 2, 2P, confirm the structures of the nucleosides. However, in
contrast with the starting glycosides 9 and 16, the coupling constants J; 7 and Jq 2+ were fairly similar in both

s couplings characteristic of protons in a

tra.“.S—..xanal position, according to a “Cj chair conformation, having the pyrimidine base equatorially disposed
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Hz, suggesting a gauche relationship. These data allowed us to propose a !Cy4 inverted chair conformation for
10 and 1o Like nucleosides 10 and 1, both the anomers in 2,2-difluoronucleosides 17, 2p and 17c, 2o
had equivalent J1' Fa and Jj' Fe values. This was thought to due to an equatorial disposition of the base in both
cases. The following data made it possible to assign the anomeric configuration: a) The H-4' signal in 178 was
a complex multiplet in which 10-Hz coupling constants (J4- 5:, J4> 3) could be observed, whereas H-4' in 17a
and 20 showed virtually no couplings. b) In the 19F-NMR spectrum, there was a signal of axial F with Jg 3
and JF 1 couplmgs of 34 Hz and 19 Hz, conﬁmung an H-F trans relationship. These data suggested an inverted
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characteristic of 2'-F-nucleosides —in 17a and 17p it is not observed due to the overlapping of signals H5-
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and H-6--, which agrees with a similar stereochemical relationship between the base and the fluorine atoms in
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Mol 1 O_t__s_1 1ux __ 8 12/ mymary 2_._ £_ . . ___ 31 #sm__ «as6d .. 40
LADIE 1. OCIECEA 11 ana *° L K Gata 101 compounas x 19p, 10, 1p
Compound H-I' H4 e Iy J&Fa J4'Fe Jg 5 C-3 JC3'F

108 6.14 5.65 11 2 19.4 3.1 10.2 118.1 243

10 6.30 5.49 10.2 3.1 5.8 0 58 118.1 243

1B 5.80 3.51 10.8 2.1 m m m 122.1 242

1o 5.81 3.54 1.5 0 11.7 0 54 1221 242

Table 2. Selected !H and 13C NMR data for compounds 19¢, 198, 20, 2B.

Compound H-6 H-1' H-4' J6,F J'Fa 1',Fe Iy 5 Cc-2' JC2' F
i78 ® 6.40 5.40 a 19.2 0 10 1155 237
17 * 6.74 5.50 a 19.5 0 0 115.7 237
28 7.62 6.03 4.01 3.0 20.1 0 122.4 270, 244
2a 7.80 6.37 4.10 33 19.5 0 <2b 119.3 278, 252
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2 Overiapped signais. © muitipiet

both anomers, as expected for a 4C} conformation in 2P and a 1C4 conformation in 20. (Figure 1).

NHR' RO—F . _ _ NHR' RO—

~ o)
RO - hd HO F VR 19
Ro/$&/g‘r§\l M ”RO%&/QN IZ'\QZ;E\;«(N
1)

F ‘8 OR F luun- = O OR F NI

F NN ¥ [\ (n a1
18,108 (‘Cy) 10,10a ('Cy) 28,178 (*Cy) 20,170 ('Cy)

Figure 1

In conclusion, compounds 1 and 2, 2’,3’-dideoxy, 3°,3’-difluoro— and 2’,3’-dideoxy-2’,2’-
difluoropyranosyl analogues of gemcitabine were synthesized from D-mannose and D-glucose, respectively. In

both cases, the key steps are the formation of the difluoromethylene group by reaction of appropriately protected
uloses with DAST. and the olvcosvlation reaction. Comnounds 1§i 2 B and 7 B resulted to be inactive against

General Procedures: Melting points are uncorrected. Optical rotations were measured at the indicated

temperature in 10 cm cells. 'H, 13C and !9F NMR spectra were recorded on a 300 MHz (300, 75.4 and 282.3
MHz respectively) apparatus, using CDCl; as solvent. Elemental analyses were carried out at the Servei de

Recursos Cientifics (Universitat Rovira i Virgili). Flash column chromatography was performed using silica gel
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60 A CC (250400 mesnh). TLC praes weic prcpdreu Dy usmg l\lesclgel 60 rr254 Solvents for
chromatography were distiiled at atmospheric pressure before use. Dichloromethane was distilled from P,O5 and

stored over molecular sieves.

Phenyl 4,6-di-O-acetyi-2,3-dideoxy-3,3-difluoro-1i-thio-o/p-D-erythro-hexopyranoside (5).

A 48% solution of boron trifluoride etherate (0.348 ml, 0.26 mmol) and thiophenol (0.135 ml, 1.27 mmol) was
added dropwise at 0°C to a solution of compound 412 (75 mg, 0.26 mmol) in anhydrous dichloromethane (2
ml). The solution was sttired for 1.5 h to warm to room temperature, diluted with CH»Cl, (3 ml), neutralized by
stirring with solid NaHCO3, filtered through a celite pad and evaporated. The residue was then dissolved in
pyridine (2 ml) and acetic anhydride (1 ml) and stirred at room temperature for 2 h. The solution was then

poured into water (50 ml), extracted with CH;Cly (3x25 ml), dried (MgS04) and evaporated. Purification by
caliimn chramataoranhy (havanafathyl aratata A1) affardad €1 mo (S8 AF & ag an ~+ B mivhiea (A-11Y AAai~e
vuUiuiuL \-u.lUul.cu.UslalJu_y \ll\.’Amleul!‘ avwWiaiv "r. 1l J dllviusud J1 Ills A\ IU} Ul. « ad all u,P HHALULIC \".1 1}. 4¥1 _'Ul
icomer (&R} IH AR (UMY MUY 7T &0.T7 28 {m» SH hy 402/4 1L T =17 He H_1) § 10 (AA4 11T
ISUINCY \JP). 1L DVON \JVV Vaxady, .90~ 7.4 \ill, S, 1), 7.75 \U, 111, JHI,Hz—LL Az, -1y, J.1vu (GG, 111,

p .
Tua 5= 22.2 Hz, Jy, ys=12 Hz, Jy, p= 4 Hz, H-4), 428 (dd, 1H, Jyq ye= 12 Hz, Jyg ys= 4.8 Hz, H-6),
4.16 (d, 1H, H-6"), 3.85 (m, 1H, H-5), 2.70-2.50 (m, 2H, H-2, H-2"), 2.17 (s, 3H, Ac), 2.06 (s, 3H, Ac);
13C NMR (75.4 MHz); 170.5 (CO), 169.3 (CO), 132.9-128.2 (Ph), 118.4 (t, Jg c3= 255 Hz, C-3), 80.6 (C-
1), 74.4 (C-6), 67.1 (d, Jg 4=19 Hz, C-4), 62.0 (C-5), 40.1 (t, Jg,co= 20 Hz, C-2), 20.7 (Me), 20.5 (Me);
19 NMR (282.3 MHz); -103.9 (d, Jp p=247.0 Hz, Fe), -116.1 (ddd, Jg y,= 32.46 Hz, Jgpns= 209 Hz,
Jg = 11.6 Hz, Fa). Minor isomer (Sa.): IH NMR (300 MHz); 7.60-7.25 (m, SH, Ph), 5.66 (s, 1H, H-1),

LV

520 (ddd, 1H, Jy, p=22.2 Hz, Jyu ys=12 Hz, Jy, p= 4 Hz, H4), 470 (m, 1H, H-5), 4.41 (dd, 1H,
Tooo oo =12 Hz Jii :c=5.4 Hz, H-6). 4.08 (d. 1H. HE") 2.70-2.50 (m. 2H. H-2. H-2"). 2.14 (s. 3H. Ac)
Tue,1e=12 Hz, Jyg 135=5.4 Hz, H-6), (d, 1H, H6) .50 (m, 2H, H-2, H-2"), 2.14 (s, 3H, Ac),
S NO 7. 21X A ~) 13(" ANIRMATDY 77718 A RALY..) 177 & MM\ 1L£0 Y /MN\ 1279 O 170 1 /LN 110 A 72 Y _ NECE& YT
2.U7 (8, om, AC); L NNMIR (/5.4 MINZ); 17.0 (LU), 107.5 (LU), 132.5-120.2 (FD), 110.4 (L, Jg ¢3= 200 NZ,
C-3), 82.3 (C-1), 74.5 (C-6), 67.6 (d, J JoaF= 12 Hz, C-4), 61.7 (C-5), 39.1 (t, Jg C2= 21 Hz, C-2), 20.7
(Me), 20.5 (Me); !9F NMR (282.3 Mhz, CDCl3); -102.7 (bd, Jp p= 2419 Hz, Fe), -110.0 (dddd, Jg 4,

47.1 Hz, Jg y4= 14.9 Hz,Jg o= 4.8 Hz, Fa).

1-(4°,6°-Di-O-acetyi-2°,3’-dideoxy-3°,3’-difluoro-a,p-D-erythro-hexopyranosyi)-thymine

(6). 4 A-Molecular sieve (50 mg), and NIS (225 mg, 1.0 mmol) were added to a solution of § (134 mg, 0.41
mmol) in anhydrous CH,Cl, (2ml) kept under argon. After a few minutes silylated thymine (221 mg, 0.82
mmol) and trifluoromethanesulfonic acid (0.044 ml, 0.5 mmol) were added. The suspension was stirred at room
temperature for 20 h. An aqueous solution of sodium thiosulfate was then added, while stirring, until the purple
color was discharged. After dilution with ethyl acetate (50 ml), the suspension was filtered through a celite-silica

pad and the filtrate was dried (MgSQ4) and evaporated Purification of the residue bv column ch_rgmﬁtgsrmnhv
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(hexane/ethyl acetate 1:1) gave 110 mg (60%) of 6 as a o,p mixture (o:B= 1:2.7), from which a new
purification by preparative tic (hexane/ethyl acetate i:1) enabled both isomers to be separaleu Major isomer
(6B): mp: 168-169°C. [a]Dl3= +8.05 (c= 0.47, CHCI3). IR: 3191, 306, 2885, 2859, 1706, 1468, 1429, 1230.
TH NMR (300 MHz): 8.75 (s, 1H, NH), 7.26 (s, 1H, H-6), 6.10 (dd, 1H, Jy,. H2_95 Hz Iy Hp= 44 Hz,
H-1), 5.14 (t, 1H, Ty g=lyq gs= 74 Hz, H-4'), 4.57 (dd, 1H, Jyq y¢-=12.1 Hz, Jye ys= 8.6 Hz, H-6'),
4.45-4.38 (m, 1H, H-5"), 4.18 (d, 1H, Jyg ys= 12.1 Hz, H-6"), 2.50-2.35 (m, 2H, H-2', H-2"), 2.21 (s,
3H, Ac), 2.10 (s, 3H, Ac), 2.05 (s, 3H, Me). 13C NMR (754 MHz); 170.4 (CH3CO), 168.9 (CH3CO),

163.3 (C4), 149.6 (C-2), 134.6 (C-6), 118.1 (dd, Jc3 =257 Hz, Jo3 p= 238.8 Hz, C-3'), 111.9 (C-5),
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(@, icy p= 4.7 Hz, C-1Y), 75.3 (d, Jce p= 11.3 Hz, C-6’), 66.0 (dd, J4 p= 38 Hz, Joy = 21.3 Hz,
-4), 59.5 (d, Jcs p= 9.4 Hz, C-5), 35.0 (t, Joy = 22.6 Hz, C-2), 20.7 (CH;3CO), 20.6 (CH3CO), 12.6
(Me). '9F NMR (282.3 MHz, CDCl3 ); -101.0 (dm, Jp = 264 Hz, Fe), -103.9 (dm, Fa). IR (cm™); 3191,
3063, 2885, 2859, 1705, 1468, 1230. Anal. Calcd. for Cy5 807N9F’) C 47.88; H 4.82; N 7.44; Found:
48.05; H 5.02, N 7.51. Minor isomer (60x): mp: 120-122° C, olp’
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MHz); 8.61 (s broad, 1H, NH), 7.18 (s, 1H, H-6), 6.00 (dd, 1H, JHI-,H2-= 12 Hz, Yy o= 2.5 Hz, H-1"),
5.22 (ddd, IH, Ty, g= 19.7 He, JH4’H5= 10 Hz, Jyq = 3.5 Hz, H-4'), 4.34 (@4, 1H, Jyg o= 12.6 Hz,
Tue 5= 44 Hz, H-6), 4.13 (d, 1H, H-6"), 4.03 (@, 1H, H-5), 2.60 (m, 1H, H-2), 2.2 (s, 3H, Ac), 2.20

(m, 1H, H-2), 2.15 (s, 3H, Ac), 2.04 (s, 3H, Me); 13C NMR (75.4 MHz, CDCl3); 170.5 (CH,00), 169.3
(CH;C0), 163.2 (C-4), 149.7 (C-2), 134.0 (C-6), 117.9 (dd, Jo3 p=252.9 Hz, Jgy p= 245.0 Hz, C-3"),
112.4 (C-5), 78:2 (4, Iog p= 12.3 Hz, C-6), 73.5 (d, Iy p= 6.6 Hz, C-1), 66.6 (t, oy p= 19.4 Hz, C-
4'), 61.5 (C-5), 38.9 (t, Jop p= 21.3 Hz, C-2), 20.7 (Ac), 20.5 (Ac), 12.6 (Me); '9F NMR (282.3 MHz); -
103.3 (d, Jg p= 274 Hz, Fe), -116.1 (dddd, Jg, yp= 31.3 Hz, Jp = 19.8 Hz, Jg, o= 10.5 Hz, Fa),

1-(2’,3’-Dideoxy-3’,3’-difluoro-B-D-erythro-hexopyranosyl)-thymine (78). Compound 6B (13
mg, 0.03 mmol) was dissolved in a solution of ammonia in methanol (3 ml, 25% saturated) and left in a closed
flask for 3 h. Solvents were evaporated and the crude residue was punﬁed by preparative tlc (CH2Cl,/MeOH,

20:1) to give 7'B_ as a white solid (11 mg, 85%). Mp: >220°C (dec). fn} =+ 354 (¢c= 0.52, CH30H). IR
1

(cm ): 3448, 2923, 168., 1462, 1320, 1270, 1191, 1075. 1H NMR (300 MHz, CD3;QD) 7.52 (s, 1H, H-6),

5.74 (m, 1H, H-1"), 3.87-3.72 (m, 3H,H-6', H-4"), 3.55 (m, 1H, H-5"), 2.44-2.28 (m, 2H, H-2"), 1.82 (s,

3H, CH3). 13C NMR (75.4 MHz, CD3;0D), 166.5 (C4), 152.2 (C2), 138.0 (C-6), 121.7 (dd, Jc3 F= 242 Hz,
JcyE= 249 Hz, C-3), 112.3 (C-5), 79.9 (d, Jc1, p= 12.5 Hz, C-1), 79.5 (d, Jce' F= 6.8 Hz, C6'), 68.5 (t,
Jca g= 20.3 Hz, C4'), 61.8 (C5'), 39.2 (t, Jco /= 22.5 Hz, C-2'), 12.4 (CH3), ISF NMR (282.3 MHz,
CD30D) -101.5 (d, Jg F= 240.5 Hz), -118.2 (dm).

£ A9 £ X o b

4-N-Acetyi-1-(4°,6’-di-O-benzoyl-2’,3’-dideoxy-3’,3’-difluoro-o,B-D-erythro-hexopyramno-

syl)-cytosine (10). Compound 8 (0.115 g, 0.28 mmol) was dissolved in a solution of sulphuric acid in
acetic anhydride (4%, 5 ml). The solution was stirred overnight at room temperature in a closed flask. The liquid
was then poured into 100 ml of aqueous NaHCO3 solution, extracted (3 x 50 ml) with CH,Cly, dried (MgSOj4)
and evaporated to give 0.113 g (92%) of the 1-acetyl derivative 9 which was pure enough to be used in the
coupling reaction. Separately, N-acetylcytosine (23 mg, 0.15 mmol) was dissolved in anhydrous 1,2-
dichlorothane (2 ml) and bxs-tnmcthylsxlylacetarmde 6 ml) and the resulting mixture was heated to reflux for 30

min. and evapor until trimethylsilyl-] eared. Then, compoun:

: s~hl +h 4| 1\ Aaddad ¢ Trata £ i e therlnile,l
0.06 mmol) was dissolved in anhydrous 1,2—dicmﬁmemane {1 ml) and added (o a solution of bis-trimethylsilyl-
nRT [ 2> 1.1 al s kAN 3_ TTL & sy’ § AN al

N-acetylcytosine in 1,2-dichloroethane (3 ml). Afterwards TMSOTY (0.013 mi) was added and the resulting
solution was heated to reflux for 45 minutes. After cooling, the solution was washed with saturated aqueous
NaHCOs3, dried (MgSO4) and evaporated, to give a residue which was purified by flash chromatography
(hexane/ethyl acetate 1:1), yielding 21 mg (66%) of 10/10f as an inseparable mixture. Major isomer (10B):
IH NMR (300 MHz, CDCl3); 9.10 (bs, 1H, NH), 8.15-7.40 (m, 12 H, Ph, H-5, H-6), 6.14 (dd, 1H,
JH1’ H2'= 11 Hz, JH1° H2°= 2 Hz, H-1°), 5.65 (ddd, 1H, Jyy = 19.4 Hz, Jy4 5= 10.2 Hz, J4 p= 3.1 Hz,
H-4%), 4.50 (d, 1H, Jug ye= 11.3 Hz, H-6’), 4.47 (dd, 1H, Jyg ys= 4.7 Hz, H-6’), 4.37 (m, 1H, H-5"),
3.10-2.80 (m, 2H, H-2"), 2.25 (s, 3H, CH;3CO). 13C NMR (75.4 MHz, CDCl3); 170.8 (CH;CO), 166.1

H6”
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(PhCO), 165.0 (PhCO), 163.0 (C4), 154.2 (C-2), 143.5 (C-6), 134.1-128.5 (Ph), 118.1 (t, JC3- = 243 Hz,
C-3%), 97.6 (C-5°), 80.2 (d, Jcy’ JF=12.4 Hz, C-1’), 74.1 (C-6’), 67.6 (t, Jcy> p= 18.4 Hz, C4), 62.1 (C-
5’), 39.5 (t, Jcar 7= 20 Hz, C-2), 24.8 (CH;CO). 19F NMR (282.3 MHz, CDCl3); -104.3 (d, Jpp= 249
Hz), -117.0 (dddd, Jg gyo-= 31.6 Hz, Jg 4= 19.4 Hz, Jg H2= 9.6 Hz). Minor isomer (10a): 1H NMR (300
MHz, CDCl3); 9.20 (bs, 1H, NH), 8.15-7.40 (m, 12H, Ph, H-5, H-6), 6.30 (dd, 1H, Jup py= 102 Hz,
JHI’,H2'= 3.1 Hz, H-1), 5.49 (¢, 1H, Jy4’ r= 5.8 Hz, H-4’), 4.90-4.82 (m, 2H, H-6’, H-5"), 4.57 (dd, 1H,

= , g 3 2 225 (m H-2) 13C NMR (74 5
<H6',H6 AV ix&s vHG ,!13 Rduy ARATNS g dmedmed \SGy TAR, 3 3 Aeede T T L NPT AR, Li, 1174L ). N ANAYAAN \(FTT.T
NALY~» 15 1IN Q (LY MM 16L 1 (DO 18S /DL 1£T N (5 AN 1T&EAN 709 DI\ 1420 M £ 17241
IVAKLZ, /1)y, 17V.0 \N1I3W U, LUULL \TIIWY), 10U (KLU, 1UJWU (U-4), 10%.4 (L-L), 1943.0 (L-D), LO4.1-
128 (Ph), 118.1 (t, I3 p= 243 Hz, C-3), 97.6 (C-5), 77.5 (C-1"), 76.0 (C-6"), 66.7 (t, Jcg p= 17 Hz, C-
4%), 60.1 (C-5°), 35.6 (t, Jop: p= 20 Hz, C-2°), 24.8 (CH;3CO). 19F NMR (282.3 MHz, CDCI3); -102.1 (d,
Jg = 266 Hz), -104.6 (ddt, Jg po-= 31.6 Hz, Jg Ha = Jp 2= 9.9 Hz).
i-(2°,3’-Dideoxy-3’,3’-difluoro-a,3-D-eryihiro-hexopyranosyi)-cytosine (i). A solution of U.1ig

(0.21 mmol) of the mixture 100/10p in saturated methanolic ammonia (5 ml) was stirred overnight and
evaporated to dryness afterwards to give a residue which was purified by radial tlc (chloroform/methanol from
10:1 to 5:1). 1 and 1P were obtained quantitatively. Major isomer (1B): mp: >200°C (dec.). [alp® = +19.7
(c= 0.69, CH;0H). IR (cm™): 3381, 2918, 1673, 1642, 1615, 1491, 1381, 1285, 1189, 1103, 779. 'H NMR
(300 MHz, CD30D); 7.70 (d, 1H, Jyg ys= 7.5 Hz, H-6), 5.82 (d, 1H, Jys ye= 7.5 Hz, H-5), 5.80 (dd, 1H,
Iy, H2= 10.8 Hz, Jyp» o= 2.1 Hz, H-1°), 3.79-3.65 (m, 3H, H-5’, H-6’, H-6""), 3.52-3.50 (m, 1H, H-
4%), 2.44-2.03 (m, 2H, H-2’, H-2""). 13C NMR(75.4 MHz, CD;0D); 167.7 (C-4), 157.8 (C-2), 142.6 (C-6),
121.5 (t, Jr,c3= 242 Hz, C-3'), 96.8 (C-5), 80.9 (d, Jc¢’ p= 12.4 Hz, C-6°), 79.4 (d, Jc | p= 6.8 Hz, C-1°),
¢ g= 20.4 Hz, C-4°), 61.7 (C-5") Hz, C-2’
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(1a): [odp?5= -11.1° (c= 0.36, CH;0H). IR (cm™); 1741, 1661, 1410, 119, 1084. 'H NMR (300 MHz,
CD30D); 7.67 (d, 1H, Jye us= 7.1 Hz, H-6), 5.93 (dd, 1H, Juy* qz'= 10.2 Hz, Jyy» po»= 3 Hz, H-1"), 5.81
(d, 1H, H-5), 4.06 (m, 1H, H-6"), 3.79-3.68 (m, 2H, H-6"", H-5"), 3.54 (dd, 1H, Jy4 F= 5.4 Hz, Jyq us=
11.7 Hz, H4"), 2.42-2.16 (m, 2H, H-2"). 13C NMR (75.4 MHz, CD;0D); 167.8 (C-4), 157.9 (C-2), 142.4
(C-6), 122.1 (t, Jg.ca= 242 Hz, C-3), 96.8 (C-5), 82.1 (C-1°), 77.5 (d, Jce p= 10 Hz, C-6"), 67.0 (dd,
Jca F= 31.2 Hz, Jog F= 20.4 Hz, C-4'), 59.5 (C-5"), 35.3 (t, Jcz F= 22.6 Hz, C-2’). 19F NMR (282.3 MHz,
CD;0D); -101.7 (dt, Jg p= 256 Hz, Jp = 4.8 Hz), -104.3 (ddm, Jg o= 34.1 Hz, Jppa= 5 Hz). Anal.

SREs

Calcd. for CjgH304N3F,: C 43.32; H 4.69, N 15.16. Found: C 43.48; H 4.96; N 15.27.

Benzyl 46-benzyliden -3-deoxy-2-0x0-B-D-erythro-hexopyranoside  (12). Activated 4A

molecular e (3 g), pyridinium chlorochromate (3.1 g, 144 mmol) and sodium acetate (1. |18 g, 14.4 mmol)

2222204 Ua Y pJastsaniliiiis RS LA N 2132008 1 QRN oARAAAL gL elale

were added to a solution of compound 11 (1.24 g, 3.6 mmol) in anhydrous dichloromethane (30 ml). The

PRSIy ST IR [UOTPRPRRPI Y SR, § N Yy prus Rpien

resulting buspcnblon was stirred at room t€mperawire 101 3h protectea 1rom gnt. Then, yl ether (300 ml)
was added and the solids were removed by filtration tnrougn a celite-silica gel pad and the res thmg solution was
evaporated to glve 0.82 g (67%) of compound 12 as a white solid. Mp: 158-160°C, [a]D25 = -47.06 (c=0.085,
CHCl3). IR (cm™): 3066, 2924, 1742, 1458, 1372, 1163, 1112, 1072, 769, 701. 1H NMR (300 MHz,
CDCl3); 7.50-7.30 (m, 10H, Ph), 5.57 (s, 1H, H-7), 4.92 (d, 1H, J ;= 11.7 Hz, PhCHy), 4.85 (s, 1H, H-

1), 4.73 (d, 1H, PhCHj), 4.46 (m, 1H, H-5), 4.13-4.06 (m, 1H, H-4), 3.87-3.75 (m, 2H, H-6, H-6"), 3.11



(dd, 1H, Jy3 ya-= 15.9 Hz, Jy3 pe= 5.7 Hz, H-3), 3.64 (dd, 1H, Jy3 y4= 12.3 Hz, H-3’). 13C NMR (75.4
MHz, CDCl3); 198.2 (C-2), 136.8-126.2 (Ph), 101.5 (C-7), 99.3 (C-1), 75.7 (C-4), 70.4 (PhCH,), 69.8 (C-
6), 69.1 (C-5), 43.8 (C-3). Anal. Calcd. for CyoH,;05: C, 70.59; H, 5.92. Found: C, 70.39; H, 6.22.

Benzyi 4,6-benzylidene-2,3-dideoxy-2,2-difiuoro-f-D-erythro-hexopyranoside (13). To a
solution of compound 12 (0.62 g, 1.81 mmol) in anhydrous dichloromethane (20 ml) kept under argon, DAST
(1.19 ml, 9.04 mmol) was added at room temperature. The reaction mixture was stirred for 20 minutes. Then,
the excess of reagent was neutralized by carefully adding a saturated aqueous solution of NaHCO3. The organic
layer was collected and dried (MgSOy) to give, after evaporation, a residue which was purified by flash column

ch_rgm_a_mg[anhv (linear ora_dggp_t from hexane to _.gxa_p_ggg_hvl acetate 1:1), y vi ldino 052 g (80%) of 13 as a
25
white solid. Mp: 146-147°C. [a]p™ = -53.64 (c=0.33, CHCl3). IR (cmm ) 060 3045, 2893, 1497, 1452,
1276 1172 1126 1070 100E TAL 700 1L NIMDR /200 MIT. O T 807 20 (0 1N DhY & §8 /o 11T
LI7O0, L1710, 214U, 1V/4&, LUUU, /90, /UU. "Il INIVIR (OUV IVRI1Z, LIJCL3) 71.JU-/7.0V {ill, 1ung, i), J.JJ 8, 11,
LY "I &SN 741 1LY Y =172 I¥> DLMIT N\ A TA /A4 1LY DLMIT_ Y A LA (1 1LY Y — 1& 72 LY. LT 1\ A 20
n-7j, 3w G, 11, Jgem=14.0 NZ, riilrig), 474 (G, 10, calngj, 4.04 (0, 10, jyg) F= 10.5 0z, n-ij, 4.5%
{(dd, iH, Jyene= 10.5 Hz, Jye ys= 4.8 Hz, H-6), 3.94-3.77 (m, 2H, H-6’, H-5), 3.50 (id, iH, Jyq ys=

Jaa 3= 9.9 Hz, Jyq yy= 54 Hz, H-4), 2.74-2.63 (m, 1H, H-3), 2.18-1.95 (m, 1H, H-3). 13C NMR (75.4
MHz, CDChy); 136.8-126.2 (Ph), 116.5 (t, Jop p= 246 Hz, C-2), 101.8 (C-7), 97.7 (dd, Jo; p= 30 Hz,
Jc1,p=25 Hz, C-1), 74.4 (d, Joq = 11 Hz, C4), 71.1 (PhCHy), 70.2 (C-6), 68.6 (C-5), 37.3 (t, Jc3 5= 25
Hz, C-3). 19F NMR (282.3 MHz, CDCl); -108.2 (dt, Jg = 251 Hz, Jg g3=Jpg3= 5.3 Hz, Fe), -121.3
(dddd, Jg- y3= 31.6 Hz, Jp- o= 15.2 Hz, Jp gy3= 11.8 Hz, Fa). Anal. Calcd. for CygH,0O4F;: C 6630, H
5.52. Found: C 66.20, H 5.93.

Benzyl 4,6-di-O-benzoyl-2,3-dideoxy-2,2-difluoro-f-D-erythro-hexopyranoside (14).

Compound 13 (0.68 g, 1.86 mmol) was added to an ethanolic solution of hydrochloric acid 2% (10 ml) and the
resulting supension was stirred overnight. It was then neutralized by adding pyridine and the solution was
evaporated, giving a solid which was then redissolved in dichloromethane (10 ml), pyridine (10 ml) and benzoyl

chloride (5 ml). The solution was stirred at room temperature for 3 h, and was then poured into a 1:1 mixture of

atar and dinrhlaramathana favarall valiima SO0 m and the layare woara vignrancly ctirra a Arganis lavar
waltl daiiu uluvitiuviviiivuaialiv \UVU‘N‘ YULUIMG JVY 1L QiU UV 1ayLedd Wl 'lsuluualr DL LGAR 21 U..smu\l ayei
wac callactad wachad with catniratad annannc aHON A (v 100 mI dAriad MACCSO ) and avanaratad tn oiva a
waS COullilh, WaSncG Wikl SatuiaiCl a{juciOus iNamnn U3 \JXivy J J ana Svapiorawq, W give a
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residue which was purified by flash chromatography (hexane/ethyi acetate 10:1) yielding 0.618 g (68%) of 14.
Mp: 98-99°C (EtOH). [a]DZS =-48.75 (c= 0.40, CHCl3). IR (cm™): 3046, 2969, 2877, 1719, 1599, 1455,
1285, 1118, 1074, 714, 680. TH NMR (300 MHz, CDCl3) 8.20-7.25 (m, 15H, Ph), 5.42-5.33 (m, 1H, H-4),
4.97 (d, 1H, Jger= 12 Hz, PhCH,), 4.77-4.68 (m, 3H, PhCH,, H-1, H-6), 4.52 (dd, 1H, Jg¢ e = 12 Hz,
Jue ys= 5.7 Hz, H-6"), 4.16 (dd, Jys ye= 5.7 Hz, H-5), 2.95-2.81 (m, 1H, H-3), 2.25-2.06 (m, 1H, H-
3). 13C NMR (75.4 MHz, CDCl3); 166.2 (PhCO), 165.1 (PhCO), 135.8-128.2 (Ph), 115.6 (t, Jop p= 249.9
Hz, C-2), 96.3 (dd, ¢ g= 31.6 Hz, Jc) p=22.6 Hz, C-1), 74.4 (PhCH,), 70.5 (C-6), 66.5 (d, Jca = 4.5
Hz, C-4), 63.4 (C-5), 34.5 (t, Ic3 p= 23.7 Hz, C-3). 19F NMR (282.3 MHz, CDCl,); -108.53 (ddd, Jg po=

252.6 Hz, Jp = 14.1 Hz, I, 1373 Hz, Fe), -1189 (ddt, Jei= 243 He, Jpys= Jpa= 9.9 Hz, Fa).
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(0.114 g, 0.23 mmol) and palladium on activated charcoal (0.1 g) were suspended in 2 ml of methanol

placea ina nyurogenanon autoclave. The autoclave was cnargea with nyar ogen (13 Da.l') and the suspens n was

4,6-Di-0-benzoyl-2 3-dideoxy-2,2-difluore-o/B-D-erythro-hexopyranose (15). Compound 14
and



stirred for 9 h. The catalyst was filtered off and washed with methanol. The collected liquid was then evaporated
to obtain 0.066 g (73%) of 15 as a syrup (mixture o::p = 95:5). Major isomer: 1H NMR (300 MHz, CDCl3);
8.20-7.30 (m, 10H, Ph), 5.36 (td, 1H, Jy4 y3= Jya us= 114 Hz, Jyq 3= 5.4 Hz, H-4), 5.16 (s, 1H, H-1),
4.65-4.38 (m, 3H, H-6, H-6’, H-5), 2.77 (m, 1H, H-3), 2.41 (m, 1H, H-3"). 13C NMR (75.4 MHz, CDCl3);
166.7 (PhCQ), 165.2 (PhCO), 133.7-128.4 (Ph), 117.5 (t, Jop p=246.5 Hz, C-2), 90.3 (¢, Jc; p= 33.9 Hg,
C-1), 67.8 (C-6), 66.0 (C-4), 63.0 (C-5), 32.7 (t, Jo3 p= 22.6 Hz, C-3). 19F NMR (282.3 MHz, CDCl3); -
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4,6-Di-O-benzoyl-2,3-dideoxy-2,2-difluoro-1-methylsulfonyl-o/B-D-erythro-hexopyranose
(16). Tricthylamine (0.13 ml) and methylsulphonyl chloride (0.062 ml ) were added to a solution of 15 (0 254

o 0.64 mmol) in dichloromethane (3 ml cogled v with an ic bat Tha
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organic layer was dried (MgSO,) and evaporated to give a residue which was purified by flash chromatography
(hexane / ethyl acetate 3:1), to yield 0.242 g (80%) of 16 as an o/ mixture (95:5). Major isomer: 'H NMR
(300 MHz, CDCl3); 8.20-7.40 (m, 10H, Ph), 5.83 (dd, 1H, Jy; g= 5.1 Hz, Jy; p= 1.5 Hz, H-1), 5.39 (td,
1H, Jy4 q3= Jaa,ns= 10.2 Hz, Jy4 y3= 4.8 Hz, H-4), 4.66 (dd, 1H, Jye o= 11.7 Hz, Jye ys= 2.1 Hz, H-
6), 4.55-4.46 (m, 1H, H-5), 4.45 (dd, 1H, Jye’ gs5= 6 Hz, H-6’), 3.14 (CH3), 3.01-2.90 (m, 1H, H-3), 2.46-
2.25 (m, 1H, H-3"). 13C NMR (75.4 MHz, CDCl3); 166.1 (PhCO), 164.9 (PhCO), 115.4 (t, Joo p= 2533
Hz, C-2), 94.5 (dd, J¢; p= 41.8 Hz, J¢| p= 31.7 Hz, C-1), 70.6 (C-6), 65.0 (d, Jc4 p= 9.0 Hz, C-4), 39.7
(CHy), 32.2 (t, Jo3 g= 22.6 Hz, C-3). 19F NMR (282.3 MHz, CDCl,); -106.3 (ddm, Jpp= 263 Hz, Jp 3=

J,5

N-Acetyl-1-(2',3'-dideoxy-2',2'-difluoro-4',6'-di-O-benzoyl-o/f-D-erythro-hexopyrano-syl)

-cytosine (17). N-acetylcytosine (46 mg, 0.3 mmol) was suspended in hexamethyldisilazane (3 ml) under an
h). The liquids were evaporated to dryness and the residue was dried under
high vacuum before being used. This residue was redissolved in anhydrous 1,1,2,2-tetrachloroethane under
argon, and a soiution of 50 mg of 16 (0.i0 mmoi) in the same soivent was added (total voiume 4 mi). Then,
TMSOTf (0.060 ml) and freshly activated 4A molecular sieve (50 mg) were added and the mixture was heated to
reflux. After 3 h, the solution was diluted in chloroform (50 ml) and filtered. The liquid was then successively

washed with saturated aqueous NaHCO3 (20 ml) and brine (20 ml). The organic layer was dried over anhydrous

magnesium sulphate and evaporated to give a solid which was purified by flash chromatography
(chloroform/methanol 20:1) to yield 19 mg (36%) of 17 as an o/P mixture (58:42). Major isomer (17a): 'H
NMR (300 MHz, CDCl3); 10.2 (bs, 1H, NH), 8.20-7.40 (m, 12H, PhCO, H-5, H-6), 6.74 (d, 1H, Jyy- p=
19.5 Hz, H-1"), 5.50 (s, 1H, H-4"), 4.80-4.64 (m, 2H, H-6’; H-6"’), 4.48 (dd, 1H, Jys H6™ 12.3 Hz,

......... = 5.7 Hz, H-5"), 3.20-2.65 (m, 2H, H-3’, H-3""), 2.29 (s, 3H, CH;C0). 13C NMR (75.4 MHz,

<HS5’ Hb o= J.f ARy SRT [ PVAY Ly SRR iiy x2"J Lol S5y Jiky i1y LANivaRRS ¢

CDCl3); 170.9 (COCH,), 166.2, 165.5 (COPh), 163.3 (C-4), 155.1 (C-2), 145.9 (d, Jcg = 15.8 Hz, C-6),
133.9-128.7 (Ph), 115.7 (t, Jcp» p= 237 Hz, C-27), 97.1 (C-5), 76.7 (dd, Jcy» 5= 52 Hz, Jc 1’ p= 214 Hz, C-
1°), 76.3 (C-6), 67.2 (d, Jcg p= 9 Hz, C4’), 62.0 (C-5°), 33.6 (1, Ic3' p= 226 Hz, C-3’), 24.9 (CH,). I9F
NMR (282.3 MHz, CDCly); -106.25 (d, Jg p= 254 Hz, Fe), -115.8 (dm, Jg y3'= 34 Hz, Jg 33, = 19.4 Hz, Fa).

Minor isomer (178): 'H NMR (300 MHz, CDCl3); 10.0 (s, broad, 1H, NH), 8.20-7.40 (m, 12H, Ph, H-5, H-

-y
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6), 6.40 (d, iH, Jy;- p= 19.2 Hz, H-1"), 5.40 (m, 1H, H-4’), 4.87 (dd, Jge’ He= 10.8 Hz, Jye gs'= 5.7 Hz,
H-6’), 478-4.64 (m, 1H, H-6"’), 4.37 (m, 1H, H-5), 3.20-2.65 (m, 2H, H-3’, H-3""), 2.28 (s, 3H, CH;).
13C NMR (75.4 MHz, CDCl); 170.9 (COCH3), 166.0 (COPh), 164.9 (COPh), 163.3 (C-4), 155.1 (C-2),
144.9 (d, Jgg p= 15 Hz, C-6), 133.9-128.7 (PhCO), 115.5 (t, Iy p= 237 Hz, C-2°), 97.3 (C-5), 80.2 (dd,
Jor p= 294 Hz, Jopr p= 19.2 Hz, C-1°), 78.1 (C-6), 65.2 (d, Jcg p= 9.0 Hz, C-4), 62.5 (C-5), 36.9 (t,
Jcy p= 22 Hz, C-3%), 25.1 (CH;5CO). 19F NMR (282.3 MHz, CDCl3); -107.9 (d, Jg p= 259 Hz, Fa), -120.0

fArn DEal
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1-(2',3'-Dideoxy-2',2'-difluoro-ca/B-D-erythro-hexopyranosyl)-cytosine (2). Compound 17 (22
mg, 0.04 mmol) was dissolved in a methanolic ammonia solution (10 ml) and kept overnight in a closed flask.

The canlvent wace than avanaratad tn rlrunnnc and tha racidna wace mmrifiad hy filtratinn theanah a thin gilicra aal
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Major isomer (2a): mp: >250°C (dec.). [(z]D =- 29 7 (c= 0.20, CH30H). IR (cm™): 3330, 3213, 2935, 1641,
1610, 1497, 1107, 1050. {H NMR (300 MHz, CD30D); 7.62 (dd, 1H, Jyg us= 9 Hz, Jygp= 3 Hz, H-6),
6.03 (d, 1H, Jyy’ = 20.1 Hz, H-1), 5.84 (d, 1H, H-5), 4.10 (m, 1H, H-4’), 3.91 (m, 3H, H-6', H-6”’, H-
5), 2.66-2.37 (m, 2H, H-3', H-3""). 13C NMR (75.4 MHz, CD30D); 167.9 (C-4), 158.2 (C-2), 144.2 (d,
Jce p= 6.8 Hz, C-6), 119.3 (dd, Iy p= 278 Hz, Jop p= 252 Hz, C-2°), 96.3 (C-5), 84.7 (C-6"), 81.6 (dd,
Jopr p= 305 Hz, Joy- p= 19.2 Hz, C-1%), 64.2 (d, Jcgr p= 9.0 Hz, C-4%), 61.9 (C-5"), 40.9 (&, Jcz p= 18.1
Hz, C-3"). 19F NMR (282.3 MHz, CD30D); -106.1 (dd, Jg p= 250 Hz, Jg 3= 5.1 Hz, Fe), -119.5 (dddd,
Jg 3= 31.6 Hz, Jp y»= 18 Hz, Jgp 3= 8.4 Hz, Fa). Minor isomer (2B): mp: >160° C (dec.). [a]p? = +

673 (c= 005 CH-OH). TR (cm): 3379 3200 2032 1620 1493 1185 1084 1H NMR (300 MHz
T el W VeUdly Neiijsiny ~ \MARR STl Ty SEUNFy P Iy AVUI S, AT, 21U0J, 1LUUT, AL AVAVAIN SV AVAARA,
DN TR0 (AA 1T T, . TR H>» T..__.—- 1172 » H.AY A7 (4 1T T . _— 10 H> HI_1Y §5Q1 74
\_ouj\.lu’, Pt AV 4 \uu, AR Ay JH(,’HS—‘ .0 LIL, JHO b"’“’ -t ll‘v, Ak u}, Ve 1 \u, lll, JHI”F— L7 llL, LA ], (e rY- iy § \u,

-5), 4.10 (m, 3H, H-4’, H-6', H-5"), 3.91 (dd, 1H, Jye He= 12 Hz, Jue Hs= 6.3 Hz, H-6"), 2.66-2.37
. AYY TYY A1 TY Any 12 ava sy 77 4 2 s AN IW- N 7 ala 4 48 =~ r1 ¥ - 7 T Pl
(m, 2H, H-3', H-3"). '°C NMR (75.4 MHz, CD30D); 167.9 (C-4), 158.4 (C-2), 144.5 (d, Jce,F= 5.6 Hz, C-

6), 122.4 (dd, Jop p= 244 Hz, Jco p= 270 Hz, C-2’), 96.3 (C-5), 83.0 (C-6"), 77.8 (dd, Jcy p= 19.2 Hz,
Jcir p= 32.8 Hz, C-1"), 66.1 (d, Jogr = 9 Hz, C-4"), 61.6 (C-5"), 37.4 (t, Ic3: p= 20.3 Hz, C-3°). 19F NMR
(282.3 MHz, CD30D); -102.9 (d, Jg p= 249.8 Hz, Fa), -111.8 (dddd. Jg y3= Jg g3*= Jp =16 Hz, Fa).
Anal. Calcd. for C1gH;304N3F,: C, 43.32, H, 4.69, N, 15.16. Found: C, 43.58, H, 4.78, N, 15.25.
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