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and B, the dicyclohexylcarbodiimide (DCC)-N-hy-
droxysuccinimide (NHS) method.!?:?* 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.!3
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. HOAec 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-benzyloxycarbonyi-L-phenylalanyi-L-alanyl-
amino)-g-pD-arabinofuranosyi)adenine (17).—A solution of 90

(12) F- Weygand. D. Hoffman, and E. Wiinsch, 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, Zh. 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., 25, 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 get 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. Al solutions were dried with MgSOs
(anhyd) and were concd in vacuo 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.
Analytical results are within 30.4%, 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 mi of dry DMF was stirred and
cooled in an ice-sait 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 mi of H:0, the HyO 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,O, dried,
and evapd in vacuo to give 699, of a homogeneous (by tic)
solid foam. This was taken up in a hot solution of 20 ml of H,O
and 4 mi of MeOH, filtered, and the filtrate allowed to cool.
There was deposited 64 mg (419;) of a white amorphous solid
which, after drying, had [«]??D —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-benzvloxycarbonyl-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 mi of dry DMF. This solution was cooled, added to the
mixed anhydride i1 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 130 ml of H.O, 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 mi concd 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
properties in Table I.

9-[3-Deoxy-3-(L-phenylalanylamine)-3-p-arabinofuranosyl] -
adenine (6).—A solution of 1.3 g (2.28 mmol) of 9-[3-(benzyloxy-
carbonyl- L- phenylalanylamino)- 3- deoxy- 8- b- arabinofuranosyl)-
adenine (5) in 100 mli of 959, EtOH was hydrogenated in the
presence of 0.3 g of 539, 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 HyO. The combined filtrate and washes were evapd to
afford 0.94 g of produet, mp 130-136°. Recrystallization from
115 ml of boiling H.O and drying at 36° for 15 hr (<1 mm),
afforded 0.77 g (78%,) of 6 needles, mp 134-137°; 22! 257 mu
(¢16,600); Aoy’ 258 (17,000); Aom ' 259 (17,700).
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(18) (a) R. P. Rivers and J. Lerman, J. Endocrinol., §, 223 (1948); (b)
H. E, Carter and J. W. Hinman, J. Biol. Chem., 178, 403 (1949).

Alkylation of 5-Substituted Tetrazoles

LeLanxp Hurr AND RoNaLp A. HeNRY!

Chemistry Division, Code 605, Naval Weapons Center,
China Lake, California 93555

Received January 12, 1970

A series of antihypertensive aminoethyltetrazoles,
prepared by the alkylation of 5-alkyl- or 5-aryltetra-
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there is considerable uncertainty about the structure
assignhments and,/or the purity for some of the com-
pounds described by Hayao, et al.?

In order to demonstrate that mixtures of 1somers ure
formed, several 5-substituted tetrazoles, as their anions,
liave been alkylated in EtOH or aq EtOH, the recovered
product separated by column chromatography, and
the isomers characterized. The results are summarized
in Table I. Two of the preseut examples duplicate
those reported? previously. In one example. the ma-
leate obtained from chromatographically purified 2-
[3-(N-morpholino)propyl]-3-phenyltetrazole had =
melting point in agreement with that reported; iu
this case, the ratio of 2 to 1 isomer i the alkyluted
product was almost 10:1. In the other example, the
dihydrochloride of purified 2-ethyl-5-[2-(4-phenyl-
piperazinyl)ethyl]tetrazole had a melting point sub-
stantially higher than that reported, which suggests
that the derivative purported to be the 2 isomer was
probably a mixture of isomers. The ratio of isomers
in the alkvlated produet in this latter example was
1.3:1.

Experimental Section

The follownig procedure is typical of those nsed 10 prepare
and separate the isomeric 1,3- and 2,5-disubstituted tetrazoles
listed in Table I,
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Dried Na salt of 5-[2-(4-phenyl-1-piperazinyl)ethyl] tetrazole?
(8.41 g, 0.03 mol) in 40 ml of abs EtOH was refluxed with 4.75 g
(0.0305 mol) of EtI for 16 hr. After concentrating to about 20 mi,
the solution was diluted with 35 ml of H,O and the pH adjusted to
the phenolphthalein endpoint with base. Extraction with five
20-ml portions of Et:0, followed by drying and evaporation of the
extracts, gave 6.55 g (769) of solid product. Two, well-separated
gpots of approximately equal size developed in tlc (Eastman
Chromatogram Sheet 6060, Silica Gel; 95:5 CgHe—abs EtOH).
This mixture was chromatographed on 90 g of 2:1 silicic acid-
Celite using 95:5 CsHe—abs EtOH as the eluting solvent. Be-
tween 450 and 500 ml of solvent was required to remove the 2-
isomer, which came off the column first.2 The product (3.76 g)
recovered by evaporating the eluting solvent crvstallized spon-
taneously, mp 67-68°, Although a portion (0.6 g, mp 83-84°)
of the 1 isomer was later eluted from the column by the same
solvent mixture (300 mi), the balance of this isomer was more
conveniently recovered by extruding the column packing, boiling
the latter with a large volume of the solvent, filtering hot, and
evaporating the extract.

Derivatives were prepared from the separated isomers by con-
ventional methods.

(8) This assignment is made for three reasons: a 2 isomer is less polar
than the 1 isomer:? the melting point of a 2 isomer is usnally lower than
that for the 1 isomer: and the chemical shift for thie protons on a methylene
group attached to tetrazole ring nitrogen is always at slightly lower field for
the 2 isomer than that for the 1 isomer.$
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Since the development of I-aminoadamantane as an
antiviral agent,' and subsequent reports that the ada-
mantyl moiety enhances biologieal activity in a variety
of classes of compounds,? there has been a marked in-
terest in the synthesis and biochemistry of a wide
variety of adamantyl-substituted and closely related
compounds.

We wish to desecribe 16 derivatives® of 1-aminoada-
mantane that were tested as candidate chemosteri-
lants* against three species of insects. Our selection
of compounds was influenced by the occasional biologi-
cal activity—e.g., chemosterilant, antitumor, anti-
viral—associated with ureas and semicarbazides and
their thio analogs, thiosemicarbazones, and related
hydrazine derivatives. In addition, we incorporated
into some of these compounds a dimethylamino group,
another functionality frequently associated with chem-
osterilant activity.® Their mode of preparation is
shown in Table I.

(1) H.J. Eggers and I. Tamm, Annu. Rev. Pharmacol., 6, 239 (1966) and
ref therein.

(2) K. Gerzon, D. J. Tobias, Sr., R. E. Holmes, R. E. Rathbun, and R, W.
Kattau, J. Med. Chem., 10, 603 (1967) and previous papers.

(3) (a) Compounds 1, 2, and 12, had been reported previonsly; E. I.
duPont de Nemours and Co., Netherlands Application 6,403,294, April 23,
1965 [Chem. Abstr.. 68P 9B37h (1956)]: (h) Compounds 7, 18, and 14
were reported at about the time this work was completed: $. Sallay and .
J. Childress, U.S. Patent 3,406,180, Oct 15, 1968 [Chem. Abstr. 70, 11223
(1969)]. Melting points of 7 and 18 agreed with those reported: the
abstract did not contain & melting point for 14.

) A, B. Borkovee, “lnsect Chemosterilants,” lulerscience, New York,
N. Y., 1966.

(5) P. H, Terry and A. B. Bofkovec. J. Med. Chem., 10, 118 (1967);
A. B, Bofkovec and A. B. DeMilo, 7bid., 10, 457 (1967); and unpublished
observations,
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Chemistry.—Compounds 5, 7, and 9 were obtained
from the reaction of l1-adamantyl isothiocyanate with
Me,NH, N,H,, and 1,1-dimethylhydrazine, respective-
ly. Compounds 4, 8, 10, and 11 were similarly pre-
pared by treating Me,INH, 1,1-dimethylhydrazine,
ethyl carbazate, and semicarbazide, respectively, with
l-adamantyl isocyanate. This isocvanate has been
reported,® but our synthesis via a Schmidt reaction
(Experimental Section) provides a particularly con-
venient preparation on a laboratory scale. With
one exception described below, the reactions of
nucleophiles with both the isocyanate and the iso-
thiocyanate proceeded smoothly at or below room
temperature in any of a variety of solvents, e.g., CH.-
CL, THY, C¢Hs, Et,0. EtOH could be used at low
temperatures, although heating the isocvanate with
EtOH in refluxing C;H, afforded the carbamate 12% in
high yield. Work-up consisted of simply collecting
the solid product if it had separated from solution, or
evaporating the reaction mixture to dryness and re-
crystallizing the residue from an appropriate solvent.
A typical example, the preparation of 10, is described
in the Experimental Section. 4-(1-Adamantyl)semi-
carbazide (6) could not be prepared cleanly from 1-
adamantyl isocyanate and N,H,, and was instead
obtained from alkaline hydrolysis of 10. 4-(1-Ada-
mantyl)thiosemicarbazones (13-16) were prepared
from 7 and the appropriate carbonyl compounds.

Results

In general these adamantyl compounds have not
been highly effective as insect chemosterilants against
house flies, Musca domestica L., screw-worm flies,
Cochliomyia homimworaxr (Coquerel), or boll weevils,
Anthonomus grandis Boheman, Although 3, 6, 7, and
16 reduced oviposition in some tests when fed to mixed
sexes of house flies at a concentration of 19; of the
diet,” the activity was not sustained at lower concen-
trations or in male sterilant tests. None of the com-
pounds exhibited significant activity against boll wee-
vils. Compounds 3 and 4 reduced egg hatch when fed
to screw-worm flies® (19 of diet), and 1 prevented
oviposition at this concentration.

Experimental Section®

1-Adamantanecarbonyl Azide and 1-Adamantyl Isocyanate.—A
solution of l-adamantanecarbonyl chloride (50 g, 0.24 mol) in
Me,CO (150 mi) was added dropwise to & cold (0-5°) solution of
NaNj; (20 g, 0.31 mol) in HO (75 ml) and Me,CO (50 mi). The
mixture was stirred in the cold for 20 min then extracted with
Et:0 (8 X 150 ml). The combined Et;O portions were washed
(H,0, ag NaHCO;, aqg NaCl) and then dried. The solvent was
stripped at 15-20°, and the azide was obtained as a white solid

(6) (a) H. Stetter and C. Wulff, Chem. Ber., 98, 2302 (1962); (b) M.
Paulshock and J. C, Watts, U.S. Patent 3.203.970, August 31, 1965 [Chem.
Abstr., 64, PC 6159 (1966) |.

(7) Screening tests on honse flies were performed hy G. C. LaBrecque
and associates, of this Division in GGainesville, I'L; ¢/, R. L. Fyve, GG. C. La-
Brecque, and 1. K. Goycek, J. Econ. Entomol., 89, 485 (1966).

{8) Screening tests ou screw-worm flies were performed by M. M. Crystal
and associates, of this Division in Mission, Texas; of. d. 8. Crysial, J.
Econ. Entomol., 8T, 726 (1964).

(9) Melting pointx were obtained on a Bocbi melting point apparatuas
amwd are nncorrected.  Ir spectra were recorded on a Perkin-Ehner Model
137 NaCl prism spectrophotometer. MgSOs was emploved as a drying
agent. l-Adamantanecarbonyl chloride and l-adamantyl isothiocyanate
were purchased from the Aldrich Chemical Co. Microanalyses were per-
formed by Galbraith Laboratories, Inc.. Knoxville, Tenn.



