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follow (compound, per cent in original mixture, per cent un-
reacted hydrocarbon in final hydrocarbon mixture): 2, 35,
0, 3,38,5; 4,1,80; 5,13,0; 6,3,15; 7,3,0.
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Acetylenic lactols,

3-butyl-3,3’-dihydroxy-1,5-diphenylpenta-1,4-diyne,

6-hydroxy-1-phenylheptan-3-one,

1-(2-substituted ethynyl)-g-L-gulofuranose, and 1-(2-substituted ethynyl)-a-p-ribofuranose, were synthesized

vig the lithium derivative of ethynyl compounds.

The reaction mechanism involving the lactone carbonyl is

similar to the reaction of aldehyde or ketone with the ethynyllithium compound.

The nucleoside antibiotics, showdomyecin! (1), py-
razomyein? (2), and formyein®*4 (3), are carbon-linked
nucleosides. The carbon-linked nucleosides are in-
teresting compounds with potent biological activity,
and the synthetic studies on these compounds have
been reported by Sorm, et al.,;’ and by Goodman, et al.b
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NH HO NH

HOHC 0\ HOHC 0. \=p

OHOH
3

Tronchet and Perret” reported the synthesis of an
analog of pyrazomyecin (2), 3-8-p-erythrofuranosyl-1-
p-nitrophenylpyrazole. On the other hand, Asbun
and Binkley® synthesized 5-substituted pyrimidine
nucleosides from the reaction of diisopropylidene
aldehydopentose with 2,4-dibenzyloxy-5-lithiopyrim-
idine.

The present paper concerns attempted reaction of
ethynyl compounds with lactones and sugar lactones,
which was expected as a model experiment for the
preparation of the carbon-linked nucleoside.® -
Valerolactone (4) (Scheme I) was treated with the
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Grignard compound of phenylacetylene to obtain
3-butyl-3,3’-dihydroxy - 1,5 - diphenylpenta - 1,4 - diyne
(5). This is similar to the reaction of ~y-butyro-
lactone and phenylmagnesium bromide.’® Butyl-
Lithium was used in place of the Grignard com-
pound of vy-butyrolactone (4) to form 6-hydroxy-1-
phenylhepta-1-yn-3-one (6), which was confirmed as
its p-nitrophenylhydrazone (7) through examination of
ir, nmr, and mass spectra.

By application of this method to sugar lactones, it
has been possible to obtain acetylenic lactols. Treat-
ment of 5-O-(tetrahydropyran-2-y1)-2,3-O-isopropyl-
idene-p-ribonolactone (9) with butyllithium and
phenylacetylene in ether failed to afford phenylacet-
ylenic lactol. On the other hand, reaction of 2,3-O-
isopropylidene-p-ribonolactone (8) or 2,3-O-isopropyl-
idene-5-0-acetyl-p-ribonolactone (10) with lithium
acetylenic compounds gave 1-(2-substituted ethynyl)-
2,3-O-isopropylidene-p-ribofuranose (1la,b) in 30%
yield (Scheme II). The ir spectra of these compounds
(11a,b) show hydroxyl bands at 3380 and 3280 em™
and acetylenic band at 2180-2190 em~!, and no lac-
tonic band at around 1780 em ™%

In case of L-gulonolactone, 2,3:5,6-di-O-isopropyl-
idene derivative (12) was treated with various lithium
acetylenic compounds to obtain 1-substituted 2,3:5,6-
di-O-isopropylidene-L-gulofuranose (13a-g) in a
reasonable yield (40-509) (Scheme III). The ir
spectra of these compounds (13a-g) showed a hy-
droxyl band at around 3300-3400 ¢cm~' and an acet-
ylenic band at 2160-2180 em~}, and the mass spectra
of these compounds showed molecular ion (M) peaks.

The nmr spectra of these compounds (13a-g) showed
a broad singlet due to Ci-hydroxyl group at around &

(10) M. 8. Kharash and O. Reinmuth, “Grignard Reactions of Non-

metallic Substances,” Prentice-Hall, Englewood Cliffs, N. J., 1054, p 574,
and references cited therein.
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3.20-3.50 ppm, and four singlets at around & 1.20-1.55
ppm due to the isopropylidene group. Therefore, the
structure of these compounds (13a-g) was firmly es-
tablished.

Hydrolysis of both 1-(3-phenylethynyl)-2,3:5,6-di-
O-isopropylidene-L-gulofuranose (13a) and 1-(3-tetra-
hydropyranyloxypropynyl) - 2,3:5,6 - di - O - isopropyli-
dene-r~gulofuranose (13e) by treatment with 709,
acetic acid!! yielded 1-(3-phenylethynyl)-1~gulofuranose
(14a) and 1-(8-hydroxypropynyl)-L-gulofuranose (14b),
respectively. Further acetylation of these compounds
in acetic anhydride in the presence of pyridine afforded
1,2,3,5,6-penta-0-acetyl derivatives (15a,b). This re-
sult was confirmed by ir spectra, by the absence of a
hydroxyl band at around 3000-3500 cm—* and the pres-
ence of a molecular peak in the mass spectra. BEasy
acetylation of the anomer hydroxyl group may be ex-
plained by small steric hindrance. This was confirmed
by the acetylation of 13a under the same condition
to yield 1-acetoxy-1-phenylethynyl-2,3:5,6-di-O-isopro-
pylidene-L-gulofuranose (16). For a similar reason,
acetylation of a tertiary hydroxyl group occurred in ste-
roid*? and in pikromyecin (amaromyecin), a macrolide
antibiotic, under the same conditions.!?

The ethynyl group in these acetylenic lactols is as-
sumed to have the configuration depicted in the struec-
tural formulae because the nucleophilic addition re-
action would probably take place from the least hin-
dered side of the molecule, namely opposite to the
2,3-O-isopropylidene ring. The reaction proceeds ste-
reospecifically and the isomeric lactols were not de-
tected by tle or gas chromatography.
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Experimental Section

All melting points were obtained on a Mettler FP-1 melting
point apparatus and are corrected. Gas chromatography was
performed with a JGC-810 gas chromatograph and a OV-1 column
was used at 180°. Optical rotations were measured in chloroform
solution, in a 0.1-dm tube with a JASCO automatic polarimeter
DIP-SL, unless otherwise noted. Nmr spectra were recorded in
deuteriochloroform at 60 MHz with a Varian Associates C-60
spectrometer and tetramethylsilane was used as an internal
reference. Mass spectra were taken with a Japan Electron Optics
JMS-018 high-resolution spectrometer with a direct inlet system.

3-Butyl-3,3'-dihydroxy-1,5-diphenylpenta-1,4-diyne (5).—To a
solution of isopropylmagnesium bromide prepared from mag-
nesium (1.4 g, 0.06 mol) and isopropyl bromide (6.5 g, 0.05
mol) in ether (50 ml), 5.1 g (0.05 mol) of phenylacetylene was
added dropwise, with stirring under introduction of dry nitrogen.
After stirring for 0.5 hr, the solution was refluxed for 1.5 hr and
y-valerolactone (5.7 g, 0.06 mol) was added to the hot solution,
which was stirred for 2 hr and allowed to stand overnight at room
temperature. The reaction solution was treated with saturated
NH,CI solution and extracted with ether. The ether solution was
washed with NaHCO; solution and dried over MgSO4. The
solvent was removed under reduced pressure to give 5 (3.0 g,
209,) as colorless prisms: mp 102.2° {recrystallized from ether—
petroleum ether (bp 30-60°)]; ir Aerr 3360 (OH), 2180 (C==C),
1600 and 1570 cm ™ (phenyl); nmr § 7.24-7.64 (10 H, m, aro-
matic proton), 3.82-5.90 (1 H, m), and 1.26 (3 H, d, CH;);
mags spectrum m/e 304 (M+).

6-Hydroxy-1-phenylhepta-1-yn-3-one (6).—To a solution of
lithium (0.39 g, 0.06 micl) in anhydrous ether (50 ml), butyl
bromide was added dropwise under introduction of dry nitrogen
at room temperature. When the solution became turbid, the
solution was cooled to —10° and the remaining butyl bromide
(total amount, 3.4 g, 0.03 mol) was added during 30 min. After
stirring for 1.5 hr at 0-2°, phenylacetylene (2.5 g, 0.03 mol) in
ether (5 ml) was added dropwise at —70°. To the reaction solu-
tion vy-valerolactone (2.5 g, 0.03 mol) was added dropwise at
—60 to —70° during 30 min. After stirring for 3 hr, the reaction
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mixture was worked up as described for the preparation of 5 to
give an orange oil: ir Ai™ 3380 (OH) and 1665 ¢m~! (un-
saturated ketone). Anal. Caled for CuHuO,: C, 77.20; H,
6.98. Found: C, 77.25; H, 7.03.

p-Nitrophenylhydrazone (7) was prepared from 6 (0.5 g, 0.02
mol) and p-nitrophenylhydrazine (0.37 g, 0.02 mol) in glacial
acetic acid (3 ml). The reaction mixture was poured into water
(200 ml) and extracted with ether. The ether solution was
washed with NaHCO; solution and water, dried, and ether was
evaporated to leave yellow crystals. This was recrystallized from
ethanol to 7 as yellow needles: mp 108.3°; ir Afor 3200 (NH),
3380 and 1115 (OH), and 1600 cm ! (phenyl); nmr 6 1.30 (3H, d,
CH;), 1.60 (1H, s, 0H),3.95 (1 H, m, CH), and 7.50 (5 H, m,
phenyl), 7.10 and 8.15 (2 H, d, proton of hydrazine); mass
pectrum m/e 337 (M*)., Anal. Caled for CioH;p0O:Ns: mol
wt 337.143. Found: mol wt 337.144.,

3-(2-Tetrahydropyranyloxy)-1-propyne.—This compound was
prepared by the procedure of Crombie,'* in 809, yield: bp 45-
50° (34 mm) (reported! bp 63-65° (9 mm); ir A= 2100 cm™?
(C=C); tlc Rs0.78 (benzene-acetone, 4:1).

3-Phenyl-3-(2-tetrahydropyranyloxy)-1-propyne.—To a stirred
solution of a-phenylpropargyl aleohol (25.4 g, 0.5 mol) in ether
(20 ml), 2,3-dihydropyran (16.8 g, 0.2 mol) and a catalytic
amount of p-toluenesulfonic acid were added under ice cooling.®
After stirring for 2 hr at room temperature, the reaction mixture
was treated by the general method as described above in the
preparation of 5 to give a colorless liquid: bp 100-103° (1 mm);
ir AM® 2100 (C==C) and 1600 c¢m™' (phenyl); tle R: 0.68
(benzene—acetone, 4:1).

2,3-0-Isopropylidene-p-ribonolactone (8)."—To a solution of D-
ribonolactone!® (25 g, 0.13 mol) in acetone (500 ml), concentrated
H,80, (10 ml) was added dropwise under ice cooling, and then
the whole was stirred continuously for 5 hr at room temperature.
After the reaction, ammonia gas was passed through into the
reaction solution under ice cooling. The filtrate was evaporated
under reduced pressure and the resulted crystalline residue was
recrystallized from benzene to 26.6 g (809%) of 8 as colorless
needles: mp 138.0-139.0°; [a]%Dp —84.17° (¢ 0.9); ir Naer 3420,
1080 (OH), 1780 (lactone), 1390, and 1380 cm™! (gem-CHj);
nmr & 1.49 and 1.42 (6, H, s, isopropylidene), 3.28 (1 H, s, OH),
3.90 2 H, d, C; Hy), and 4.64 (1 H, t, C; H); mass spectrum
m/e 188 (M+). Anal. Caled for CsHOs: C, 51.06; H, 6.43.
Found: C, 50.88; H, 6.52.

5.0-(Tetrahydropyran-2-yl)-2,3-O-isopropylidene-p-ribonolac-

tone (9).—A solution of 2,3-O-isopropylidene-p-ribonolactone
(8, 3.76 g, 0.02 mol) in dimethylformamide (30 ml) was treated
with 2,3-dihydropyrane (1.68 g, 0.02 mol) in the presence of
p-toluenesulfonic acid at room temperature. After standing at
room temperature for 2 days, ether was added and the reaction
mixture was worked up to give 9 as colorless needles (from water)
4.0 g, 74%):; mp 105-107°; [o]%®D —69.78° (¢ 0.9); mass
spectrum m/e 272 (M*). Anal. Caled for CisHanOs: C, 57.34;
H, 7.40. PFound: C, 57.28; H, 7.45.

5-0-Acetyl-2,3-O-isopropylidene-p-ribonolactone (10).—A solu-
tion of 2,3-O-isopropylidene-p-ribonolactone (8, 11.7 g, 0.06
mol) in acetic anhydride (15 ml) and pyridine (15 ml) was stirred
for 80 hr at room temperature. The slightly brownish solution
was concentrated, poured into ice-water (300 ml), and extracted
with CHCl; (300 ml). The organic layer was washed with Na-
HCO; solution (100 ml) and dried over MgSOy, and the solvent
removed to give 13 g (909,) of 10 as colorless needles: mp 47.5°;
ir AEBr 1790 (lactone), 1760 (acetate), 1390 and 1380 cm™
(gem-CHs); nmr § 1.36, 1.48 (6 H, s, isopropylidene) and 2.12
(3 H, s, OCOCH;); mass spectrum m/e 230 (M*¥). Anal.
Caled for CiHuOs: C, 52.17; H, 6.13. Found: C, 52.28;
H, 6.18.

1-Phenylethynyl-2,3-O-isopropylidene-a-D-ribofuranose (11a).

A.—A solution of 2,3-O-isopropylidene-p-ribonolactone (8, 1.0 g,
0.005 mol) was treated with phenylacetylene (1.02 g, 0.01 mol)
in the same manner as described for 6, and 11a was obtained (0.5
g, 309%) as colorless needles: mp 152.3°; ir Mo 3380 (OH), 2180
(C=C), 1600 and 700 cm™! (phenyl); nmr & 1.45, 1.64 (6 H, s,
isopropylidene), 3.75, 3.95 (2 H, dd, C;H,), and 7.40 (5 H, m,

Nmr (CDCh), &
1.68 (6 H, m, tetrahydropyran), 7.40 (1 H, s,

phenyl)

3.20 (1 H, s, OH), 7.40 (5 H, m, phenyl)
60.29 7.59 60.04 7.68 +425.87°(24) 398.194 398.194 1.35,1.38, 1.44, 1.45 (12 H, s, isopropylidene),

1.35, 1.40, 1.48, 1.54 (12 H, s, isopropylidene),

1.68 (6 H, m, tetrahydropyran), 3.40 (1 H,

s, OH)
3.20 (1 H, s, OH), 7.35 (5 H, m, phenyl)

3.65 (4 H, q, OCH,CH;), 5.32 (1 H, s,

CH(OC-H3),)
1.20, 1.32, 1.40, 1.45 (12 H, s, isopropylidene),

3.50 (1 H, s, OH)

Found

—mfe—————
Caled
318
474

390.168 390.167

(c1.2)
(c1.0)
(€0.9)
(c1.0)

(c1.0)
—35.82° (26) 386.194 386.188 1.34, 1.38,1.48, 1.53 (12 H, s, isopropylidene),

(¢ 1.0)

CuHs0Cl 52.75 6.01 52.56 6.11 +39.25° (21) 318
—10.56° (25) 474

{a]p (temp, °C)

H

~—Found, %—
C

Tasre I
1-(2-SUBSTITUTED ETHYNYL)-2,3: 5,6-p1-0-ISOPROPYLIDENE-3-L-GULOFURANOSE (13)

H
7.22 65.72 7.20

C
66.65 6.75 66.62 6.72 --13.31° (21) 360.157 360.162 1.35,1.42, 1.50, 1.58 (12 H, s, isopropylidene),

65.33 6.98 65.18 7.05 +18.67° (20) 404.184 404.180 1.25,1.27,1.40, 1.48 (12 H, s, isopropylidene),

59.05 7.83 58.88 7.93

~Caled, %—

65.81

Formula
C20H20s
CisH300s
CoH 304
CaH3005
CauHa01
CaHas07

2180

695

2180
1375
1385

aaaaa

Ir, AE22 em—1
3320

1600

3380

1385

3380

1375

3360, 1385
1375

3260, 1380
1365 (KBr)
3400, 2180
1385, 1375
700

3300, 1600
700 (KBr)
2180 (CHCI,)

Mp, °C
145.0-147 .0¢

85.0-86.0¢

172.6%
87.3=

5

Yield,
%
0
45
4
0
40 124.9*
87.6¢
1 88.32
? Colorless fine needles.

(14) L. Crombie and A. G. Jocklin, Chem. Ind. (London), 1197 (1954);
L. Crombie, J. Chem. Soc., 1007 (1955).

(15) R. G. Jones and M, J. Mann, J. Amer. Chem. Soc., T8, 4048 (1953).

(16) D. N. Robertson, J. Org. Chem., 25, 931 (1960).

(17) L. Hough, J. K. N. Jones, and D. L. Mitchell, Can. J. Chem., 86,
1720 (1958).

(18) Available from SIGMA Chemical Co., 8t. Louis, Mo.
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CH,00
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CH,OCH,C¢Hs
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Compd
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phenyl). Anal. Caled for CicHisOs:
Found: C, 66.36; H, 6.25.

B.—A solution of 5-O-acetyl derivative (10, 2.3 g, 0.01 mol)
was treated with phenylacetylene (1.0 g, 0.01 mol) in the same
manner as described for A; 1la (0.5 g, 20%), mp 153.0°, was
obtained. This was identical in all respects with a sample
prepared by A.

1-(2-Chloroethynyl)-2,3-O-isopropylidene-a-p-ribofuranose
(11b).—This compound was prepared by the procedure similar
to that described for the preparation of 13b. 11b was obtained
(0.7 g, 30%,) as colorless needles: mp 130.5°; [a]¥Dp —71.45°
(¢ 0.9); ir ZE®: 3380 (OH), 2190 (C=C), 1390 and 1380 cm™!
(gem-CHj3); nmr & 1.38, 1.60 (6 H, s, isopropylidene), and 3.67,
3.84 (2 H, dd, CsH,); mass spectrum m/e 248 (M™*). Anal.
Caled for C,oHi;0:Cl: C, 48.30; H, 5.27. Found: C, 48.24;
H, 5.31.

2,3:5,6-Di-O-isopropylidene-1-gulonolactone (12).—To a sus-
pension of L-gulonolactone!® (20 g, 0.11 mol) in acetone (400 ml),
concentrated H,S0, (8 ml) was added slowly and the mixture
was stirred at room temperature for 7 hr. After reaction, am-
monia gas was passed through the reaction solution under ice
cooling and the reaction mixture was treated by the similar
method as described for the preparation of 6. 12 (12 g, 55%) was
obtained as colorless needles: mp 153-154°; [a]%D +91.48°
(¢ 1.0); nmr § 1.40, 1.49 (12 H, s, isopropylidene); mass spec-
trum m/e 258 (M*)., Anal. Caled for CipHis0s: C, 55.81;
H, 7.03. Found: C, 55.66; H, 7.05.

1-Phenylethynyl-2,3:5,6-di-O-isopropylidene-g-L-gulofuranose
(13a). General Procedure for 13c-g (Table I).—By a similar
procedure to that described for the preparation of 6, a solution
of phenylethynyllithium (prepared from 1.2 g, 0.01 mol of
phenylacetylene) was obtained. To this reaction solution 2,3:5,6-
di-O-isopropylidene-1-gulonolactone (2.58 g, 0.01 mol) in tetra-
hydrofuran (10 ml) was added dropwise at —70° during 30 min,
stirring was continued for 3 hr at the same temperature, and the
mixture was left overnight at room temperature. The brownish
solution was treated as mentioned above for the preparation of 5
to give 1.8 g (50%) of 13a as colorless needles, mp 145-147°.
Recrystallization from ether—petroleum ether gave a product of
mp 151.1°: uv 9" 240.0 nm (log € 4.2), 251.0 (3.5), and 282.5
(3.3).
1-Chloroethynyl-2,3:5,6-di-O-isopropylidene-3-L-gulofuranose
(13b).—To a mixture of lithium (1.3 g, 0.02 mol) in anhydrous
ether (50 ml), butyl bromide (3 g, 0.02 mol) in ether (5 ml) was
added under a current of dry nitrogen and under stirring at
~10 to 0° during 30 min and the reaction mixture was stirred
for 1.5 hr at —5 to 0°. To this reaction solution, ¢is-1,2-dichloro-
ethylene (1 g, 0.01 mol) in ether was added dropwise at —2 to 0°
during 20 min. After stirring for 1.5 hr at 5-15°, the solution
wash chilled to —60°, 2,3:5,6-di-O-isopropylidene-L-gulono-
lactone (2.58 g, 0.01 mol) in tetrahydrofuran (10 ml) was added
to the cooled reaction at —60° during 30 min, and stirring was
continued for 3 hr. This reaction solution was treated as above
in the preparation of 6 and gave 1.4 g (45%) of 13b.
1,2,3,5,6-Penta-0-acetyl-1-phenylethynyl-g-1-gulofuranose

C, 66.20; H, 6.25.

(19) M. Matsui, M. Okada, and M. Ishidate, Yakugaku Zasshi, 86, 110
(19866).
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(15a).—A solution of 13a (1 g, 0.003 mol) in 709, acetic acid
(10 ml) was warmed at 50° for 2.5 hr. The solvent was com-
pletely removed by distillation under a reduced pressure. Re-
maining liquid was dissolved in ether which was washed with a
minimum amount of NaHCO; solution, and then dried and evapo-
rated. There was obtained 1l-phenylethynyl-r-gulofuranose
(14a) as a white powder: [a]*p +19.53° (¢ 1.1, MeOH); ir
A= 3360 (OH), 2180 (C=C), 1600 and 695 em™* (phenyl).

This compound (14a), without further purification, was
acetylated with acetic anhydride (5 ml) in the presence of pyridine
(5 ml). After the reaction solution was stirred for 24 hr at room
temperature, this was worked up to obtain 15a as a brownish
liguid. Thin layer chromatography showed a spot at B¢ 0.58 in
benzene-acetone (3:2): [a]®p +45.45° (¢ 1.0); ir A= 2220
(C==C), 1750 (acetyl), and 762 cm™! (phenyl); mass spectrum
m/e 490 (M+). Anal. Caled for CoHyOn: mol wt, 490.148.
Found: mol wt, 490.147.

1,2,3,5,6-Penta-O-acetyl-1-(3-acetyloxypropyn-1-yl)-3-L-gulo-
furanose (15b).—1-(3-Tetrahydropyranyloxypropynyl)-2,3:5,6-
di-O-isopropylidene-t~gulofuranose (13e, 1 g, 3 mmol) was
hydrolyzed by the same procedure as that of 15a to obtain 1-
(3-hydroxypropyn-1-yl)-L-gulofuranose (14b) as a brownish
lquid: [o]22D +47.11° (c 0.8, MeOH); ir M= 3280 (OH) and
2160 em™! (C=C).

This compound (14b) was acetylated in the same way as
described for the preparation of 15a to yield 15b as a pale brown
tquid (0.6 g, 39%): [a]®D +13.87° (¢ 1.0, MeOH); ir A=
2250 (C==C) and 1750 cm™! (acetyl); mass spectrum m/e
486 (M+).

1-0-Acetyl-1-(2-phenylethynyl)-2,3:5,6-di-O-isopropylidene-3-
r-gulofuranose (16).—1-(2-Phenylethynyl)-2,3:5,6-di-O-isopro-
pylidene-g-L-gulofuranose (13a, 0.13 g, 0.3 mmol) was acetylated
in the same way as described for the preparation of 15a to yield
16 as colorless needles (0.08 g, 549%,): mp 112.5°; [a]??D> +32.83°
(¢ 0.5); ir B2 2190 (C=C), 1745 (acetyl), 1385 and 1375
(gem-CHj;), 760 and 693 cm™ (phenyl); uv AZOF 240.2 nm (log «
4.32) and 250.8 (4.25); mass spectrum m/e 402 (M*). Anal.
Caled for CpHy0:: C, 65.66; H, 6.51; mol wt, 402.168.
Found: C, 65.59; H, 6.55; mol wt, 402.168.
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