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Thioglycolic Acid Reduction.—A soution of N-benzyloxycar-
bonyl-L-methionyl sulfoxide L-asparaginyl-O-t-butyl-L-threo-
nine t-butyl ester (0.095 g, 0.0015 mole) in dioxane (2 ml) and
water (1 ml) was mixed with thioglycolie acid (0.105 ml, 5 equiv)
and kept at 50° under a nitrogen atmosphere for 8 hr.
The solution was evaporated, and the oily residue crystallized
from aqueous methanol to produce compound VIII: mp 146-
148°; [a]¥p —21.6° (¢ 1.00, methanol); R:0.53; identical infra-
red spectrum with an authentic sample.

Acknowledgment.—The authors are indebted to the
National Science Foundation for Grant GB-587, which
supported this investigation.
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During the past several years, various approaches
to the synthesis of the Ag~As segment of the hy-
perglycemic hormone glucagon? have been elaborated
in some detail. For example, N-t-butyloxycarbonyl-
L-glutaminyl-L-asparaginyl-L-phenylalanyl-L-valyl-1-
glutaminyl-L-tryptophan hydrazide,® a hexapeptide
that spans the Ag—As region, was formed by an az-
ide reaction of N-t-butyloxycarbonyl-L-glutaminyl-L-as-
paraginyl-L-phenylalanine hydrazide and wv-valyl-L-
glutaminyl-L-tryptophan benzyloxycarbonylhydrazide.
The related As—Ay; tetrapeptide N-trifluoroacetyl-i-
glutaminyl- 8-t-butyl-L-aspartyl-L-phenylalanyl-L-valine
hydrazide was made by a N,N’-dicyclohexylcarbodi-
imide* coupling involving N-trifluoroacetyl-8-t-butyl-
L-aspartic acid and rL-phenylalanyl-L-valine benzyloxy-
carbonylhydrazide.® The tripeptide N-trifluoroacetyl-
L-glutaminyl-L-tryptophanyl-L-leucine hydrazide, which
covers the short Ay,—As sequence, was obtained through
a similar N,N’-dicyclohexylcarbodiimide condensation
between N-trifluoroacetyl-L-glutamine and r-trypto-
phanyl-L-leucine t-butyloxycarbonylhydrazide.® Most
recently, the As—Ay area has been encompassed by the
two related pentapeptides, N-phthalyl-L-phenylalanyl-
valyl-L-glutaminyl-L-tryptophanyl-i-leucine hydrazide
and N-phthalyl-L-phenylalanyl-L-valyl-L-glutaminyl-1-
tryptophanyl-i-leucine. The former compound was
prepared by an azide reaction utilizing N-phthalyl-
L-phenylalanyl-L-valine hydrazide and wv-glutaminyl-
L-tryptophanyl-L-leucine butyloxycarbonylhydrazide,
while the latter product was constructed by a stepwise
prolongation that began with r-leucine ¢-butyl ester.”

In continuation of our earlier work on protected sub-
units of glucagon, there is described here a preparation
of a heptapeptide that constitutes the complete Az—Ass
sequence, N-benzyloxycarbonyl-L-glutaminyl-3-t-butyl-

(1) For the previous paper in this series, see A. A. Costopanagiotis,
J. Preston, and B. Weinstein, J. Org. Chem., 81, 3398 (1966).

(2) P. P. Foa and G. Galansino, ‘‘Glucagon: Chemistry and Function in
Health and Disease,” Charles C Thomas, Springfield, Ill., 1962.

(3) E. Schroder, Ann., 688, 250 (1965).

(4) J. C. Sheehan and G. P. Hess, J. Am. Chem. Soc., 7T, 1067 (1955).

(5) E. Witnsch, Chem. Ber., 98, 52 (1965).

(6) E. Witnsch, F. Drees, and J. Jentsch, ibid., 98, 803 (1965).
(7) E. Wiinsch and F. Drees, ibid., 99, 110 (1966).
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L-aspartyl-L-phenylalanyl-L-valyl-r-glutaminyl-L-tryp-
tophanyl-t-leucine methyl ester (I). The synthesis
began with a N,N’-dicyclohexylcarbodiimide condensa-
tion of N-benzyloxycarbonyl-L-tryptophan® and r-
leucine methyl ester? to give the corresponding dipep-
tide, N-benzyloxycarbonyl-L-tryptophanyl-L-leucine
methyl ester (II). The blocking N-benzyloxycarbonyl
group of compound II was removed by hydrogenolysis,
and the resulting amine (ITI) was treated with N-benzyl-
oxycarbonyl-L-glutamine 2,4,5-trichlorophenyl esterl®
to form the tripeptide N-benzyloxycarbonyl-L-glut-
aminyl-L-tryptophanyl-L-leucine methyl ester (IV),
The polypeptide chain of IV was then progressively
lengthened in the same manner through four more
amino acid residues by utilizing in turn N-benzyl-
oxy-carbonyl-L-valine  2,4,5-trichlorophenyl ester,1
N-benzyloxycarbonyl-L-phenylalanine 2,4,5-trichloro-
phenyl ester,!' N-benzyloxycarbonyl-3-i-butyl-L-aspar-
tic acid p-nitrophenyl ester,'>!® and N-benzyloxycar-
bonyl-L-glutamine 2,4,5-trichlorophenyl ester.’® The
end product was the desired heptapeptide (I). This
sequence compares favorably with the other synthetic
procedures mentioned earlier, and has the additional
merit of employing pure, crystalline activated ester
intermediates, which have been widely used in recent
years.1

Finally, an alternative route to N-benzyloxycarbonyl-
B-t-butyl-L-aspartic acid p-nitrophenyl ester is de-
scribed here, in addition to a preparation of the dipep-
tide N-benzyloxycarbonyl-3-t-butyl-L-aspartyl-L-phen-
ylalanine methyl ester (XII). Attention is called to
the fact that the 8-t-butyl blocking group is easily seen
in the infrared, with two bands found at about 1390
and 1370 em~1, the intensity of the latter being much
greater.

Experimental Section!®

N-Benzyloxycarbonyl-vr-tryptophanyl-L-leucine Methyl Ester
(II).—To a stirred solution of N-benzyloxyecarbonyl-L-tryptophan
(34.6 g, 0.105 mole)? in acetonitrile (400 ml) in an ice bath at
—10° was added a freshly prepared solution of L-leucine methyl
ester [obtained by treating L-leucine methyl ester hydrochloride
(21.5 g, 0.109 mole)* with 509, potassium carbonate solution
(40 ml) at 0°, extraction of the free ester with ether (three
100-ml portions), and drying the combined organic phases for a
short period (Na,S0,)], followed by dropwise addition of N,N’-
dicyclohexylearbodiimide (22.7 g, 0.110 mole) in acetonitrile
(50 ml). After 8 hr the bath was removed and the mixture was
allowed to stand for 36 hr. The N,N’-dicyclohexylurea (21.0

(8) E. L. Smith, J. Biol. Chem., 178, 39 (1948).

(9) H. F. Schott, J. B. Larkin, L. B, Rockland, and M. 8. Dunn, J. Org.
Chem., 12, 480 (1947).

(10) J. Pless and R. A. Boissonnas, Helv, Chim, Acta, 46, 1609 (1963).

(11) R. Boissonnas, S. Guttmann, and J. Pless to Sandoz Ltd., Belgian
Patent 636,667 (Feb 27, 1964); Chem. Abatr., 62, 6337 (1965).

(12) L. Bernardi, G. Bosisco, 0. Goffredo, and R. DeCastiglione, Exper-
ientia, 20, 490 (1964).

(13) (a) S. Bajusz, Acta. Chim. Acad. Sci. Hung., 42, 383 (1964). (b) We
are indebted to Dr. S. Bajusz, Research Institute for Pharmaceutical Indus-
try, Budapest, Hungary, for experimental details on the preparation of this
compound by use of bis-p-nitrophenyl sulphite, as well ag an authentic speci-
men (March 13, 1965).

(14) E. Schroder and K. Liibke, ‘‘The Peptides,’ Vol. 1, Academic Press
Inc,, New York, N. Y., 1965, p 97.

(15) Melting points are uncorrected. Microanalyses were provided by
Messrs. Erich H. Meier and J. Consul, Microanalytical Laboratory, Stan-
ford University. The infrared, optical rotation, and ultraviolet measure-
ments were obtained by Mrs. Linda D. Carroll. Infrared samples were pre-
pared in potassium bromide disks, while ultraviolet spectra were recorded
with ethanol as the solvent, unless it is otherwise stated. Thin layer
chromatography employed silica gel G as the support, methanol-chloroform
(1:9) as the solvent, and iodine for detection purposes. Evaporations were
performed under reduced pressure.
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g, 85%,) was removed and the solution was washed with 5%,
hydrochloric acid, 5% sodium bicarbonate solution, salt water,
and dried (Na;80s). Evaporation of the solvent gave an oil,
which was crystallized twice from ethyl acetate-hexane and once
from ether-hexane to afford white needles of N-benzyloxy-
carbonyl-L-tryptophanyl-L-leucine methyl ester (7.91 g, 63%):
mp 114-116°; [a]®% —28.0° (¢ 4.20, methanol); R; 0.65;
ymax 3400 (N'H), 2950 (CH), 1710 broad (C==0), 1650 and 1520
broad (CONH), 1250 broad (CO), and 738 and 693 (Ph) cm™;
Amax 275 sh mu (e 5920), 282, (6350), and 291 (5570).
Anal. Caled for CpusH;N:Os: C, 67.08; H, 6.71; N, 9.03.
Found: C, 66.76; H, 6.54; N, 9.03.
N-Benzyloxycarbonyl-L-glutaminyl-1-tryptophanyl-1L-leucine
Methyl Ester (IV).—A stirred solution of N-benzyloxycarbonyl-
L-tryptophanyl-L-leucine methyl ester (29.3 g, 0.0629 mole) in
methanol (250 ml) containing a suspension of 109, palladium-
on-carbon catalyst (3.0 g) was hydrogenated for 5 hr. The
filtered solution was evaporated to yield oily L-tryptophanyl-L-
leucine methy! ester (IIY, 20.3 g, 97%, R: 0.37). The amine
IIT was dissolved in ethyl acetate (100 ml) and was treated with
N-benzyloxycarbonyl-L-glutamine 2,4,5-trichlorophenyl ester
125.0 g, 0.0545 mole, mp 174-175°, [a]®% —16.3° (¢ 3.68,
dimethylformamide)]? in dimethylformamide (150 ml). After
standing for 7 days at room temperature, the reaction was fil-
tered to obtain some product; the mother liquor was diluted
with ether (700 ml) to precipitate additional tripeptide. The
combined solids were crystallized from methanol-water to
give N-benzyloxycarbonyl-L-glutaminyl-L-tryptophanyl-L-leucine
methyl ester (31.9 g, 99%): mp 198-201°; [«]¥%p —23.4°
(¢ 2.05, dimethylformamide); R: 0.47; »max 3400 broad, 2950
(CH), 1710 broad (C==0), 1650 and 1520 broad (CONH),
1250 broad (CO), and 740 and 695 (Ph) cm™; Amax 222 myu
(€44,900), 275 sh (5390), 282 (5890), and 290 (5150).
Anal. Caled for C»yHgNOr: C, 62.72; H, 6.62; N, 11.80.
Found: C, 62.76; H, 6.65; N, 11.84.
N-Benzyloxycarbonyl-r-valyl-L-glutaminyl-L-tryptophanyl-
L-leucine Methyl Ester (VI).—A stirred suspension of N-benzyl-
oxycarbonyl-L-glutaminyl-r-tryptophanyl-L-leucine methyl ester
(18.1 g, 0.0340 mole) in methanol (600 ml) containing a suspen-
sion of 109, palladium-on-carbon catalyst (2.0 g) was hydro-
genated overnight. The filtered solution was evaporated to yield
oily r-glutaminyl-L-tryptophanyl-r-leucine methyl ester (V,
15.6 g, 1009, R:0.10). The amine V was dissolved in dimethyl-
formamide (200 ml) and was treated with N-benzyloxycarbonyl-
L-valine 2,4,5-trichlorophenyl ester [18.0 g, 0.0420 mole, mp
94.5-95.0°, [a]¥2p ~—16.3° (¢ 1.16, dimethylformamide)].®®
After 2 days, the reaction was concentrated, and then poured
into ether to precipitate N-benzyloxycarbonyl-L-valyl-L-glutam-
inyl-L-tryptophanyl-t-leucine methyl ester (18.0 g, 819%,). The
analytical sample was crystallized from dimethylformamide~
methanol: mp 243-245¢; [«]%-°p —23.3° (¢ 2.14, dimethylform-
amide); R: 0.20; »max 3350 broad, 2950 (CH), 1720 (C=0),
1660 and 1520 broad (CONH), 1230 broad (CO), and 735 and
695 (Ph) em™; Amax 220 sh mu (e 37,000), 276 sh (5680), 282
(6060), and 291 (5220).
Anal. Caled for CielNeOs: C, 62.41; H, 6.98; N, 12.13.
Found: C, 62.30; H,7.19; N, 12.30.
N-Benzyloxycarbonyl-L-phenylalanyl-L-valyl-L-glutaminyl-
L-tryptophanyl-L-leucine Methyl Ester (VIII).—A suspension
of N-benzyloxycarbonyl-L-valyl-L-glutaminyl-L-tryptophanyl-L-
leucine methyl ester (7.32 g, 0.0106 mole) and 109, palladium-
on-carbon catalyst (0.70 g) in methanol (350 ml) was hydro-
genated for 2 hr while warming the solution with a lamp. The
filtered solvent was evaporated to yield oily L-valyl-L-glutaminyl-
L-tryptophanyl-L-leucine methyl ester (VII, 5.66 g, 96%,
R: 0.10). The amine VII was redissolved by the addition of a
solution of N-benzyloxycarbonyl-L-phenylalanine 2,4,5-trichloro-
phenyl ester [6.08 g, 0.0127 mole, mp 141-142°, [a]%2p —30.8°
(¢ 1.08, dimethylformamide)]! in dimethylformamide (100 ml)
and the reaction was allowed to stand for 7 days. After removal
of the solvent, the oily residue was solidified with ether (200 ml),
collected, dried, and reprecipitated from hot methanol to
give the product (7.80 g, 889%). The analytical sample
of N-benzyloxycarbonyl-L-phenylalanyl-L-valyl-L-glutaminyl-L-
tryptophanyl-r-leucine methyl ester was reprecipitated from
dimethylformamide-methanol: mp 253-255°; [«]%®D —22.0°
(¢ 1.00, dimethylformamide); R: 0.37; vmax 3450 broad, 2965
(CH), 1720 broad (C==0), 1655 and 1520 broad (CONH),
1230 broad (CO), and 745 and 700 (Ph) em=1; A\MPH 221 sh
(€ 43,750), 275 sh (5300), 282 (5730), and 290 (5100).

NoTEs 3401

Aﬂal. Calcd for C¢5H57N709: C, 63.34, H, 6.84,‘ N, 11.67.

Found: C, 63.86; H, 6.44; N, 11.67.
N-Benzyloxycarbonyl-3-t-butyl-L-aspartyl-L-phenylalanyl-

L-valyl-L-glutaminyl-L-tryptophanyl-L-leucine Methyl Ester (X).
~—A suspension of N-benzyloxycarbonyl-L-phenylalanyl-rL-valyl-
L-glutaminyl-r-tryptophanyl-v-leucine methyl ester (1.68 g,
0.0020 mole) in methanol (200 ml) was heated to boiling, a mix-
ture of palladium-on-carbon catalyst (0.183 g) in methanol (10
ml) was added, and the hot solution was allowed to cool as it
was hydrogenated for 3 hr. The filtered solution was evaporated
to yield as a colorless glass, L-phenylalanyl-vL-valyl-L-glutaminyl-
L-tryptophanyl-r-leucine methyl ester (IX, 1.64 g, >1009,
R; 0.12). The amine IX was redissolved in dimethylformamide
(15 ml), N-benzyloxycarbonyl-g-t-butyl-L-aspartic acid p-ni-
tropheny! ester (1.07 g, 0.0024 mole)!21* was added, and the
solution stood at room temperature for 5.5 days. A further
portion of the active ester (0.103 g, 0.00010 mole) was introduced,
and the solution was warmed at 50° for 1 hr, then heated to 70°,
and ether (200 ml) was slowly added with swirling to precipitate
the crude product. After standing for several hours at 0°,
the material was filtered off, washed with ether and petroleum
ether (bp 30-60°), dried, and crystallized from methanol to
afford as a white powder N-benzyloxycarbonyl-g--butyl-r-
aspartyl-L-phenylalanyl-L-valyl-L-glutaminyl-L- tryptophanyl - L-
leucine methyl ester (1.22 g, 619%): mp 235-237°; [«]%D
—29.8° (¢ 1.01, dimethylformamide); R 0.57; vmax 3320 broad,
2960 (CH), 1720 broad (C==0), 1660 and 1520 broad (CONH),
1390 and 1370 (¢-butyl), 1230 broad (CO), and 740 and 695
(Ph) em™t; AMeO® 217 sh my (e 35,500), 274 sh (4770), 282
(6090), and 291 (4380).

Anal. Caled for CssHroNsOr2: C, 62.95; H, 6.98; N, 11.08.
Found: C, 62.80; H,6.97; N, 11.29.

N-Benzyloxycarbonyl-L-glutaminyl-g-t-butyl-L-aspartyl-r-

phenylalanyl - L.-valyl - L. - glutaminyl - L - tryptopbanyl - .. - leucine
Methyl Ester (I).—A suspension of N-benzyloxycarbonyl-g-t-
butyl-L-aspartyl-L-phenylalanyl-L-valyl-L-glutaminyl- L~ trypto-
phanyl-L-leucine methyl ester (0.507 g, 0.00050 mole) in meth-
anol (250 ml) was heated to boiling, a mixture of 109, palladium-
on-carbon catalyst (0.105 g) in methanol was added, and the hot
solution was allowed to cool as it was hydrogenated for 3 hr.
The filtered solution was evaporated to leave solid g-t-butyl-
v-aspartyl-L-phenylalanyl-r-valyl-L-glutaminyl- L- tryptophanyl-
r-leucine methyl ester (X1, 0.477 g, >1009,, R;0.15). This ma-
terial was dissolved in dimethylformamide (7.0 ml), N-benzyl-
oxycarbonyl-L-glutamine 2,4,5-trichlorophenyl ester (0.284 g,
0.00060 mole) was added, and the reaction was allowed to
proceed at room temperature for 5.5 days. After warming the
solution to 50° for 1 hr, the product was precipitated by gradually
adding ether (200 ml), and after standing overnight, the ge-
latinous material was filtered, washed with ether and hexane,
and air dried. The crude N-benzyloxycarbonyl-L-glutaminyl-
B-t-butyl- L-aspartyl-L-phenylalanyl - n.-valyl- L-glutaminyl - L-
tryptophanyl-1-leucine methy! ester was obtained from dimethyl-
formamide-methanol as a white solid (0.265 g, 43%): mp
239-240°; [a]®®p —32.3° (¢ 1.00, dimethylformamide); R
0.20; 7max 3300 broad, 2960 (CH), 1720 sh (C=0), 1660 and
1520 broad (CONH), 1392 and 1368 (i-butyl), 1230 broad (CQ),
and 740 and 697 (Ph) em~1; AMe2® 217 sh, 275 sh, 282, and 291
mu (e values not calculated owing to insolubility of the hepta-
peptide).

Anal. Caled for CesHisNwOu-1DMF: C, 60.43; H, 7.07;
N, 12.72. Found: C,60.37; H, 6.84; N, 12.46.

N-Benzyloxycarbonyl-8-t-butyl-L-aspartic Acid p-Nitrophenyl
Ester.—Sodium hydroxide solution (1 N, 13.0 ml, 0.013 mole)
wag added with stirring to a solution of N-benzyloxycarbonyl-
B-t-butyl-L-aspartic acid a-p-nitrobenzyl ester [5.97 g, 0.00013
mole, mp 94-95°, [a]®Fp —17.4° (¢ 1.03, methanol)]® in di-
oxane (13 ml). After stirring for 20 min at room temperature,
the now homogeneous solution was diluted with water (100 ml)
and extracted with ether. The aqueous phase was acidified
with aqueous citric acid and extracted with ethyl acetate. The
combined organic phases were washed with water, dried (Na,SO,),
and evaporated to give a clear oil of N-benzyloxycarbonyl-g-
t-butyl-L-aspartic acid (4.70 g, >1009%, R: 0.57);1-18 dicyclo-
hexylammonium salt, mp 126.5-128.5° (lit.16.18 mp 124°, 126.5°).
The crude acid and p-nitrophenol (1.81 g, 0.0013 mole) were

(18) E. Schréder and E. Klieger, Ann., 678, 208 (1964).
(17) R. Schwyzer and H. Dietrich, Helv. Chim. Acta, 44, 2003 (1961).
(18) E. Wiinsch and A. Zwick, Z. Physiol. Chem., 328, 235 (1962).
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dissolved in ethyl acetate (25 ml) and chilled to 0° by an ice bath.
N,N’-Dicyclohexylcarbodiimide (2.68 g, 0.013 mole) in ethyl
acetate (25 ml) was added, and the mixture was stirred for 1 hr
at 0°, and then at room temperature overnight. The N,N’-
dicyclohexylurea (2.69 g, 92%,) was removed and the filtrate
was evaporated to give an oil, which solidified on seeding and was
crystallized from diisopropyl ether-ethyl acetate—hexane to
afford long, almost colorless needles of N-benzyloxycarbonyl-
g-t-butyl-r-aspartic acid p-nitrophenyl ester (4.90 g, 85%):
mp 86.5-87.5°; [a]¥ +1.5° (¢ 1.00, chloroform); {a]%¥%D
—32.8° (¢ 1.98, methanol); Ry 0.84; wmax 2970 (CH), 1770 and
1700 broad (C=0), 1515 broad (CONH), 1387 and 1367 (-
butyl), 1160 (CO), and 742 and 697 (Ph) em™!; Amex 268 mpu
(e 9720) [lit.1213 mp 86°; [a]®p +3° (¢ 3, chloroform); infrared
spectrum identical with that of an authentic speciment].
N-Benzyloxycarbonyl-3-t-butyl-L-aspartyl-L-phenylalanine

Methyl Ester (XII).—To a stirred solution of N-benzyloxy-
carbonyl-g-t-butyl-L-aspartic acid (1.18 g, 0.0036 mole) in aceto-
nitrile (25 ml) was added L-phenylalanine methyl ester hydro-
chloride (0.935 g, 0.0043 mole), followed by triethylamine (0.493
g, 0.0043 mole). The solution was cooled to —5° by an ice~
salt bath, then N ,N’-dicyclohexylearbodiimide (0.763 g, 0.0037
mole) in acetonitrile (5.0 ml) was added, and the reaction was
allowed to stand at 4° for 18 hr, followed by 28 hr at room
temperature. The N,N’-dicyclohexylurea (0.624 g, 75%) was
removed, the solution was evaporated, and the residue was
partitioned between ethyl acetate and water. The organic
phase was washed with water, aqueous citric acid, water, sodium
bicarbonate solution, water, and brine, and dried (Na:S50,).
On removal of the solvent, the oily residue was redissolved in
ether, filtered, and reevaporated to give an oil, which was allowed
to stand under hexane in the cold room for 2 months. At this
time, the solidified material was crystallized from ethyl acetate—
petroleum ether (bp 30-60°) to afford colorless needles of N-
benzyloxycarbonyl-g-t-butyl-L-aspartyl-L-phenylalanine methyl
ester (1.15 g, 669,): mp 77-78°; [«]%% —26.0° (¢ 1.00, meth-
anol); R:0.85; »max 3395 (NH), 2975 (CH), 1720 broad (C=0),
1670 and 1525 broad (CONH), 1395 and 1368 (¢-butyl), 1160
(CO), and 745 and 698 (Ph) ecm™; Amex 248 mu (e 273), 252
(363), 257 (418), 264 (341), and 267 (227).

Anal. Caled for CpsHyN,Or: C, 63.81; H, 6.43; N, 5.95.
Found: C, 64.01; H,6.79; N, 6.02.

Acknowledgment.—The authors are indebted to the
National Science Foundation for Grant GB-587, which
supported this investigation.
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Ribonucleosides in which the ribose moiety bears a
single blocking group on the 5’ hydroxyl are frequently
required as intermediates for syntheses.? Blocking
groups which have been introduced directly and selec-
tively at the 5’ position are restricted to the acid-labile
trityl (or methoxy-substituted trityl)¢ and 1/’-methoxy-

(1) Part V: A, Hampton and A. W. Nichol, Biochemistry, 8, 2076
(1966).

(2) This work was supported by funds from the National Cancer Insti-
tute of Canada and the Medical Research Council (Grant MA-1591).

(3) A. M. Michelson, “The Chemistry of Nucleosides and Nucleotides,”
Academic Press Inc., New York, N. Y., 1963,

(4) M. Smith, D. H. Rammler, I. H. Goldberg, and H. G. Khorana,
J. Am. Chem. Soc., 84, 430 (1962),
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isopropyl® groups; in addition, the alkali-labile acetyl
group has been introduced at the 5’ position by acidic
treatment of a 5'-O-acetyl-2’,3'-O-isopropylidene or
benzylidene nucleoside®’ and also by hydrolysis of a
2/,3",5'-tri-O-acetyl nucleoside.”®# The present com-
munication describes a facile, two-step conversion of a
ribonucleoside to a bis(ribonucleoside 5’-)carbonate.
This novel type of 5-monosubstituted ribonucleoside
should be a useful intermediate for syntheses since it
is stable under acidic conditions but readily regenerates
the free nucleoside under mildly basic conditions.

Recent work! has shown that inosine and adenosine
can be converted in high yield to the corresponding
2',3'-cyclic carbonates by acid-catalyzed aleohol inter-
change reactions with 1.2 to 1.5 molar equiv of diphenyl
carbonate in dimethylformamide solution. These con-~
versions are analogous to the formation of 2/,3'-O-
isopropylidene nucleosides by acid-catalyzed alcohol
interchange reactions between ribonucleosides and 1 to
2 molar equiv of 2,2-diethoxypropane in dimethyl-
formamide.? In these latter reactions, when a large
(80-fold) excess of ketal and little or no acid are em-
ployed, ribonucleosides can react selectively at the 5’
position to form 5°-0-1""-alkoxyalkyl derivatives.®
Attempts to obtain 5’-O-phenoxyecarbonylinosine in
analogous fashion, 7.e., by use of a large excess of di-
phenyl carbonate, have, however, given as the primary
product only inosine 2’,3’-carbonate (4) (Table I).
Attempted preparation of bis(inosine 5’-)carbonate (3)
directly from inosine (I) and 0.7 molar equiv of diphenyl
carbonate likewise furnished only inosine 2/,3’-carbon-
ate (4). However, reaction of inosine under more
vigorous conditions with 2.0 molar equiv of diphenyl
carbonate afforded bis(inosine 2’,3’-carbonate 5’-)car-
bonate (2) in 709, yield. The ultraviolet absorption
spectra of this compound at pH 2 and 12 were
closely similar to those of inosine, indicating absence
of substitution on the purine ring. It is known!! that
organic five-membered cyclic carbonates show carbonyl
absorption near 1800 cm—!, whereas six-membered and
acyclic carbonates absorb near 1760 em~!. In accord
with its proposed structure, compound 2 exhibited
maxima at both 1810 em~! and 1740 cm—!; the spec-
trum of inosine 2/,3’-carbonate,! on the other hand,
lacks the maximum at 1740 em~! 'The absence in
compound 2 of a periodate-oxidizable (i.e., unsub-
stituted) cis-diol system and the characterization of its
hydrolysis product 3 (Scheme I) allow unequivocal
assignment of the structure of 2.

Compund 2 was heated at 100° in aqueous buffer,
pH 8.0, when paper chromatography indicated that
initially a single product was formed and that sub-
sequently this underwent hydrolysis to inosine. The
half-lives of 2 and the initial hydrolysis product were
approximately 6 min and 35 min, respectively (Table
II). The product of partial hydrolysis was isolated

(5) A. Hampton, ibid., 87, 4654 (1965).

(6) D. M. Brown, L. J. Haynes, and A. R. Todd, J. Chem. Soc., 3209
(1950).

(7) D. M. Brown, A. R. Todd, and S. Varadarajan, tbid., 2388 (1956).

(8) A. M. Michelson, L. Szabo, and A. R. Todd, ibid., 1546 (1956).

(9) 8. Chladek and J. Smrt, Collection Czech. Chem. Commun., 28, 1301
(1963).

(10) G. H. Beaven, E. R. Holiday, and E, A. Johnson, *The Nucleic
Acids,” Vol. 1, E. Chargaff and J. N. Davidson Ed., Academic Press Inec.
New York, N. Y., 1955, p 510.

(11) L. Hough, J. E. Priddle, and R. S. Theobald, J. Chem. Soc., 1934
(1862).



