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cycloaddition of diazoalkanes to (£)-4,5,6,7,8-penta-O-
acetyl-1,2,3-trideoxy-2-C-nitro-D-manno-oct-2-enitol
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We have described a stereoselective synthesis of 3-nitro-4-(b-galacto-penta-ace-
toxypentyl)pyrazolines by cycloaddition of diazoalkanes to sugar nitro-olefins that
have the D-galacto configuration'. Baer and Gilron® have also reported the preparation
of a nitropyrazoline, in moderate yield (29%), by the addition of diazomethane to
3,4,5,6,7-penta-0-acetyl-1,2-dideoxy-1-nitro-D-manno-hept-1-enitol, but the stereo-
chemistry of the product was not discussed.

We now report the preparation of (£)-4,5,6,7,8-penta-0-acetyl-1,2,3-trideoxy-2-
C-nitro-n-manno-oct-2-enitol (1), and its reaction with diazoalkanes has been studied in
order to ascertain the influence of the configuration of the sugar chain on the ster-
eoselectivity. The products are of interest because they are acyclonucleosides, and
compounds of this type have received attention as antiviral drugs**.

As with D-galactose', the reaction of b-mannose with nitroethane in the presence
of sodium methoxide gave only two (84:16 ratio) of the four possible stereoisomeric
1,2-dideoxy-2-C-nitro-octitols (‘"H- and *C-n.m.r. data), treatment of the hexa-acetates
of which with sodium hydrogen carbonate gave 81% of 1. The E configuration was
assigned to 1 on the basis of the 'H-n.m.r. data. Thus, the allylic coupling (J, ; 1.1 Hz)
indicated the E configuration® and the chemical shift of the resonance of the olefinic
proton (6.87 p.p.m.) was closer to that (6.91 p.p.m.) expected for the E configuration
than to that (6.29 p.p.m.)* for the Z configuration. The J,, value of 7.4 Hz is also
indicative of an anti disposition of H-3,4. Hence, the conformation 1(£) must prepon-
derate in solution with H-4 eclipsed with the ethylenic bond and no 1,3-parallel
interactions of acetoxyl groups.

* Author for correspondence.
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Fig. 1. An ORTEP drawing of 2(C H. N0, ). Only non-hydrogen atoms are represented.

The cycloaddition reaction of 1 with diazocthane at 0 in 1.d-dioxane gave the
nitropyrazoline 2 (95%). The 'H- and "C-n.m.r. spectra indicated the presence of only
one stereotsomer. The addition of the diazoalkane 1o the fess hindered tace of the
nitro-oletin yielded the 3R8.48 diastercomer. The J

A, ovalue of T8 Hz mdicated an ang/

arrangement of H-4.5 in agreement with a 35 configuration in o £ conformation of the
heterocycie. This assignationt was proved by X-ray analvsis {sce Experimental), Frgure |
shows a drawing of the molecule of 2 in which only the non-H atoms are represented. As
the absolute stereochemistry of the sugar chain atoms is known. the AR 38538 contig-
uration can be assigned (o the new chiral centres.

Aromatisaton of 2. effected with hvdrogen chloride, gave the pyrazole 4 (9070,
the structure of which was proved by clemental analyss and speciral dutan

When T was treated with diazomethanc, o misture (quantitatived of the two
possible regioisomers 3 (86% yand 3" (14%,) was obtained {(n.mr. datad. winceh could not
be resolved by chromatography. Although the absolute stercochemistey of 3 was not
determined. the 3R.4S5 contiguration was assigned by anafogy with the results with
diazoethane. The regiosomer 3 must also arise by addition to the less hindered face of
the olefin and the 3545 configuration was assigned. The aromatisanon of the nuvture
of 3 and 3 gave a syrupy major product (5 45% afer column chrontography .,
Compounds 3 and 3" are probably regioisomers because. i the reaction of diazo-
methane with (£)-4.5.0.7 8-penta-O-acetyl-1.2 3-trideoxy-2-C sritro-D-galac to-oct-2 -
enitol. the two pyrazolines ohiained were transformed mto two regrosomerie pyrazoles.
However, since only the pyvrazole S was isolated. ¥ could be a diastercomer of 3 formed
by addition of diazomethane to the other face of the nitro olehin
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1(E) R = NO,

NéN
Me R
AcO
AcO
OAc
, OAc
2R = Me 3
CH,0AC
IR = H
LR = Me
Chain = p-manno-pentitol-I-yl SR = H
6 R = CO,Et

Compound 1 failed to react with ethyl diazoacetate under conditions employed
with the diazoalkanes. However, when the reaction was carried out in dichloromethane,
under reflux, the syrupy pyrazole 6 was obtained.

EXPERIMENTAL

General methods. — Solutions were concentrated in vacuo at <40°. Melting
points were determined with an Electrothermal apparatus and are uncorrected. Optical
rotations were measured at 20-25° with a Perkin-Elmer 241 polarimeter (10-cm cell).
I.r. spectra were recorded with a Perkin—Elmer 1310 spectrophotometer. F.t.-n.m.r.
spectra (in CDCl,) were obtained with Bruker WP-80-SY and Varian XL-200 spectro-
meters. T.1.c. was performed on Silica Gel 60F,,, (Merck) with detection with u.v. light
or by charring with sulfuric acid. Ascending p.c. was carried out on Whatman No. 1
paper, using A, butan-1-ol-pyridine-water (1:1:1); and B, butan-1-ol-acetone-water
(2:7:1); and detection with alkaline silver nitrate.

1,2-Dideoxy-2-C-nitro-octitols. — To a stirred suspension of b-mannose (8.00 g,
44.41 mmol) in dry methanol (35 mL) and nitroethane (45.00 mL) was added cold
methanolic sodium methoxide prepared from sodium (2.00 g) and methanol (46 mL).
The mixture was stirred for 24 h, and the sodium aci-nitroalcohols were collected and
washed with cold methanol, ether, and light petroleum. An aqueous solution was
treated with an excess of Dowex 50 (H ") resin, then concentrated to yield a syrup that
was crystallised from ethanol to afford a mixture (6.2 g, 55%) of two octitols in the ratio
86:14, m.p. 168-169°; v_ . 3350 (OH) and 1550 cm ' (NO,). N.m.r. data [(CD,),SO]:
major product, 'H, 6 1.50(d, 3 H, J,, 6.7 Hz, H-1,1,1), 3.20-3.80 (m, 6 H, H-4/8), 4.12
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(dd, 1 H,/,, 1.9 Hz. H-3), 476 (m, | H. /., 6.3 Hz. H-2}): UG 1540 (C-1). 64,40 (C-8).
69.40-70.30 (C-4,7). 72.20(C-3). 88.20 (C-2); minor product. ' H. d 1,41 (d. 3H. J, . 7.7
Hz, H-1).3.20 3.80 (m. 7 H. H z"s) 485 (m. | H.H-2) PO 16,60 (C-1), 64.40 (C-8),
69.40--70.30 (C-4,7), 73.10 (C-2). 86.20 (C-2).

Anal. Cale. for CH, i\(u C. 3765 H. 6 TEN. 549 Found: CL37 83 H, 6.69: N,
5.14.

3.4.5.6.7 8- Hexa-O-acetvl-1 2-dideoxy-2-C-nitro~actitofs. A solution of the
above nitroalcohols (0.81 g. 3.17 mmol) in acetic anhydride (5 mbL) was treated with one
drop of conc. sulfuric acid. After 24 h at room temperature. the mixture was poured
ontoice, and the resulting solid was recrystallised from ethanol to afford a muxture (1.23
g. 78%) of hexa-acetates, m.p. 80-81 0 R, 0.44 and 0.43 (31 ether hexane) v, 1760
(C=0)and 1560 cin ' (NO.). Nom.r. data (CDCLY: major pmduu. .o 148 (d. 3 H.
J 6.9 HzZ H-1.1,1), 209 (s, I3 H.50AC).3.99(dd. | M. /., 5.0 Hz  H-8").4.24 (dd. T H,
S 30,4, —125Hz  H-8). 463 (dq, 1 H. /6.0 H/ H 4 *)Q{m H H-7V.5.21-5.506
{m., 3 H. H 4.5.6),5.50(dd. Y HLJ, , 1.6 Hz H- 3 4. 70¢C- 050 (OAC). 6180
(C-8).67.10-68.40(C-4/71. 69.70 (C-3), 81.20(C-2). l()‘}.‘%( (),‘\\. ):mninor product, 'H, o
1.63(d.3H./,,6.7Hz H-1.1,1). 209 (5. I5H. 5 OAc), 399 dd. 1 11, /. 3.0 Hz. H-8')
424 (dd, 1 H, / 3.0,/ 125 Hz, H-8), 4.62 (dg. T H. BE-25 499 (m. H H-73.
5.21-5.56 (m. 4 H, H-3 (s), "'(,‘. 3 16.00 (C-13, 20,40 (OAch 6180 (C-8). 10-68.70
(C-4;7). 70,40 (C-3), 83.00(("-2). 169.80 {OAC).

Anal. Cale. for C,,H NO, » Co47.34: HL 876, NU 276, Found: C47 45 HL 554
N. 2.49,

4.5,6,78-Penta-O-acetvl-1,2 3-trideoxy-2-C-nitro-D-mannoc-oct-2-enifol (1. - A
solution ofthcdbowmmluxu;! hexa-acetates (0.70 g, L 38 mmohindry benzene ¢3S mb)
was boiled under reflux (2.5 h) in the presence of sodium hydrogen carbonate {5.00 g,
then cooled. filtered, and concentrated. The solid residue was recryvstallised from
ethanol to give 1(0.50 g, 81%: ). m.p. 104106 {2], + 4\) (o dichloromethane) v
1750 (C=0rand 1545 cm " (NO.). Nomr ddtd (CDCLY: TH.a 202 15 H. S OAC).
227(d AHL /LT Hz  H-1 1 0 406 (ddV T HL U 4.4.,!M P2 aHz H-804.25(dd, b
H,J. .25 Hz. H 8).5.36 3 “)4(m.4H. H-d/7y, 687 . § HLJZ 74 Hz H-30 7C o 13.00
(C-1),20.25{0Ac). 61.60{ 1,67.00 69 30(C-4, 7y 127 2003y 182 20000, 169 .35
{OAC).

Anal. Cale, for C, H.NO, . C 4832 H, 5.63: N3 1Y Found: CU48.29: H, 5.68:
N, 2.83.

(IR 45.55)-3.5-Dimethyl-3-nitro-4- penta-O-uceryl-D-manno-pesiiiol{-vi - 1-py-
razoline (2). Toasofution of 1 (0.31 g. 0.69 mmol) in Ld-dioxane {13 ml)at 0 was
added dropwise a solution of diazoethane (0.10 ¢, 1.78 mmol) in ether (3 mLy. The
mixture was stored for 48 b at O | then concentrated. and the residue was cryvstallised
from ethanol to give 2 (0.33 g, 93%). m.p. 99-100", [z], -+ 80" (¢ 0.5, dichloromethance).
R, 0.40 (ether-hexane. 3.1} \'M‘, 1750 (C=0) and 1350 ¢m ‘N"() oN.mr data
(CDCL):"H. 8 166 (d. 3 H. Jy, . 7.1 Hz. Me), 184 (s, A HL Meh 208 (s 1S HL S QA
2RV I H e J, = T8 H2 H-4), 38 (dd. T HLJ, 4‘4.,/{ . P33H2 H-37),4.28
fdd. 1 H.J, 1 3 Hz. H 3448 (dg P HLOH-S), 507 522 (m, D HLU M2V A0 5 537 (dd
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H, H-1'); PC, § 16.60 (Me), 17.90 (Me), 20.15 (OAc), 47.10 (C-4), 61.10 (C-5),
67.10-69.60 (C-1'/4"), 87.50 (C-5), 124.10 (C-3), 169.70 (OAc).

Anal. Calc. for C,0H,,N,O,,: C, 47.71; H, 5.81; N, 8.35. Found: C, 47.80; H, 5.84;
N, 8.26.

(3R 4S)-3-Methyl-3-nitro-4-(penta-O-acetyl-D-manno-pentitol-1-yl ) - 1-pyrazo-
line (3) and (3S,4S5)-4-methyl-4-nitro-3-( penta-O-acetyl-pD-manno-pentitol-1-yl ) - 1-pyra-
zoline (3'). — A solution of 1 (1.80 g,4.02 mmol) in 1,4-dioxane (15 mL) was treated with
diazomethane (0.39 g, 9.28 mmol) as described in the preparation of 2. The resulting
solution was stored at 0° for 1 h, then concentrated to dryness. Crystallisation of the
solid residue from methanol gave a mixture (1.96 g) of 3 and 3, m.p. 88-90%; v__ 1750
(C=0)and 1550cm ™' (NO,). N.m.r. data (CDCL,): 3, 'H, § 1.83 (s, 3 H, Me), 2.02-2.12
(s, 15H,50Ac),3.06(m,1 H,H-4),4.04(dd, 1 H, J, .. 4.4, J, . —12.8 Hz, H-5"),4.26
(dd, 1 H,J, ¢ 3.1 Hz, H-5),4.57(dd, 1 H, J, 4, 6.9, J;, s, — 18.2 Hz, H-5b),4.96 (dd, I H,
J,s, 8.7 Hz, H-5a), 5.03-5.40 (m, 4 H, H-1'/4"); *C, 6 16.50 (Me), 20.40 (OAc). 40.20
(C-4),61.30(C-5'), 68.10-70.10 (C-1"/4"), 78.70 (C-5), 123.20(C-3), 169.40 (OAc); 3', 'H,
01.66 (s, 3 H, Me), 2.02-2.12(s, 15 H, 5 0Ac),4.04 (dd. 1 H, J, ;. 4.4, J, ;. —12.8 Hz,
H-5"),4.26 (dd, 1 H, J, 5 3.1 Hz, H-5"), 5.03-5.40 (m, 4 H, H-1'/4'), "C, 6 14.80 (Me),
20.40 (OAc), 42.50 (C-3), 61.30 (C-5"), 67.50-70.10 (C-1"/4), 75.10 (C-5), 122.10 (C-4),
169.50 (OAc).

Anal. Calc. for C ,H,;N,0,,: C, 46.63; H, 5.56; N, 8.59. Found: C, 46.82; H, 5.60;
N, 8.48.

3,5-Dimethyl-4-( penta-O-acetyl-D-manno-pentitol-1-yl )pyrazole (4). — Dry hy-
drogen chloride was bubbled through a solution of 2 (1.50 g, 2.98 mmol) in chloroform
(10mL). T.lL.c. indicated the rapid formation of 4, R, 0.50 (ethyl acetate—hexane, 5:1), as
the sole product. The solvent was evaporated to give syrupy 4 (1.02 g, 90%), [«],, + 18° (¢
0.5, dichloromethane); 2_, 236 nm (e, 3.01); v,,. 3250 (NH) and 1730 cm~' (C=0).
N.m.r. data (CDCL,): '"H, 6 1.79-2.13 (s, 15 H, 5OAc), 2.31 (s, 6 H, 2 Me), 4.06 (dd, 1 H,
Jys 4.8 Hz, H-57),427(dd, 1 H, J,.; 3.0, J; ;. —12.6 Hz, H-5), 4.99-5.65 (m, 4 H,
H-1'/4"), 8.35 (bs, 1 H, NH); C, J 10.70 (Me), 20.20 (OAc), 61.90 (C-5"), 64.30-69.20
(C-1'/4"), 110.20 (C-4), 143.60 [C-3(5)], 169.60 (OAc).

Anal. Calc. for C,)H, N,O,,: C, 52.63; H, 6.14; N, 6.14. Found: C, 52.38; H, 6.07,
N, 6.23.

3(5)-Methyl-4-( penta-O-acetyl-D-manno-pentitol-1-yl jpyrazole (5). — A stream
of hydrogen chloride was passed through the mixture (2.00 g, 4.08 mmol) of 3and 3' in
chloroform (15 mL). Evaporation of the solvent and column chromatography (ethyl
acetate-hexane, 1:2) of the syrupy residue afforded the major product S as a syrup (0.81
g,45%), R, 0.40 (ethyl acetate—hexane, 4:1), [«],, + 12° (¢ 0.5, dichloromethane); 4, 235
nm (g, 2.58); v, 3290 (NH) and 1740 cm ' (C=0). N.m.r.data (CDC,): 'H, 0 1.92 (s,
15H,50Ac),2.28(s,3H,Me), 3.99(dd, 1 H, J, ;- 5.0 Hz, H-5"},4.20 (dd, 1 H, J, 5 3.2,
Js 5 —12.8 Hz, H-5), 5.42-5.65 (m, 4 H, H-1'/4'), 7.50 (s, 1 H, H-3),9.27 (bs, l H, NH);
3C, 6 10.30 (Me), 20.40 (OAc), 61.90 (C-5'), 64.90-70.10 (C-1'/4"), 113.30 (C-4), 135.30
[C-5(3)], 142.30 [C-3(5)], 169.40 (OAc).

Anal. Calc. for C, ) H,N,O,,: C, 51.58; H, 5.92; N, 6.33. Found: C, 51.42; H, 6.02;
N, 6.43.
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3idi-Ethoxycarbonvl-3( 3 )-methyl-4-( penta-O-aceryi-p-manno-peniitol-1-y1 ;-
py-razole (6). A solution of 1 (l 00 g. 2.23 mmol) and ethyl diazoacetate (1.13 ml..
11.00 mmol) in dichloromcthane (35 mL) was heated under reflux (72 hy, then concen-
trated. Column chromatography of the residue afforded 6 as a syrup (0.60 g, 32%6). R
(.35 (hexane -ethyl acetate. 2:1y. [z], +9 (¢ 0.5, dichleromethane), 2, 237 nm (¢,
302w, 3330(NH) and 1750 cm ' (C = 0O). Ny, data (CDCL: ’H S lAb( 3 }L
J\,L(”71H7 CH,CH,). 2.00(s, ISH.50A¢). 2.4 SHOMo, 4 0dd T HL,
Jooo—124Hz, H-5").4.26 (dd. 1 H.J, . 3.1 Hz, H-H JJ() (q. 2H.CH.OH 512 0n
H. Ia +9.2Hz. H-45,5.63(dd, 1 H. J. 2.0 Hz H- 3,887 (dd T HLH-2Y 624 (ddL LT
S - 10.2Hz, H-1),9.70 (bs, 1 H. NH), C,oli] ()(Mc,, 4.20(E0, 2036 (OACH 61.00
(F1). 62.20 (C-5"), 63.70-69.50 (C-17/4"), 11580 (C-4), 138,50 [C-503y]. 14480 [C-3(5)].
160,70 (CO.EL). 169.57 (OAC).

Anal, Cale. for C,,H N.O, Co 51,36, HL .88 NS4, Found: €, 51.39: HL 588
N, 5.24.

X-Ray crystallograpiiv®. - Only poor quality crystals of 2 could be obtained.
which limited the accuracy of the X-ray analysis. Single crystals of 2 at room temper-
ature are orthorhombic, space gr oup P2.22 witha = 15.042(9) Ak = 2146312 AL ¢

7.701(8) A1 = 24870123 A and 7 = 4. A total of 2537 independent reflections
with sin @,/ < 0.60 were collected on an Enraf-Nonius CAD4 diffractometer. using the
m—26 scan method. Only 553 reflections were considered as observed by the usuul
criterion [ > 2a(l). The solution of the structure by direct methods (MULTAN 80) was
not straightforward because of the low resolution of the diffraction data. but all of the
non-H atoms were located. Full-matrix least-squares refinement was carrred outin the
overall isotropic temperature factor approach, using a weighting scheme based on
statistical counts (w = e (F). to a final convergence R = (.12, The structural model
obtained in this way did not allow an accurate description of the bonding geometry in
the molecule. but revealed the stereochemistry.
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