NotEs

Elution of the column with Et:O gave 6.1 g (289,) of orange
crystals, mp 64-66° Recrystallization (cyclohexane) gave light
tan crystals of 3a,4,5,6-tetrahydro-3a-methyl-2-phenyleylco-
pentapyrazol-3(2H )-one (18), mp 68-69°. Anal. (C;;HN:0) C,
H, N; ir, 5.85 u (C=0); nmr (DMSO-ds) r 8.62 (s, 3, CCHjs),
8.44-7.16 (m, 6, CH,), and 3.00-205 (5, phenyl).

Elution of the column with Et;0-MeOH (4:1) gave 2.8 g (13%)
of tan crystals, mp 123-127°. Recrystallization (EtOH) gave
colorless crystals of 1,4,3,6-tetrahydro-1-methyl-2-phenyleyclo-
pentapyrazol-3(2H )-one (6), mp 127-128° (lit.> mp 128°). Anal.
(013H14N20) C, H, N, il‘, 6.01 M (CZO).

B. With Methyl p-Toluenesulfonate.—A solution of 2.0 g
(0.01 mol) of 10, 20 ml of DMF, 0.44 g (0.01 mol) of 555 NaH
dispersion, and 1.86 g (0.01 mol) of methyl p-toluenesulfonate was
heated at 120° with stirring for 2 hr. The solution was cooled,
diluted with 100 ml of H,0O, and extracted with Et;0. The Et,O
solution was dried (MgSO4) and concentrated to a brown oil
which was chromatographed on silica gel. Eluted with cyclo-
hexane-Et:0 (9:1) was 0.9 g (4297) of an oil. Short-path dis-
tillation at 115° (0.2 mm) gave 2,4,5,6-tetrahydro-3-methoxy-2-
phenyleyclopentapyrazole (13) as a pale yellow. Anal. (CisHism
N:0) C, H, N; nmr (DMSO-ds) +6.04 (s, 3, OCHj;); ir (liq film),
no CO band below 6.15 u.

C. With Allyl Chloride.—A solution of 4.0 g (0.02 mol) of 10,
1.53 g (0.02 mol) of allyl chloride, 1.08 g (0.02 mol) of NaOMe,
and 50 ml of EtOH was heated under reflux with stirring for 18 hr,
and then concentrated to dryness. The residue was taken up in
H:0, and the mixture was extracted with Et;0. The Et,0 solu-
tion was dried (MgS0,) and concentrated to a yellow oil which was
chromatographed on alumina.

Elution of the column with C¢He gave 1.5 g (319;) of a yellow
oil. Evaporative distillation at 110° (0.05 mm) gave 3a-allyl-
3a,4,3,6-tetrahydro-2-phenyleylopentapyrazol-3(2H )-one (19) as
a colorless oil.  Anal. (CisH16N:20) C, H, N; ir (lig film) 5.82 u
(C=0).

Elution of the column with Et,0-MeOH (1:1) gave 1.0 g (21%)
of brown crystals, mp 92-93°. Recrystallization (cyclohexane)
gave tan crystals of 1-allyl-1,4,5,6-tetrahydro-2-phenyleyclo-
pentapyrazol-3(2H )-one (7), mp 93-94°. Anal. (Ci;:H1sN2O) C,
H, N; ir, 6.04 u (C=0).

Benzylation of 2-(p-Bromophenyl)-2,4,5,6-tetrahydrocyclopen-
tapyrazol-3-ol (11).—A solution of 2.8 g (0.01 mol) of 11, 1.7 g
(0.01 mol) of PhCH,Br, 0.54 g (0.01 mol) of NaOMe, and 25 ml
of EtOH was heated under reflux for 15 hr, and then concen-
trated to dryness. The residue was taken up in HyO, and the
mixture was extracted with Et:0. The Et,0O solution was dried
(MgS0,) and concentrated to a yellow oil which was chromato-
graphed on alumina.

Elution of the column with CsHs gave 1.2 g (329,) of colorless
crystals, mp 85-95°. Recrystallization (hexane) provided color-
less crystals of 3a-benzyl-2-(p-bromophenyl)-3a,4,5,6-tetrahydro-
cyclopentapyrazol-3(2H )-one (20), mp 110-111°.  Anal. (CyHn
BrN:0)C, H, Br, N'; ir, 5.83 u (C=0).

Elution of the column with MeOH gave 1.0 g (279) of tan
erystals, mp 113-113°. Recrystallization (cyclohexane) gave
colorless needles of 1-benzyl-2-(p-bromophenyl)-1,4,5,6-tetra-
hydrocyclopentapyrazol-3(2H )-one (8), mp 117-118°. Anal.
(CmHnBI‘NzO) C, H, BI‘, N, iI‘, 5.98 M (C:O)

Benzylation of 2-(p-Fluorophenyl)-2,4,5,6-tetrahydrocyclopen-
tapyrazol-3-ol (12).—The procedure used for the benzylation of
11 was employed. From 2.2 g (0.01 mol) of 12, 1.7 g (0.01 mol)
of benzyl bromide, 0.54 g (0.01 mol) of NaOMe, and 25 ml of
EtOH was obtained an oil which was chromatographed on
alumina.

Elution of the column with hexane-Et.0 (3:1) gave 0.09 g (37,)
of colorless crystals, mp 75-76°. Recrystallization (hexane)
provided colorless crystals of 3-benzyloxy-2-(p-fluorophenyl)-2,4,-
3,6-tetrahydrocyclopentapyrazole (14), mp 77°. Anal. (CyyHy;
FN0)C, H, F, N; ir, no CO band below 6.20 u.

Elution of the column with hexane-Et.0 (1:1) provided 0.51
g (179) of colorless erystals, mp 90-94°. Recrystallization
(hexune) gave colorless crystals of 3a-benzyl-2-(p-fluorophenyl)-
3a,4,5,6-tetrahydrocyclopentapyrazol-3(2H )-one (21), mp 958-99°,
Anal. (CLeH:FNOYC, H, F, N ir, 5.86  (C=0).

Elution of the column with Et.0-MeOH (49:1) provided
0.83 ¢ (2790 of yvellow ervatals, mp 90-92°, Recrystallization
(eyclohexane) gave colorless crystals of  [-benzyl-2-(p-fluoro-
phenyl)-1,4,5,6-tetrahydrocyclopentapyrazol-3(2H )-one (9), mp
112°,  Anal. (CiiHiFN,0) C, H, F, N; ir, 6.00 u.

2,4,5,6-Tetrahydro-3-methoxy-1-methyl-2-phenylcyclopenta-
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pyrazolium JIodide (24).—A solution of 4.0 g (0.02 mol)
of 13 and 6 ml of Mel was allowed to stand at room temperature
for 15 hr. The solution was diluted with 200 of Et,O and filtered
to give 1.45 g (209) of crystals, mp 108-110°. Recrystallization
(MeOH-Et:0) gave colorless crystals, mp 109-110° dec. Anal.
(C1.Hy, IN0) C, H, I, N.

Pyrolysis of 2,4,5,6-Tetrahydro-3-methoxy-1-methyl-2-phenyl-
cyclopentapyrazolium Iodide (24).—A solution of 170 mg of 24
and 4 ml of MeOH was heated under reflux for 24 hr. Evapora-
tion of the solvent left 87 mg of 6, mp 123-125°. Ir and tle
examination of the product failed to indicate the presence of 18.

Puromycin Analogs. Aminoacyl Derivatives of
9-(3’-Amino-3’-deoxy-3-D-arabino~
furanosyl)adenine!

Lixpa V. Fisuer, Winniam W, LEE, AND LroN GooDpMaN

Life Sciences Division, Stanford Research Institute,
Menlo Park, California 94025

Recetved January 5, 1970

Puromyein (1), an antibiotic with antitumor activ-
ity,? has been used as an important biochemieal tool in
the study of protein synthesis. Aany structural ana-
logs of 1 have been prepared in an effort to exploit
the biological properties of the antibiotic. These in-
clude analogs where other aminoacyl groups replace
the p-methoxyphenylalanine moiety of 1,57% compounds
where the p-MeO of 1 is replaced by other substitu-
ents,® the derivative where the 3’-aminoribofuranose
of 1 is replaced by 3’-aminoglucopyranose,” and the
2'-0-Ac derivative® of 1. In an extension of these in-
vestigations, we have prepared a number of aminoacyl
derivatives of 9-(3-amino-3-deoxy-B-p-arabinonofurano-
syDadenine (3),° a 2’ epimer of 2. See Table I.

The aminoacyl derivatives 4 of 3 were prepared by
standard methods of peptide synthesis, the method of
choice for each compound being dependent on the rela-
tive ease of formation and facility of purification from
by-products. The choice of solvents was severely re-
stricted by the low solubility of 3, with DMI solvent
mixtures generally being the most useful. As in the
work of Baker, et al.,? unblocked 3 could be used in these
coupling reactions. In contrast, blocking of the OH
groups was essential to successful aminoacylation of 1-
(3-amino-3-deoxy-3-p-glucopyranosyl)uraeil. 10

The two coupling procedures used were A, the mixed
anhydride method using isobutyl -chloroformate!!

(1) This work was performed under the auspices of Chemotherapy,
National Cancer Institute, National Institutes of Health, Public Health
Service, Contract No. PH-43-64-500. The opinions expressed here are
those of the authors and not necessarily those of Chemotherapy.

(2) B. L. Hutchings, Chem. Biol. Purines, CIBA Found. Symp., 1956,
777 (1957),

(3) B. R. Baker, J. P. Joseph, and J. H. Williams, J. Amer. Chem. Soc.,
77, 1 (1955).

(4) R. H. Symons, R. J. Harris, L. P. Clarke, J. F. Wheldrake, and
W. H. Elliott, Biochem. Biophys. Acta, 179, 248 (1969).

(53) A. O. Hawtrey, 8. I. Biedron, and S. H. Eggers, Tefrahedron Lett,,
1603 (1967).

(6) A. M. Small, H. M. Kissman, J. P, Joseph, and M. J. Weiss, J. Med.
Pharm. Chem., 2, 375 (1460),

(7) 1. W, Lichtenthaler and U, P, Albrecht, Angew. Chem., 80, 440
(1968),

3) H. Neamann, V. B, Shashoua, J. ) Sheehan, nod AL Ricl, Froe. Nat.
Aead. Ned, (70N 61, 1207 (1468).

9y AL Po Mardnez, D, FL Calkins, B J0 Reist, Wo WL Lee, and L. Good-

maun, J. Heteroeyel. Chem., T, in press.

(10) H. A, Friedman, K. A, Watanabe, and J. J. Fox, J. Org. Chem., 32,
3775 (1967).
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and B, the dieyclohexylearbodiimide (DCC)-N-hy-
droxysuecinimide (NHS) method.!?1* Representative
examples of each of these methods are described in the
Experimental Section. Attempts to use a water-soluble
carbodiimide!* gave much less satisfactory results.

Racemization during certain of these peptide syn-
theses was a problem as shown by the significant dif-
ferences in rotation of the blocked p-alanyl nucleoside
9 prepared by methods A and B. The product from
method B gave the larger rotation difference from the 2-
alanyl compound 7 and we assume that this method
caused less racemization. Method B has been shown
to be especially good in maintaining optical purity.!?
In method A, although DMF as the solvent for mixed
anhydride formation induces racemization, it is safe
for the reaction of a preformed mixed anhydride.!!
In preparing the dipeptide nucleoside 17, the rotation
data were in accord with expectations that the cou-
pling of N-benzyloxycarbonyl-L-phenylalanine with 8
was preferable to the coupling of N-benzyloxycarbonyl-
L-phenylalanyl-L-alanine® with 3 by method A.

Catalytic hydrogenolysis with 59, Pd-C was used
generally to remove the blocking groups to afford the
final nucleoside peptides, all obtained as solvated sol-
ids. HOAc was added to aid in the deblocking of the
arginyl derivative 11. The blocked glutamyl nucleo-
side 15 was first hydrogenolyzed to remove the y-benzyl
ester, then the t-butoxycarbonyl group was removed by
a brief treatment (5 min) with trifluoroacetic acid at
room temperature. Trial experiments with the amino-
nucleoside 3 showed it to be stable in trifluoroacetic
acid for brief periods; but after 1 hr there was a detect-
able decrease in the rotation and after 4 days consider-
able adenine had formed. The original plan to couple
another amino acid to 16 was deferred when trifluoro-
acetic acid treatment of 15 gave a product that did not
seem very tractable and when several of the nucleo-
side peptides 4 gave negative preliminary testing re-
sults.

All the aminoacyl derivatives and some of the inter-
mediates (all compounds in Table I except 5, 7, 9, and
11) were screened for antitumor activity in the mouse
leukemia L-1210 system by Chemotherapy, National
Cancer Institute, according to its protocol.’® These
compounds were inactive at a dose of 400 mg/kg per
day.

Experimental Section?”

9-[3-Deoxy-3-(N-benzyloxycarbonyl-L-phenylalanyl-L-alanyl-
amino)-g-p-arabinofuranosyl)adenine (17).—A solution of 90

(12) F. Weygand, D. Hoffman, and E. Wtnsch, Z. Naturforsch., 21b,
426 (1966).

(13) J. E. Zimmerman and G. W. Anderson, J. Amer. Chem. Soc., 89,
7151 (1967).

(14) (a) D. G. Knorre and T. N. Shubina, Zk. Obskch. Khim., 86, 656
(1966); (b) J. C. Sheehan and J. J. Hlavka, J. Org. Chem., 21, 439 (1956).

(15) W, Grassmann, E. Wunsch, and A. Riedel, Chem. Ber., 91, 455
(1958).

(16) Cancer Chemother. Rep., 26, 1 (1962).

(17) Melting points were determined on a Fisher—Johns apparatus and
are corrected. Optical rotations were measured at ambient temperatures
with a Perkin-Elmer Model 141 automatic polarimeter. Paper chromato-
grams were run by the descending technique on Whatman No., 1 paper.
Tle was run on silica gel HF (E, Merck AG Darmstadt)., The solvent
systems are listed in Table I. All spots were detected by uv light and also
sometimes with ninhydrin spray. All solutions were dried with MgSOs
(anhyd) and were concd in vacue with a bath temp of less than 50° unless
otherwise noted. Celite is a diatomaceous earth product of Johns—Manville.
Samples were dried in vacuo (<1 mm) at 56° for 15 hr before analysis.
Analytieal results are within 3-0.4%, of the calculated values.
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mg (0.27 mmol) of the alanyl nucleoside 8, 81 mg (0.27 mmol)
of N-benzyloxycarbonyl-L-phenylalanine and 31 mg (0.27 mmol)
of N-hydroxysuccinimide in 2 ml of dry DMF was stirred and
cooled in an ice-salt bath. To this was added 55 mg (0.27
mmol) of DCC. The mixture was stirred for 2 hr at room
temp, cooled, diluted with 2 ml of water, and filtered to remove
the dicyclohexylurea. The filtrate was evapd to dryness in
vacuo, partitioned between 15 ml of EtOAc~-BuOH (2:1) and
10 ml of H;0, the H:O being reextracted with 5 ml more of the
organic solvents. The combined organic phase was washed
several times with 109, KHCO; solution, once with H,0O, dried,
and evapd in vacuo to give 699, of a homogeneous (by tle)
solid foam. This was taken up in a hot solution of 20 ml of H,O
and 4 ml of MeOH, filtered, and the filtrate allowed to cool.
There was deposited 64 mg (41%;) of a white amorphous solid
which, after drying, had [«]22p —11.4° (¢ 1.00, pyridine), and
other properties like those listed in Table I for 17 prepared by
other procedures.

9-{3-(Benzyloxycarbonyl-p-methoxyphenyl-L-alanylamino)-3-
deoxy-3-p-arabinofuranosyl]adenine (19).—Using the procedure
suggested by Anderson, et al.,!! the mixed anhydride was pre-
pared from 2.5 ml (18.2 mmol) of Et;N, 2.4 ml (18.2 mmol) of
isobutyl chlorocarbonate, 40 ml of EtOAc, and 5.97 g (18.2
mmol) of N-benzyloxycarbonyl-p-methoxyphenyl-L-alanine!® in
an ice-salt bath, and stirred for 15 min. Meanwhile, 3.3 g (12.5
mmol) of the aminonucleoside 3 was dissolved by warming in
110 ml of dry DMF. This solution was cooled, added to the
mixed anhydride in EtOAc and the mixture was stored at ca.
4° for 27 hr. The mixture was filtered, washed with 10 ml of
DMF, and the combined filtrates evapd to dryness in vacuo.
The residue was treated with 20 ml of H,O and again evapd to a
gummy solid. This was triturated with 150 ml of H:0O, then
with 50 ml of Et,O to afford 7.5 g of a white solid, R; 0.50 in
solvent C (tle) with four trace spots of contaminants. Recrystal-
lization from MeOH (800 ml coned to 350 ml and chilled) afforded,
after washing with 30 ml of Et,0, 4.5 g of white solid, mp 231-
238° (629, yield), homogeneous by tle with R; 0.5 in solvent C.
One more MeOH crystallization of similar material from an
earlier run gave the anal sample of 19, mp 240-243°; other
propertiesin Table I.

9.[3-Deoxy-3-(L-phenylalanylamino)-3-p-arabinofuranosyl] -
adenine (6).—A solution of 1.3 g (2.28 mmol) of 9-[3-(benzyloxy-
carbonyl-L-phenylalanylamino)- 3- deoxy- 8- p-arabinofuranosyl)-
adenine (5) in 100 ml of 959, EtOH was hydrogenated in the
presence of 0.3 g of 39, Pd-C for 3 hr at 60° and 1 atm. After
standing overnight at ambient temperature, the reaction mixture
was filtered through Celite,® the Celite washed successively with
three 10-ml portions of 959, EtOH, 10 ml of MeOH, and 10 ml
of H»O. The combined filtrate and washes were evapd to
afford 0.94 g of product, mp 130-136°. Recrystallization from
115 ml of boiling H.O and drying at 56° for 15 hr (<1 mm),
afforded 0.77 g (78%,) of 6 needles, mp 134-137°; 22! 237 mu
(¢16,600); A7 2587(17,000); A2 259 (17,700).
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Alkylation of 5-Substituted Tetrazoles
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A series of antihypertensive aminoethyltetrazoles,
prepared by the alkylation of 5-alkyl- or 5-aryltetra-

(1) To whom communications should be directed.



