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ABSTRACT 

Propargyl acetates obtained by ethynylation of aldehydo sugar derivatives, 
followed by acetylation, can be converted by hydroboration with bis(isoamyl)borane 
and subsequent treatment with hydrogen peroxide into a,/?-unsaturated aldehydes; 

the latter may also be obtained by treating the original aldehydo sugar derivative 
with formylmethylenetriphenylphosphorane. By these two routes the aldehydo sugars 
2,3-O-isopropylidene-aIde/zydo-o-glyceraldehyde (l), 2,3,4,5-tetra-O-acetyl-alde/ydo- 
D-arabinose (5), and 2,3:4,5-di-O-isopropylidene-afde~z~del?llno-D-arabinose (9) have been 
converted with 2-carbon chain-extension into the corresponding tratzs-unsaturated 
aldehydes 3, 7, and 11, respectively. Likewise, by the acetylene route, 1,2:3,4-di-O- 
isopropylidene-6-aZdelryno-a-~-galacto-l~exodia!do-1,5-pyranose (13) was converted 

into the C, unsaturated aldehyde 15, although the Wittig route was unsuccessful in 
this instance, as it was with methyl 2,3-di-O-acetyl-4-deoxy-6-aldehydo-/h_-tl~reo- 
hex-4-enodialdo-1,5-pyranoside (16). 

INTRODUCTION 

Earliet reports from this laboratory have detailed various applications of the 
ethynyi functional group for synthetically usefu1 transformations of carbohydrate 
derivatives*. It was of interest to evaluate the hydroboration-oxidation reaction 

employing a hindered borane, shown by Brown and Zweifel’ to convert simple 

terminal alkynes into primary aldehydes, for its potential in the carbohydrate field. 
It is shown here that the propargylic acetates obtained from protected aldehydo 
sugars by ethynylation and subsequent acetylation react with bis(isoamyl)borane 

followed by peroxide to give rrans-2,3_unsaturated aldehydes in about 30% yield; 
these products can also be obtained in some, but not all, instances by treating the 

original aldehydo derivative with formylmethylenetriphenylphosphorane6, a Wittig 

*Dedicated to Dr. Louis Long, Jr., in honor of his 70th birthday. 
iPart XI of the series “Extension of Sugar Chains Through Acetylenic Intermediates“. For Part X, 
see Ref. 1. This investigation was supported by the National Institute of General Medical 
Sciences, National Institutes of Health, U. S. Public Health Service, Grant No. GM-11976 (The 
Ohio State University Research Foundation Project 1820). For preliminary reports of parts of this 
work see Refs. 2 and 3. 
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reagent earlier used in the sugar field by Zhdanov and coworkers7. The 2,3-unsatur- 
ated aldehydo sugars obtained by this route are of synthetic interest as they offer 

the possibility, through nucleophilic additions at C-3, to 3-substituted 2-deoxy- 

aldoses having RO-, R,N-, or other groups at C-3; such structures are present in 
numerous unusual sugars encountered in antibiotics’ and cardiac glycosidesg. The 
products described here are functionally distinct from the 2-oxygenated 2,3-unsatur- 
ated aldehyde structure evaluated in an earlier report”; as expected on electronic 
grounds, the latter type of unsaturated aldehyde suffers attack by nucleophiles 

exclusively at the aldehyde group. 

DISCUSSION 

2,3-0-Isopropylidene-aZdeJzycio-~glyceraldehyde (1) was ethynylated and 

then acetylated as described by Horton and Thomson”; the resultant 3-epimeric 

I-pentyne derivatives 2 were not separated but were treated, in admixture at 25” in 

tetrahydrofuran, with a 1-Smolar excess of bis(isoamyl)borane that had been pre- 

pared in situ from 2-methyl-1-butene and diborane. Reaction was rapid and the product 
presumably the R,B-CH=CH- adduct, was not isolated but was decomposed by 
cold 30% aqueous hydrogen peroxide in the presence of sodium hydrogen carbonate. 
Isolation and chromatographic purification of the product gave syrupy tram-2,3- 

dideoxy-4,5-O-isopropylidene-aI~eJz~?~o-D-gZycero-D-glycero-enose (3) in about 30% 
overall yield from 2; it was identified by n.m.r. and mass-spectral data and was 
further characterized as its crystalline p-nitrophenylhydrazone 4. 

The n-m-r. spectrum of the aldehyde 3 in chloroform-d was completely first- 

order, even at 60 MHz, and showed the H-l signal as a wide doublet (J,,, 7 Hz) at 
low field (T 0.44). The H-2 signal at T 3.70 showed large (16 Hz) coupling with H-3 
indicative of the rralls-alkene structureI (J1,,, 16-18 HZ, Jcis 10-12 Hz) together 

with a small (1 Hz) long-range coupling with H-4; the H-3 signal resonated at some- 
what lower field (T 3.26) than H-2 and showed moderate (5.5 Hz) coupling to H-4. 
The anticipated ABX system was observed for H-5,5’ and H-4. Full details of the 
spectrum are recorded in Tables I and II. The n.m.r. spectrum of the unpurified 
reaction-product showed additional lines for alkenic-type protons, suggesting that a 
small proportion of the ci.s isomer may have been present before purification. 
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TABLE II 

FIRST-ORDER COUPLING CONSTANTSa 

Compound Couplings (Hz) 

J 1.2 J 2.3 J 2.4 J 3.4 J -1.5 J4.s JS.Y Other 

3 7.0 16.0 1.0 5.5 7 7 9 
4b 9.0 16.0 7.0 6.5 7.5 8 
7 7 16 1.5 4 
11 7 16 1.5 4 8 
15*,= 5.4 2.6 8.4 2.4 d 

15 4.8 2.2 8.0 2.4 Js.6 4.0, 55.7 1.5, 
J5s7 16.0, J,,8 7.6 

e 5.0 2.4 8.0 -1.4 

“In chloroform-dat 60 MHz, unless otherwise stated. *At 100 MHz. ‘In benzene-&. dNot determined 
owing to second-order effects. =Data for 1,2:3,4-di-0-isopropylidene-r-D-galactopyranose from 
Ref. 21. 

The mass spectrum of 3 showed a molecular-ion peak, the anticipated Mf - 
-CH, peak, an ion for Mf - - CH=CHCHO, and various related peaks (see Experi- 
mental). The p-nitrophenylhydrazone 4 gave an acceptable analysis, a strong mole- 
cular-ion in its mass spectrum together with other anticipated ions (see Experimental 
section), and gave n.m.r. data fully concordant with the assigned structure (see 
Tables I and II). 

I 

?H 

&4R2 

H20 
&/OBR2 

RpBH 
2p 

HO-O- 
!, 

-Hd 

I I 
(: 

!H 

HCOAc H COAc 
b-3 

HC-OAc 

I I I 

CU3 CH3 
I I 

R = CH-JH-CH- 

The reaction sequence from 2 to 3 contrasts with the behavior observed’ 
with simple alkynes, which give saturated aldehydes. Presumably an alkylborane 
is formed from 2, which suffers nucleophilic attack by peroxide anion followed by 
loss of hydroxide ion and rearrangement to the boric ester. The presence of the 
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good leaving group at C-3 renders the elimination and bond-migration process 
shown a more-effective pathway than simple hydrolysis of the enol ester. 

As a preparative route to the unsaturated aldehyde 3, reaction of the precursor 
aldehyde 1 with formylmethylenetriphenylphosphorane was the superior method as it 
gave 3 in high yield in a single step; the product and its derivative 4 were identical 
in all respects with the products obtained by way of the acetylenes 2. 

Ethynylation of 2,3,4,5-tetra-O-acetyl-af&/z&-n-arabinose l3 (5) and acetyla- 
tion of the product gave a syrupy 3-epimeric mixture of alkynes (6) that was character- 
ized by reaction with phenyl azide to give a crystalline triazole derivative; this product 
was formulated tentatively as the I-N-phenyl+substituted derivative (8) on the basis 
of steric considerations favoring the less-hindered productr4. The reaction 5-6 
further illustrates the feasibility of Grignard additions to aldehydes even when acyl 
groups are present; an example involving use of a benzoylated aldehydo sugar has 
already been discussed”. 
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Hydroboration-oxidation of the acetylenes 6 by the procedure used for 2 
gave a 35% yield of the crystalline rrans-2,3_unsaturated aldehyde 7, whose assigned 
structure was fully supported by the evidence of microanalysis, mass spectrum (see 
Experimental section), and n.m.r. spectrum (see Tables I and II) along lines closely 
analogous to those presented for compound 3. The same unsaturated aldehyde 7 
could also be obtained in 85% yield by the Wittig route from the C, aldehyde 5. 

By a similar sequence, 2,3:4,5-di-O-isopropylidene-al~~-D-arabinose’6 (9) 
was ethynylated and the product acetylated to give the 3-epimeric mixture 10; similar 
reactions in the L series have previously been reported I’_ Successive treatment with 
bis(isoamyl)borane and hydrogen peroxide gave in 30% yield the corresponding 
trans-2,3-unsaturated aldehyde 11 as a syrup, characterized by physical data and by 
conversion into a crystalline p-nitrophenylhydrazone 12. The alternative Wittig 
route from the C, aldehyde 9 again proved a superior route to 11 from the standpoint 
of yield (76%). 

When the hydroboration-oxidation sequence was applied to the Cs acetylenic 



206 D. HORTON, A. LIAV, S. E. WALKER 
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derivatives 14 obtained ’ from 1,2:3,4-di-O-isopropylidene-6-ar~eiiy~o-u-D-gqlacto- 
hexodialdo-1,5-pyranose” (13) by ethynylation and acetylation, there resulted the 
crystalline, unsaturated aidehyde 15, isolated in 35% yield. The usefulness of the route 
in this instance is demonstrated by the fact that the Wittig route failed to yield the 
unsaturated aldehyde 15 from the precursor aldehyde 13. Another aldehyde having the 
aldehyde group attached to a ring system, namely methyl 2,3-di-0-acetyl-4-deoxy-6- 
aZdel~do-~-L-tlzreo-hex-4-enodialdo-l,5-pyranoside1o~1g (16) also failed to react with 
formylmethyIenetriphenylphosphorane under the conditions that gave high yields of 
unsaturated aldehydes from acyclic aldehydo sugar precursors. 

The C8 unsaturated aldehyde derivative 15 gave an acceptable analysis, showed 
the anticipated” strong U.V. absorption near 240 nm, and its n.m.r. spectrum showed 
signals typi.cal of the trans-2,3-unsaturated aldehyde system, as observed with com- 

pounds 3,7, and 11 (Tables I and II). The H-S signal resonated at low field as a wide 
doublet (J7,* 7.6 Hz), and the H-7 signal showed trapzs-alkenic coupling (16.0 Hz) 
and appreciable (1.5 Hz) long-range coupling with H-5; the H-6 signal resonated 

somewhat downfield of H-6. In chloroform-d, the spectrum of 15 for the ring protons 
resembles closely the general pattern reported by Cone and Hough2’ for this type of 
ring system and interpreted by them in terms of a pyranoid skew-conformation. 
Second-order effects render the pattern for H-2,3,4, and 5 difficult to analyze, but 
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in benzene-&, these resonances were well separated, so that the appropriate couplings 
could readily be extracted (see Tables I and II). In contrast, in the latter solvent the 

H-6 and H-7 signals were scarcely resolved, and extra multiplicity in the H-8 signal 
through “virtual coupling”22 was clearly evident. Compound 15 showed a strong 
Mf - -CH, peak in its mass spectrum, and other fragmentations (see Experimental 
section) interpretable in terms of the schemes proposed23 for 1,2:3+di-O-isopro- 
pylidene-rx-D-galactopyranose. 

In aqueous acetone solution, the unsaturated aldehyde 15 did not undergo 
hydration of the aldehyde group to any appreciable extent; the n.m.r. spectrum 
showed a 1: 1 intensity ratio between the aldehydic proton (H-8) and H-l signals. This 

behavior contrasts with that of saturated aldehydo sugars, which undergo extensive 
hydration under similar conditionsZ4. Evidently, the stabilization of the aldehyde 
by conjugation with the double bond is sufficient to counteract the driving force for 
hydration of the aldehyde group. 

The reactions described provide useful general methods of access to tram-2,3- 

unsaturated aldehydo sugars, even for those systems in which the Wittig method is 
not effective. 

EXPERIMENTAL 

Geileral ntetlzotls. - Melting points were recorded with a Thomas-Hoover 
apparatus, specific rotations with a Perkin-Elmer Model 141 polarimeter, u-v. 
spectra with a Bauch and Lomb Model 505 spectrometer, i-r. spectra with a Perkin- 
Elmer Modei 137 spectrometer, mass spectra with an A.E.I. MS-9 high-resolution 
mass spectrometer (ionizing potential 70 eV, source temperature, 250”), and n-m-r. 
spectra with Varian A-60, A-60A, and HA-100 spectrometers; tetramethylsilane 
(r = 10.00) was used as the internal standard and signal assignments were verified 
by spin decoupling. Gas chromatography was performed with an Aerograph “Auto- 
prep” Model 705 gas chromatograph with a 9 mm x 3 m column of 10% Carbowax 
20M on Chromosorb W (type AW-DMCS, 70-80 mesh, Varian Aerograph Co.). 
Adsorption column chromatography was effected with silica gel No. 7734 (0.05- 
0.2 mm, E. Merck, Darmstadt, Germany) and t.1.c. with 0.25 mm layers of Silica 
Gel G (Merck) activated at 110” with the developers A 3:l chloroform-ether, B 1:l 
ether-petroleum ether, or C 2:l ether-petroleum ether; indication was effected with 
Schiff reagent or by sulfuric acid and heat. Petroleum ether refers to a fraction having 
b-p. 30-60”. Elemental analyses were determined by W. N. Rond. X-Ray powder 
diffraction data give interplanar spacings, A, for CuKor radiation with a camera 

diameter of 114.59 mm. Relative intensities were estimated visually: s, strong; m, 
moderate; w, weak; v, very. The strongest lines are numbered (1, strongest). 

Preparatioiz of startitzg ai&+les. - 2,3-O-Isopropylidene-aldelz~~lo-mglycer- 

aldehyde (1) was prepared from n-mannitol(340 g) by a modification l1 of the original 

procedure2’: yield of distilled product 110 g (30%), homogeneous by t.l.c., R, 0.50 
(5: 1 dichloromethaneeether). 
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Tetra-0-acetyl-alde/lydo-D-arabinose (S) was prepared from tetra-O-acetyl-D- 
arabinose diethyl dithioaceta! by the procedure of Wolfrom er al_ 13; yield 60%, m.p. 
110-l 12”, [cc]E4 + 63” (c 1, chloroform); lit. I3 m-p. 112-I 14”, [aID t65” (chloroform). 

2,3:4,5-Di-O-isopropylidene-alde/?lJ-do-D-arabinose (9) was prepared from the 

corresponding diethyl dithioacetal, as described by Zinner et ai_16, as a yellow oil, 
[u];” - 13” (c 1.4, chloroform); lit. l6 b],, - 16.1” (chloroform)_ 

1,2:3,4-Di- O-isopropylidene-6-a~del~~~do-cc-~-~alacro-hexodialdo- 1,5-pyranose 

(13) was obtained as previously described l8 in 51% yield, b-p. 112-120” (bath, 
20 mtorr). 

Methyl 2,3-di- O-acetyl-4,5-dideoxy-P-L_threo-hex-4-enodialdo-l,5-pyranoside 

(16) was prepared from methyl 2,3,4-tri-O-acetyl-6-azido-6-deoxy-~-D-glucopyrano- 

side by sequential photolysis, mild hydrolysis, and treatment with triethylaminelg; 

b-p. 160-170” (bath, 0.3 torr); the product was homogeneous by t.1.c.: RF 0.85 (5:l 

dichloromethane-ether). 
Preparatiojz of aceqlefric deriratires. - A. 3-0-Acet_&I,2-dideo.~3+4,5-0-iso- 

propylidefle-D-erythro(and D-three)-pefzt-I-yrito/ (2). Ethynylation of the aldehyde 
1 by the procedure previously described” and distillation of the resultant product 
gave the 3-epimeric propargyl alcohol derivatives, homogeneous by t.1.c. (RF 0.48 in 
solvent A) and by g.1.c. (TR 7.2 min at a column temperature of 170” and nitrogen 
flowrate 2 ml/set). Acetylation” gave the mixed acetates 2 migrating as one spot on 
t.1.c. (RF 0.72 in solvent A and 0.70 in solvent C) and barely separable by g.1.c. (TR 
4.5 and 5.2 min). 

B. 3,4,.5,6,7-Peizta-0-acet_vl- I-Z-~lineo.~JI-D-gluco(ar~~/ D-rnanno)-llept-I-Jvzitof (6). 

The aldehyde 5 ( 1.6 g) was ethynylated by the general procedure previously described I1 
to afford a syrup that was acetylated l1 The pure product 6 was isolated in 65% yield . 

after purificaGon by column chromatography on silica gel with 17: 1 benzene-ether as 

eluant. This product was characterized as the crystalline triazole derivative 8 described 
later, and was used directly in the preparation of the unsaturated aldehyde 7. 

C. 3-0-Acet~~I-l.2-di~feos_~-4,5:6,7-d~-O-isoprop~fide~~e-D-gluco(a~~d D-manno)- 
/wept-I-yitol (10). Ethynylation I1 of the aldehyde 9 (0.73 g) gave the enantiomorphs 
of the products already reported*‘; acetylation of these in admixture, with acetic 

anhydride and pyridine, gave 10 as a syrup (0.72 g) that was used directly in the 

preparation of the unsaturated aldehyde 11. 
0. 6-0-Acet~l-7,8-dideo_~~-Z,2:3,4-di-O-isoprop~~idefze-o(af~d L)-glycero-sr-D-ga- 

lacto-oct-7-l.lzop~.ra,lcse (14). Ethynylation of the aldehyde 13 as already described’ 
but without separation of the 6-epimers, followed by acetylation of the product with 
acetic anhydride-sodium acetate gave, in 94% yield for the acetylation step, 
a crystalline mixture of acetates 14. These could be readily separated by I’ecrystalliza- 
tion from ethanol-benzene to give the pure epimers already described’, but were 
used directly as a mixture in the present work. 

4-(o-manno-I,2,3,4,~-pe~~taacetos_~pe~rtq’i)-I-phe~~~~ltriazole (8). - To the syrupy 
ethynylation product 6 (0.34 g) from the aldehyde 5 was added phenyl azide (1 ml) 
and the mixture was heated for 5 h at 90-95”. The excess volatile reagent was 
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evaporated off and the residue was recrystallized from acetone-petroleum ether 
to give the triazole 8 as a single compound; yield 0.23 g (50%), m-p. 1.51-152”, [LX];’ 
+ 11.5” (c 1, chloroform): n.m.r. (chloroform-d, 60 MHz): T 1.87 (H-5 of triazole), 
2.1-2.6 (5-proton multiplel:, Ph), 3.71-4.42 (multiplets, H-1,2,3 of chain), -4.78 
(multiplet, H-4 of chain), t-5.78 (multiplet, H-5,5’ of chain), 7.88, 7.89, 7.92, 8.02 
(singlets, acetyl groups). 

Anal. Calc. for CZ3HI,N,0,,,: C, 54.65; H, 5.34; N, 8.31. Found: C, 54.92; 
H, 5.04; N, 8.39. 

The D-manno stereochemistry is assigned on the basis of an independent3, 

stereochemically definitive synthesis of 8. 
trans-2,3-Di~/eosy-4,5-O-iso~~opy[i~e~ze-aldehydo-D-glycero-peiir-~-e?zose (3). - 

A. From the acetylenes 2. To Z-methyl-1-butene (1.1 g, 15 mmoles) in a flask equipped 
with a stirrer, provision for exclusion of moisture, and an atmosphere of nitrogen, 
was added br diborane in tetrahydrofuran (Alfa Inorganics, Ventron Products, 
Beverly, Mass. 01915, 7.5 ml) at - 10”. After 4 h at - 10” the mixture was warmed 
briefly to 20” and then cooled again to - IO”. The acetylenic derivative 2 (1 .O g, 
5 mmoles) was added dropwise, and the mixture was stirred for 2 h at 25” under 
nitrogen. T.1.c. indicated that the starting acetylene had reacted within 15 min of 
the addition_ The solution was then cooled to - 10” and added sIowiy to a stirred 
mixture of 30% hydrogen peroxide (~7 ml).. saturated sodium hydrogen carbonate 

(- 7 ml), and an excess of ice. The mixture ~vas extracted with five 20-1111 portions of 
dichloromethane and the extract wzs washed \vith water (20 ml) and 5% aqueous 
ferrous sulfate (20 ml) .The extract :vas passed rapidI>. through a bed of silica gel 
(5 g), with ether as eluant. and the emuerrt v+as evaporated. The resultant syrup was 

purified by chromatography on siiicr: gel (75 g) nith S:l dichloromethane-ether 3s 
eluant to give 3 as a chromatogr~tphica?Iiy homogeneous syrup (230 mg, 30’?b): t.1.c.: 
R, 0.55 (solvent A), 0.50 (solvent C); SchiiFpositiLe; n.m.r. data: see Tabies I and II: 
m-s.: :n:e 312 (2, 2ML), 311 (IO, Xl--- 1): 135 (3, ML): 155 (S. M--l), 141 (14, 

I 
MT---CH,), III (13, MT - *CH, -CH?O), 101 (77, 0H,&H=O&e2) (for 
complete tabu!ation of mass-spectral peaks see Ref. 26). 

The initial rapid fiitration through silica gel was essential if major loss of 
product \vns IO be avoided, presumably by the action of excess peroxide. Yieids under 
a variety of experimental conditions \vere determincd’6 by adding a calculated 
quantity of ;‘V.:V-dimethy!formamide to rhc product after evaporation of the dichloro- 
me:hane and then determining by n.m.r.-spectral integration rhe ratio of the H-l 
signal of 3 and the signal of th e aldehyde proton of X,1\‘-dimcthylform3mide. It ~~2s 
found thar the pH in the hydrolytic step was not critical over the range 5-9, but higher 
va!ues led to decreased yieids. Little effect on the yield was observed by sarying the 
amount of excess oxidant, the temperature of the hydrolytic step between 0 and 25”, 
or the so&em (water, methanol, or retrahydrofuran) present. 

B. From the n!c/dz~rie 1. A solution of 1 (1 .OO g) and formylmetl~ylenetriphenyl- 

phosphorane (-. ’ 3 30 g) in benzene (50 ml) was boiled for 1 nrin under reflus. The 
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mixture was cooled to 25”. The product 3 was not isolated directly but was character- 
ized as thep-nitrophenylhydrazone, as described in the following experiment_ 

trans-2,3-Di~eo_uJ~-4,~-O-isopropyli~e~ze-~-glycero-pent-2-e~zose (p-nitropheJzJd)- 

Izydrazone (4). - To a solution of p-nitrophenylhydrazine (1 g) in methanol (30 ml) 
was added compound 3 obtained from 1 .O g of the acetylenes 2. Reaction was rapid, 
as judged by disappearance of the Schiff-positive spot on t.1.c. (solvent A), but it 
could be further accelerated by addition of a drop of acetic acid. Evaporation of the 
solution followed by chromatographic purification of the product on si!ica gel (100 g) 
with 8:l dichloromethane-ether as eluant gave 4 (0.44 g, 31%), m-p. 173-175”. 
Recrystallization from ethanol gave an analytical sample, m-p. 175-176”, b]i6 t26” 

(c 1, chloroform); t.1.c.: R, 0.50 (A), 0.35 (C); U.V. data: izFE’OH 398.5 (a 30,000), 
322.5 (4,000), 293.5 (7,000), 249 (6,000), 215 nm (10,000); n.m.r. data: see Tables I 
and II; m-s.: nz/e 291 (30, Mf), 261 (30, Mt-NO), 233 (46, Mt -NO-CO or 
M * - Me,CO) (for further details, see Ref. 26); X-ray powder diffraction data: 10.73 
w, 9.11 m, 7.86 w, 7.09 m, 6.20 w, 5.51 vs (I), 4.89 m, 5.55 m, 4.30 m, 4.00 s, 3.71 
s, 3.44 m, 3.22 w, 3.05 m. 

Aizal. Calc. for C,,H,,N,OQ: C, 57.72; H, 5.88; N, 14.43. Found: C, 57.84; 
H, 5.99; N, 14.63. 

In a separate route to 4, the aldehyde 3, prepared by the Wittig route from 
aldehyde 1 as described in the preceding experiment, was used without isolation_ To 
the solution in benzene was added p-nitrophenylhydrazine (1.25 g), and product 4 
was isolated as previously described with use of a column of silica gel (50 g) with 
dichloromethane as eluant. Compound 4 was obtained in a yield of 1.62 g (73%), 
identical with authentic 4 by n.m.r. spectroscopy, mixed m-p., elemental analysis, 
and t.1.c. 

trans-4,5,6,7-Tetra-O-acet~f-2,3-ciicieo_~~-aldehydo-~-arabino-l~ept-2-e~~ose (7). 
-A. From tlze acetylerzes 6. The acetylene derivative 6 (0.9 g) was treated successively 
with bis(isoamyl)borane and then hydrogen peroxide by the procedure described for 
conversion of 2 into 3, and the product was purified by chromatography on a column 
of silica gel with S:l benzene-ether as eluant to give 7 (0.3 g, 35%). Recrystallization 

(twice) from benzene-petroleum ether gave an analytical sample, m.p. Sl-S3”, 
[xl;’ + 51” (c I, chloroform); n.m.r. data: see Tables I and II; m.s.: nz,‘e 3 14 (0.1, 
Mt - CH?O), 285 (0.6, Mf - - OAc), 255 (0.3, MT - - OAc - HOAc). 

Anal. Calc. for C,,H,,09: C, 52.32: H, 5.81. Found: C, 52.28; H, 5.95. 

B. Franz the alde/zjde 5. A solution of the aldehyde 5 (0.41 g) and formyl- 

methylenetriphenylphosphorane (0.7 g) in benzene (50 ml) was boiled for 1 h under 
reflux. The mixture was evaporated and the residue was chromatographed on a 
column of silica gel. Elution with &I benzene-ether gave syrupy 7 (0.33 g, 85%). 
Crystallization from benzene-petroleum ether gave 7 identical with product obtained 
by method A. 

trans-2,3-Di~~eo_\y-4,5:6,7-rli-O-isoprop~~li~iene-aldehydo-D-arabino-l~ept-2-enose 

(11). - A. Franz tlze acetyleJze.s 10. By the general hydroboration-oxidation method 
used for preparing 3 and 7, compound 10 was converted into 11, obtained as a 
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Schiff-positive oil that was purified on a column of silica gel with 14:l benzene-ether 
as eluant, yield 30%, [cc]i4 + 10” (c 1, chloroform); n.m.r_ data: see Tables I and II; 
m-s.: ~n/e 256 (0.12, Mf), 241 (24, M+-- -CH,), 101 (60), 43 (100). 

The product was identical, except for the sign of optical rotation, with the 
compound prepared’ in the L series starting from the L enantiomorph of 9 and 
proceeding by way of the L enantiomorph of 10. 

B. From the a/de/zyde 9. A solution of the a!dehyde 9 (0.68 g) and formylmethyl- 
enetriphenylphosphorane (1 g) in benzene (40 ml) was boiled for 1 h under reflux. 
The mixture was evaporated and the residue was chromatographed on a column of 
silica gel with 14:l benzene-ether as eluent to afford pure 11 as an oil (0.52 g, 76%), 
identical with the product obtained by the preceding procedure by t.1.c. and n.m.r_ 
spectrum. 

trans-2,3-Dirieo_~~-4,5:6.7-~ii-O-isoprop~liclrzne-D-arabino-f~ept-2-ei~ose p-nitro- 
phenylhydrazone (12). - To a solution of the aldehyde 11 (130 mg) in methanol 
(2 ml) were added p-nitrophenylhydrazine (200 mg) in pyridine (1 ml) and water 
(3 ml) containing 2 drops of 0.151 hydrochloric acid. After 5 h at -25” the mixture 
was evaporated and the residue was extracted with chloroform_ The extract was 

washed successively with cold water, &I hydrochloric acid, and aqueous sodium 
hydrogen carbonate. The extract was evaporated and the residue was crystallized 
from acetone-petroleum ether to give 12 (yield 75 mg, 3S%), m.p. 14S-149”, @]A 
+412 (c 1.2, chloroform). 

Anal. Calc. for C,,H,,N,O,: C, 5S.30; H. 6.43; N, 10.73. Found: C, 5S.60: 
H, 6.69; N, 10.77. 

trans-6,7-Di~~eos~-I,_‘:3,3-~i-O-isopropq:li~ie~~e-S-aldehydo-r-~-galacto-oct-6-e~:o- 
rlia/f/o-1,5-p?.rarlose (15). - The 7-epimeric mixture of acetylenes 14 (1.6 g) was 

subjected to the hydroboration-oxidation procedure applied for preparation of 
compound 3, and the product \vas purified on a column of silica gel. Crystallization of 
the product from benzene-ligroin gave 0.49 g (35%) of 15, m.p. 93-95”. Further 

recrystallization afforded an analytical sample, m.p. 97.5~99.5”, [z]:” - 135” cc 1, 
chloroform): t.1.c.: R, 0.63 (A), 0.50 (B), 0.70 (C); U.V. datum:i~~~“E’o” 241 nm (E 
17.000), i.r. data: ;_“’ mn~ 3.X-3.50 (CHO). 5.S6 pm (C=O); n.m.r. data: see Tables I and 
II; m-s.: llz;e 2S4 (0.02, MT), 269 (12, Mt - -C!H,), 211 (Mf - -CH, - MezCO), 209 
(0.9, Mf - *CH, - HO&); X-ray po\vder diffraction data: 13.28 m, 9.37 s, 6.69 m, 
5.47 vs (2); 5.10 w, 4.50 vs (l), 4.59 w, 4.38 m, 4.08 VW, 3.61 w. 

Anal. Calc. for C,.H1,,O,: C, 59.14; H, 7.09. Found. C, 58.89; H, 6.96. 

Treatment of the aldehyde 13 with formylmethylenetriphenylphosphorane, 

under conditions successfully employed in preparing the unsaturated aldehydes 3, 7, 
and 11: or by refluxing in methanol, failed to afford compound 15. Similarly, the 
unsaturated aldehyde 16 faiIed to react with the \Vittig reagent. 

Hydration eqrrilibrhm of aldelqde 15. - A solution of 15 (30 mg) in acetone-n’, 

(0.35 ml) and deuterium oxide (0.15 ml) was kept for 35 h at 25”. The n.m.r. spectrum 
of the solution showed a I:1 ratio of the signals for H-l and H-S, and no signal 

attributable to a proton of an aldehydrol group could be detected. 
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