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A large nuniber of carbohenzoxy dipepddes, several tripepddes, and a namber ol alkyl, cyecloalkyl, avvl,

heterocyclic amide derivadves of carbobenzoxy-1.- and -p-phenylalanive have been syuthesized,

Many of the

peptdes were found to be active agaiust measles uud herpes viruses.

During the course of an investigation into the syu-
thesis of biologieally active peptides, it wus found that
an miterniediate  dipeptide, carbobenzoxy-r-phenyl-
alanyhitro-r-arginine,! displaved significant activity
against measles virus propagated by tissue eulture i
plastic cups.  The unusual aetivity displayed by this
stmple dipeptide was of cousiderable interest to ns,
siice peptides of this size have been devold of any
biological aetivity.® Sinee that initial finding, wo
have mude o detailed study of the synthesis and bio-
logical activity (Table I) of a large number of carbo-
benzoxy dipeptides, several carbobenzoxy tripeptides,
and sonie amide derivatives of carbobenzoxyphenyl-
alanine,

We initially assumed that the nitroarginine portion
of the molecule was mainly responsible for its biologieal
activity, sinee it could be viewed as an unnatural amino
acid.  The synthesis of several nitroarginine dipeptides
{Tuble II) und their luck of antiviral aetivity led us to
the preparation of a somewhat random series of di-
peptides containing earbobenzoxyv-r- and -p-phenyvl-
alanine. A number of these compounds had high
levels of antiviral activity m vitro against measles virus
and a few were active against herpes virus.  The im-
portanice of the earbobenzoxy group as an integral part
of the aetive moleeule was soon verified.  Dipeptides
without a protecting group had very weak or 1o ue-
tivity, and substitution of other commonly nsed pep-
tide-protecting  groups also afforded inaetive com-
pounds.  Fxpansion of the svnthetic effort to eneom-
pass i large wimber of carbobenzoxy dipeptides con-
tuluing p-amino acids and a limited sertes of carbo-
benzoxy tripeptides was carried out. A variety of
stimple amide derivatives of carbobenzoxy-n- and -b-
phenylalanine was prepared, sinee it was evident that
this fragment was of vital importatce for antimeasles
activity and, also, as u possible lead into other types
of antiviral activity,

Chemistry.—-The procedure used for the synthesis of
the ninjority of the dipeptides was the mixed-unhydride
method which has forud wide application in the prep-
aration of simple peptides because of its simplicity.?
The product of this reaction, the carbobenzoxy dipep-
tide methyl ester, was treatod with methanolic NaOH
fo remove the ester group.  AH of the amide deriva-
tives of carbobenzoxy-r- and -n-phenylalanine (Table
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111} were obtained nsing the mixed-anhydride method.
The p-nitrophenyl ester method* was frequently em-
ployved.  The azide and the dievelohexylearbodiinide
nicthods and Woodward's* reagent I were employed
oceasionatly,  Typical procedures for these methods
are to be found in the Experimental Section.  The nse
of br-amine acids was kept to @ minimum sinee stereo-
chenieal-netivity relationships wondd be difficnlt to
mterpret, and the eventual synthesis of the separate
ixomers wounld be mevitable,

Biological Results.' - Carbobeuzoxy peptides show-
g autiviral activity in the plastie cup or plaque-
redizction tests are listed in Table 1.7 With three
exceptions, all of the peptides active against measles
have p-phenylabiine in the molecule, and most of
then have an adjacent carbobenzoxy function. It is of
interest that both  carbobenzoxy-p- and -v-phenyl-
alanines were found to be inactive. The quantitative
activity differences among this group of compounds
are small, and it is probable that they all act by the
salie mechanisin, A few of the peptides, active against
nieazles, were also aetive against the distemper virus in
cenibryonated eggs. The nost active compounds fonnd
agalnst distemper were earbobenzoxy-p-phenylalanyl-
nitroarginine  and - earbobenzoxy-n-phenylalanyl-n-
alanine,  The sinitarity of the two viruses may ac-
count for this, but it ix apparent that the stroctural
modifications are nwre restricted for activity in the
distemper test,

The dipeptide methyl esters were routinely tested
and a few of them were active against herpes. Strie-
ture aetivity relationships with the herpes virus arce
difficidt to assess. The correlation between the plastic
cup sod the plague test is qnestionable. At best,
it can be mferred that the sulfir-containing amino
acids arve the nmost interesting in this series.  Three
peptides were found to have significant activity in the
plastic cup test against simian B virns,  Carbobenzaxy-
phenylalauyinitroarginine had a virns rating of 14,
it p-phenylalanine isomer 3.1, and  carbobenzoxy-
n-phenyhdanyl-v-phenylabunine was 2.9 i thisx tesc
The activity cotdd not be confirmed in the plague test.
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TapLe 1
CarBoBENZOXY DI- AND TRIEPTIDES ACTIVE AGAINST MEASLES AND Henrpes VIRUsks
—————1easles plaque testt-————
—~—N, Y- Virus Undi-

Compd* Alp, °C  Method? IForinula Caled Yound rating® luted 3.2 X 10 X 32 X 100 X
Z-Dle-(NO2) Arg? 174-176 A Co3lsNeOs 16.79 16.81 2.2 100 100 90 41 7
Z-»-Ple-(NOu) Arg 143-145 A C2HsNeOs 16.79 16.89 2.1 80 52 0 ..
Z-pL-Phe-(NOw) Arg 137-139 C C23H2sNeOs 16.79 16.96 2.3 99 70 11 10
Z-Phe-(NO2)-p-Arz 135-137 C C23HxsNeOx 16.79 16.76 2.4 . . L. .. .
Z-p-Phe-Ala 116-118 A C2H22N:205 7.56 T7.67 1.5 100 8 81 79 53
Z-p-Phe-p-Alg 165-167 A CoH22N205 7.56 7.39 1.2 80 47 28 7 16
7-p-Phe-n-Leu® 138-139 C Cu3H2sN20s 6.79 6.88 0.95 100 90 68 a7 0
Z-D-Phe-Met 115-117 A C22HN20:8- 0.6H:0 6.39 6.39 1.5 97 93 78 40 98
Z-p-Phe-p-Met 106-109 A Co:H26N2058 6.51 6.30 2.8 100 100 9 42 +15
Z-Phe-p-Phe 100-102 C CosHasN205-0.5H-0 6.15 5.98 0.5 100 100 33 0 0
Z-p-Phe-p-Phe/ 156-157 A Ca6H26N:0;5 6.28 6.44 1.7 98 98 99 84 27
Z-D-Phe-Ser 136-138 A CoH2N:06 7.25 7.23 2.9 80 24 +5 17 22
Z-p-Phe-n-Ser 155-157 A C2H22N20s 7.25 7.12 2.3 98 88 82 61 66
7-b-Phe-p-Thr 168-170 A CuHuN:20s 7.00 7.01 1.6 94 10 0 0
7-bD-Plie-p-Trp 160-163 A Cax:H2xN30s 8.66 8.67 1.3 100 87 44 0
Z-v-Plie-p-Tyr 168-170 A CasH2sN205 6.06 6.03 3.6 100 100 100 0 0
%-p-Plie-p-Val 144-146 C C2:H2sN205 7.08 7.13 1.1 g0 92 46 25
7-bp-Phe-Phe-n-Ala 85-90 C C2sH3oN306 8.33 8.13 1.8 53 40 35
Z-p-Phe-Phe-(NO:) Arg 105-107 A, C CsH3N:00 14.76 14.70 2.4 100 100 100 94 66
Z-Phe-p-Phe-p-Tyr 183-185 A C CasHasN305 6.89 6.93 0.7 95 71 43
Z-p-Phe-Phe-p-Val 95-100 C CaHasN30¢ 7.69 7.92 1.5 98 87 50 35 1

——-——Herpes plaque test®————
Z-p-Asn-Ala 188-189 C CisHioN306 12.45 12.38 0.2 44 50 42 22 23
Z-p-Phe-Ala 0. 82 65 60 a2 26
Z-vAbu-(8-13z1}Cys 82-85 B CnHN2058 6.9l 6.48 0 89 68 67 0 14
(NO2)Z Arg-(8-13z1)Cys 170-172 B CxHguNeOsS 15.38 15.34 0.8 24 63 30 0 0
)i Z-pL-Lys-(3-Bzl) Cys-OCH; 139-141 B CaHao N3O 6.77 7.12 0 75 26 a9 0 s
Di Z-pL-Lys-(8-Bzl)-p-Cys-OCHs 153-155 B CaH3eN30:8 6.77 6.98 0.2 66 . 64 12 0
Z-b-Phe-(S-Bz)Cys 75-78 A C2:H2sN:0:3 3.69 3.7 0.6 94 80 55 17 24
7,-D-Phe-(8-Bzl)-p-Cys 86-89 A CoHxN208 5.69 5.49 0 60 26 26 19
Z-Ser-(8-Bzl)Cys 137-139 C CaH2aN2068 6.48 6.34 0 36 7 12 22
Z-p-Ser-(8-Bzl)Cys 157-159 C Cu H2aN2063 6.48 6.51 0 T 23 19 16
Z-Trp-(3-Bz)Cys 65-70 1 CoH2aN3058 7.90 8.21 0 Toxic 51 12 7 0
Z-Tyr-(8-Bzl)Cys-OCH; 135-138 B CsHaoN206S 5.36 5.51 0 88 73 58 62 51
Z-Val-(3-Bzl)Cys 168-170 bt CuHiN20s3 6.30 6.27 0.1 100 55 0 6 0
7-Val-(%-Bz1)-p-Cys 91-94 A CasHasN 2058 6.30 6.38 0 67 37 23 0 BN
7Z-p-Phe-(8-Et)Cys 73-77 A C2H26N2058 6.51 6.72 0 47 64 56 41 0
7-D-Plie-(8-Me)Cys 112-117 A CauHxuN:0:8 6.73 6.86 0 72 74 74 69
Z-Phe-pL-ethionine-OCH; 126-128 C CasH3oN:2058 6.11 6.06 0.75 80 76 0
Z-Pro-Gly-ONp 142-143 A CaHxuN30: 9.83 10.00 1.1 66 28 16 37 24
Z-Phe-1le-OCH; 104-105 A CxHN20s 6.57 6.57 0.7 66 61 46 69
Z-Pro-Met-OCH; 107-109 C CroHuN12058 7.10 7.13 0.4 90 35 42 41 30
Z-p-Phe-Met 0.3 68 52 14 0 0
(NO32)Z-p-Plie-p-Met-OCH3 130-132 B C2HxN3078 8.58 8.79 0.5 62 66 54 66
Z-(8-Bzl)Cys-p-Phe 166-168 A C2:HasN 2058 5.69 5.74 0 Toxie Toxie 63 48
7-p-Pro-np-Phe 120-122 A C2sH24N205 7.05 7.10 0.6 85 72 64 30 19
Z-v-Asn-p-Ser-OCH3s 198-200 C CisHaN;3Os 11.44 11.57 0.3 27 42 53 a0
Z-D-Asn-Val-OCHs 187-189 C CisHxN30s 11.08 11.28 0.4 54 19 39 7 6
Z-pL-Glu-Val 203-206 C CisHzxN30s 11.08 11.07 0.8 85 30 16 0 .
Z-Phe-p-Val-OCH; 135-136 A CuHuN20s 6.79 6.79 1.1 85 47 49 49 34

2 The methyl esters were prepared but are omitted here except for active compounds; Z = carbobenzoxy, Bzl = benzyl, ONp =
p-nitrophenyl; for amino acid symbols used see J. Biol. Chem., 241, 2491 (1966). Amino acids are the L configuration unless otherwise

designated. ? See Experimental Section for methods used.

(1959).

None of the peptides tested was active against other
viruses such as polio, rabies, or influenza. The non-
peptide amide derivatives were all inactive regardless
of stereochemistry.® A few tripeptides possessed anti-
measles activity., The <n vivo antiviral activity of
carbobenzoxyphenylalanylnitroarginine has been in-
vestigated.® The serum from rats or rabbits receiv-
ing the drug by injection or by oral administration was
found to be active against measles virus in the plaque
test. Oral administration to monkeys did not produce
active serum. Injection into monkeys resulted in
severe tissue irritation.

Experimental Section
Melting points, taken with the Thomas-Hoover capillary

melting point apparatus, are corrected.

(8) It is of interest that a recent patent has clailhed ecarbobenzoxy-L-
phenylalanylcytosamine to be aetive against herpes virus; The Upjohn
Co., Netlierlands Patent 6,510,258 (1966).

¢ See ref 6.
/ This peptide was reported as an oil: Z. J. Vejdélek, Collection Czech. Chem. Commun., 15, 929 (1951).

4 Reference 1. ¢Y. Noda, Nippon Kagaku Zasshi, 80, 411

General Procedures for the Preparation of the Compounds
Listed in Tables 1T and II. Method A.—To a cold (—10°),
stirred solution of 7 g (0.021 mole) of carbobenzoxy-p-tryptophan
in 100 ml of CH,Cl; was added 2.1 g (0.021 mole) of Et;N followed
by 2.3 g (0.021 mole) of ethyl chloroformate. The solution was
stirred 20 min at —10°, and a solution of 3 g (0.021 mole) of
p-alanine methyl ester hydrochloride and 2.1 g (0.021 mole) of
Et;N in 100 ml of CH,Cl, at 0° was added. The solution was
stirred for 3 hr at 0° and at room temperature overnight. The
solution was washed with H,0, 59, NaHCO; solution, dilute
HCI, and H:0 and dried. The filtered solution was evaporated
to a small volume, and petroleum ether (bp 35-60°) was added
giving carbobenzoxy-p-tryptophyl-p-alanine methyl ester which
was recrystallized from CH,Cls-petroleum ether; yield 8 g (909;),
mp (9-81°,

Anal. Caled for CuHasN3;05: C, 65.23; H, 5.95; N, 9.92.
Found: C, 65.21; H, 5.91; N, 9.80.

To a solution of 5 g (0.0118 mole) of the above dipeptide ester
in 50 ml of MeOH was added 7 ml (0.014 mole) of 2 N NaOH.
The solution was kept for 1 hr a 25° and diluted with 100 ml of
H.0, then 7 m! of 2 ¥ HCL. The carbobenzoxy-p-tryptophyl-p-

() J. R. Dice, W. A Rightsel, I*. M. Schabel, Jr., and I. W. MeLean, Jr.,
Ann, N. Y. dead. Sci., 130, 24 (1963).


C2.H2.N2O5
C23H.sN.O5
C22H.6N2OsS-O.5H2O
C2eH26N.O1-O.5H2O
C2sH.6N.O5
C23H.3N.O5S
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TasLe I
Sy~NrHETIC CARBOBENZOXY DI- Axp TRIPEPTIDES

[e]2=265, - -Caledd, O mme—- N o], e e
Compd® Mp, “C Merhod? deg® I'ormala ¢ 11 N [ 1l N

A-Asti-b-Ala 1053-105 o —1.201)  CiHuNiOs S5 468 12045 53.82 5.6+ )2l
/-p-Asu-p-Alag 220-221 & =+13.9 (3) CiHisN308 53,41 5.18 12.45 53.59 H.,6h 12,36
7-(S-Bzl} Cys-n-Aly 109-111 A —25.3 (2) C2 HaaN2058 60,56 .81 6,73 80. 59 H.70 G.71
7%-Gln-n-Ala 180-181 « .. CiHaN306 34,70 13,03 11.96 54.49 6,31 11,79
Z-pL-Glh-p-Ala 135-140 A — 1.4 (1) (16 T2 N3Og 57U 6,03 11.96 54.74 G.21 11.86
7.-D-(a-Ph)Gly-n-Ala 152-155 A -3 (1) CraMH2eN:20s 64,03 a.68 7.86 63.43 H.82 7.61
7-1le-p-Ala 161-163 (& +12.7 (1) CrrHaNOs 60. 60 T 833 60.52 603 8. 48
“/-v-Leu-v-Ala 145-148 \ +31.5 (3) CiHuN:0s 450, GYH 7.1 8.33 60. 46 6.00 .31
Z-Len-p-Ala 07-101 A —~12 {4) Card2a N5 G0 GY Ty 8,33 60.95 T.08 8.12
Z-Met-p-Ala 169-170 A —3.4 (1) CisHz:N2068 5122 (S 7.90 53.97 638 783
Z-v-Met-p-Ala 161-1183 \ +5.0 (1) CeH2eN2058-0.511,0 5288 6,38 T.71 53,056 6,30 7.67
7-Plie-p-Ala 16=-117 A —-1.8 () (20H22N:05 G1.81 5,94 T.00 64 .8y 5. 82 7.Go
Z-Pro-n-Ala Oil [ —33.3 (B CigHaoNaOs 5.4y 4,30 8.75 6.77 8,45
7-D-Ser-n-Aly 157-138 \ +13.9 (4) CuH;N:06 5,85 .03 3.81 8,08
Z-Trp-n-Ala 7h=-80 A -26.3 (D) Cuat2sNsOs Nt 10,27 3.70 10,18
Z-p-Trp-n-Ala 149-150 A +18.3 (1) Jagl 12y N3O 567 10,27 5,18 10.11
Z-Val-o-Ala 160= 1131 \ +18.3 (B CeHeN2Os 307X 1, 88 R.69 7.01 5.88
Z-v-Val-p-Ala 174-175 A +5 () Crsbl2eN 205 ST 6.88 8.69 T.00 8,74
Z-p-Plie-3-Ava 118-120 ¢ +—7.51D CoellN:0s (SR GLAY 7.03 Go47 7.0
7-p-Ala-(NOs) Arg 120-121 A =101 CrrHaNOs 13,11 3.70 1680
7-Asp-NH-(NO2) Arg 224225 A .. CisHasN7Os 11425 5,30 20 08
Z-1le-(NOs) Arg 1576-130 . —=0.5 () Crpll30NeOs 110 [ 18 .02
7-Met-(NOz) Arg 140-143 « -3.9 (1) 1o N8 1700 .83 17,30
Z-0-DPlie-(NOw»)-v-Aryg 105-110 A +3.0 (%) “i3H s N5 AnLe Aol 16749
Z-Trp-(NOs)Arye G8=75 A —17.5 (1) 46 Heo N3O7-0.511:0 51,74 5.5l 17 &7
7-p-Chloro-n-I"lie-(N Oq) Arg 125-128 ™ +2.8 (Iy 3 Hl.an A0 15.71
Z-0-(a@-Ph)Gly-(NO2) Ary H0-45 A —14.0 (1) 4.3 17.28
Bz-DPlie-(NOs) Arg 115-120 +%.4 (1) w16 17,86
Phit-Plie-(NO2) Az 188-100 —111 (1) Hh .64 16.93
BOC-Plie-(NOs) Are 115=-120 = 8.0 (1) A1, 49 18.02
Trt-Plae-(NOs) Arg 135-140 +1.6 (1) G704 1:3.83
13z1:-Phe-{NOy) Arg 47-104 -3 83 Hio72 15,47
Tos-Phe-(NO:) Arz 120-125 +5.13 (1} T II2s N6 QeS8 ML 75 16.14
Z-1le-0-Asp 7H=00 A +17.9 (1) CoisTuNa2Os AL 83 T.30
Z-oL-Gln-p-Asp 142-111 [ +4.4 (D CrHaNOy A6 10.63
Z-Met-p-Asp 125-130 A - 21 (3 51,11 7.01 ;
Z-0-Phe-n-Asp G4=72 A +13.270) T GQ L KG 6.76 60.63
7-Plie-p-Asp 60-68 A —7.4 (1) CaT12aN:205 G0, 8G 4,76 61.02
Z-0-Plie-Asp 60-065 A +5.2 (1) Canll2eN207 G 813 6,76 G0. 49
Z-Pro-n-Asp 60=-65 A =462 (D Cis o N207 56,01 7.64 55 .60
Z-vL-Pro-p-Asp B5=70 A —~0.4 (3) Ci:11aa N0+ 56,04 T.60 H6.02
Z-Val-D-Asp GA=-7H A —17.113) 131l N202 hhL T2 704 H5.81
Z-p-Ala-(8-Bz1)Cys 115-117 A —3 (3) Ca 1T N2Os8 .73 60,48
/-p-Asn-(3~Bz])Cys YH1-1133 [® —11.2 {3) CaldsN3068 no1a a7.20
7-p-Leu-(S-Bzl)Cys TH=TT 1t -6.1 (1) CatFloN 2068 6.11 62 87
D1 Z-pL-Lys-(8-Bzlj-p-Cys 115-119 B —~h.2 (1) SeHa N3OS 24 [ E 63.4
7-p-Trp-(8-Bzl)Cys G5-70 A +13.1 (2} Cag 3o N3OS 63,452 700 65,22
Z-0-Val-(8-Bz)Cys H5-100 13 -30.4 (1 ClagllosN2Os8 ESAREY 6, 3D 61.89
7Z-Phe-(8-Me)Cys 111-116 A — 13 (2) Cal124N2058 60,514 G.73 60.82
7-b-Phe-(S-Ally}Cys T5-80 A 2.3 (1) Cuali26N 2058 - 0.5H0 G616 G621 61.21
7%-Phe-(8-Et)Cys T3-78 A —20 (1) Co e N2OsS 6.51 G1.00
7-Yhe-p-Glu 163-168 A —11.2 (1) CatlaN:05 6,54 62,11
7-p-Phe-Glu 147-135 A -2.4 (1) b «N207 6,04 62,10
Z-p-Phe-p-Glu 168-171 A +14.6 (1) H2sN:05 6.54 61,72
Z-p-Phe-Gly 149-151 A +21.2 (2) CioHaN:0s5 7.86 63.82
Z-p-he-p-1lis 210-211 A +4.3 (1) CestlaaN4Os 12 8% 62.57
Z-p-Phe-His 165-168 A 438 (3) CnlIaN40s 12 84 62,65
Z-Phe-p-His 171-172 \ —24.9 (2) CaaHuNeOs 12.84 3
Z-p-Asn-p-lle 188-189 C —4.7 (1) ChslasNsO% 11.a8
Z~D-Asn-1le 187-188 C +16.8 (3) NieHas N3O 11.08
7-p-Phe-n-Ile 150-152 A 4.6 (2) V' 6,50
Z-n-Phe-Ile 110-112 A +22.6 (1) (Vi
Z-Phe-p-lle 107-109 A —23.1 (1) G.74H 66,95
Z-n-Phe-pr-Iva 144-145 A +16.2 (3) 708 06. 40
Z-Phe-pL-Iva 115-146 y —~15.7 (3) 22116 N Os .03 5. 21
7-p-Asn-p-Leu 178-180 C +5 (D CislInNaQs 11.08
Z-p-Asn-Leu 188-190 C —+15.1 (3) Chrs1N3O¢ 11,08 6. 52 1o, v2
Z-p-Met-p-Leu 8083 A +12.3 (1) CoollnN20s3 7.07 6.70 6.8
Z-Phe-p-Leu 113-115 A +2.2 (4) CallsN:Os 6,70 6.4 Gl
Z-Ala-p-Met 01-93 A +13.1 (1) CreHuwN2058 7.90 G.30 Tl
Z-p-Ala-p-Met 112-114 A +0.5 (1) Chigld2eN 2053 . 7.90 6.18 8,04
7-(NOg)Arg-p-Met, 133-134 A +2.9 (1) Crg 2N 6058 .10 5.83 17.35 a1 1718
7-Asn-p-Met 163-165 C +4.1 (1) (113N 3068 51,88 5.84 10.58 hHl.40 5.60 10,11
7-D-Asn-D-Met 1853~185 C +4.8 (1) CillaN3OeS HY T 3.81 10.58 H1.33 5.87 10.50
7-p-Asn-Met 157-159 C —3.8 (1) Ca1IN3Oe3 5).38 H.84 10.58 N1, 22 577 10,11
%-(8-B21)Cys-p-Met 100~103 A —13.3 (3) CayHegNaOs82 AT.04 5.yl 5.8Y 5H7.66 6.00 0. 80
Z-Gly-p-Met 110-112 A +3.9 1) (s HaeN2OsS A2 10 5.02 8.24 1§} 6,00 8.43
Z-His-p-Met 117-120 1n —4.8 () CrelleNeOs8 0.5 1120 31 587 13.05 A, V00 12,84
Z-Hyp-p-Met 118-120 ¢ —22 4 (1) ClsHaaN 2068 HE A G410 7.07 H4.29 n.0H o1l
7-lle-p-Met 123-125 (® +18.3 (1) Cry N 57005 p T.a7 a7.74 T30 o
7-Len-p-Met 48-100 [ A-1.7 (1} e 5704 T 5750 ool [ERREISE
Z-n-lien-pD-Met H5-41) A RS )] « T4 .07 ST N Goun VUNY
Di Z-lLys-n-Mes 113-115 1 -2 () i1l NgOrs S 2 .70 DL GS G. 16 70
Z-Met-n-Alet 106-108 A ER YRS g e N 2058y 02, 6T 3 6.1 W
Z-p-Met-n-det 118-120 A +9.66 (1) Cigtlg N oS RS 8 G.76 52 24 G310 [
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TasLE II (Continued)

[a]2%~2D, Caled, % Found, %
Compd?® Mp, °C Method? deg® Formula C H N C H
Z-Phe-p-Met 118.5-119.5 A +8 (4) C2H26N20:8-0.5H-0 60,12 6.20 6.39 39.95 6.27 6.37
Z-p-Phe-p-Met—0 105-115 C +10 (1) C22H326N 2068 - 0.5H:0 58.01 5.98 6.15 57.78 5.76 6.28
Z-Phe-p-Met—O 140-143 C -8 (1) C2H3N:0s8 - H20 96.89 6.08 6.03 56.53 5.60 6.03
Z-p-Phe-Met—0O 123-125 C +10.5 (1) C2:H26N206S - H20 56.89 6.08 6.03 56.99 5.64 5.98
(NO2)Z-p-Phe-p-Met 149-151 B +15 (1) CHs N3O S 35.97 5.30 8.83 55.73 5.50 8.81
(CHO)-p-Phe-pD-Met 155-160 A e CisHaN 2048 55.54 6.22 8.64 55.36 6.14 8.48
Z-Pro-Met 135-137 C —30.3 (1) CisHuN:20:8 56.78 6.36 7.37 36.89 6.10 7.34
Z-Pro-p-Met 95-97 C —25.3 (1) CisHuN:20:8 56.78 6.36 7.37 56.87 6.36 7.41
Z-p-Pro-Met 98-100 A +25 (1) CisHxN:20:8 56.78 6.36 7.37 56.56 6.28 7.29
Z-p-Pro-p-Met 133-135 A +22.3 (1) CisH2N2058 56.78 6.36 7.37 56.56 6.42 7.39
Z-Tyr-p-Met 68-70 C —8.2 (1) C2:H2N:06S-0.0H:0 58,01 5.98 6.15 58.19 6.14 6.15
Z-Val-p-Met 152-153 A +22.4 (1) CisH26N2058 56.52 6.85 7.32 56.67 6.92 7.44
Z-p-Val-p-Met 179-181 A —1.89 (1) CisHzN 055 56.52 6.85 7.32 56.30 6.85 7.49
Z-p-Phe-pL-Nle 129-130 C +7.38 (3) C2H2sN 205 66.97 6.84 6.79 67.03 6.90 6.91
Z-p-Phe-pL-Nva 141-142 C +6.5 (3) C2H26N 205 66.31 6.8 7.03 66.52 6.69 6.95
Z-Ala-p-Phe 49-51 A +2.6 (2) CaoHN 205 64.83 5.99 7.56 64,81 6.15 7.68
7-p-Ala-p-Phe 56-60 A cee C2H»N:0s 64.83 5.99 7.56 64.88 6.07 7.69
Z(NO2)Arg-p-Phe 93-105 C L C23H2sN 605 55.20 5.64 16.79 54,95 5.72 16.385
Z-Asn-p-Phe 192-194 C —4.3 (1) CaHx:N30¢ 61.01 5.61 10.17 61.15 5.585 10.10
Z-p-Asn-p-Ple 215-218 C -8.9 (3) CaH2N30s 61.01 5.61 10.17 61.05 5.48 10.15
Z-p-Asn-Phe 189-192 C +4.5 (2) CaH2N30s 61.01 5.61 10.17 60.76 5.61 10.10
Z-Gln-p-Phe 193-195 C —0.8 (2) CoH2sN306 61.82 5.90 9.83 61.86 5.94 10.03
Z-Hyp-D-Phe 148-150 D —16.3 (1) Ca:HyN:Og 64.08 5.87 6.80 63.63 5.74 6.90
Z-1le-p-Phe 159-161 C +8.7 (1) C23H2sN 205 66.97 6.84 6.79 66.97 6.97 6.93
Z-p-Leu-Phe 55-60 A +20 (4) C2sH 2N 205 66.97 6,84 6.79 66.73 6.63 6.86
Z-p-Leu-p-Phe oll A .. C2:HN O3 66.97 6.84 6.79 66.96 6.86 6.70
Di Z-pL-Lys-p-Phe 118-121 C +1.4 (1) CaHaN3Oq 66.30 6.28 7.48 66.33 6.28 7.62
Di Z-pr-Lys-Phe 118-120 C +6.6 (3) CaHisN:0; 66.30 6.28 7.48 66,09 6.36 7.61
Z-Met-p-Phe 123-126 A +2.1 4) CnHyN20:8 61.36 6.08 6.51 61.16 6.10 6.37
Z-p-Met-Phe 97-100 A v C2HsN 2058 61.36 6.08 6.51 61.49 5.95 6.48
Z-p-Met-p-Phe 125-127 A —-5.9 (1) C22H2sN20:8 61.36 6.08 6.51 61.67 3.97 6.72
Z-p-(a-Ph)Gly-p-Phe 154-157 A —13.9 (1) CosHasN205 69.42 5.60 6.48 69.29 5.587 6.60
Z-Pro-p-Phe 53-57 C —~15.9 (2) C2H2sN:0s 66.635 6.10 7.05 66.44 6.11 6.97
Z-Ser-p-Phe 137-139 C —9.9 (2) CaH2eN20 62.17 5.74 7.25 62,17 5.86 7.27
Z-p-Ser-Phe 133-135 C —19 (3) CxH2N:0¢ 62.17 5.74 7.25 62,23 5.93 7.19
Z-p-Ser-p-Phe 138-139 E —15.7 (1) C20H2N:Og 62,17 5.74 7.25 62.46 5.91 7.30
4-pL-Thr-p-Phe 135-138 C —13.1 (3) CaHxuN:Og 63.00 6.04 7.00 63.02 6.42 7.53
Z-p-Trp-p-Phe 142-145 A +36.2 (1) C2sH2N30s 69 .26 5.61 8.66 69.39 5.66 8.55
Z-pD-Trp-Phe 90-100 A +23 (2) CaHuN 05 69.26 5.61 8.66 69.37 5.62 8.74
Z-Val-p-Phe 118-120 A +12.5 (2) C22H2sN 205 66.31 6.58 7.03 66.11 6.58 7.12
Z-p-Val-Phe 132-134 A —~13 (1) CasH26N 205 66.31 6.58 7.03 65.64 6.68 7.06
7-p-Val-p-Phe 176-178 A —13.1 (1) CueHaN20s 66.31 6.58 7.03 66.35 6.64 715
Z-p-Asn-Pro 55-60 C RN CiHaN30¢ 56.19 5.82 11.57 56.17 5.87 11.55
Z-p-Phe-Pro 55-61 A —35 (2) C2H3:sN:20s 66.65 6.10 7.05 66.33 5.99 7.12
Z-p-Phe-pL-Pro 55-62 A —10 (1) C2:HuN20s 66.65 6.10 7.05 66,69 6.14 6.66
Z-Ala-p-Ser 153-155 A —20.5 (3) C1HisN20s 54.19 5.85 9.03 94.17 6.04 9.15
Z-Asn-p-Ser 172-174 C —11.8 (1) CisH1sN;307 50.99 5.42 11.89 50.80 5,38 11 93
Z-p-Asn-p-Ser 199-202 C —11.9 (1) CuHigN307 50.99 5.42 11.89 50.91 5.14 11.99
Z-p-Asn-Ser 180-183 C +15 (1) C1:H1eN ;07 50.99 5.42 11.89 51.06 5.37 11.87
Z-Gln-p-Ser 160-161 A —3.9 (2) CisHaN3O7 52,31 5.76 11.44 51.84 5.64 11.61
Z-Gly-p-Ser 121-122 C —5.5 (1) CisH16N 203 52,72 5.45 9.45 52.66 5.63 9.37
Z-1le-p-Ser 167-168 C +1.8 (1) CirHxN:20s 57.93 6.86 7.95 57.56 6.96 7.84
Z-Leu-p-Ser 50-55 A —15.3 (1) CiiH2N:0s 57.93 6.86 7.95 57.50 6.98 7.93
Z-Met-p-Ser 162-163 A —21.2 (3) CisH322N206S 51.89 5.99 7.56 51.75 6,15 7.72
Z-Phe-p-Ser 134-136 A —28.5 (1) CooH2:N20s 6 .17 5.74 7.25 62.04 5.87 7.04
Z-Pro-p-Ser 117-120 C —32.5 (1) CisH2N:0¢ 57.14 5.98 8.33 56.77 6.15 8.32
Z-p-Ser-p-Ser 190-192 C —23.5 (1) CuHisN 207 51.53 5.57 8.59 51.60 5.46 8.51
Z-Trp-p-Ser 0il A —45.1 (1) C22H23N350s 62.11 5.46 9.88 61.71 5.50 9,53
Z-p-Val-p-Ser 174-176 A —-17 (1) Ci1sH22N206 56.78 6.55 8.28 56.70 6.38 8.30
Z-p-Asn-p-Thr 213-214 C —10.5 (1) CisHaN3O7 52.31 5.76 11.43 52.38 5.78 11.28
Z-Phe-p-Thr 0Oil A —38.5 (1) CaHzN 206 63.00 6.04 7.00 63.34 6.27 7.05
Z-p-Phe-Thr 53-60 A +37.4 (2) CaHuN:06-0.5H0 61.61 6.16 6.84 62.05 6.18 6.82
Z-Pro-p-Thr 148-150 C —~56.6 (3) C1H22N:0¢ 58.27 6.33 7.99 57.99 6.42 7.98
Z-p-Asn-p-Trp 223-225 C —18 (1) C23H2:N4Os 61.06 5.35 12.39 60.94 5.30 12,48
Z-Phe-Trp 137-142 A —10 () CasHnrN305 69.26 5.61 8.66 69.21 5.31 8.77
Z-Phe-p-Trp 127-128 A —3.9 (2) CxHxNsOs 69.26 5.61 8.66 69.09 35.34 8.76
Z-p-Phe-Trp 172-174 A —-1.0(3) CesHzN305 69,26 5.61 8.66 69.98 5.86 8.54
Z-pL-Pro-p-Trp 188-190 A +17 (4) CosH2sN 205 66.04 6.01 9.63 66,11 5.80 9.51
Z-p-Ala-pL-Tyr 30-35 A —4.5 (1) CaH2N:06 62.17 5.74 7.25 62.14 5.96 6.86
Z-p-Asn-pL-Tyr 173-175 C +4.1 (D) CaH2N307 58.87 5.40 9.79 58.61 5.32 9.70
Z-p-Met-pL-T'yr 0Oil A +12.1 (4) C2H3zN:2068 - 0.5H20 58.01 5.98 6.15 58.09 5.90 6.10
Z-p-Phe-Tyr 109-112 A +8.3 (1) C26H26N0¢ 67.51 5.67 6.06 67.41 5.87 5.95
Z-n-Val-pL-Tyr 90-95 A +12.8 (3) Ca2:HasN O 63.7 6.33 6.76 63.97 6.38 6.69
Z-Ala-p-Val Oil A —10.9 (3) CisH22N:0s 59.78 6.88 8.69 59.74 7.01 8.66
Z-p-Ala-p-Val 149-150 A +23 (4) CisH22N20s 59.78 6.88 8.69 59.69 6.66 8.69
Z-Asn-p-Val 195-197 C —~12.4 (3) CitH23N30s 55.88 6.34 11.50 56.18 6.50 11.53
Z-p-Asn-Val 196-198 C —2.8 (2) CirH2N 306 55.88 6.34 11.50 55.77 6.10 11 46
Z-p-Asn-p-Val 197-199 A +8 (3) CiH2N 306 35.88 6.34 11.50 55.65 6.27 11.53
Z-(8-Bz])Cys-p-Val 30-55 A —34 (1) C23H2sN 2058 62.14 6.36 6.30 62,00 6.50 6.1
Z-Gln-p-Val 206-207 A —2.8 (1) CisN2zN;3O¢ 56.98 6.64 11.08 57.16 6.62 11.14
Z-Hyp-p-Val 62-68 D —10 (1) CisH24N 206 59,383 6.64 7.69 59.47 6.75 7.71
Z-Ile-p-Val 153-155 C +2 (1) Ci1sHasN:0s 62.62 7.74 7.69 62.51 7.71 T.54
i Z-i51,-Lys-p-Val 115-120 C —4.4 (1) CorHgsN3O7 63.14 6.87 8.18 62,85 6.74 8.37
Z-Met-p-Val 125-127 A —14.2 (1) CisH26N 2058 56.52 6.85 7.32 56,74 6.79 7.44
Z-Phe-p-Val 146-148 C —15.1 (1) C2H2N:0s 66.31 6.58 7.03 66.28 6.54 6.84
Z-p-Phe-Val 1471-49 C +22 (1) Cs2HzsN 205 66.31 6.58 7.03 66.37 6.73 7.21
Z-pL-Pro-p-Val Oil A +10.8 (3) CisHuN 05 62.05 6.94 8.04 61.90 7.19 7.83


C2iH2.N2O1S-O.5H1O
C22H2.N2OeS-O.5H2O
C22H26N20.S-0.5H20
C3.H3.N307
C21H24N20.-0.5H20
C22H26N20.S-0.5H20
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Pavrw P (Coidinaed)

Clonyul* NMp, V¢
Z-Trp-n-Val YOH-110
Z-p-I"he-1'he-1le 185--100
Z-1=Dle-n-1"lie-n-"T'yr 1940--20)
Z-0-1'lie-p-1"he-n-Val 192-195 A
Z-v-1"be-v-1'liv-n-Ner 120--130 ¢

» Medhyl escers were prepared buat are omitted; Z = carbobenzoxy, Pht = phihalyl, Tt =
= benzyl; amino acids are L confignracion nuless ocherwixe designied.

(2) e 2, DMFE; 3) 1, MeOH: 14) ¢ 2, MeOH.
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AMIDE DERIVATIVES 0F CARBOBENZOXY-L- AND -D-IHENYLALANINE

@cmcuco.\mclﬂcora

Il . —A50ml, B ~Fonnd,
ismner R-Aunode Mp, <C Forntaba « 11 N « 11 N
D 3-Amino-1,2,4-triazole 246-248 Collu N O 6245 H.24 1417 5222 5,07 19024
D Cyeclopropylamine 172-174 CaHauNL04 7097 6.0 RN 70.70 6.40 S 1o
D 3-Aminopropanol 131-133 Clap g N0 67.39 6.80  7.NT G717 6.86 7.2
D 3-Amino-1,2-propanediol 155-138 CapITa,NL O 64.51  6.50 702 6302 6.7 707
D N-Aminomorpholine 184-186 Ca N O B3.78 6.57  10.9¢ 6388  ¢6.77 1.9
D 2-Aminopyridine 134-13H Ca N0, 7058 5,04 1119 70015 5,60 L34
L Tetrahydrofurfurylamine 119121 Caa N0, GH.OS 6.8 T.58 6883 6.92  T.1o
i} 2-Amino-5-(2-N Os-furfuryl)-1,3,4- 233-235 CagH N OS 2307 380 1420 I IS I YR T Y
thiadiazole

N Aniline 164-167 CagFLaNL Oy T30 008 74N 700
D m-Aminobenzenesalfonamide 158-160 CayHag N3O G092 5. 12 .27 0,02
D l-Aminocyclopentanecarboxylic acid Oil CoullyNLO; 6727 6.7 D82 G5
D Cyclohiexylamine 163-165 a3 Tl N2 Oy T200 742 750 746
D w-Aminocaproic neid 120-123 CayTLagNL O, B6. 96 6.8+ TV 1.8
L p-Glueosamine 208-210 Cas N Oy SOON B 608 It
D n-Hexvlamine 126-128 CaFl3oNOy 0 701 R 725
L 2-Amino-d-chlorobenzoxazole 180-1913 Cu Ly CINGO 64.07 4.4 0.0 035
D m-Amingbenzotrifluoride 155-137 CyHa N0, 65,15 4,78 6.2
D p-Aminobenzonitrile 168-170 Cu N0y TIN5 lg. 37
D 2-Aminobenzimidazole 230-240 Coy N Oy 14, 5 10,70
L AH-Aminoindazole 195-10R Oy JLaNLO; [TV 127
L Cycloheptylamine 154157 CaslleN Oy 7500 PR
D N-(n-Aminopropyl)morpholine 109--108 Cold Ly N [YAWE! 0, K6
b p-Aminophenylthivacetic acid 145-148 (b 64 6,23
L p-Methoxybenzylamine 1H4--156 AT .74
L Cyelooet ylamine E2- 108 .50 G041
» N-Aminoquinoline 17119 THLUN 08T DONT
L Tryptamine 143-146 73,05 NN 3. N GT
D p-Aminohippurie acid 1H7-194 o146 N.07 o441 SOG4
D I-Aminoadamantaue 130-131 74,96 6. 4N 7507 6.0l
D 3-Aminocarbazole 235208 Th 4 007 T 508 061
D (Cyelodecylamine 176-178 CliH o NL O TEO6 SN 6,08 T4 O NTS O 6.45
L Aminodiphenylmethaue 179180 a1 N O TTLO60 0. 08 GLOB P I (O LR

alanine which separated wax removed, dried, and recrystallized
from KeQAc-cyclohexune; yield 4 g (84¢:), mp 149-1720°.

Method B.—To a suspeusioun of 5 g (0.019 mole) of S-beuzyl-
cysteine methyl ester hydrochloride in 50 ml of CH,Cl; was added
LY g (0.019 mole) of Et;N. The mixture was filtered after 5 min
and (o the filtrate was added 4.8 g (0.019 mole) of earbobenzoxy -
p-valine and 4 g (0.019 mole) of dicyclohexylearbodiimide. The
mixture wias kept overnight at 25°; the precipitate was removetl
and the filtrate was washed with 5¢; NaHCO; solution, H.0),
and dilute HCL, then dried and evaporated to a small volume.
Petroleum ether was added giviug a white solid which was re-
crystallized from EtOAc-petroleum ether; vield 7 g (80¢7), mp
130--140°.

Anal. Caled for CallspNa0:3: C, 62.86; 11, 6.5 N, 611,
Found: C, 63.05; H, 6.57; N, 6.17.

Curbobenzoxy-p-valine-S-benzyleysceine  wins obamed sx g
colorless solid, 4.5 g (U29), mp Y3-100° by hyvdrolysis o the
methyl escer as dexeribed in Al

Method C. -To it eold (3% solutiomr ol 7.5 ¢ (10,027 wole)ad
earhbobenzoxy-b-wsparagine i 50 mb of DMEF wax adided 3.9 ¢
(0.02% mole) of p-uitrophennl and 5.8 g (0.028 mole) of dicyeb-
hexylearbodiimide.  The mixture wasx kept at 5° for 5 ol
filcered. To the filtvate was added a filtered solution prepared
from 5 g (0,027 mole) of p-isoleucine uethyl ester hydrochloride
wnd 2.7 ¢ (0,027 moley of BN in 50 ml of DMP. The reaction
mixture was allowed to stand 18 hr at 23°, chen evaporuaced 1o
a small volume. The residue was taken up in 100 ml of EtOA«,
and che solution, washed with 110, 5%, Na.CO; solution, aid
dilute HCI, wax dried and evaporaced to ca. 30 ml. Petroleum
ether was added, und che resulting solid was removed and re-
crvstallized from THOAc-MeO H-FE 6O to give 4.5 g (5267) of car-
brhenzoxy-p-asparaginyl-n-i=olecuine mechyl ester, mp 164-165°.

dnal. Caled for ClleaNOs: 57900 T, 6.92; N, 10.65.
Found: €, 38.11: H, 7.05; N, Lo.82.

Sapeonifiention o the above methyl ester gave, be 7407 viekl
viirhobenzoxv-p-aspuaaginyl-n-isoleactiee, wip [SN-1807,
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Alternative Method C.—A cold (0°) mixture of 5.6 g (0.022
mole) of p-phenylalanine methyl ester hydrochloride and 2.2 g
(0.022 mole) of Et;N in 75 ml of DMF was filtered, and to the
filtrate was added 9 g (0.022 mole) of O-acetyl-N-carbobenzoxy-
serine p-nitrophenyl ester.® The solution was kept 2 days at
25° and evaporated to an oil which was taken up in EtOAc.
This solution was washed with H;0, 59, NaHCO; solution, and
dilute HCI, then dried and evaporated to a solid. The product,
O-acetyl-N-carbobenzoxyseryl-p-phenylalanine methyl ester was
recrystallized from EtOAc-petroleum ether, 7.5 g (77%), mp
132-133°, [«l®D +4.4 (¢ 2, DMF).

Anal. Caled for anngNzOﬂ C, 6243‘ H, :)93, .\., 6.33.
Found: C, 62.44; H, 5.96; N, 6.52.

The methyl ester and O-acetyl groups were removed using an
excess of 2 .V NaOH in MeOH affording carbobenzoxyseryl-p-
phenylalanine in 729 yield, mp 137-139°.

Method D.—To a cold (5°) solution of 7.9 g (0.03 mole) of
carbobenzoxyhydroxyproline in 150 ml of MeCN was added 3 g
of Ety;N and 7.5 g (0.03 mole) of Woodward’s® reagent K. The
mixture was stirred 1 hr at 3°, and 5 g (0.03 mole) of p-valine
methyl ester hydrochloride and 3 g of Et;N were added. The
mixture was stirred 48 hr at 25°. The solvent was evaporated,
the residue was taken up in EtOAc, aud the solution was washed
with H.0, 5% NaHCO; solution, and dilute HCl and dried.
Evaporation of the solvent left an oil which would not crystallize:
vield 8.4 g (749,).

Anal.  Caled for C,,HyeN:04-H,O: C, 57.35; H, 7.12; N,
7.06. Found: C, 57.28; H, 7.00; N, 6.63.

Hydrolysis of the above methyl ester with NaOH in MeOH

(10) E. D. Nicolaides and H. A. DeWald, U. S. Patent 3,164,614 (1965).
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gave carbobenzoxyhydroxyprolyl-p-valine in 809 yield, mp
62-68°.

Method E.—To a cold (7°) solution of 6 g (0.0238 mole) of
carbobenzoxy-p-serine hydrazide in 50 ml of glacial HOAc and
30 ml of 1 & HCI was added over 15 min, 1.7 g (0.025 mole) of
NaNOQO, in 5 ml of H,O. After an additional 5 min, the solution
was diluted with 200 ml of ice-H;O and extracted with cold
(—5°) EtOAc. The EtOAc solution was washed with ice-H,O
several times and with cold 59, Na,CO; solution until neutral
and dried. To this filtered solution at 0° was added a cold (0°)
mixture of 3.5 g (0.024 mole) of p-phenylalanine methyl ester
hydrochloride and 2.5 g of EtsN in 50 ml of DMF. The solution
was kept 24 hr at 5° and washed with 59, NaHCOQO; solu-
tion, and dilute HCI then dried and the solvent was evaporated.
Et.0-cyclohexane was added producing a colorless solid, 4.5 g
(469;), mp 77-78°,

Anal. Caled for CaHuN.Oq: C, 62.99; H, 6.04; N, 7.00.
Found: C, 62.73; H, 6.23; N, 6.93.

The methyl ester was removed in the usual manner giving
carbobenzoxy-p-seryl-p-phenylalanine, mp 138-139°.

Acknowledgment.—We are indebted to Mr, C. E.
Childs and his staff for the microanalyses, to Mrs.
Carola Spurlock and Arlene Stec for the rotations, and
to Dr. Harry Crooks and Dr. John Dice for many
valuable discussions and encouragement during this
investigation. We wish to thank Dr. Morton Munk
for the preparation of two of the peptides and Drs.
G. J. Dixon and F. M. Schabel, Jr., Southern Research
Institute, for some of the testing.

Nitrofuryl Heterocycles.
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4-Amino-6-(5-nitro-2-furyl)-1H-pyrazolo[3,4-d]pyrimidines

HouEr A. BurcH

Chemzstry Division, The Norwich Pharmacal Company, Norwich, New York 13815

Recewed July 14, 1967

Fifty-two 1-alkyl-4-amino-6-(5-nitro-2-furyl)-1H-pyrazolo[3,4-dlpyrimidine derivatives were prepared and

were found to possess excellent antibacterial activity.

The most active compound was the 4-bis(2-hydroxy-

propyl)amino-1-methy!l derivative, which showed an oral EDjy of about 2 mg/kg against Staphylococcus aureus

infections in mice.

In a previous paper in this series? it was shown that
the attachment of a condensed pyrimidine ring system
at the 2 position of the nitrofuran ring would give com-
pounds possessing exceptional antibacterial activity.
That paper described the antibacterial activity of
numerous 4-amino-2-{5-nitro-2-furyl)quinazoline de-
rivatives. The present paper is concerned with the
synthesis and biological evaluation of derivatives of an-
other condensed pyrimidine system, l-alkyl-4-amino-
6-(5-nitro-2-furyl)-1H-pyrazolo[3,4-d Jpyrimidine.

Chemistry.—The excellent procedure of Taylor and
Borror? for condensing nitriles with 5-amino-4-cyano-
pyrazoles (1) in the presence of base to yield 6-substi-
tuted 4-aminopyrazolo[3,4-d]pyrimidines (2) was
adapted to include the reaction of 2-furonitrile with 1.
The desired nitrofuran derivatives were then prepared
by mixed-acid nitration of 2. Unfortunately, this
short synthesis was not applicable to the preparation of
4-substituted amino derivatives. These compounds

(1) For the previous paper in tlis series see I, R Snyder, Jr., J. Med.
Chem., 10, 737 (1967).

(2) H. A. Bureh, 4., 9, 408 (1966).

(3» E.C. Taylor and A. L. Borror, J. Org. Chem., 26, 4967 (1961).

were prepared with little difficulty, however, by the
synthesis devised by Cheng and Robins.# The reac-
tions are summarized in Scheme 1.

Thus, aminocyanopyrazole (1) was acylated with
2-furoyl chloride to give amide 3 which was cyclized in
hot, alkaline, peroxide solution to pyrazolopyrimi-
dinone (4), Mixed-acid nitration of 4 gave the nitro-
furyl derivative 5 in excellent yield. The assignment
of the keto form to the oxygen function in position 4
of compounds 4 and 5, rather than the frequently
reported tautomeric hydroxy form, was based on the
observation that carbonyl absorption occurred at
1650-1670 ecm~! in the infrared. Chlorination of 5
with PCl; in POCl; gave the 4-chioro compounds 6.
Displacement of the chlorine atom in 6 with a variety
of amines proceeded smoothly in DMF solution to give
the amino derivatives 10-46, 49-55, and 58 listed in
Table I. Displacement of the halogen in 6 with am-
monia in aqueous DMF gave 7-9, identical by mixture
melting points and infrared spectra with those obtained
by the nitration of 2.
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(4) C. C. Clieng and R. K. Robins, ¢bid., 23, 191 (1U58).



