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Abstract: 1-Deoxy-D-xyluiose is a key intermediate in bacterial co-factor biosynthesis. We report the
synthesis of the 1-fluoro- and 1,1-difluoro- analogues of 1-deoxy-D-xylulose as potential antimetabolites of
bacterial 1-deoxy-D-xylulose metabolism. © 1999 Elsevier Science Ltd. All rights reserved.

Recent reports on the biosynthesis of three enzyme co-factors in bacteria have raised the profile of 1-deoxy-
D-xylulose (1-DX) 1 and its phosphate (1-DXP) as an inte“in“di°te metabolite. It emerges that 1-DX /1-DXP
. . . . . . 1
are pivotal metauoht'zcs in the biosynthesis of the bacterial co-factors pyridoxal p%mspuate (PLP)’, thiamine
pyrophosphate (TPP)” and the phytyl chain of ubiquinone (co-enzyme Q) in E. coli
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These co-factors are involved in many enzymes of primary metabolism or in electron transport processes.
The involvement of 1-DX in PLP biosynthesis is summa.rised in Scheme 1. A NAD dependent

dehydrogenase which mediates the oxidation of 4- (phosphoh oxy) -L-threonine 2 to ketone 3 has recently
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been characterised” and the evidence suggests that there is a second gene coding an enzyme which mediates
the condensation of the decarboxylated product of 3 with 1-DX 1. For the other two co-factors, the

involvement of 1-DXP is implicated, although it is known in FE.coli for example, that 1-DX added
exogenously is activated by phosphorylation to 1-DXP in vive. So appropriate analogues may be similarly
activated. With this background we set about preparing analogues of 1-DX 1 which may act as anti-
metabolites in co-factor biosynthesis with potential as new antibiotic leads.
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Scheme 2 Current understanding of the biosynthesis of pyridoxol involving 1-DX 1

Ketones containing o-fluorinated substituents are well known® to promote hydration of the carbonyl group
and this has been used very successfully” as a strategy to inhibit enzymatic processes involving tetrahedral
intermediates, such as esterases and acylases. Extending this strategy to the current programme we have

identified the mono- and difluoro- analogues 4 and § as our target compounds. It was anticipated that these
compounds may inhibit enzymes involved in 1-DX/1-DXP metabolism
0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved
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There has been a significant interest in the synthesis of 1-deoxy-D-xylulose especially as there has been a
requirement’"'' for isotopically labelled samples of 1-deoxy-D-xylulose for biosynthesis experiments. In order
to prepare the monofluorinated analogue 4 we employed a Wittig strategy foilowed by a dihydroxylation as
illustrated in Scheme 3. The monofluorinated phosphorous ylid 6 was prepared as previously described'” and
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Scheme 3 i) CH,Cl,, reflux 3 d, 60%. ii) OsOy, acetone, AcO” N(Et),', -BuOOH, 12h RT, 56%. iii) TBAF, THF, 60 min, 88%.

was coupled to aldehyde 7' in a sluggish reaction, generating product in moderate yield. Initial attempts at
asymmetric dihydroxylation of the resultant enone 8, using Sharpless methodology'* failed, as purification of
the product from the AD-mix-§ ligand proved an insurmountable separation problem. However 8 was
successfully dihydroxylated with osmium tetroxide'’ to generate the racemic diol 9 in moderate yield.

Removal of the silyl protecting group with fluoride ion gave the target sugar 4. ""F-NMR analysis of 4 in
water indicated a ~ 3:2 ratio of two forms of the sugar. In the C-NMR in Figure 1 the re are no carbonyl
resonances, instead the two peaks at 101.5 ppm and 104.1 ppm indicate both anomers (a and B) of the cyclic

sugar, although these could not be a551gned nambiguously.
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Scheme 4 ;) 0.5 eq NaBH,, MeOH, 0°C. ii) TBDMSCI, DMF, Imidazole, RT. iii) (EtO)zPOCFgLi (13), THF, -78°C, 75%. iv)
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MeONa (1M), MeOH, RT, 5h, 49%. v) HC 2h. vi) TBAF, THF, RT, 60 min, 73% (from 15).
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Figure 1 "C-NMR (500 MHz, D,0) o/ anomers of 1-Deoxy-1-fluoro-D,L-xylulose 4
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Figure 2 *C-NMR (500 MHz, D,0) a/p anomers of 1-Deoxy-1,1-difluoro-D-xylulose 5
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ue S was prepared as illustrated in Scheme 4. The key step involved introduction of the

narn. analog
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difluoromethylene group following the strategy developed by Piettre ef al. 16 [hlS involved cleavage of the
CF,-P bond of a a,a-difluoro-B-ketophosphonate in basic MeOH. The synthesis started from the tartrate
derivative 10° which was treated with NaBH4 to generate the mono-alcohol 11 followed by TBDMS
protection to give 12 as prevmusly descrlbed Preparation of the requisite a,o-difluoro-B-ketophosphonate
14 was carried out by condensation'® of the lithiated dlﬂuoromethylphosphonate 13 with ester 12. Treatment
OI 14 Wl[n SO(llum metnoxlael6 aeuverea me prmeueu (].lIlLlOI'O 5ugdr 13 asa leIuIe OI llb KCLUIIC dﬁd
hydrate forms. Sequential deprotection delivered the target difluoro analogue 5. Satisfactory micro-analysis
proved very difficult to obtain for both 4 and 5, due to the hygroscopic nature of these compounds. YF.NMR
analysis of an aqueous solution of 5 again indicated that both the @ and § forms of the cyclic sugar were
present, this time in a ~3:1 ratio. This is again clearly indicated in the BC-NMR spectrum of 5 in Figure 2
where signals for each of the cyclic anomers (o and P not assigned) are present and there is no indication of
any carbonyl resonances.
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coli and S. aureus, however they did not elicit any antibacterial response. It is nofewonhy that 1-deoxy-D-

xylulose exists in aqueous solution, predominantly in its ring opened keto form'’ therefore perhaps the
predominant cyclic nature of these fluorinated analogues disfavours ring opening for the necessary activation
by phosphorylation to generate the corresponding 1-DXP analogues in vivo.
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instrument. NMP spectra were obtained on V..rian 2@0 400 and 500 ins ruments in CDC!~ and D;O,
19

negative values relative to fluorotrichloromethane and 'p chenucal shifts are quoted relative to phosphoric
acid. Solvents were dried and distilled prior to use. Reactions requiring anhydrous conditions were conducted
under an atmosphere of nitrogen and column chromatography was carried out over silica gel (Merck,
Kieseigel 60, 230 - 400 mesh). Petroi refers to petroleum ether (boiling fraction 40-60°C). Optical rotations
[o]p were recorded at 25 °C in 2 ml cells, using an AA-10 Automatic Polarimeter Optical activity Ltd.

(E)-1-Fluoro-5- (tert-butyldimethylsilyl)oxy]-pent-3-ene-2-one 8

A solution of [(fert-butyldimethylsilyl)oxyJacetoaldehyde 7 (0.9 g, 5.1x107 mol) in CH,Cl, (5 mL) was added
to a stirred solution of (1-fluoroacetyl)-methylenetriphenylphosphorane 6 (1.7 g, 5x10™ mol) in CH,Cl, (30
mL). The reaction was heated under reflux for 3 d. After removal of the solvent the product was purified over
silica gel (Ei;O / petrol 10/ 90), to give 8 (0.52 g, 60%) as a clear oil.
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U\, Vmax \IC )/LII] 1070.7, 1001.7. r INIVIIN (VDL I3, LUV IV].HL) O -LL7.4 (|, JFH™ 4/ Z). 1
(CNCL, 200D NMETAN - SN T EH o (CHAQN NO MU o (CHN.CQ 449 A1 1=72 = I, LT NQH
\sva3, Luvy LVILIL} U Ui \ULl, d, (it 1)y V.7 {711, D, \\411113\401}, . \Lx‘l, uu, J 2 ﬂL, JTTL I1L N TINIOL ),

-Q

)23 L 1 1
4.97 (2H, d, Jur=47.5 Hz, CH,F), 6.6 (1H, ddt, J~15 Hz, Jiy=5 Hz, J=2 Hz CH,CH=CH), 7.1 (1H, dt, J=15
Hz, J=3 Hz, CHCOCH,F). ’C NMR (CDCl;, 200 MHz) : & -5.4 (CH3Si), 18.3 (C(CHs)3), 26.2 (C(CH3)3),

61.8 (CH,0S1), 83.8 (d, Jcr=184 Hz, CHyF), 121.4 (OCH,CH), 148.6 (d, Jor=3 Hz, CHCOCH,F), 193.6 (d,
Jer =22 Hz, CO). HRMS: (CI) Caled. For (M) C;;H;,0,SiF: 232.1294, Found: 232.1290

1-Deoxy-1-fluoro-5-O-tert-butyldimethylsilyl-D, L-xylulose 9

Tpfrqpthvlnmmnnnlm arptate h:frqhvr]rah:- (128 ma) anrl fort_ - hntvlhvAdranoravida (TN in uratar N & 3aT \ wrara
J AGLIULIVIIAWLILL GVvWihle twL W \1JY IR QLU 0/ ETUULY UL YMIVPVIVALIUG /U 70 11 vwallld, U.J ) ywuelo
added to a solution of (£)-1-fluoro- 5 -[(tert-butyldimethylsil)oxy] pent-3-ene-2-one 8, (0.5 g, 2.1x10°* mol) in

acetone (5 mL). The mixture was stirred until the ammonium salt was completely dissolved and the reaction
was cooled to 0°C. A catalytic amount of osmium tetroxide (0.5% mol, 0.39 M solution in toluene) was



introduced and the reaction stirred for 1h at 0°C and then allowed to warm to ambient temperature, When the

NHUULUULVL QI VAW L WOWLIVLL Diiiviae Awvi 231 ke Qizks wiiviax VY 1il W2 GaAaVivaiy tRpPuiGi Rt 22040 LN

starting material was consumed ('°F NMR), the reaction was quenched with NaSOsII solution. Sat. NH,CI
solution was added and the mixture extracted into dichloromethane and then also EtOAc. The combined
organic layers were dried and evaporated. Distillatipm under reduced pressure (100°C, 0.2 mmHg) gave 9,
(56%, 0315 g) s pale green oil: IR, Vmax (neatyem™ 3438, 1732. '*F NMR (CDCly, 200 MHz) : § -234.4 (¢,
Jru= 47 Hz). 'H NMR (CDCls, 200 MHz) : § 0.1 (6H, s, (CH3),8i), 0.9 (9H, s, (CH3);CSi), 3.7 (2H. d, /=64

Fal & 45 oo n\r\l“

Hz, LI‘IzUbl), 4.0 (ll‘l m, LHLHzU), 4.4 (11’1 m, I‘Ll‘lszLH), 5.1 uu d, JHF—‘H Hz, UHpk). U NMK

(CDCly, 400 MHz) : & -5.6 (CH;3Si), 18.2 (C(CHs)s), 25.7 (C(CHa)s), 64.2 (CH,0), 71.2 (d, Jer=1.
FF‘II m‘\mnu\ ’7R T((HCH-O) {4 5 (4 Im-.._l 1 Hy (H.FY 204 (d T~ _1'7 ‘; H7z ('O MS (CT) ,rln/7 (rp]_
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intensity) 284 (M +NH,4, 100), 266 (M , 20. 2)
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1-Deoxy-I-fluoro-D,L- xylulose 4
A 1M solution tetrabutylammonium fluoride, TBAF (0.37 mL) was added to a solution of 1-deoxy-1-fluoro-
5- U-tert—butyldlmethylsuyl -D,L-xyluiose 9 (0.1 g, 3.7x10™ mol) in THF. After 1 h stirring at room
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reduced pressure and the residue purified over silica gel (THF/Et;O : 50/50
washmg the product with CHZCIZ (3 mL). Solvent removal gave suga.r 4 (50 mg, 88%) as a clear oil.
NMR (D;0, 200 MHz) : & -228.8 / -231.3 (t, Jeu= 45.7 Hz)(major/minor : 57/43). 'H NMR (D0, 200 MHZ)
: 8 3.6 (0.8H, dd, J=9.5 Hz, J=4.6 Hz), 3.9-4.48 (3.2 H, m), 4.29 and 4.31 (2H, d, Jus=45 Hz, CH,F). *C
NMR (D;0, 500 MHz) : & 70.2 (major), 72.2 (minor), 75.0 (major), 75.6 (minor), 73.0 (major), 81.9 (minor),
82.5 (d, Jor=170 Hz, CH,F, minor) and 83.0 (d, Jce=173 Hz, CH,F, major), 101.5 (d, Jcr=19.5 Hz,
C(OH)CH,F, major) and 104.1 (d, Jcg=20.5 Hz, C(OH)CH;F mmor) MS (EI) m/z (rel. 1nten31ty) 135 (M" -

N 100y 117 At ) O 180 Yians famnnd) . UIDAMQ (BT e d AT AT
Url, iUV}, 11/ (MM - < X v, 1J.Vj. Vmax/cm (neat) 3360.63 cm ; HRMS (EI); Found (M" -OH
135.046124. C<HgQu4F requires 135.045747.

125040124, Csgtsl requures 130U

Diethyl {(3§,4S)-1, 1-difluoro-3,4-dihydroxy-3,4-(O-isopropylidene)-5-O-tert-butyldimethylsilyl-2-
ketopentyl [phosphonate 14
n-BuLi (2.5 mL, 1 M in hexanes) was added dropwise to diisopropylamine (0.55 mL, 3. 9x107 mol) in THF

(15 mL) at -78°C. The resuitant soiution was allowed to warm to 0°C for 30 min and was then cooied to -
78°C and dlﬂuoromethylphosphonate (660 mg, 3.5.10° mol) was added dropwise via syringe. After 30 min at

-78°C, uml.u'yl LL .J-\u-xsﬁpfﬁpyudcuc;--f-()-lcr1 butfylduucux_ylau_ylj butanoate 12 (1 1g, 3.3x10
added slowly over 15 min. After 1 h, the reaction was quenched by the addition of glacial HOAc (1 mL),
followed by sat NH4Cl (30mL). The reaction was allowed to warm to room temperature and was then
extracted into CH,Cl, (3x20mL). The organic layers were combined, dried (MgSQy) and concentrated under
reduced pressure. Unreacted difluoromethylphosphonate (50°C, 167 mg, 0.2 mmHg) and 12 (90°C, 270 mg,
0.2 mmHg) were removed by distillation and the difluoroketophosphonate 14 (75%, 1.2 g) was recovered as a
paie yeiiow oil. [ofp®® +29.8 (¢ 4.63, methanol), IR, v (neat)em™ 1752; "°F NMR (CDCls, 200 MHz) : & -
117.2 and - 1173\(.1 .JFp:94HZ)

3P NMR (CDCls, 200 MHz) : § 3.7 (t, Jps=94 Hz); 'H NMR (CDCls, 200 MHz) : § 0.0 (6H, s, (CH3),Si), 0.8
(9H, s, (CH;);CSi), 1.3 (6H, t, J=8 Hz, (CH3CH;),0P), 1.34 (3H, s, CH;C), 1.4 (3H, s, CH;C), 3.76 (2H, AB
system Jap=11.4 Hz, d, J/=3.8 Hz, CH,0S1), 4.25 (5H, m, (CH;CH;),OP and CF,CHOCHO), 4.9 (1H, d, J= 8
Hz, CF;,COCHO). “C NMR (CDCls, 400 MHz) : & -4.8 ((CH3),Si), 17.0 (CH;CH,OP), 18.9 (C(CHs)3), 26.5
(C(CHj3)3), 26.8 and 27.7 (C(CHj)y), 63.1, 66.1 (1, Jor=6.6 Hz, CF,COCHO), 78.8, 79.6, 112.8 (C(CHs)),
114.0 (t, Jor=271 Hz, CF3), 197.0 (t, Jor =10.6 Hz, CO). HRMS: (CI) Calcd. For (M-15) C,7H3,04F,SiP:

AA: 1,117

440.1020, Found: 445, 104433

1-Deoxy-1, 1-difluoro-3, 4-/0-lsoz)ronvlzdeng)-5 ()-tert-burvldzmethvlvzlvl D-xylulose 15

Ketophosphonate 14 (0.2 g, 4.3x10™, 0.25 M in MeOH) was treated thh a solution of NaOMe (0.5 eq, 1 M)
in MeOH and the reaction was momtored by TLC until the starting material was consumed. Water (5ml) was
added and the mixture extracted into CH>Cl, (3 x 15 mL). The organic layers were combined, dried (MgSO,)
and the solvent removed under reduced pressure. The crude product was puriﬁed over silica gel eluting with

EtOAc/ petrol (20/80) to afford 15 (68 mg, 45%) as a pale yellow oil. [U,JD > +15.7 {c 1.65, methanol). IR,

Vmax (neat)em™ 3363, 1754. '°F NMR (CDCl;, 200 MHz) : & [-130.1 (d, Jey= 53 Hz) / -137.8 (AB system
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J=283.7 Hz, d, Je=55 H2)}(23/77). "H NMR (CDCl;, 400 MHz) : § 0.0 and 0.1 (6H, s, (CH;);Si), 0.8 and
0.85 (9H, s, (CH3)CSi), 1.3 and 1.31 (3H, s, CH;C), 1.4 and 1.41 (3H, 5, CH;C), 3.25 (bs, OH), 3.55 (0.8H, t,
J=9.4 Hz), 3.82 (0.6H, m), 4.0 (1.5H, m), 4.25 (0.25H, m), 4.35 (0.7H, m), 4.7 (0.15H, d, J= 6.7 Hz), 5.5 (bs,
OH), 5.7 (0.2H, t, Jur=55 Hz), 6.05 (0.8H, t, Jur=53 Hz). *C NMR (CDCls, 400 MHz) : & -5.7 ((CH3)Si),
18.3 (C(CHj3)3), 26.0 (C(CHs)s), 26.2 and 26.9 (C(CHs)2), 62.3, 64.2, 74.7, 78.4, 80.8, 90.9 (CF,C(OH),, t,

Jor=21 Hz), 108 (t, Jep=260 Hz, CF,, minor) 113.7 (t, Jor=248 Hz, CF,, major), (CO, non observed).

3.

FIDAAQ., 7T M 1.3 .. /AL 18N (‘ TY 7Y 1')'7") TeiemAd, 2NO 17728 o I /TN N1 ad D lac- b INA
TIRIVEST (L) vaiCd. rof (ivi-19) 13n23U4r2.31 309.1333, Found; 309.1335 and (L1) LaiCl. ror nyarat€ ivi-
1Y C.-H,-0:F.Si: 327 1439 Found: 327.1434
12) Li3razsUsrastl 24/.0420, FoUNQl 22715824

1-Deoxy-1,1-difluoro-D-xylulose 5

1-Deoxy-1,1-difluoro-3,4-(O-isopropylidene)-5-(O-tert-butyldimethylsilyl)-D-xylulose 15 (0.2 g, 6.1x10™
mol) was stirred for 12 h in aq HCI (1 M) solution. After neutralisation with sat. NaHCOj3 solution, the
mixture was extracted into C‘HZCIZ (2x 15 mL) and then ethyi acetate (2x 15 mL) The organic iayers were

PR S U ST IR IR Al TN
LUIIIUIIICU UI'ICU \IVlgDU‘t) dIlU LUIlLLIlLIdLCU unuer ICUUDCU pressurc. A l lVl bUlullUll Ul lDﬂI‘ \U Ol IllL) lﬂ
THE wag adAded tna the reciltant nil and the reactinn atirred far Th The mivtira wace filterad thranoh a nlna Af
A L1 YOO AUUIWALE WU LAV L WOMILGLILV Wi GlAN LAWY AWAVLLVILL OLILIWAE LUL L ile R ilWw L1IMALULWY YYWO Llilvi W uuvus‘l “ PJ“E L

gel ( eluent THF/EtzO : 50/ 50) and residual TBAF was removed b_y washmg the product w1th CH2C12 (_4 mL).
Solvent removal gave 5 (75 mg, 73%) as a clear oil. [a]p> -18.9 (c 0.95, acetone). '°F NMR (D,0, 200 MHz)
: 3 -134.6 [(AB system, Jrr=275 Hz, d, Jra=53 Hz)/ -136.1 (AB system, Jpr=292 Hz, d, Jr=53 Hz)](75/25).
'H NMR (D,0, 200 MHz) : & 3.6 (0.8H, dd, /=5.4 Hz, J=9.9 Hz), 3.82 (0.26H, m), 4.05 (0.95H, m), 4.07
(0.95H, m), 4.2 (1.3H, m), [5.7 (t, Jur=53 Hz)/ 5.8 (t, Jur=53 Hz)](75/25). *C NMR (D,0, 500 MHz) : &
70.5 (maior), 73.9 (minor), 74.8 (major), 75.8 (minor), 75.9 (major), 80.8 (minor), 99.6 (t JCF:24 4 Hz,

TINOTY Yy £11 T =NVL A T1. 1IN MT Sam e
I_IU‘VLI‘2I_1 llldJUI} IUL £ (uu, JC]-' AU J l_ll., JCF_LU “+ I, rnuC \_,rzrl IlllllUl}, 1 IJ U \l, JCF_L‘f‘* HL, llllllUl)

135t J--=247 Hz maior). MS (PT\ m/z (rpl intengity) 153 (M+1 _ﬁ”-\ lnn\ 133 MM+1-2 % ﬁﬂn 10 A)

120\ v (F LAy JARGAJIIA jo VA Anivwaadaiy g L2 0 \avas LI Y

[ro

Antibiotic testing; Compounds 4 and § were tested as antibiotics against Escherichia coli DH5a and
Staphylococcus aureus NCTC 6571 (National Collection Type Culture Number 6571) however they did not
inhibit growth up to lmg/ml of 4 and S.
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