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Abstract

The synthesis of racemic 2-C-trifluoromethyl ribose and racemic 2-C-trifluoromethyl arabinose is described.
The four step reaction sequence includes diastereoselective enol ether addition to methyl trifluoropyruvate,
diastereoselective dihydroxylation of the CC double bond with potassium osmate, lactonization, and finally
SMEAH reduction to give the lactol. 2-C-Trifluoromethyl pentoses exhibit unexpected anomeric and

tautomeric stabilities. © 1998 Elsevier Science Ltd. All rights reserved.
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formational restrictions particularly at the N-glycoside bond and improves nuclease resistance,
resulting in an enhanced biological activity. Similar findings were reported for protein kinase C
inhibitor 2-C’-methyl sangivamycin [4].
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lipophilicity [5]. Reactions at C-1 of carbohydrates via cationic int exmediates are much more
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matic stability. Furthermore, stron tron withdrawing substituents at C-2’-position of nu-
cleosides increase binding affinity of RNA/DNA hybrides [7]. Therefore, glycosides and nu-
cleosides derived from non-natural carbohydrates, especially from 2-C-trifluoromethyl substi-
tuted pentoses are of current interest [8].

Herein we report on the synthesis of racemic 2-C-trifluoromethyl ribose and racemic 2-C-
trifluoromethyl arabinose [9] from the readily available trifluoromethyl containing building

block methyl trifluoropyruvate [10].

Resuits and discussion

The keto function of trifluoropyruvate is highly electrophilic because of the adjacent

trifluoromethyl and carboxylate groups. Therefore, nucleophiles add regioselectively to the keto

: : . £ therl $eiflan ta {TETREY ) A 1 1 r
10n. Reaction o1 metnyi trifiuoropyruvate (1rbr) 4 anag compiex la airead

complete five carbon atom skeleton of pentose with a trifluoromethyl group in position 2.
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1a 2 ? I-3
i sec-Buli/THF/TMEDA i TFBE2 Ar/-100°C 4% 94%de
i Et,Al iv HCI/H,0/MeOH R =tert- butyl

In the first step of the reaction sequence allyl trert-butyl ether 1 is deprotonated by sec-
butyl lithium and then transmetallated with triethyl aluminium at -100 °C. The resulting chelate

1a is stabilized by attractive intramolecular Coulomb interactions. Similar structures have al-

of methvl trifluoronvruvate 2 we pnronose the formation
propose

methy! trifluoropyruvate 2 we propose the formation
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of a bicyclic transition state 2a with the steric more demanding trifluoromethyl group in an

equatorial position. After acidic work-up, product 3 can be isolated in excellent chemical yield.

At this stage the relative configuration of both diastereomers can not be determined une-
quivocaily. Therefore, i-3 and u-3 were dihydroxylated in separate experiments. Unfortunately,
neither catalytic dihydroxylation nor Sharpless epoxidation were successful. This may be due to
the steric hindrance and the strong electron withdrawing effect of the trifluoromethyl group in
the homoallyic position. Only with equimolar amounts of potassium osmate and prolonged re-
action times the CC-double bond can be difunctionalized to yield the crystalline lactones 4 and
6 after ring closure, respectively. X-ray structure analysis of 4 [12] and 6 [9a] reveals that the

major diastereomer of 3 is I-3. This result is in agreement with our expectations.

seen from the yields for the reactions -3 — 4 and u-3 — 6 — 7 the one-pot procedure for lac-
tonization is superior. The final step of the reaction sequence, the reduction of the lactones 4

A T b xrinald th s Tanb il & nin A QO s i inls; To P . O 1721
ana / to yi€ia tne 1actois S ana o, respectively, is acnievea with SMEAH [Ya, 13].
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HO OH HO OH
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M i © ] © iii ©
é COzMe Loy HO 0] ——_’o Ho (o] ——"""64 ” HO OH
= o,
OR 47 % — 69 % %
>99 % d.e. RO CF, HO CF, HO CF,
u-3 6 7 8
i KjOsO{OH),j, ii HCi/MeOH, iii SMEAH / EtOH, R =tert- butyi

trast to natural ribose, were the furanose form is less stable compared to the pyranose form [14],
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Trnfluoromethyl nbose crystallizes to give exclusively a-furanose §, while 2-C-trifluoromethyl
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arabinose 8 is only obtained as an oily mixture of both anomers. Table 1 shows the equilibrium

trifluoromethyl arabinose 8 compared to natural ocurring ribose and arabinose:

5 ribose 8 arabinose
o-furanose 74 7 19 3
B-furanose 18 14 41 2
a-pyranose 1 21 9 60
B-pyranose 7 58 31 35

Breitmaier et al. [16] (see also [9a.e]).
Experimental
General Methods

Microanalyses were carried out with a H s CHN apparatus EA 415/0 (Monar Sys-
tem) and a Foss-Heraeus CHN-O-S-Rapid apparatus Meltm points are determined on a Biichi
SMP-20 apparatus {Tottoli) and are uncomrected. Mass spectra were obtained with Varian MAT
CHS5 (EIL, 70eV) and Masslab VG-12-250 (EI, 14 eV or 70 eV) instruments. IR spectra were

measured with Perkin-Eimer 157G, Perkin-Elmer 257, Carl Zeiss Jena Specord M80 and Uni-
com ATI Mattson instruments. NMR spectra were recorded on Bruker AM 360, AC 250, AC
200 and Varian Gemini 200, Gemini 2000, Gqfnjnj 300 instruments. Chemical shifts are re-
ported in ppm relative to tetramethylsilane. For F NMR spectra external trifluoroacetic acid is
used as reference. All solvents were dried by standard methods. Reactions were carried out un-
der dry argon.

Methyl 3-tert-Butoxy-2-hydroxy-2-trifluoromethyl-4-pentenoate (3)

To a solution of allyl tert-butyl ether 1 (17.6 ml, 120 mmol, 1.25 eq) in 300 ml THF at -100 °C
TMEDA (16.5 ml, 110 mmol, 1.15 eq) and sec-butyl lithium (110 mmol, 1.15 eq) are added.
After stirring 45 min triethyl aluminium (110 mmol, 1.15 eq) is added and stirred for additional
45 min. Then methyl trifluoropvruvate 2 (11.0 ml, 96.0 mmol, 1 OO eq) is added. The reaction

1111 11 1y ALY 1111 LS LR EY 13

mixture is stirred for 4 h and then quenched with an 1 mixtur N HCl and MeOH.
rmi + tad th ith diathyl ath Th hinad
After warming up to r.t. the aqueous layer is extracted thrice with diethyl ether. The combined



T. A. Logothetis et al. / Tetrahedron 54 (1998) 1402314030 14027

o,
I3 T 00 4 4244

organic layer was concentrated, dissolved in CHCI; and washed with saturated NaHCO; solu-

tion, IN HCI and brine. The organic layer is dried over MgSO, and evaporated. Yield: 24.4 g 3,
94 %, 94 % d.e. The diastercomers are separated by flash chromatography (silicagel, eluent:
ethyl acetate/hexane 1:5).

Like-isomer (I-3): Rf= 0.29. 'H NMR (CDCl;, 360.14 MHz): § = 1.22 (s, 9H, C(CHs)),
3.83 (s, 3H, CH;), 4.56 (d, / = 7.9 Hz, 1H, 3-H), 5.23 (d, /= 10.3 Hz, 1H, 5-H), 526 (d, J =
1 1

7.5 Hz, 1H, 5-H), 5.85 (m, 1H, 4-H). °C {'H} NMR (CDCl;, 90.56 MHz): § = 28.61
(CUOLINDN 82 A7 (CTIN TART7 (CAY TEAT7 iOC(CHNNY 112 T =927 A > .2 11004
\NANKRIJI g, SITF \NdA ), 1O0.JT T, TUSTT \VNA\ w113 )3 ), Ul.1J (M, v L d T KRy \oTL ), 117U
Ve 1AY LN £~ T o MO 1 ITo TN 1L 0L 7Y AN 1£7 €1 709 1Y 197 wThAD /T 1170 OA
(L-2), 1400V (], v = 40/.1 , UI3), 120,U0 (L-4), 107051 (L-1). I INIVIKN (LULI3, 5350.04

Unlike-isomer (u-'3). Rf = 0.35. 'H NMR ((,L)u;, 360.14 Mﬂz) 6 = 1.15 (s, 9H,
C(CHs);), 3.89 (s, 3H, CH3), 4.56 (d, J = 8.1 Hz, 1H, 3-H), 5.33 (d, /= 10.6 Hz, 1H, 5-H), 5.37
(d, J=17.8 Hz, 1H, 5-H), 5.95 (m, 1H, 4-H). “C {'H} NMR (CDCl;, 90.56 MHz): § = 28.69
(C(CHa)), 53.63 (CHa), 74.01 (C-3), 75.94 (OC(CHa)s), 81.59 (q, J = 27.6 Hz, C-2), 119.55

VeV

(C-5), 122.29 (q, J = 285.6 Hz, CF;), 135.35 (C-4), 168.88 (C-1). F NMR (CDCls, 23535

...... LOJ. AL, 3, 2JII0Y 120,00 LS Tl % }

MHz): § =4.79 (s CF3).

R R s santazzan AN . D OL OMN /1A #neer lananlenbcy AACQ T TN AWV sn/ - IKK
Lllu lKICU”lZ/lL i LzlluIC Q). DpP. 02 o/ 19 WL (KUECHOLIN ). IVID (12, /U RY ) VL — £LJJ
1 O 1TN" 77 O\ 11 710N £0 779 N I & 1NN\ A1 770\ AN /NN T 7001 N\ . — N ANCL
(1.9), 197 (3.8), 113 (16), 69 (22), 59 (96), 57 (100), 41 (68), 39 (20). IR (film): vax = 3495,
2980, 1750 cm-1. Anal. Calcd. for C;;H;7F;04: C 48.89, H 6.34. Found: C 49.17, H 6.62
2-C-Trifluoromethyl-4-DL-ribolactone (4)
12 /(Y £77 ~ 17 AN io Aiaonlen «~~1 LT ~A 1 4 nnnnnnnnnnnnnnnnnn
i=J \l O/ g U 1/ IMino ) iS UlbDUlVCU Ill )U it nzu aiia )U 1 'Uuld“Ul | Cl{ PULdbDIUIII

osmate( VI) dihydrate, 3 eq potash, 3 eq potassium femcyamde eq yrldme and 1 eq methane
suifonamide are added and stirred vigorously for 14 days. Then sodium suiphite (12 g) and 62
ml of H,O are added. The reaction mixture is stirred for 24 h. Then diethyl ether and conc. HCI
are added. The aqueous layer is extracted thrice with diethyl ether. The combined organic layer
1s washed twice with saturated NaHCO; solution and twice with brine and evaporated after
drying over MgSQy. The resulting o1l 1s purified by flash chromatography (silicagel, eluent:
ethyl acetate/hexane 1:2). Recrystallization is achieved from CH,Cl, and vields colourless

crystals (1.00 g, 75 %, > 99 % d.e.).

Mp. 124 °C. '"H NMR (IDIDMSO. 30008 MHz): § =3.58(ddd. J=13.1.57. 3.7 Hz

P. a4 AVLIIN \l GJULVLL)\J, JUYUUV. VO qulL}. v .0 \UUU, J 1J.4, J. 14, J.J 112,

1Y £ IIN ‘,01 7111 y __ 12 1 AL M"NTI. 11T £ I Aﬂ[ /JJ T;_O"\ 27T " IT- 11T A 1IN
1H, 5-H), 5.81 (aaa, /= 13.1, 4.6, 2.0 niz, 10, 5-H), 4.26 (aaqa, v = 8.2, 3.7, 2.U Hz, 111, 4-11),
439 (dd, /= 8.2, 7.4 Hz, 1H, 3-H), 5.19 (m, H,50H)62 (d,J = 7.4 Hz, 1H, 3-OH), 7.54

(s, 1H, 2-OH). *C {!H} NMR ([D¢]DMSO, 75.46 MHz): § = 57.83 (C-5), ()() 70 (C-3), 74.48

(q, J = 29.8 Hz, C-2), 82.48 (C-4), 12343 (q, J = 284.3 Hz, CF;), 168.53 (C-1). '%F NMR
([Ds]DMSO, 282.33 MHz): & = 0.60 (s, CF3). MS (EL 70 eV): m/z = 216 (3.6), 142 (68), 141
(100), 129 (14), 128 (19), 122 (10), 109 (40), 69 (20), 61 (14). IR (KBr): vmax= 3510-2900,
1. Anal. Caled. for C4H7F;0s: C 33.35, H 3.27. Found: C 33.49, H 3.38.

L0106 S L0 G W79 B iy Bie A W0 COU N0 20 R0 | ii
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3-O-tert-Butyl-2-C-trifluoromethyl-4-DL-arabinolactone (6)

u-3 (662 mg, 2.45 mmol) is reacted as described for i-3. The workup is performed with-
out using HCI. Recrystallization from CHCls/heptane gives colourless crystals (313 mg 6, 47 %,
>99 %d.e).

Mp. 141 °C. 'TH NMR ([Ds]DMSO, 200.13 MHz): & = 1.17 (s, 9H, C(CHs)s), 3.53 (ddd,
J=13.4,54,23Hz, 1H, 5-H), 3.78 (ddd, J = 13.4, 5.4, 2.3 Hz, 1H, 5-H), 4.20 (m, 1H, 4-H),
4.56 (m, 1H, 3-H), 5.30 (dd, J = 5.4, 5.4 Hz, 1H, 5-OH), 7.65 (s, 1H, 2-OH). *C {'H} NMR
(

AN

Dg]DMSO, 90.56 MHz): 5 = 27.83 (C(CHj)3), 57.30 (C-5), 72.85 (C-3), 75.42 (OC(CHs)s),

J2 T YT ONTT T/ T TR T T NTTTISIS

= P s
1.76 (C-4), 122.7

uFT s
7670 (a Tv’)‘7ﬂﬂv _’)\

b (
v \
NMR (CDCl;, 235.35 MHz): &

J = 287.0 Hz, CF;), 169.76 (C-1). F

v i

4
(EI 70 eV): mz - 257 (50), 216 (88), 57

T/

72
(s, CF;). MS
5¢

3.55
(100). IR (KBr): vipax = 3470, 3200, 2990, 178 . Anai. Caicd. for CyoH,;sF30s: C 44.12,

H 5.55. Found: C 43.83, H 5.63.

2-C-Trifluoromethyl-4-DL-arabinolactone (7)

MINE cnn s favn Aiccnlesad 2N ] AAANLT nand € 22l TN LI fied ctiecvrnd £ 74 L
U \LUJ iy, I J ) l,l,lllUl} lb UidH>ULYCU 1u 7\} ifi VICUI and o> i 11N riL1 and Stireda 1or 24 n.
Then the emulsion is evaporated. The resulting oil is dissolved in H,O and lyophilized. Yield:

112 mg 7, 69 %, > 99 % d.e; white crystals.

Mp. 172 °C. 'H NMR ([Ds]acetone, 300.08 MHz): 5 = 3.83 (ddd, / = 12.8, 6.2, 3.6 Hz,
1H, 5-H), 4.05 (ddd, J = 12.8, 5.2, 2.6 Hz, 1H, 5-H), 4.44 (m, 1H, 4-H), 4.50 (dd, /= 6.2, 5.2
Hz, 1H, 5-OH), 4.73 (m, 1H, 3-H), 5.60 (d, J = 5.7 Hz, 1H, 3-OH), 6.54 (s, 1H, 2-OH). “C
{'"H} NMR ([Ds]acetone, 50.31 MHz): § = 59.51 (C-5), 73.98 (C-3), 77.79 (q, J = 28.1 Hz, C-
2), 83.46 (C-4), 123.62 (q, J = 286.2 Hz, CF;), 170.02 (C-1). F NMR ([Dglacetone, 188.21
MHz): 8 = 4.03 (s, CF3). MS (EL, 70 eV): m/z = 216 (13), 198 (2), 141 (100), 109 (33), 69 (3).

el Al Maln 21& 1T

£2Nn 22N 210N 900 - ] alnad e NITT N .1
J Cill™*. Aal. LaiCd. 101 Ueriyrils. U 33.5), 11

n 1
Jj\kl\Dl) Vmax" 7J7U,--JU J LUV, L0o0V, 1

3.27. Found: C 33.19, H 3.28.

2-C-Trifluoromethyl-DL-ribose (5)

ng, 4.05 mm lved in 80 ml THF and cooled to 0 °C. Then a cold mix
t110n nF & § A QAL AT_T M ml 4-,\1‘.4".,; and § § an athamnl .'n addad Thia anliitinm 1o nh'.-.-,\.l fre A1
L CuLJ.J CLl DiVILLMALL, L4 11 WULUCIIC dllld J.J Cl.l CL1AllUL 1> AaUUuCUu. 11HD DULULIUIL 1D SLUICU 1UL <41
h at 0 °C. The reaction mixture is quenched with 100 ml 1N H,SO, and stirred 2 h. The result-

ing suspension is added to a mixture of 440 g Na,SO,4 and 600 mi ethyi acetate and stirred addi-
tional 1 h. Then the organic layer is evaporated. The resulting o1l is purified by flash chromato-
graphy (silicagel, eluent: ethyl acetate/CHCI; /methanol/acetic acid 7:4:1:0.1), dissolved in 50
ml H,O and lyophilized. Yield: 618 mg 5 (70 %), colourless crystals.

Anomeric mixture: Mp. 94 °C. MS (El, 14 eV): m/z = 218 (3), 201 (100), 141 (59), 109
(35), 69 (8). IR (KBr): vinax = 3430, 2950 cm-1. Anal. Calcd. for C¢HoF50s: C 33.04, H 4.16.

£t 19 TY A A1

I‘OUI]G U oo.15, 11 4.41.
a-Ribofuranose in D,O after 64 d: 74 % (*°F NMR analysis). '"H NMR (D,0, 300.08
MHz): § = 3.76 (dd, J = 12.8, 4.5 Hz, 5-H), 3.94 (dd, J = 12.8, 2.4 Hz, 5-H), 4.10 (m, 4-H),
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454 (Q,s =7Y.1 Nz, i, 3-r1), 5.01 (8§, 11, 1-r1). “C { iy NMR (15U, /3.40 MNzZ). 0 = 55.05
(C-5), 69.05 (C—S), 77.80 (q, J = 27.9 Hz, C-2), 80.32 (C-4), 95.34 (C-1), 124.80 (q, / = 283.9
- o~ lo R -

Hz, CF3). ° MR (D10, 282.33 MHz): & = -2.24 (s, CF3).

ﬂ-Rlboﬁtranove in D,0 after 64 d: 18 % (*°F NMR analysis). 'H NMR (D,0, 300.08
MHz): & = 4.54 (d, J = 8.0 Hz, 3-H), 5.34 (s, 1-H) [17]. ®C NMR (D,0, 75.46 MHz): & =
61.79 (C-5), 69.32 (C-3), 79.92 (q, J = 27.4 Hz, C-2), 81.46 (C-4), 100.03 (C-1), 124.15 (q, J
= 282.9 Hz, CF;). "°F NMR (D0, 282.33 MHz): § = 2.96 (s, CF3).

a-Ribopyranose in D;0 after 64 d: 1 % ("°F NMR analysis). 'H NMR (D,0, 300.08
MHz): [16]. 3C NMR (D,0, 75.46 MHz): 8 =92.73 (C-1) [17]. ‘%M@zo, 282.33 MHz):
8 =3.75 (s, CF3).

S-Ribopyranose in D,O after 64 d: 7 % ("’F NMR analysis). '"H NMR (D,0, 300.08
MHz): [17]. ! C NMR (D,0, 75.46 MHz): § = 93.22 (C-1) [17]. "*F NMR (D,0, 282.33 MHz):

2-C-Trifluoromethyl-DI.-arabinose (8)

7 (64 mg, 296 pmol) 1s reacted as described above. Yield: 41 mg 8 (64 %), colourless oil.

Anomeric mixture: MS (EI 14 aVY m/z = 218 (4} 201 (100) 171 (17} 141 (60) 0 ()

AV \lJL, 1T V} 11V L &L10 \“f}, FAAVE § \I\IU}’ 171 \1 /}, 1“+%1 \UU}, vz \L}.

IR (KBr): vinax = 3400, 2960, cm-1. Anal. Calcd. for CsHoF;0s: C 33.04, H 4.16. Found: C
32.99, 1 3.78.

a-Arabinofuranose in D,0 after 70 d: 19 % (*’F NMR analysis). '"H NMR (D,0, 300.08
MHz): 8 = 5.44 (s, 1-H) [17]. “C {'"H} NMR (D0, 75.46 MHz): & = 63.61 (C-5), 76.31 (C-3),
77.49 (q, J = 28.5 Hz, C-2), 82.86 (C-4), 100.51 (C-1), 124.54 (q, J = 286.7 Hz, CF;). °F

NMR (D,0, 282.33 MHz): & = 3.46 (s, CF3).
A Avabinofuranoce in D.O after 70 d- A1 04 (197 analucic) 1T NIMR MLO 200 NQ
Y et L L L e e AL A e bl O e G aual_yola/ L1X INAVIEN \UZU, JUV. VO
MHz): § = 5.55 (s, 1-H) [17]. °C {'"H}NMR (D,0, 75.46 MHz): & = 61.82 (C-5), 76.11 (C-3),
ON 1N 7/~ T _ AL AT M AN Q1 AN £V AN NE 71 700 1\ 17 A AN 7 r AOANTT Ay 10 T o
OU.IV((,J = 4£0.41NZ, L-2), 51.47 (L-4), Y2.01 (L-1), 1£4.33 (q,J = £84.Y Iz, Ll3) F NMK
(D,0, 282.33 MHz): 6 =2.72 (s, CF3)

a-Arabinopyranose in D,0 after 70 d: 9 % (*°F NMR analysis). 'H NMR (D,0, 300.08
MHz): § = 5.14 (s, 1-H) [17]. *C {'H} NMR (D,0, 75.46 MHz): § = 62.55 (C-5), 68.37 (C-4),
71.35 (C-3), 91.45 (C-1) [17]. ’F NMR (D;0, 282.33 MHz): & = 6.32 (s, CF3).

B-Arabinopyranose in D,0 after 70 d: 31 % (*°F NMR analysis). '"H NMR (D,0, 300.08

MHz): § = 5.26 (s, 1-H) [17]. °C {'H} NMR (D,0, 75.46 MHz): § = 63.22 (C-5), 69.52 (C-4),
q

73.35(C-3), 74.85 (g, J = 24.4 Hz, C-2), 90.91 (C-1), 122.47 (g, J = 286.1 Hz, CF3). 9 NMR
M- 28 22 N\ 8 =221 (¢ CF\

\.Ll LNy &V T LVMJL:} v [ S § \D, AT § j}.
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