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ABSTRACT 

Addition of ethyl isocyanoacetate to 3-U-benzyl-1,2-U-isopropylidene-a-D- 
ribo-pentodialdo-1,4_furanose in ethanolic sodium cyanide gave two oxazolines that 
were hydrolysed during chromatography to two isomeric ethyl 3-U-benzyl-6-deoxy-6 
formamido-1,2-U-isopropylidene-heptofuranuronates. Similarly, 1,2-U-isopropyl- 
idene-3-U-me+hyl-cr-D-xylo-pentodialdo-1,4-furanose gave the 3-U-methyl-hepto- 
furanuronates 7 and 11. Reduction of 7 and 11 gave N-methylaminp esters that 
exhibited Cotton effects from which the configurations at -C-6 of 7 and 11 were 
deduced. The chiralities at C-5 of 7 and 11 were established by tetrahydropyranylation 
of 7 and 11, followed by consecutive treatment with bis(2-methoxyethoxy)aluminium 
hydride, periodate, sodium borohydride, and dilute acid, to give 1,2-U-isopropylidene- 
3-U-methyl-a-D-glucofuranose and its /l-&do epimer, respectively. Attempts to 
methylate HO-S of 7 and 11 resulted in elimination. On formylaminomethylenation 
(ethyl isocyanoacetate and potassium hydride in tetrahydrofuran), 3-U-beuzyl-1,2-U-- 
isopropylidene-a-D-riba-pentodialdo-1 ,4-furanose and its 3-U-methyl-a-D-xylo epimer 
each gave (E)- and @)-mixtures of alkenes that were hydrogenated to give mixtures 
of 5,6-dideoxy-S-formamido-heptofuranuronates. 

DISCUSSION 

Many less-readily available sugars can be synthesized by the elongation1 of 
the carbon chains of other, more-abundant sugar derivatives. We now report the use 
of ethyl isocyanoacetate to effect such chain elongations. 

Ethyl isocyanoacetate reacts with aldehydes and ketones2, in ethanol in the 
presence of sodium cyanide as base, to give ethyl 2-oxazoline-4carboxylates which 
are very readily hydrolysed to the corresponding ethyl esters of iV-formylamino-/.?- 
hydroxy-a-amino acids. In tetrahydrofuran with strong base, aldehydes and ketones3 -‘, 
as well as suitably protected aldoholactone.s617, react with the reagent to give ethyl 
a-(formylamino)acrylates (the formylaminomethylenation reaction*). 

3-U-Benzyl-l,2-U-isopropylidene-a-D-ribo-pentodialdo-l,4_furanose, obtained 
by the oxidation9 of 3-U-benzyl-l,2-U-isopropylidene-~-D-allof$ranose1o with sodium 
periodate, reacted with ethyl isocyanoacet+te in ethanolic sodium cyanide to give two 
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unstable oxazolines, 1 and 3. Attempted purikation of 1 and 3 by columu chromate- 
graphy sirrmhaneously resulted in hydrolysis, and gave, in 71% yield, the ethyl 
3-0-ber\zv16-deoxy-6-formamido-1,2-O-iso 5 
and 9, from which the crystalline acetates 6 and 10, respectively, were obtained. The 
cry&al structures and the stereochemistry of 6 and 10 have been determined11 by 
X-ray diffraction methods. 

Similar treatment of 1,2-O-isopropyfidene-3-0-methyl-a-D-~y~o-pentodiaido- 
1,4-furanose1z with ethyl isocyanoacetate also gave two heptofuranuronates, 7 and 
11, from which the acetates S and 12, respectively, were obtained. Except for the 
chirahties at C-5 and C-6, the structures of these compounds were readily deducible 
from their spectral and analytical properties. 

2 

HkzMe2 

1 R’= H.R’= OBzi 3 R’= H.$= 09~1 5 R’= R3= H.ti= OazI 9 R’ = d = H,R’= 09.~1 

2R’= OMe,R’= H 4 R’ = 0Me.R’ = H SR’= H.R’= 08rl.R3=Ac lOR’= H,R*=OBrl,R==Ac 

7R’= OMe.R”= R’= H ,, R’ = OMe.+ = R3= H 

BZI = eenzy, 
8 R’= OMe,R’= H,R3= AC 32 R’ = 0Me.R2 = H,R3= AC 

The con&urations at C-6 of 7 and 11 followed from the observation that all 
a-D-amino acids, except the cyclic ammo acid proline, give negative Cotton-effect 
~urves~~. Diborane in tetrahydrofuran3*5*6 reduced 7 in low yield to the N-methyl- 
ammo ester 13, which exhibited a negative Cotton effect at 213 nm. Compounds 13 
and 7 were therefore a-D-amine acids, Le., C-6 has the R configuration. Similar 
reduction of 11 gave 20, which exhibited a positive Cotton effect at 210 nm, thus 
establishing the S conf&uration for C-6. 

RJ R3 
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13 R’ = H,R2 = NHMe,R3 = CQEt 

14 R’= THP.$= NHCHO. R3 = C&Et 
15 R’ = THP, R2= NHMe.R3=CH20H 
16 R’ = THP.$.d= 0 
17-R’= THP,R’=H,R~=oH 
16 R’ = H.li”= H,R3= OH 
Y9 R’ = Ac,R*= H,R3 = OAc 

THP = 

6-ble2 

20 R’ = H.R2= NHMe.R3= CQEt 

21 R’= THP. R2 = NHCH0.R’ = C-t 

22 R’= THP, R’= NHMe,R3= CH,OH 
23 R’= THP.ti. R3= 0 
24 R’ = THP,$= H.R3= OH 
25 R’ = H.R2= H,R3=OH 
26 R’ = Ac.ti= H.R’= OAc 

Tetrahydropyranyl 
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To determine the chirality at C-5 of 7, the free hydroxyl group was tetrahydro- 
pyranylated to give 14, which behaved as a single compound on t.l.c., but was shown 
by n.m.r. spectroscopy to be the expected mixture of diastereoisomers. Reduction of 
14 with an excess of bis(2-methoxyethoxy)ahuuinium hydride gave the amino- 
alcohols 15 which, on treatment ‘In sequence with periodate, sodium borohydride, and 
dilute acid, gave known12 I,2-O-isopropyIidene-3-O-methyl-a-D-ghrcofuranose12 (18); 
18 was converted into the kn~wn’~ diacetate 19. The formation of 18 thus established 
the R con@uration at C-5 of 7. In a similar sequence of reactions, 11 was converted 
into the L-i& derivative 25 and its diacetate 26, and hence had the S configuration 
at C-5. The structures of 25 and 26 were conkmed by unambiguous synthesis. Treat- 
ment of 1,2-O-isopropylidene-3-O-methyl-6-O-trityose15 
with sodium borohydride, dilute acid, and acetic anhydride-pyridine, in sequence, 
gave a mixture that was fractionated to give the D-giuco- and L-ido-diacetates, 19 
and 26, respectively. The X-ray da&l and the results described above show that 
hydrolysis of the initially formed oxazolines on silica gel leads only to the formation 
of compounds in which HO-5 and the formamido group at C-6 are three. These 
resuIts are in agreement with previous findings’ that aIdehydes and ethyl isocyano- 
acetate give mainly the trmrs-C4,C-5-substituted oxazolines, which are hydrolysed 
to _M-formyl+hydroxy-a-amino acid esters without inversion of configuration at 
C-4 or C-5. Thus, 5 and 9 were formed by hydrolysis of the rrmts-oxazolines 1 and 3, 
respectively, and 6 and 10 by hydrolysis of the firms-oxazolines 2 and 4, respectively. 

Attempts to methylate HO-5 of 7 and 11 with methyl iodide and silver oxide in 
N,iVdimethylformamide resulted in eIimination16 to give an inseparable mixture of 
(E)- and @)-isomers 27, and products (28) of transesterifkation. An inseparable 
mixture of (E)- and (Z)-acrylic esters 29 was also obtained when 3-O-beuzyl-1,2-0- 
isopropyhdene-cc-D-ribo-pentodialdo-1 &furanose was formylaminomethylenated with 
ethyl isocyanoacetate. Similarly, 1,2-0-isopropylidene-3-0-methyl-a-D-qlo-pento- 
dialdo-l&furanose gave an inseparable mixture of (I?)- and (2)~isomers 30 under the 
same conditions. Hydrogenation of the mixtures 29 and 30 gave the respective product 
mixtures 31 and 32, each of which behaved as one compound in t.1.c. 

COaEt 

I 

27 R = Et 29 R’= H,R’= 0821 
28 R = Me 30 R’ = OMe.R’= H 

31 R’ = H,R2= OBzl 
32 R’ = OMe,R’= H 

The preparation of other derivatives of 29 and 30 is being investigated with the 
view of preparing analogues of the carbohydrate moiety of the polyoxins”. 
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EXPERIMENTAL 

General methook - AH solvent extracts were dried (MgSO,), filtered, and 
concentrated in IWUO below 50”. T.1.c. and column chromatography were performed 
on silica gel (Merck GF,,,; 100 g per g of residue for column separations). Melting 

points were determined on a hot-stage apparatus. Unless stated otherwise, i.r. spectra 
and optical rotations were measured for solutions in chloroform with a Perk&Elmer 
237 spectrophotometer and 241 automatic polarimeter (c T.0 &0.3), respectively. 
C.d. spectra were recorded on a Jasco J-20 automatic recording spectropolarimeter. 
Mass spectra (70 eV) were determined with an A.E.I. MS-9 spectrometer by direct 
insertion. N.m.r. spectra were recorded on a Varian HA-100 instrument for solutions 
in CDCl, (internal Me,Si) unless otherwise stated. For syrups, microanalytical 
figures are given only for distilled products. Otherwise, accurate mass measurements 
were made on the detectable ions of highest mass. 

Ethyl 3-O-benzyi-6-deoxy-6-for~~amido-I,2-O-isopropylidene-~-glycero-a-~-alIo- 
heptofuranuronate (5) and its D-glycero-j3-Malo isomer (9). - 3-O-Benzyl-1,2-0- 
isopropylidene-at-D-allofuranose’ (5.25 g, 16.9 mmol) was oxidized with sodium 
periodate, as described9 for its gZuco epimer, to give syrupy 3-0-benzyl-1,2-O- 
isopropylidene-a-D-ribo-pentodialdo-l&furanose (N 5.1 g); vzlid 1730 cm-‘; 
Mf 278. A solution of the syrup and ethyl isocyanoacetate (1.9 g, 16.9 mmol) in 
ethanol (50 ml) was added dropwise to a stirred suspension of sodium cyanide (2 g) iu 
ethanol (lC0 ml) at 0”. The mixture was left at 25O for 4 h and then concentrated, 
chloroform (50 ml) was added to the residue, and the sohrtion was filtered, dried, 
and concentrated to give a syrupy mixture of the oxazolines 1 and 3 and their products 
of hydrolysis 5 and 9 (t.1.c. and i.r.). On chromatography of this mixture, 1 and 3 
were hydrolyzed and only 5 and 9 were obtained. Elution with ethyl acetate-chloro- 
form (4: 1) and rechromatography gave a solid which was recrystallized from ethyl 
acetate-hexane to give 5 (2.31 g, 33 ‘A), m-p. 121-123”, [a];’ +55”; v,, 3500 (OH), 
3420 (NH), and 1740 and 1690 cm -’ (CO). Mass spectrum: m/e 394 (Mf -Me). 
N.m.r. data: z 1.79 and 2.01 (bs and d, 1 H, JcHG,NH 12 Hz, simpliiies on addition of 
D,O, CHO), 2.66 (s, 5 H, Ph), 3.51 (bd, 1 H, JNH,6 9 Hz, disappears on addition of 
D,O, NH),4.31 (d, 1 H,J,,, 3.5Hz,H-1), 5.16 (dd, 1 H,.76,M19, Js,5 1.5Hz,simplifies 
on addition of D,O, H-6), 5.34 (q, 2 H, OCH,Ph), 5.43 (t, 1 H, Jz,r 3.5 Hz, H-2), 
5.70-6.10 (m, 4 H, simplifies with D,O, H-4,5, OCH,Me), 6.22 (dd, 1 H, J3,4 8, 
J3,2 4 Hz, H-3), 6.88 and 7.08 (2 d, 1 H, JOHs5 4 Hz, disappears on addition of D,O, 

OHj, 8.46 and 8.67 (2 s, 6 H, 2 Me), and 8.75 (t, 3 H, OCH,Me). 

Anal. Calc. for C,,,H,,NO,: C, 58.7; H, 6.7; N, 3.4. Found: C, 58.8; H, 6.7; 
N, 3.5. 

The acetate (6) of 5 had m-p. 88-90” (from ethyl acetate-hexane), [a];’ t-20”. 
Anal. Calc. for C,,HsBNO,: C, 58.5; H, 6.5; N, 3.1. Found: C, 58.5; H, 6.7; 

N, 3.0. 
Further e&ion gave isomer 9 as a glass (2.63 g, 38x), [LX]:’ +80”; v_ 

3500 (OH), 3420 (NH), and 1740 and 1690 cm-’ (CO). Mass spectrum: m/e 394 
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W+ -Me). N.m.r. data: r 1.82 and 2.12 (bs and d, 1 H, J,-Ho,NH 12 Hz, simplifies on 
addition of D,O, CHO), 2.66 (s, 5 H, Ph), 3.40 (bd, 1 H, JNrr6 10 Hz, disappears on 
addition of D,O, NH), 4.31 (d, 1 H, JIBz 3.5 Hz, H-l), 5.22 (dd, 1 H, J6,NH 10, JGs5 
3.5 Hz, simplifies on addition of D20, H-6), 5.36 (q, 2 H, OCN,Ph), 5.51 (t, 1 H, 
J 2.3 4, Jz.1 3.5 Hz, H-2), 5.69-6.00 (m, 4 H, simplifies on addition of D,O, H-4,5, 
OCH,Me), 6.11 (dd, 1 H, J3,4 8.5, J3,* 4 Hz, H-3), -6.98 (bs, 1 H, disappears on 
addition of D20, OH), 8.45 and 8.67 (2 s, 6 H, 2 Me), and 6.74 (t, 3 H, OCH&e). 

Anal. Calc. for C,,H,,NO, (M’ - 15): 394.150. Fourid: 394.150. 
The acetate (10) of 9 had m.p. 164-166” (from ethyl acetate-hexane), [a];’ 

+98”. 
Anal. Calc. for C,,H,sNOs: C, 58.5; H, 6.5; N, 3.1. Found: C, 58.5; H, 6.6; 

N, 3.1. 
Ethyl 6-deoxy-6-formamido-I,2-O-isopropyZidene-3-O-met~yZ-~-glycero-~-~-ido- 

heptofuranuronate (11) and its L-glycero-a-D-gluco isomer (7). - 1,2-O-Isopropyl- 
idene-3-O-methyl-a-D-xylo-pentodialdo-l,~furanose12 (20 g, 0.1 mmol) was treated 
with ethyl isocyauoacetate in ethanol, in the presence of sodium cyanide as described 
above, to give a mixture of oxazolines 2 and 4 and their products of hydrolysis 7 and 
11 (t.1.c. and i-r. evidence). Chromatography and rechromatography gave only 7 and 
11. EIuted first, with ethyl acetate-ethanol (9 : I), was a solid which, on recrystallisa- 
tion from ethyl acetate-hexane, gave 11 (7.4 g, 22x), m-p. 122-123O, [u]g” -16”; 

3420 (OH and NH), and 1740 and 1690 cm-’ (CO). Mass spectrum: m/e 318 
iz -Me). N.m.r. data: r 1.72 (bs, 1 H, sharpens on addition of D,O, CHO), 
3.18 (b, 1 H, Jr-m.6 10 Hz, disappears on addition of D20, NH), 4.10 (d, 1 H, J1,2 
3.5 Hz, H-l), 5.13 (bd, 1 H, J6,NH 10, J6,5 -I Hz, simplifies on addition of D,O, 
H-6), 5.43 (d, 1 H, J2,r 3.5 Hz, H-2), 5S2 (m, 1 H, Jss4 7, JSsOH -2, J5,6 -1 Hz, 
simplifies on addition of D,O, H-5), 5.78 (q, 2 H, OCH,Me), 5.92 (dd, 1 H, J4,5 7, 
J4,3 3 Hz, H-4), 6.13 (d, 1 H, J3,4 3 Hz, H-3), 6.54 (s, 3 H, OMe), 6.87 (bs, 1 H, 
disappears on addition of D,O, OH), 8.55 and 8.70 (2 s, 6 H, 2 OAc), and 8.72 
(t, 3 H, 0CH2Me). 

Anal. Calc. for C,,H2,N0,: C, 50.5; H, 7.0; N, 4.2. Found: C, 50.7; H, 7.2; 
N, 4.3. 

The acetate (12) of 11 had m.p. 134.5-135.5” (from ethyl ketate-hexane), 
[a];’ +31 O. 

Anal. Calc. for C16H25N09: C, 51.2; H, 6.7; N, 3.7. Found: C, 51.3; H, 6.5; 
N, 3.6. 

Further elution gave a solid which, on recrystallisation from ethyl acetate- 
hexane, gave 7 (15.2 g, 46x), m-p. 130-132”, [a]? -61”; v,,* 3420 (NH and OH), 
and 1740 and 1690 cm- ’ (CO). Mass spectrum: nz/e 318 (Mf -Me). N.m.r. data: 
z 1.74 and 1.96 (bs and d, 1 H, J,-HO,NH 12 Hz, simph6es on addition of D,O, CHO), 
3.12 (bd, 1 H, JNH,G 9 Hz, disappears on addition of D,O, NH), 4.16 and 4.58 (2 d, 
1 H, J1,* 4 Hz, H-l), 5.16 (dd, 1 H, Js,NH 9, Js,5 2 Hz, simplifies on addition of D,O, 
H-6), 5.42 and 5.44 (2d, 1 H, J2,r 4 Hz, H-2), 5.61 (m, 1 H, simplifies on addition of 
D20, H-5), 5.79 (q, 2 H, OCH,Me), 5.96 (dd, 1 H, J4,5 8, J4,j 3.5 Hz, H-4), 6.14 
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(d, 1 H, & 3.5 Hz, H-3), 6.30 (bd, 1 H, JoH,5 -5 Hz, disappears on addition of 
D20, OH), 6.56 (s, 3 H, OMe), 8.56 and 8.70 (2s, 6 H, 2 OAc), and 8.52 (t, 3 H, 
OCH&e). 

Anal. Calc. for C14Hz3NOs: C, 50.5; H, 7.0; N, 4.2. Found: C, 50.5; H, 7.2; 
N, 4.3. 

The acetate (8) of 7 had m.p. 127.5-129’ (from ethyl acetate-hexane), [a]io 
-84”. 

Anal. Calc. for C,,H,,NOS: C, 51.2; H, 6.7; N, 3.7. Found: C, 51.4; H, 6.7; 
N, 3.6. 

Ethyl 6-deoxy-1,2-O-~sopropylidene-3-O-methyl-6-methylamino-~-gly~ro-~-~- 
ido-heptofirmnrronate (20) rmd its L-glycero-a-D-gluco isomer (13). - A M solution 
of diborane in tetrahydrofuran (5 ml) was added to a solution of ll(330 mg, 1 mmol) 
in tetrahydrofuran (5 ml) at 0”. The solution was then stirred (25”) for 18 h, ethanol 
(5 drops) was added, and the solvents were removed. Ethanol (5 ml) was added to the 
residue and the solution was heated (- 80’) for 30 sec. The solvent was again removed, 
and chloroform (5 ml) was added to the residue. The solution was washed with 
saturated, aqueous sodium hydrogen carbonate (5 ml) and water (5 ml), and con- 
centrated to give an oil (-40 mg) which was eluted from silica gel with ethyl acetate 
to give 20 as an oil (15 mg, 5x), [alEo -39O; vzGid -3400 (NH and OH) and 1710 
cm-’ (CO). Mass spectrum: m/e 304 (M’ -Me). C.d. data (c 1.4 x 10s3, 20°, 
methanol): d& (240) 0, (220) 1.36, (213) 1.73, and (200) 1.24. 

&Z. Calc. for C,,H,,NO, (M+ -15); 304.140. Found: 304.141. 
Similar treatment of 7 (330 mg, 1 mmol) gave 13 as an oil (41 mg, 13x), 

[axi0 _ 530. @quid 

m/e 304 ($I’-Qe). 
-3400 (NH and OH) and 1705 cm-’ (CO). Mass spectrum: 

C.d. data (c 2.5 x 10m3, 20”, methanol: de (245) 0, (220) 
- 1.92, (210) -2.44, and (200) - 1.64. N.m.r. data: T 4.14 (d, 1 H, J1,2 4 Hz, H-l), 
5.46 (d, 1 H, Jz,z 4 Hz, H-2), 5.81 (q, 2 H, OCH,Me), -5.90-6.15 (m, 3 H, H-4,5,6), 
6.58 (s, 3 H, OMe), - 6.66 (m, 1 H, H-3), 7.56 (s, 3 H, NMe), 7.62 (bs, 1 H, dis- 
appears on addition of D,O, OH), 8.54 and 8.71 (2 s, 6 H, 2 Me), and 8.74 (t, 3 H, 
OCH#e). 

Anal. Cab for C13Hz2N0, (M+ -15): 304.140. Found: 304.141. 
EthyZ 6-deoxy-6-formamido-1,2-O-isopropy~idene-3-O-methyZ-5-0-(2-tetrahydro- 

pyranyl)-L-glycero-a-D-gluco- (14) and -D-&y=ro-/?-L-ido-heptofuranuronate (21). - 
A solution of 7 (680 mg) in dry 1,4-dioxane (15 ml) containing 2,3-dihydropyran 
(0.6 ml) and foluene-p-sulphonic acid (15 mg) was kept for 4 h at 20°. T.1.c. then 
showed that 7 had disappeared. Sodium hydrogen carbonate (100 mg) was added, 
and the mixture was stirred for 1 h and then concentrated. The residue was extracted 
with chloroform (100 ml), the extract was filtered and concentrated, and the oily 
residue was eluted from silica gel with acetone-hexane (1: 1) to give 14 as a homo- 
geneous (t.1.c.) oil (770 mg); v, 3430 (NH), 1745 (ester), aud 1690 cm-’ (NHCHO). 
Mass spectrum: m/e 417 (M*),402 (M+ - 15), arid287 [M+ -CH(NHCHO)CO,Et]. 

Anal. Cab for C,,H,,NO, (M+ - 15): 402.168. Found: 402.166. 
Treatment of 11 (1.16 g), as described for 7, gave 21 as a homogeneous (t.1.c.) 
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oil (1.37 g); v,, 3430 (NH), 1730 (ester), and 1660 cm-’ (NHCHO). Mass spectrum 
m/e 402 (M+ - 15) and 287 [M+ - CH(?rTHCHO)C02Et]. 

Anal. Calc. for ClsH,,N09 (M’ - 15): 402.168. Found: 402.168. 
The n.m.r_ spectra of 14 and 21 could not be readily analysed, but showed that 

each was an - 1: 1 mixture of diastereoisomers. 
1,2-O-Isopropyllidene-3-O-methyl-a-D-glucofuranose (18) and its S,d-diacetate 

(19). - A solution of 14 (645 mg) in dry benzene (100 ml) was mixed with sodium 
bis(2-methoxyethoxy)aluminium hydride (5 ml, 70 % solution in benzene) and boiled 
under reflux for 18 h. Ethyl acetate (10 ml) and water (10 ml) were added, and the 
solvents were removed to leave a residue which was extracted with chloroform 
(2 x 250 ml). The titered extracts were concentrated to leave 15 (507 mg) as an oil, 
m/e 346 (M’ - 15) (Calc. for C16Hz8N0,: M 361), v,, 3400 cm-’ @H and OH). 
A solution of the oil in ethanol-water (1: 1, 40 ml) was treated with sodium meta- 
periodate (500 mg) for 3 h. Excess of oxidant was destroyed with ethylene glyco1 
(0.2 ml), and the solvent was removed to leave a residue which was extracted with 
chloroform (2 x 250 ml). The extracts were washed with water (50 ml) and concen- 
trated to leave 16 as an oil (Calc. for C,5H26N0,-Me: 301.129. Found: 301.133). 
A solution of 16 in ethanol (20 ml) containing sodium borohydride (500 mg) was 
stirred for 1 h, acetone (10 ml) was then added, and the mixture was concentrated. 
The residue was extracted with chloroform (5 x 50 ml), and concentration of the 
extract left 17 (326 mg) as an oil, m/e 287 @If -CH,OH) (Calc. for C15H2607: 
M 318), v, 3420 cm-’ (OH). Treatment of 17 with 70% aqueous acetic acid 
(10 ml) at 60“ for 45 min, followed by removal of solvents, gave a residue, a solution 
of which in chloroform (100 ml) was washed with saturated, aqueous sodium hydrogen 
carbonate and concentrated. The residue was eluted from silica gel with acetone- 
hexane (1: 1) to give an oily product (130 mg) which was identical ([IX&,, RF) with 
1 ,2-O-isopropylidene-3-O-methyl-a-D-~ucofuranosel 2. 

Conventional treatment of the oil (120 mg) with pyridine-acetic anhydride (1: 1, 
2 ml) and recrystallisation of the product (143 mg) from chloroform-hexane gave 
5,6-di-O-acetyl-l,2-O-isopropylidene-3-O-methyl-a-D-~ucofuranose’4 (19), m.p_ and 
mixture m-p. 72”. 

5,6-Di-O-acetyi-1,2-O-isopropylidene-3-O-methy~-~-~-idofuranose (26). - A 
solution of l,2-0-isopropylidene-3-O-methyl-6-O-trityl-cr-D-ribo-hexofuranos-5- 
ulose” (2 g) in methanol (50 ml) containing sodium borohydride (500 mg) was 
stirred for 2 h and then concentrated. A solution of the residue in 70% acetic acid 
(50 ml) was kept at 70” for 1 h and then concentrated, and the residue was con- 
ventionally treated with pyridine-acetic anhydride (1: 1, 10 ml). Elution of the 
product mixture from siiica gel with acetone-hexane (1:2) gave, first, 19 (705 mg), 
m-p. and mixture m-p. 72”. 

Eluted second was 26, as an oil, [alAg -35O, v,, 1735 cm-’ (ester)_ Mass 
spectrum: m/e 303 (M+ - 15). N-m-r. data: z 4.13 (d, 1 H, J1,2 4 Hz, H-l), 4.65 (0, 

1 H, J5.4 8, J5.6 3, J5.w 5 Hz, H-5), 5.45 (d, 1 H, J2 .1 4 Hz, H-2), 5.65 (q, 1 H, 

J6.s 39 Jc.6’ 12 Hz, H-6), 5.72 (q, 1 H, J4,J 4, J4,s 8 Hz, H-4), 5.90 (q, 1 H, Jss,5 5, 
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J 6R,6 12 Hz, H-6’), 6.33 (d, 1 H, J3,4 4 Hz, H-3), 6.65 (s, 3 H, OMe), 7.96 (s, 3 H, 
OAc), 7.98 (s, 3 H, OAc), 8.54 (s, 3 H, Me), and 8.72 (s, 3 H, Me). 

Anal. Calc. for C13H1908 (&X+-15): 303.108. Found: 303.108. 
1,2-O-Isopropylidene-3-O-methyi-/3-~-idofuranose (25) and its 5,6-diacetate (26). 

- Following the procedures described above for 14,21 was converted via 22-24 into 
25, isolated as an oil, [a]; -56”, v,, 3480 cm-’ (OH). Mass spectrum: m/e 219 
@P-Me). N.m.r. data: z 4.04 (d, 1 H, J1,2 4 Hz, H-l), 5.42 (d, 1 H, Jz,I 4 Hz, 
H-2), 5.82 (q, 1 H, J4.3 4, J4,5 6 Hz, H-4), 5.98 (m, 1 H, H-5), 6.23 (d, 1 H, J3,4 

4 Hz, H-3), 6.34 (m, 2 H, H-6,6’), 6.62 (s, 3 H, OMe), 6.90 (s, 2 H, 2 OH, exchanges 
with D,O), 8.65 (s, 3 H, Me), and 8.70 (s, 3 H, Me). 

Anal. Calc. for C10H1806: C, 51.3; H, 7.8. Found: C, 51.3; H, 7.9. 
Treatment of 25 (170 mg) with pyridine-acetic anhydride (1: I,4 ml), followed 

by elution of the product from silica gel with acetone-hexane (1:2), gave 26 (180 mg) 
as an oil which was identical (n.m.r., [a&-,, and RF) with authentic 5,6-di-O-acetyl- 
1,2-O-isopropylidene-3-O-methyl-&idofuranose described above. 

Ethyl 5,6-dideoxy-I,2-O-isopropylidene-3-O-methyl-6-(N-methylforman~ido)-a- 

D-xylo-hept-5-enofuranuronate (27) and its methyZ analogue (28). - A mixture of 7 
(330 mg, 1 mmol), methyl iodide (2 ml), silver oxide (500 mg), and N,N-dimethyl- 
formamide (2 ml) was shaken at 5” for 2 days. Chloroform (10 ml) was added, the 
mixture was titered and concentrated, and benzene (10 ml) was added to the residue. 
The solution was titered, washed with saturated, aqueous sodium thiosulphate 
(2 x 5 ml) and water (IO ml), and concentrated, and the residue (-350 mg) was 
eluted from silica gel with ethyl acetabhexane (3: 1) to give 27 as an oil (197 mg, 

60%); vzzid 1730 and 1690 (CO), and 1660 cm-’ (C=C). N.m.r. data: z 1.84 and 
2.02 (2 s, 1 H, CHO), 2.97 and 3.05 (2 d, 1 H, J5,4 8 Hz, H-5), 4.09 (d, 1 H, JI,2 
3.5 Hz, H-l), 5.25 (dd, 1 H, J4,5 8, J4,3 3 Hz, H-4), 5.73 and 5.77 (2q, 2 H, OCH,Me), 
6.18 and 6.29 (2 d, 1 H, J3,4 3 Hz, H-3), 6.59 and 6.61 (2 s, 3 H, OMe), 6.86 and 6.98 
(2 s, 3 H, NMe), and 8.54-8.76 (m, 9 H, 2 Me, 0CH2Me). The n.m.r. spectrum 
indicated that the oil was an - I :4 mixture of the isomers 27. 

Anal. Calc. for C14HZ0N07 (MC - 15): 314.124. Found: 314.123. 
Furtter elution gave 28 as an oil (82 mg, 26 %); vziid 1730 and 1690 (CO), 

and 1660 cm-l (C=C). N .m.r. data: z 1.85 and 2.04 (2 s, 1 H, CHO), 2.97 and 3.05 
(2 d, I H, J,,, 8 Hz, H-5), 4.10 (d, 1 H, J1,2 3.5 Hz, H-i), 5.26 (dd, 1 H, J4,* 8, 
J4,J 3.5 Hz, H-4), 5.39 and 5.44 (2 d, 1 H, Jz,I 3.5 Hz, H-2), 6.20 and 6.23 (2 s, 3 H, 
COOMe), -6.22 and 6.31 (2 d, 1 H, J3,4 3.5 Hz, H-3), 6.60 and 6.62 (2 s, 3 H, OMe), 
6.87 and 6.98 (2 s, 3 H, NMe), and 8.55 and 8.69 (2 s, 6 H, 2 Me). The n.m.r. spectrum 
indicated that the oil was an - 1:4 mixture of the isomers 28. 

Anal. Calc. for CISHZLNO, (MS): 315.132. Found: 315.131. 
Compound 11 reacted similarly to give 27 and 28. 
Ethyl 3-O-ben~yZ-S,6-dideoxy-6-formamido-1,2-O-~sopropyZidene-a-D-ribo-hept- 

Senofuranuronate (29), and its hydrogenation to a mixture (31) of ethyl 3-O-benzyl- 
5,6-dideoxy-6-formamido-l,2-O-isopropyIidene-a-D-allo-lreptofura and its B-L- 
tar0 epimer. - 3-O-Benzyl-l,2-O-isopropylidene-a-D-ribo-pentodialdose 
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(2.78 g, 10 mmol), prepared as described previously, was treated6 with ethyl iso- 
cyanoacetate and potassium hydride in tetrahydrofuran to give 29..as a brown syrup; 
vliquid 3380 (NH), 1720 and 1700 (CO), and 1640 cm-’ (C=C). Mass spectrum: 
mF391 (M+). The impure 29 (atte-mpts to purify the compound by chromatography 
led to decomposition) was hydrogenated’ to give a pale-yellow oil, which was eluted 
from silica gel with ethyl acetate+Aloroform (1: 1) to give 31 as a colourless oil; 
V ln3x 3400 (NH), and 1730 and 1690 cm -’ (CO). N.m.r. data: z 1.88 and 1.94 (2 bs, 
1 H, sharpens on addition of D,O, CHO), 2.68 (s, 5 H, Ph), -3.44 (m, 1 H, dis- 
appears on addition of D20, NH), 5.18-6.19 (m, 7 H, H-2,4,6,OCIT,Ph, OCW,Me), 
6.62 (m, 1 H, H-3), 7.63-8.37 (m, 2 H, H-5,5’), 8.48 and 8.68 (2 s, 6 H, 2 Me), and 
8.77 (t, 3 H, OCH&e). 

Anal. Calc. for C2,,H2,N0, (Mf - 15): 378.155. Found: 378.156. 
Ethyl 5,6-dideo~y-6-formamido-1,2-O-isopropylidene-3-O-methy~-u-D-xy~o-~~ept- 

Ienofuranuronate (30). - 1,2-U-Isopropylidene-3-O-methy!-cr-D-xyZo-pentodi~do- 
l+furanose (14.1 g, 70 mmol) was treated6 with ethyl isocyanoacetate and potassium 
hydride in tetrahydrofuran to give a syrup which was eluted from silica gel with ethyl 
acetate-chloroform (1: 1) to give 30 as a syrup (13.4 g, 61%); v,, 3380 (NH), 
1720 and 1700 (CO), and 1640 cm-’ (C=C). N.m.r. data: z - 1.50-1.86 (m, 1 H, 
simplifies on addition of D,O, CHO), 2.40 (bs, 1 H, disappears on addition of D20, 
NH), 3.35-3.58 (m, 1 H, H-5), 4.16 (d, 1 H, J1,+ 4 Hz, H-l), 5.14 (dd, 1 H, J4,5 7, 
JeS3 3.5 Hz, H-4), 5.38 (d, 1 H, J2,1 4 Hz, H-2), 5.72 (q, 2 H, OCH,Me), 5.97 and 
6.24 (2 m, 1 H, H-3), 6.57 (s, 3 H, OMe), 8.50 and 8.67 (2 s, 6 H, 2Me), and 8.67 
(t, 3 H, OCH,Me). - 

Anal. Calc. for C13H18N07 (M+- 15): 300.108. Found: 300.107. 
Ethyl 5,6-dideoxy-6-formamido -1,2-0-isopropylidene-3-0-methyl-a-D-gluco- 

heptofuranuronate and its P-r_-ido epimer. - Compound 30 was hydrogenated’ to give 
a pale-yellow oil, which was eluted from silica gel with ethyl acetate+%oroform 
(1: 1). Recrystallization of the product from ethyl acetate-hexane gave the title 
mixture (32) of epimers (6.58 g, 82 %), m-p. -69-80”; vmaL 3400 (NH), and 1735 and 
1685 cm-’ (CO). N.m.r. data: T 1.80 (bs, 1 H, sharpens on addition of D,O, CEO), 
3.40 (m, 1 H, disappears on addition of D,O, NH), 4.15 and 4.19 (2 d, 1 H, .7I,Z 
3.5 Hz, H-l), 5.26-5.49 (m, 2 H, simplifies on addition of D20, H-2,6), 5.70-5.92 
(m, 3 H, H-4, OCH,Me), 6.36 and 6.42 (2 d, 1 H, J3,4 3 Hz, H-3), 6.60 and 6.62 
(2 s, 6 H, 2 OMe), 7.64-8.01 (m, 2 H, H-5,5’), 8.55 and 8.71 (2 s, 6 H, 2 Me), and 
8.74 (t, 3 H, OCH,Me). 

Anal. Cak. for CI,H,,NO,: C, 53.2; H, 7.4; N, 4.4. Found: C, 53.2; H, 7.3; 
N, 4.4. 

REFERENCES 

1 L. HOUGH AND A. C. RICHARDSON, in W. PIGMAN AND D. HORTON (Eds.), The Carbohydiutes, 
Vol. lA, Academic Press, New York, 1972, pp. 113-163; J. ST-, M. bm+, J. Kocovwc, 
m J. P~ciuc, The Monosaccharides, Academic Press, New York, 1963, pp. 123-174. 

2 D. HOPPE AND U. SCEK~LLKOPF, lusts Liebigs Ann. Gem., 763 (1972) I-16. 
3 A. J. BRINK AND A. JORDAAN, Curbohydr. Res., 34 (1974) 1-13. 



42 K. BISCHOFBERGELR et aI. 

4 U. %HijLLKOPF, F. GIZZARD T, R. SCE&%ER, AND D. HOPPE, Justus Liebigs Ann. Chem., 766 
(1972) 1X-129. 

5 K. BVXHOFEERGER, A. J. BRINK, 0. G. DE %LLIERS, R. H. HALL, AND A. JORDAAN, J. Chem. 
Sot., Perkin Tram. 1, (1977) 1472-1476. 

6 R H. AHALL, K. BISCHOFRERGER, S. J. &~ELMAN, AND A. JORDAAN, J. Chem. Sot., Perkin Y’Fans. 1, 
(1977) 743-753. 

7 R. H. HALL, K. BISCHOFBERGER, S. J. EITELMAN, AND A. JORDAAN, J. Chem. Sot., Perkin Trans. I, 
(1977) 2236-2241. 

8 D. HOPPE, hgew. Chem. Int. Ed &gZ., 13 (1974) 789-804; U. SCH~~LKOPF, ibid,9(1970) 763-773. 
9 D. HORI-~N AND F. 0. SWANSON, Carbohydr. Res., 14 (1970) 159-171. 

10 J. S. BRI~IACYXBE AND 0. A. CHING, Carbohydr. Res., 8 (1968) 82-88. 
11 J. C. A. B~EYENS, A. J. BRINK, R. H. HALL, A. JORDAAN, AND J. A. PRETORIUS, Acru CrysrulLogr. 

Sect. B, 33 (1977) 305!%3066. 
12 J. KOVAR AND H. H. BAER, Can. L Chem., 51 (1973) 1801-1811. 
13 G. C. BARRETT, Amino-Aci& Pept., Proteins, 7 (1967) 1, and earlier volumes. 
14 J. GIGG AND R. GIGG, L Chem. Sot., C, (1966) 82-86. 
15 J. Ycmimum., T. -A, H. WAKAI, AND M. FUNABASEII, Bull. Chem. Sot. Jpn., 46 (1973) 3207-3209. 
16 J. G. Bu CHANAN, Int. Rev. Sci., Org. Chem. Ser. One, 7 (1973) Chapter 2. 
17 R J. S~LNIK, NucIeoside Antibiotics, Wiley, New York, 1970, Chapter 5. 


