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The acetylene function is a versatile group which can be employed in a wide 
range of synthetic reactions2. It has been utilized in the carbohydrate field for the 
total syntheses of meso and DL alditolss*4, and related derivative+e, from non- 
carbohydrate precursors. Hydroxylated, acetylenic derivatives are of interest as 
potential tranquilizers7. The present report* describes the synthesis of optically 
active, acetylenic sugar derivatives by the ethynylation of an aldehydo sugar derivative. 
Also described are methods for separation of the epimers formed in the reaction, 
procedures for configurational assignment at the newly formed asymmetric center, 
and applications of n.m.r. techniques for structural assignment. 

2,3:4,5-Di-O-isopropylidene-aZrlehyrlo-r_-arabinose (l), prepared through L- 

arabinose diethyl dithioacetal by a standard procedures, underwent reaction with 
ethynylmagnesium bromide in tetrahydrofuran at room temperature to give the 
mixed 3-epimeric heptyne derivatives (2 and 7) in almost quantitative yield. It was 
essential to maintain a large excess of acetylene in the system during the reaction, 
as otherwise the yieId of 2 and 7 was diminished by the condensation of two molecules 
of sugar derivative with one of acetylene, to give a high-boiling side-product. The 
product (2 and 7) showed the anticipated acetylenic hydrogen and C=C stretching 
frequencies in its infrared spectrum, at 3.06 p and 4.74 ,CJ, respectively. The acetylenic 
hydrogen signal at t-7.50 in the n.m.r. spectrum was very characteristic. The two 
epimers were resolved on thin-layer chromatograms, and the evidence of t.1.c. and 
integrated n.m.r. spectra provided the most reliable criteria of purity of the product. 

The two epimers were effectively separated by preparative, gas-liquid chromato- 
graphy (g.1.c.). The first component to be eluted, approximately 60% of the mixture, 
was obtained crystaIline, m.p. 67-69”, [&I f6” (chloroform), and subsequent degra- 
dation studies showed it to be the r_.-gluco epimer (2). The slower-moving component, 
about 40% of the mixture, was obtained as a liquid, [a]D -24” (chloroform), and 
this was subsequently shown to be the L-nzannu epimer (7). 

A procedure was sought that would provide a convenient separation of the 

epimers on a larger scale. Acetylation of the epimers 2 and 7 gave the corresponding 
J-acetates (3 and S), which were characterized by physical methods, but they proved 

*For a preliminary communication, see Ref. I. 
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difficult to separate in admixture on a preparative scale. The corresponding 3-benzoates 
(5 and 10) were also prepared, and were characterized by physical methods, but a 
suitable method for separation in admixture was not found. 
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Acylation of the mixed epimers (2 and ?) with 3,5-dinitrobenzoyl chIoride gave 
the crystalline, mixed, 3-epimeric 3,5-dinitrobenzoates 4 and 9 in essentially quanti- 
tative yield. Recrystallization of this mixture several times from ethyl aicohol gave 

the pure L-manno epimer (9) in 36% yield (32% overall from 1); its melting point 

(167.~167.5”) and specific rotation (+2.g“) did not change on further recrystal- 
lization, and it was identical with a sample of 9 which had been prepared by 3,5- 
dinitrobenzoylation of the pure epimer 7 obtained by g.1.c. of the mixture of 2 and 7. 
The mother liquors from the crystallization of 9 contained the I-gluco epimer (4) 

almost exclusively (50% overall yield from l), and recrystallization gave pure 4, 

m.p. 134.5-135.5”, [‘+I -19.5”. 
Proof of configuration of 2 and its derivatives (3, 4, and 5), and of 7 and its 

derivatives (8, 9, and lo), was achieved by two independent degradative routes. In 

the first route, the heptyne derivatives were degraded by C-1-C-2 cleavage to the 
corresponding hexoses. Conditions were established with the mixed heptyne deriva- 

tives (2 and 7) for hemihydrogenation to the corresponding heptenes (6 and 11): 
over a partially poisoned palladium catalyst (Lindlars catalyst). N.m.r. spectroscopy 
provided a very sensitive index of the progress of the reaction; the sharp one-proton 

doublet at T 7.50 for the aeetylenic hydrogen disappeared, and was replaced by a 

three-proton multiplet in the vinyl region (Z 3.6%4.95). Over-reduction was indicated 

by the appearance of a triplet at t 8.82 and a quartet at t 6.38, due to an ethyl group, 
and a diminution in the intensity of the vinyl signals. Different batches of catalyst 
required different lengths of time for hemihydrogenation, but, in each instance, it was 
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possible to interrupt the hydrogenation when all of the acetylene had been reduced 
(but no reduction of the alkene had occurred). Each batch of catalyst was evaluated 
by reduction of the model alkynols 3-methyl-r-butyn-3-01 and 3-methyl-r-pentyn- 
3-01 to the corresponding alkenes; n.m.r. data for the model-compounds and their 
reduction products are recorded in the Experimental section. The heptyne derivatives 
(2 and 7) were separately reduced to the heptenes (6 and 11)9 and each product 
was subjected to ozonolyjrsis. The “ozonides” were cleaved by hydrogenolysis, and 
the resultant 3,4:5,6-di-0-isopropylidene-alfzydo-L-hexoses were hydrolyzed to the 
free hexoses. The hexose obtained from 2 was chromatographically indistinguishable 
from a glucose, and that from 7 was indistinguishable from a mannose, indicating 
that 2 and its derivatives have the L-gluco configuration, and 7 and its derivatives 
have the L-manno configuration. Some arabinose was present in each hydrolysis 
product, and it was probably formed by additional cleavage during the ozonolysis 
step. When the degradation was repeated with the corresponding 3-acetates 3 and 8, 
the extent of degradation to arabinose was much diminished, and the hexoses formed 
were again glucose and mannose, respectively. The overall sequence of conversions 
from 1 constitutes a method for chain ascent in the sugars. 
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The second sequence for proof of the configuration of 2 and 7 sets out from 
the crystalline 3,5_dinitrobenzoates 4 and 9, and the final products were characterized 
on a crystalline basis. The less-soluble isomer (9) of the two 3+dinitrobenzoates 
was saponified to give 7, and the isopropylidene groups were removed by hydrolysis 
with 60% acetic acid to give the heptynepentol 12, which was converted into the 
pentaacetate 13. Ozonolysis of 13 for an extended period of time gave penta-O- 
acetyl-L-mannonic acid (14), in 41% overall yield from 9. The latter reaction10 
was first applied in the carbohydrate field by Raphael, for the conversion of 
I-pentyne-DL-er#zro-3,4,5-trio1 into DL-erythronic acid-l. Saponification of the penta- 
acetate 14 gave L-mannonic acid (151, which was converted into L-mannono-r,4- 
lactone (16). The latter was identified by chromatography, by its sign of rotation, 
and by the fact that the X-ray powder difFraction pattern of the crystalline material 
was identical with that of a sample of the authentic D enantiomorph. Similarly, the 
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3,5-dinitrobenzoate 4 was deacetonated, and the product was converted, by way of 
the heptynepentol 17 into the pentaacetate 18. Ozonolysis of the latter gave penta- 
0-acetyk-gluconic acid (19), which, on hydrolysis followed by treatment with 
phenylhydrazine, gave crystalline L-gluconic acid phenylhydrazide (20). The X-ray 
powder diffraction pattern of 20 was identical with that of an authentic sample of 
the D enantiomorph. An alternative conversion of 4 into 20 was effected by ozono- 
lysis of 4, followed by hydrolysis, and conversion of the resultant D-glucono-r,4(and 
r,+lactones into 20. 
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It is possible to correlate the appearance of the n.m.r. signal for H-3 with the 
configuration at C-3 in the heptyne derivatives. The spectra of 2 and 7 are not 
suitabIe for exact analysis, owing to coupling of the hydroxyl proton with H-3, and 
because the H-3 signal occursclose to the multiplet “envelope” of signals for hydrogens 
on the rest of the chain. The H-3 signal is, however, shifted to low field in the 
acylated derivatives, and coupling of this proton to H-I and H-4 can be observed. 
All of the derivatives showed coupling of H-r with H-3, Jr,3 2.2-2.3 c.p.s. The r_-gluco 
derivatives 3, 4, and 5 all showed larger coupling of H-3 with H-4 (Js,4 3.6-4.0 c.p.s.) 
than the corresponding L-manno derivatives 8, 9, and 10 (Js.4 2.4-2.9 c.P.s.). This 
observation may be of general utility for assignment of configuration at the newly 
formed asymmetric center in derivatives of this typell. The data indicate that the 
stereoelectronic requirements of the various ester functions (OR’) exceed those of 
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the ethynyl group, so that the favored rotamer state of the r.-gluco derivatives 3, 
4, and 5 is that indicated in A, wherein the OR’ group is antiparallel to C-5 and the 
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rest of the sugar chain (R), and the favored rotamer state in the L-manno derivatives 
8,9, and 10 is B, having a similar disposition of the R and OR’ groups. The observed 
J&4 couplings, which will reflect a population-weighted time-average of the three 
rotamer states, are greater for 3, 4, and 5 (large contribution from rotamer A, with 
antiparallel H-3 and H-4) than for 8, 9, and 10 (large contribution from rotamer B, 
with gauche H-3 and H-4). 

EXPERIMENTAL 

General methods 
Solutions were concentrated below 40~ under diminished pressure. Melting 

points were determined with a Thomas-Hoover melting-point apparatus (Arthur 
H. Thomas Co., Philadelphia, Pennsylvania) and are uncorrected. Specific rotations 
were determined in a 2-dm polarimeter tube. Infrared spectra were measured with 
a Perk&Elmer Model 137 “Infracord” infrared spectrometer. Nuclear magnetic 
resonance spectra were measured at 60 Mc.p.s. with a Varian A-60 n.m.r. spectro- 
meter. Chemical shifts are given on the 5 scale, and spectra were measured, unless 
otherwise stated, at ca 30” with solutions (ro-20%) in deuteriochloroform, with 
tetramethylshane (t 10.00) as the internal standard. Deuteration was effected by 
shaking the prepared sample with one drop of deuterium oxide. Spectra were analyzed 
on a first-order basis. Microanalyses were determined by W. N. Rond. X-Ray powder 
diffraction data give interplanar spacings, A, for CuK, radiation. Relative intensities 
were estimated visually: s, strong; m, moderate; w, weak; v, very. The strongest 
lines are numbered (I, strongest); double numbers indicate approximately equal 
intensities. Thin-layer chromatography was performed with Desaga equipment, 

with silica gel G (E. Merck, Darmstadt, Germany) activated at I roe as the adsorbent. 
Indication was effected with sulfuric acid. 

4,5:5,7-Di-O-isopropyli~ene-r-keptyne-r-gluco(and L-manno)-3,4,5,6,7-peitrol(2 and 7) 
A solution of ethylmagnesium bromide, prepared in dry tetrahydrofuran 

(300 ml) from magnesium (4.00 g) and ethyl bromide (20 ml), was added dropwise 
to tetrahydrofuran (600 ml) saturated with acetylene at room temperature. A stream 
of acetylene was passed through the solution throughout the addition, and for I h 
afterwards. To the resultant solution of ethynylmagnesium bromide was added 
slowly, with stirring, a solution of freshly prepared, freshly distilled 2,3:4,5-di-U- 
isopropylidene-alde/zydo-L-arabinoses (1, 22.0 g) in tetrahydrofuran (100 ml). A slow 
stream of acetylene was passed through the solution throughout the addition, and 
subsequently for a further 3 h. The solution was concentrated to 300 ml, ether (300 ml) 
was added, and the solution was washed at o” with three 4oo-ml portions of 10% 
aqueous ammonium chloride, three 4oo-ml portions of water, and dried (magnesium 
sulfate). Evaporation of the solution gave the product as a syrup which crystallized 
partially upon refrigeration, yield 22.0 g (90%). This product contained none of the 
starting material, and was composed almost exclusively of the two 3-epimeric heptyne 
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derivatives, as revealed by t.1.c. (4:1 benzene-methanol) and g.1.c. (see below). A 
sample distilled at 0.1 mm Hg furnished the analytical sample. 

Anal. Calc. for C13Hz005: C, 60.92; H, 7.86. Found: C, 61.02; H, 7.88. 
The n.m.r. spectrum of this product gave only those signals anticipated for a 

mixture of 2 and 7. In five such experiments, the yields were in the range 8592%. 

Separation of the J-epimers 

The product from the preceding preparation was resolved by preparative g.1.c. 
on a Beckman GC2A gas chromatograph (Beckman Instruments, Inc., Fullerton, 

California) equipped with a thermal conductivity detector and a IO ft x 5/8 in stain- 
less-steelcolumnpacked withCarbowax*zoM(15%)onChromosorb* W(6o-Ioomesh). 
The carrier gas was helium at an inlet pressure of 30 lb. in-z, and samples (0.3-0.6 g 
in 2-3 ml of chloroform) were injected manually, with the column temperature 
initially at 2oo”, rising to 240’ during 80 min. Two components were eluted, having 
retention times 122 and 136 min, in the weight ratio of 3:2. The components were 
completely separated from one another, and no other components were detected in 

the samples. The component eluted first, identified (by subsequent conversions) 
as 4,5:6,7-di-O-isopropylidene-I-heptyne-L-gluco-3,4,5,6,7-pentol (2), crystallized 
spontaneously; it had m.p. 67-69”; [& 1-6 &I” (c 3, chloroform)**; &0.80(4:1 
benzene-methanol) ; ;ZE 2.9 I (OH), 3_ I I (C-CH), 4.74 (C-C), 7.25, 7.3 I ,u (CMe2) ; 

n.m.r. data (deuteriochloroform): t 8.52, 8.57, 8.64 (3-, 6-, and 3-proton singlets, 
CMez), t 7.50 (r-proton doublet, shifts to t 7.68 at lower concentration, .71,3 2.3 c_p_s., 
H-I), T 6.53 (r-proton broad doublet, shifts to higher field at lower concentration, 
OH), t 5.8o-6.10, 6.27-6.39 (multiplets, 5 protons, H-4,5,6,7,7’), t 5.41 (r-proton 
multiplet, H-3); X-ray powder diffraction data: 10.22 s (2,2), 7.90 s (2,2), 5.73 w, 

5.54 vs (I,I), 4.95 vs ([,I), 4.64 m (3,3), 3.97 m (4), 3.75 m (3,3), 3.24 w, 3.09 vw, 
2.97 VW, 2.48 vw, 2.40 VW, 1.99 w. 

Anal. Calc. for ClsH2005: C, 60.92; H, 7.86. Found: C, 60.94; H, 7.94. 
The product having retention time of 136 min, 4,5:6,7-di-O-isopropylidene- 

r-heptyne-L-n;mmo-3,4,5,6,7-pent01 (7) was obtained as a liquid, [c@ -24 fr” 
(~2.3, chloroform)**; RF 0.66 (4:r benzene-methanol); 2::: 2.93 (OH), 3.06(C-CH), 
4.72 (C=C), 7.26, 7.32 ,u (CMe2); n.m.r. data (deuteriochloroform): t 8.56, 8.65, 
8.75 (singlets, 12 protons CMez), t 7.50 (r-proton doublet, shifts to t 7.67 at lower 
concentration, .?1,3 2.3 c.p.s., H-I), t 7.02 (r-proton broad singlet, shifts to higher 
field at lower concentration, OH), T 5.76-6.1 I, 6.25-6.36 (multiplets, 5 protons, 

H-4,5,6,7,7’), 5 5.48 (r-proton multiplet, H-3). 
Both products were homogeneous by t.1.c. 

3-0-AcetyI-4,5:6,7-di-O-isopropylidene-I-izeptyne-L-gluco(a?zd r_-manno)-j,g,5,6,7- 
pent01 (3 and 8) 

A solution of the mixed epimers (2 and 7, g.r g) in pyridine (20 ml) was treated 

*Analah, Inc., Hamden, Connecticut. 
**The signs of rotation of 2 and 7 were inadvertently reversed in Ref. I. 
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with acetic anhydride (20 ml). After 18 h at room temperature, the mixture was 
poured into water, stirred for 30 min, and the product was extracted with dichloro- 
methane. The extract was washed at o” with N hydrochloric acid, water, dried (mag- 
nesium sulfate), evaporated, and the product distilled at 0.15 mm Hg to give the 
mixed epimeric 3-acetates (3 and S), yield 8.14 g (76%); b.p./o.I5 mm 10%109”; 
RF o-96 (4:1 benzene-methanol); 221 3.09 (C=CH), 4.72 (C=C), 5.72 y (OAc). 

Anal. Calc. for ClSH”_206: C, 60.39; H, 7_43_ Found: C, 59-92; H, 7.74. 
Acetylation of 2 under the above conditions gave the L-@co epimer (3), 

RF 0.96 (4:1 benzene-methanol); n.m.r. data (deuteriochloroform): t 8.54, 8.58, 
8.62 (6-, 3-, and 3-proton singlets, CMea), z 7.87 (3-proton singlet, OAc), t 7.49 
(I-proton doublet, J1,3 2.2 c.p.s., H-r), T 5_5o-6.12 (5-proton multiple& H-4,5,6,7,7’), 
t 4.46 (r-proton quartet, Js,4 3.8 c.p.s., H-3). Acetylation of 7 gave the L-MUKZ~O 
epimer (S), RF 0.96 (4:1 benzene-methanol); n.m.r. data (deuteriochloroform): 
t 8.53, 8.63, 8.72 (6-, 3-, and j-proton singlets, CMe2), t 7.85 (pproton singlet, OAc), 
t 7.51 (r-proton doublet, J1,3 2.2 c.p.s., H-I), t 5.45-6.15 (5-proton multiplet, 

H-4,5,6,7,7’), t 4.36 (r-proton triplet, Ja,4 2.4 c_p.s., H-3). 
The mixture of 3 and 8 gave an n.m.r. spectrum corresponding to a 3:2 mixture 

of the two isomers. 

3-O-(~,~-Dinitrobenzoyl)-q,5:6,7-di-O-isopropyZidene-r-l~eptyne-L-manno-~,~,~,6,7- 

pentoz (9) 

To 3,5-dinitrobenzoyl chloride (20.5 g) in benzene (I 1) was added dropwise, 
with stirring at o”, a solution of the mixed epimers 2 and 7 (15.3 g) in pyridine (50 ml). 
The mixture was kept 30 min at o”, and 18 h at room temperature, 5 ml of water 
was added, and, after I h, ether (300 ml) was added. The solution was washed at 
o” with water, N hydrochloric acid, 0.5N sodium hydroxide, and water, dried (mag- 
nesium sulfate), and evaporated, to give the mixed 3-epimeric 3-(3,5-dinitrobenzoates) 
(4 and 9) as a solid, yield 25 g (93.5%); m.p. g7-151”; RF 0.82 (I:I benzene-ether). 

Five recrystallizations from ethanol gave the pure wnmmo epimer (9) as fine needles, 
yield 9.6 g (36%), m-p_ 167-o-167.5”; [cz]~ +2.g io.8” (c 2, chloroform); RF 0.82 
(I:I benzene-ether); I.:?: 3.08 (C=CH), 4.73 (C!=C), 5.76 (OAc), 6.14 (aryl), 6.46 
(NOs), 7.24, 7.28 (CMes), 7.44,~ (N0.s); n.m.r. data: t 8.46, 8.50, 8.53, 8.62 (3-proton 
singlets, CMee), t 7.28 (r-proton doublet, J1,a 2.3 c.p.s., H-I), T 5.50-6.18 (5-proton 
multiplet, H-4,5,6,7,7’), t 3.98 (r-proton triplet, Ja,4 2.7 c.p_s_, H-3), z 0.60 (3 protons, 
aryl); X-ray powder diffraction data: 9.61 VW, 8.84 w, 8.12 w, 7.31 m, 6.37 s (6), 

5.13 vs (2), 5.04 vs (I), 4.67 m, 4-52 vw, 4.21 s (5), 4.08 vw, 3.82 s (3,3) 3.63 s (3,3), 
3.47 s (4). 3-38 VW, 3.18 VW, 3.01 w, 2.67 m, 2.55 w, 2.43 W, 2.35 VW. 

Anal. Chic. for CseHs~Ns010: C, 53.33; H, 4.92; N, 6.22. Found: C, 53.29; 
H, 5.03; N, 6.33. 

A sample of 7, which had been isolated by g.1.c. of the mixture of epimers, 
was acylated with 3,5_dinitrobenzoyl chloride by the foregoing procedure, to give 
9, m.p. 166.5-167.5O, identical with the product obtained from the mixed epimers, 
by mixed m.p., X-ray powder diffraction pattern, and i.r. and n.m.r. spectra. 
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~-O-(~,~-DinitrobenzoyZ)-q,~:6,~-di-O-isopropyIidene-~-heptyne-~-gluco-~,~,~,6,~- 

pentoI (4) 

The mother liquors from the foregoing preparation from the mixed epimers 
(2 and 7) contained almost exclusively the L-gkco derivative (4), crude yield 15 g 
(56x), and it was obtained pure after several recrystallizations (from ethanol) to 
constant specific rotation; yield 4.16 g (15.5%); m.p. 134.5-135.5O; [a]g -19.5 &O-8” 

(c 2.1, chloroform); RP 0.82 (I:I benzene-ether); 2::: 3.11 (C=CH), 4.71 (C=C), 
5.77 (C=O), 6.12 (aryl), 6.40 (NOe), 7.23, 7.30 (CMez), 7.44 p (NOs); n.m.r. data: 
t 8.46, 8.53, 8.62, 8.65 (3-proton singlets, CMee), t 7.30 (r-proton doublet, Ji,3 

2.3 c.p.s., H-I), z 5.48-6.19 (5-proton multiple& H-4,5,6,7,7’), t 4.10 (t-proton 
quartet, J&4 4.0 c.p.s., H-3), t 0.76 (3 protons, aryl); X-ray powder diffraction data: 

10.69 m, 9.40 TV, 8.08 m, 6.76 r-n, 5.59 vs (I), 5.04 w, 4.67 s (3,3), 4.35 s (3,3), 4.00 s 
(2), 3.76 vw, 3.65 vw, 3.44 w, 3.26 w, 3.12 vw, 2.91 VW, 2.83 VW. 

Anal. Calc. for C2oH 22 2 N 0 10: C, 53.33; H, 4.92; N, 6.22. Found: C, 53.36; 
H, 5.06; N, 6.38. 

A mixture of 4 and 9 melted unsharply over the range 114-125~. 

~-O-Benzoyi-~,~:6,~-di-O-isopropylidene-l-lreptyne-~-gluco (and L-manno)-3,4,5,6,7- 
pentoi (5 mzd 10) 

The heptyne derivatives 2 and 7, which had been separated by g.l.c., were 
separately benzoylated. Each derivative (500 mg) in pyridine (IO ml) was treated 
with benzoyl chloride (0.5 ml), and the reaction mixture was processed by the pro- 
cedure used for the 3,5_dinitrobenzoates, to give the 3-benzoates 5 and 10 as oils in 
essentially quantitative yield. The I-gluco isomer 5 had RF 0.93 (4: I benzene-methanol); 

n.m.r. data: t 8.41,8.4g, 8.65,8.68 (J-proton singlets, CMee), z 7-27 (r-proton doublet, 
.&a 2.3 c-p-s., H-I), z 5.5o-6.16 (5-proton multiplet, H-4,5,6,7,7’), t 4.11 (I-proton 

quartet, J&4 3.6 c-p-s., H-3), t 1-91, 2-54 (multiplets, 5 protons, Ph). The L-nzanno 

isomer 10 had RF 0.93 (4:1 benzene-methanol), i.‘um ,XS.Y 3,09 K=CH), 4.71 (C=C), 5.80 
(OBz), 7.25, 7.32 (CMes), 6.23 ,u (a@); n.m.r. data (deuteriochloroform): t 8.52, 
8.58, 8.68 (3-, 6-, and 3-proton singlets, CMe2), t 7.30 (I-proton doublet, JIrs 2.3 
c.p_s., H-I), t 5.58-6.06 (5-proton multiplet, H-4,5,6,7,7’), T 4-10 II-proton triplet, 

&,a 2.9 c.p.s., H-3) t 1.92, 2.56 (multiplets, 5 protons, Ph). 
Anal. (for 10): Calc. for C2OHi?406: C, 66.65; H, 6.71. Found: C, 66.61, H, 6.79_ 

4,5:6,7-Di-O-isopropyiidene-~-heptent-L-,oluco(and r_-manno)-3,4,5,6,7-pentol 
(6 mzd 11) 

To a solution of the mixed epimeric heptynes (2 and 7, 4.0 g) in cyclohexane 
(IOO ml) and ethyl acetate (IOO ml) was added freshly prepared Lindlar catalyst9 
(2g) and quinoline (I g). The mixture was shaken in an atmosphere of hydrogen 
at a pressure of 15 lb.in-2 until 1 mole/mole of hydrogen had been absorbed (35- 
40 min). The catalyst was filtered off, the filtrate was washed at o” with N hydrochloric 
acid, and water, and the dried (magnesium sulfate) organic layer was evaporated to 
give the mixed 3-epimeric heptenes (6 and 11) as an oil; yield, essentially quantitative; 
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A&% 2.91 (OH), 6.07 (CHs=CH), 7.26, 7-32 ,U (CMe2); n.m.r. data: t 8.60,8.63, 
8.68 (singlets, 12 protons, CMe2), t 5.67-6.25 (7-proton multiplet, H-3,4,5,6,7,7’, OH), 
t 3.68-4.95 (s-proton multiplet, H-1,1’,2). 

Anal. Calc. for C13H2205: C, 60.44; H, 8.58. Found: C, 60-39; H, 8_59_ 
When the time of reduction was increased, the n.m.r. spectrum showed appear- 

ance of a triplet, ‘c 8.82, and a quartet, t 6.38, having coupling J 7 c.p.s. and intensity 

ratios characteristic of the ethyl group. Different batches of catalyst required dif- 
ferent reaction times for reduction to the alkene without further reduction to the 
saturated derivative. 

Reduction of 3-methyl-r-butyn-3-01 and 3-methyl-r-pentyn-j-ol to the corresponding 
alkenes 

The alkyne derivatives were reduced over Lindlar catalyst, essentially by the 
procedure of the preceding experiment, to establish the optimum time of reduction 
for each batch of catalyst, and the extent of conversion was determined by n.m.r. 
spectroscopy_ The butyne derivative, n-m-r. data (neat liquid): z 8.48 (6-proton 

singlet, Me), r 7.43 (r-proton singlet, H-I), t 5.63 (r-proton singlet, OH), was converted 
into 3-methyl-r-buten-X-01, n.m.r. data (neat liquid): t 8.78 (6-proton singlet, Me), 
t 6.05 (I-proton singlet, OH), t 5.10 (I proton, Jl,l’ 1.7 c.p.s., J~,z 10.0 c.p.s., H-I), 

T 4.87 (I proton Jr’,2 18.0 c.p.s., H-I’), r 4.02 (I proton, H-2). Similarly, the pentyne 
derivative, n.m.r. data (neat liquid): T 8.98 (3-proton triplet, J~,s 7 c_p.s_, H-5), t 8.53 
Q-proton singlet, 3-Me), z 8.30 (a-proton multiplet, H-4), z 7.48 (r-proton singlet, 
H-I), t 6.03 (r-proton singlet, OH), was converted into 3-methyl-r-penten-3-01, 
n.m.r. data (deuteriochloroform): t 8.85 (g-proton triplet, J~,s 7 c.p_s., H-5), t 8.48 
(3-proton singlet, 3-Me), r g-or--8.61 (3 protons, H-4, OH), t 4.55 (I proton, JI,~’ 
1-7 c.p.s., Jl,z IO c.p.s., H-I), T 4-51 (I proton, JI,Z 17.5 c.p.s., H-I’), T 3.77 (I proton, 
H-2). 

Concersion of 2 (or 3) into a glucose and 7 (or 8) into a mannose 
The crystalline heptyne derivative 2, m.p. 67-69”, [a]~ +6” (40 mg) in cyclo- 

hexane (50 ml), ethyl acetate (50 ml), and quinoline (I drop) was hydrogenated over 
Lindlargcatalyst (0.1 g) for I h under 15 Ib.in-2pressure.The mixture was filtered,anda 
stream of ozonized oxygen was passed through the filtrate for I h at room temperature. 
Adams catalyst (platinum oxide) (0.1 g) was added, the mixture was hydrogenated 
for I h under 15 lb-in-2 pressure, and filtered, and the filtrate was washed at o” 

with N hydrochloric acid, and water, dried (magnesium sulfate), and evaporated. 
The product, which gave a positive Schiff test, was heated in I% aqueous sulfuric 
acid (50 ml) for 3 h at 95”, the solution was neutralized with barium carbonate, 

filtered, and the filtrate was treated with a I:I mixture (20 ml) of Dowex-5o (H+) 
and Dowex-1 (OH-) ion-exchange resins. The solution was evaporated, and the residue 
was compared by paper chromatography with reference samples of D-glucose, 
D-mannose, and L-arabinose. The product contained a major component and a minor 
component, as revealed by aniline hydrogen phthalate12 or silver nitrate-sodium 
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hydroxidels. The major component was indistinguishable from a glucose, the minor 
component was indistinguishable from an arabinose, and no component corres- 
ponding to a mannose was observed, in each of the following solvent systems: 
4: 1:5 butyl alcohol-ethanol-water (upper phase), 45:5:4g: I butyl alcohol-ethanol- 
water-ammonium hydroxide (upper phase), 6:4:3 butyl alcohol-pyridine-water, 
and 5:7.2:2:2 propyl alcohol-benzyl al;ohol-85°~ formic acid-water. 

When the procedure was repeated with the 3-acetate 3, an essentially similar 
result was obtained, except that the proportion of glucose to arabinose in the final 
product was greater. 

The same degradation was applied to the noncrystalline heptyne derivative 7, 
[CC]D -24O. Paper chromatography, with the same systems as previously used, revealed 
that the product contained a component indistinguishable from a mannose, and a 
component corresponding to an arabinose. No component corresponding to a 
glucose was observed. Degradation of the corresponding 3-acetate (8) gave an 
essentially similar result, except that a greater proportion of mannose to arabinose 
was observed. 

Conversion of 9 into L-mamono-r,+Zactone (16) 
A solution of the 3,5-dinitrobenzoate 9, m.p. 166.5-x67.5”, (1.00 g) in methanol 

(IO ml) was treated with a catalytic amount of sodium methoxide for 2 h at room 
temperature, the precipitated methyl 3,5dinitrobenzoate was removed, the filtrate 
was deionized by treatment with Dowex-5o (H+) ion-exchange resin, and the solution 
was evaporated_ The residue was heated with 60% aqueous acetic acid (50 ml) for 
I h at g5”, the solution was concentrated to 20 ml, and water was added to precipitate 
residual methyl 3,5_dinitrobenzoate. The mixture was filtered, and the filtrate was 
evaporated to give r-heptyne-L-nzunno-3,4,5,6,7-pent01 (12) as a white solid. The 
latter was dissolved in pyridine (IO ml), acetic anhydride (IO ml) was added, the 
mixture was kept overnight at room temperature, poured into ice and water, and 
the mixture was extracted with chloroform. The extract was washed successively 
at o” with water, N hydrochloric acid, and aqueous sodium bicarbonate, and dried 
(magnesium sulfate). Evaporation of the solution gave L-manno-3,4,5,6,7-penta- 
acetoxy-I-heptyne (13) as a syrup; Amrn max 3.09 (C=CH), 4.72 (CrC), 5.75,~ (OAC). 

A stream of ozonized oxygen was passed through a solution of the foregoing 
product (13), in carbon tetrachloride (IOO ml), for 6 h at o”. Water (IOO ml) was 
added, the mixture was evaporated until the carbon tetrachloride had been removed, 
and the remaining aqueous solution was maintained for 15 min at 60-70”. The 
strongly acidic solution was neutralized with sodium hydrogen carbonate, and washed 
with dichloromethane (200 ml), and the aqueous layer was acidified with N hydro- 
chloric acid, and extracted with dichloromethane (200 ml). The organic extract was 
washed with water, dried (magnesium sulfate), and evaporated, to give penta-O- 
aCetyl-L-mannOniC acid (14), yield 372 mg (41% from 9); A:\% 3.42, 3.92 (COzH), 
5.77 p 0% C02H). 

A solution of 14 (185 mg) in methanol (IO z_I! was treated with 3 molar equiva- 
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lents of sodium methoxide; a white precipitate formed-After 2 h at room temperature, 
the mixture was decationized by shaking with an excess of Dowex-5o (H+) ion- 
exchange resin, whereupon the precipitate redissolved. Evaporation of the methanolic 
solution gave L-mannonic acid (15) as a partially crystallized syrup, yield 51 mg 
(-60%). This product (IO mg) in N hydrochloric acid (0.5 ml) was heated for 30 min 

at g5”, and the solution was evaporated, and examined by paper chromatography 
(3:1:3 ethyl acetate-acetic acid-water) and by t.1.c. with “Avicel-Technical Grade” 
microcry alline cellulose14 (4~~5 butyl alcohol-ethanol-water, upper phase), with 

\ hydroxyla ine-ferric chloride15 as the detecting reagent. Reference samples of 
D-mannonic acid and D-gluconic acid were submitted to a similar acid treatment. 
The product gave a single component (on the chromatograms) which was indistin- 
guishable from a mannono-I,4-lactone (16). The remainder of the L-mannonic acid 
(40 mg) was evaporated four times with propyl alcohol containing a trace of hydro- 
chloric acid, and the crystalline L-mannono-r,4-lactone (16) was washed with propyl 

alcohol; yield 30 mg (37%); [LY]~ ca -40~ (30 min, water) [IiLls [+ -51.8” (water)]; 
X-ray powder diffraction data: 15.06 w, 8.96 vw, 6.97 vw, 5.88 m, 5.1 I s (3), 4.57 s (4), 
4.2ovs(1),3.98 VW, 3.75 m (6), 3.54 m, 3.21 s (21, 2.87 s (5), 2.71 w, 2.56 m, 2.43 WV, 
2-38 VW, 2.24 w, 2.14 w, 2.07 VW. A sample of D-mannono-r,4-lactone, m-p. 151”, 
gave an identical X-ray powder diffraction pattern. 

Comersion of 4 into L-gluccnic acid phenyrhydrazide (20) 
A solution of the 3,5-dinitrobenzoate 4, m.p. 134.5-135.5”, (0.85 g) in 60% 

aqueous acetic acid (50 ml) was heated for I h at 95O, and then evaporated. The 
residue was dissolved in methanol (IO ml), a trace of sodium methoxide was added, 
and, after 2 h at 22O, the solution was filtered, decationized by shaking with Dowex-5o 
(Hi) resin, and evaporated, to give syrupy r-heptyne-L-gluco-3,4,5,6,7-pent01 (17). 
The latter was acetylated, the resultant pentaacetate (18) was ozonized, and the 
product was purified, essentially by the procedure used for conversion of 12 into 
14, to give 2,3,4,5,6-penta-O-acetyl-L-@conic acid (19) as a partially crystallized 

syrup, yield 2~0 mg. A solution of 19 in N hydrochloric acid (IO ml) was heated for 
2 h at g6”, and then evaporated. Chromatographic examination of the product, 
with the systems used for characterization of the lactone 16, revealed two components, 
whose chromatographic properties were indistinguishable from those of D-glucono- 
r,4-lactone and D-glucono-1,5-lactone. Subjection of calcium D-gluconate to the 
hydrolytic conditions used with 19 gave a mixture of the two D-gluconolactones, 
chromatographically indistinguishable from the hydrolyzate from 19. The mixture 
of L-gluconolactones from 19 (ca 50 mg) was heated with acetic acid (0.05 ml) and 
phenylhydrazine (0.05 ml) for 2 h at g6”, and the product was purified by chromato- 

graphy on microcrystalline cellulose 14, to give crystalline L-gluconic acid phenyl- 
hydrazide (20), RF 0.47 (4:1:5 butyl alcohol-ethanol-water, upper phase); X-ray 
powder diffraction data: 13.10 vs (1,&I), 7.56 m, 5.41 VW, 5.04 vs (I,I,I), 4.55 vs 

(I,I,I), 4.32 m (3), 4.00 m (2), 3.77 VW, 3.55 VW, 3.39 m (4), 3.20 W, 3-09 VW, 2.70 W, 
2.59 w, 2.25 w. 
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A sample of D-gluconic acid phenylhydrazidel’ had the same RP value, and 
gave identical X-ray powder diffraction data. 

In a second experiment, a stream of ozonized oxygen ‘was passed for 6 h at o” 
through a solution of the 3,5-dinitrobenzoate 4 (0.76 g) in carbon tetrachloride 
(IOO ml). Water (IOO ml) was added, the carbon tetrachloride was removed by evapo- 
ration, and the remaining aqueous solution was kept for 15 min at 60-70~. The solution 
was neutralized with sodium hydrogen carbonate, and washed with ether (200 ml), 
and the aqueous layer was acidified with N hydrochloric acid, and the product 
extracted with ether (2 x200 ml). The extract was washed with water, dried (mag- 
nesium sulfate), and evaporated, and the residue was heated for 2 h at 95” with 
N hydrochloric acid (IO ml). The mixture was filtered, and the filtrate was evaporated 
to give a syrup, yield 250 mg (83x), which, by chromatography with the systems 
used for the lactone 14, was shown to consist, almost exclusively, of the glucono- 
r,g(and r,5)-la&ones. The product could be converted into crystalline L-gluconic 
acid phenylhydrazide (20), identical in all respects with the product prepared by the 
preceding route. 
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SUMMARY 

Ethynylation of 2,3:4,5-di-O-isopropylidene-aMe&&-L-arabinose (1) gave 
a high yield of the 3-epimeric heptyne derivatives 2 and 7, separable by preparative 
g.1.c. or by fractional recrystallization of the derived 3,fdinitrobenzoates 4 and 9. 
Proof of configuration of 2 and 7 was effected by ozonolysis of the derived alkenes 6 
and I1 to give derivatives of L-glucose and L-mannose, respectively_ A second proof 
was afforded by conversion of 2 and 7 into the corresponding pentaacetoxyheptynes 
18 and 13, followed by ozonolysis to give derivatives of L-gluconic and L-mannonic 
acids, respectively. Differences in the n-m-r. spectra of the two series of heptyne 
derivatives were correlated with the difFerence in configuration at C-3. 
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