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Pyrimidinones. 1. 2-Amino-5-halo-6-aryl-4(3H)-pyrimidinones.
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Interferon induction and antiviral activity was discovered with 2-amino-5-bromo-6-phenyl-4(3H)-pyrimidinone. An
analogue study incorporating a series of 2-amino-5-substituted-6-arylpyrimidinones revealed that the most potent
interferon inducers were mono- and difluorophenyl analogues. These same analogues were also potent antiviral
agents against Semliki Forest virus and herpes simplex type 1. In addition the monomethoxyphenyl analogues were
potent antiviral agents but weak interferon inducers. Relatively modest structural changes led to dramatic changes
in bioactivity. There was a relatively poor correlation between levels of circulating interferons induced and systemic

antiviral activity.

The utility of interferons in mediating an antiviral state
in the virus-infected host is well established.»? One ap-
proach to antiviral therapy with interferon (IFN) in the
infected host is through the use of interferon inducers.??
Although much of the focus in this area has been on
high-molecular-weight, ionic polymers such as poly-
nucleotides (poly(IC)) and pyrans, research and clinical
evaluation has also included several low-molecular-weight
interferon inducers, such as fluorenones and aliphatic
diamines.

In 1976, 2-amino-5-bromo-6-methyl-4(3H)-pyrimidinone
(ABMP) was reported to induce circulating serum levels
of interferons when administered orally (po) or intraper-
itoneally (ip) to rodents and cats.* Although it compared
favorably with poly (IC) and tilorone in terms of circulating
IFN levels and hyporesponsiveness,® it exhibited a tox-
icity-limiting crystal deposition in the renal papillae of rats
upon chronic administration.” Subsequent studies dem-
onstrated that the analogous 6-phenylpyrimidinones did
not possess this toxic liability® and, furthermore, exhibited
enhsaglced IFN-inducing and antiviral potency and activ-
ity.%

Further biological evaluation of an initial lead candidate
in this second-generation pyrimidinone series, 2-amino-5-
bromo-6-phenyl-4(3H)-pyrimidinone (ABPP), served to
unravel an intriguing spectrum of immunomodulatory
activity®-1118 that may be related to its antiviral*>!® and
antitumor activity.!%!® In efforts to elucidate the struc-
ture—-activity relationship (SAR) profile of these bioac-
tivities in this pyrimidinone series, we have systematically
varied synthetically accessible points in the generic mol-
ecule. We report herein the effects of molecular modifi-
cations at the 6-position of the 2-amino-5-halo-4-pyrimi-
dinone structure upon antiviral activity (SFV and HSV-1)
and IFN induction in mice.

9 Br
HN/I
HZNJ\\N R
R=CH3z - ABMP
R=CgHs -~ ABPP

Chemistry. 2-Amino-6-substituted-4-pyrimidinones are
readily prepared by condensation of an appropriate 3-keto
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Scheme I
1) n-BuLi (2 eq)
THF

HO,CCHaC0ZCoMs o) Regcr RCOCH,C0,CoHs
(HaN)2CNH,
CoHgOH, A

g g
HN/‘\/[‘F’[X Xa or NBX HN [
HZNJZ\\N - X=Cl Br, 1 HZNJ\\N ]

ester with guanidine (Scheme 1).%'7 The §-keto esters
are prepared in high yield by acylation of dilithio ethyl-
malonate!®!? followed by protonation. The introduction
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of halogen at C-5 is accomplished by treatment of the
pyrimidinone with N-halosuccinimides in acetic acid or,
alternatively, bromine or iodine in aqueous sodium hy-
droxide/chloroform for X = Br, I and bromine in acetic
acid for X = Br.

The overall yields from monoethyl malonate to final
pyrimidinone were generally >50%. All 8-keto ester in-
termediates!® were analyzed by 'H NMR and were gen-
erally of acceptable purity to be used directly in the
guanidine condensation to pyrimidinone. All of the py-
rimidinones, including the intermediates (5-hydrogen),
exhibited acceptable combustion analysis (see Table I) and
IH NMR spectra consistent with their structural assign-
ment. In addition, single-crystal X-ray analysis of ABPP
crystallized from acetic acid revealed a trielinic 2-amino-
4(3H)-pyrimidinone tautomer (R = 0.064, 2070 reflec-
tions).20:21

All of the analogues listed in the table were derived from
commerecially available aryl carboxylic acids, with several
exceptions, as starting materials for the 8-keto ester. The
difluoro series were secured via metalation of difluoro-
benzene?? followed by carboxylation to afford the di-
fluorobenzoic acids. For example, treatment of p-di-
fluorobenzene with butyllithium at -60 °C in THF fol-
lowed by CO,; quench yielded 2,5-difluorobenzoic acid
(43%). Analogously, o-difluorobenzene afforded 2,3-di-
fluorobenzoic acid in 76% yield (2,6-difluorobenzoic acid
is commercially available).

The phenol analogues (e.g., entry 17) were derived from
the demethylation of corresponding anisole analogues (e.g.,
entry 14) by standard treatment with HBr in acetic acid.
The 3,5-dibromo-4-hydroxyphenyl analogue (entry 70) was
the result of attempted bromination (procedure B) of the
m-phenol precursor (i.e., over-bromination). The m-eth-
oxyethyloxy analogues (entries 46, 47) were prepared by
alkylation (K,CO;/DMF, 100 °C) of m-hydroxybenzoic
acid with ethoxyethyl bromide. The resuiting bisalkylated
ether-ester was hydrolyzed (KOH, EtOH, aqueous) to
m-ethoxy(ethyloxy)benzoic acid, which was then converted
to the acid chloride (SOCl,) and carried through the route
shown in Scheme I. The p-benzoic acid analogue (entry
61) was derived from the p-benzonitrile analogue (non-
halogenated precursor, entry 60) by employing standard
hydrolysis conditions (2 N NaOH, A).

Biology. When the enhanced antiviral and interferon-
inducing activity of the 6-phenyl analogue (ABPP) over
the 6-methyl analogue (ABMP) was originally uncovered,®
we initiated a modest analogue effort to explore struc-
ture—activity relationships. Initial studies demonstrated
that activity was present with chlorine, bromine, or iodine
at the 5-position; however, the corresponding 5-hydrogen
or 5-fluorine were inactive. Other substituents were tol-
erated at the 5-position within certain size limits.2*

Investigations of various 6-aryl and 6-heteroaryl ana-
logues were then initiated. Since this immediately invited
a plethora of options for selecting variously substituted
benzene ring analogues, the Topliss decision tree method
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incorporating the Hansch approach was explored.? Thus,
the 4-methoxy, -chloro, -methyl, and 3,4-dichlorophenyl
analogues were synthesized. The potency order of these
four analogues with the unsubstituted benzene analogue
in each of the 5-chloro, -bromo, and -iodo series was de-
termined for antiviral activity and interferon induction.
Unfortunately the potency order (H > 3,4-Cl, > 4-Cl, 4-
CH,, 4-OCHj,) did not fit any of the operative parameters
in Topliss’ manual method. Indeed, this selection quickly
pointed out that 4-substituted analogues were weakly ac-
tive to inactive. The scope of the analogue effort was
therefore dramatically broadened as is evident from the
entries in the table. It should be noted that all of the
biological activities described are in vivo and, furthermore,
a retrospective Hansch-type QSAR has been performed
on the analogues described herein that has uncovered two
interdependent operative substituent parameters.”® All
of the pyrimidinones have virtually no in vitro antiviral
or interferon-inducing activity.

The pyrimidinone analogues were evaluated against le-
thal virus infections in mice, specifically the RNA virus,
Semliki Forest virus (SFV), and the DNA virus, herpes
simplex virus type 1 (HSV-1). These were chosen prin-
cipally because the SFV infection is considered interferon
sensitive and HSV-1 is relatively insensitive. In addition,
serum interferon levels were determined in mice upon a
single ip administration of the analogue usually measured
at several time points over 24 h. In those cases where the
interferon activity was typed (i.e., a, 8, v), the activity
appeared to be principally of the a-interferons. While the
analogues were tested via three routes of administration
against SFV ip inoculated mice, they were only evaluated
ip against HSV-1 ip inoculated mice.

Examination of the data generated for biological cor-
relates reveals several conclusions: (1) there is poor cor-
relation (~40%) between levels of interferon produced and
anti-SFV potency upon single-dose ip administration, (2)
there is good correlation (~70%) between anti-SFV (ip)
activity and anti-HSV-1 activity, and (3) po activity was
seldom noted and when present generally equipotent to
ip; sc activity was generally in between ip and po.

The structure—activity relationships were particularly
intriguing. The most potent interferon inducers were the
unsubstituted phenyl analogues or the steric equivalents
thereof, the fluorophenyl analogues. In fact, several di-
fluorophenyl analogues (entries 80, 87, 89, 90) exhibited
peak interferon titers of 10° U/mL within 3 h of admin-
istration.”? The only exception to this generalization are
the 2,5-dichlorophenyl series (entries 71-73), which also
exhibited high interferon levels. The 2-pyridine and 1-
pyrazine analogues of the 6-heteroaryl series also demon-
strated significant interferon levels. Note the spatial /steric
similarity to the unsubstituted phenyl series.

The most potent antiviral agents were the 2- and 3-
methoxyphenyl and 3-fluorophenyl analogues of the mo-
nosubstituted phenyl series and the 2,3-difluorophenyl
analogues of the disubstituted phenyl series. In the latter
case, increased efficacy was noted when the time from
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Table I

0
"

HN/\/l[RI

HZNAN Ry

antiviral activity
HSV-1¢
b protec-
proce- SFV EDy,” mg/kg tion
entry X R dure® anal. ip po sc IFN¢ index dose

1 Cl C¢H; A CoHgCIN;O: C, H, N, Cl 100 90 105  +++ 0.62 200

2 Br C¢Hs® B C,oHsBrN;0: C, H, N, Br/ 100 100 50 +++ 0.60 200

3 I CeH; E CoHgIN;O: C,H, N, I 50 >400 25 + 0.86 100

4 Cl 2-FCeH, A CoH,CIFN;O: C, H, N, Cl 105 105 115  +++ 0.69 50

5 Br 2-FC,H, B C,oH;BrFN;0: C, H, N 25  >400 200 + 0.69 50

6 I 2-FC,H, E C,oH;FIN;O: C,H, N, F, I 105 >400 >400 ++ 0.67 50

7 Cl  2-CIC,H, A C,oH,C,N;0: C, H, N, C1 300 +

8 Br 2-CIC4H, B CyH;BrCIN;O: C, H, N, C], 285 - .

9 I 2-CIC¢H, E C,oH,CIIN;O: C,H,N,CL ; 90 - 0.13 100
10 Cl 2-CH;CgH, A CuHCIN;O: C, H, N, Cl 130  >400 350 ++ 0.13 100
11 Br 2-CH,CcH, B CH,oBrN;O: C, H, N, Br 60 >400 >400 - 0.20 100
12 I 2-CH;CH, E C,;H,INO: C, H, , I 175 >400 205 - 0.13 100
13 Cl 2-CH,0CsH, A C,1HCIN;Oy: C, H, N, CI; CIf 20  >400 80 + 0.53 100
14 Br 2-CH;0C¢H, B C,;H;oBrN;0,: C, H, N, Br/ 15 >400 100 + 0.92 100
15 I 2-CH;0CH, E C1HoINOy: C, H,N, I; IY 25 >400 120 + 0.69 100
16 Cl 2-HOCiH, A C,0HgCIN;04: C, H, N, Cl + 0.61 100
17 Br 2-HOCgH, C,oH3BrN;O,: C, H, N, Br¥ -

18 Cl 3-FC.H, A C,oH,CIFN;O0: C,H,N,CL F 30 >400 100 +++ 0.61 25

19 Br 3-FC.H, B CH,BrFN;O: C,H, N, Br, F 70 175 155 +++ 0.64 25

20 I 3-FCH, E CH,FIN;O: C,H, N, F, I 10 >400 80 ++ 0.25 25

21 Cl  3-CICsH, A C;iH.CLN;0: C, H, N, Cl 135 >400 >400 + 0.86 200

22 Br 3-CIC4H, B CoH:BrCIN;O: C, H, N, Br, Cl 30 >400 300 +++ 0.78 200

23 I 3-CIC¢H, E C,oH,CIIN;0: C,H, N, Cl], I 35 >400 250 ++ 0.65 200

24 Br 3-BrCgH, B C,oH,Br,N;0: C, H, N, Br 110 >400 >400 + 0.47 100

25 I 3-BrC¢H, E C,oH;BrIN;O: C, H, N, Br, I 65 >400 90 +

26 Cl  3-IC¢H, A CoH,CIIN;O: C, H, N, C], I -

27 Br 3-ICiH, B CoH;BrIN;O: C H, N, Br, I 355 170 >400 -

28 I 3-IC¢H, E CyoH;I,N;O: C,H, N, ; I* 125 + 0.53 100

29 Cl  3-NO,CcH, A C,oH,CIN,O;: C, H N 140 >400 380  + 0.92 100

30 Br 3-NO,C¢H, B C,H;BrNOz: C, H, N, Br 140 >400 >400 - 0.53 100

31 I 3-NO,C¢H, E C,oH;INO;: C, H, N LC I 90 >400 155 +++ 0.60 100

32 Br 3-CF;CgH, B CyH:BrF3;N;0: C,H, N, Br, F 200 >400 >400 + 0.53 100

33 I 3-CF,C¢H, E CH;F;IN;O: C,H, N, F, I 160  >400 >400 +++ 0.36 100

34 Cl  3-HOCgH, A CoHsCINOy: C, H, N, Cl + 0.50 100

35 Br- 3-HOCgH, CyoHgBrN3Oy: C, H, N, Br; Br* - 0.0 100

36 Br 3-H,NCgH, G C,oHgBrNO: C, H, N, Br -

37 Cl 3-CH;0CgH, A C,1HoCIN;O,: C, H, N, Cl 15 >400 205 + 0.92 50

38 Br 3-CH;0C¢H, B CH,BrN;Oy: C, H, N, Br 10 >400 55 + 0.62 50

39 I 3-CH3;0CH, E C1HpINzOx C, H, N, 40 >400 >400 = 0.54 50

40 Cl 3-CQH5OCGH4 A 012H1201N302: C, H, N + 0.13 100

41 Br 3-C,H;0CgH, B CsHyoBrN;Oy: C, H, N + 0.40 100

42 I 3-C,H,OC;H, E CoHoIN3Og: C, H, N + 0.0 100

43 Cl 3-C;H,0CgH, A C;sHyCIN3Oy: C, H, N, Cl 40 >400 * 0.13 100

44 Br 3-C3H,0CgH, B C;3Hy BrN;Ox C, H, N, Br 100 >400 >400 = 0.40 100

45 I 3-C3H,0C;H, E C;sHyINzOy: C, H, N, I 100 £ 0.0 100

46 Br 3-C,H,0C,H,0CsH, B CsH¢BrN;O;: C, H, N, Br? + 0.55 200

47 I 3-C,H;0C,H,0C.H, E CHyIN;Oz: C, H, N, I’ + 0.21 200

48 Cl 4.FCH, A C,oH,CIFN;O: C, H, N, Cl 300 >400 355 0.85 200

49 Br 4-FCeH, B C,oH;BrFN;O: C,H, N, F 160 >400 >400 ++ 0.46 200

50 I 4-FC.H, E CH-FIN;O: C,H,N, F, I 245 260 250 +++ 0.29 200

51 Br 4-CICiH, B CH;BrCIN;O: C, H, N, Br, Cl; 100 >400 >400 <« 0.0 100
Br, CI™

52 I 4-CIC¢H, E C,H,ClIN;O: C,H,N,CL L; I 110 >400 >400 =« 0.27 100

53 Br 4-CH;CgH, B C,;H,(BrN;0: C, H, N, Br; C, Br° 200 *

54 I 4-CH,;CgH, E C;iHyIN;O: C, H, N, I 115 >400 >400 =«

55 Cl  4-t-C,H,CcH, A CHigCIN;O: C, H, N, Cl - - -

56 Br 4-t-C4HQCGH4 B C“H]GBTNSO: C, H, N, Br - - -

57 I 4-t-C,;H,CeH, E CHyIN;O: C,H,N, I; I - - -

58 Br 4-C¢H,C,H, B C¢H;oBrN;O: C, H, N, Br - - - -

59 I 4-CgH CeH, E CigHpIN;O: C, H, N, I - - -

60 I 4-CNCgH, D CH/INO: C,H, N, [; I¢ - 0.0 100

61 I 4-CO,HC;H, C;iHeINO;: C, H, N, I 380

62 Br 4-(CHj),NCgH, B C;;H3BrNO: C, H, N, Br’ - - - 0.13 100

63 Cl 4-HOCgH, A CHgCIN;O,: C, H, N, CI >400 - -

64 Br 4-HOCgH, B C,0HgBrN;O,: C, H, N, Br* >400

65 Br 4-CH30CgH; B CH;(BrN;0x: C, H, N >400 - -
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Table I (Continued)

antiviral activity

HSV-14
protec-
proce- SFV EDy;, mg/kg tion
entry X R dure® anal. ip po sc  IFN¢ index dose
66 I 4-CH;0C4H, E CiHINOy: C,H, N, I; I* >400 - -
67 Cl 4-CGH5CHQOCGH4 A CnHMClNgOQ: C, H, N, Cl -
68 Br 4-C;H;CH,0C¢H, B CysHyBrNOy: C, H, N, Br -
69 I 4-CgH;CH,0CH, E Cy;H INO,: C, H, N >400
70 Br 3,5-Bry,4-HOC¢H, B CoHgBrsN;0,: C, H, N -
71 Cl 2,5-Cl,C¢H, A C,0HsClzN;0: C, H, N, Cl 120 200 115 +++  0.47 100
72 Br 2,5-Cl,C¢Hs B CyoHgBrCLN;0: C, H, N, Br, Cl; 180 >400 >400 +++
Br Cl¥
73 1  2,5-Cl,CeH; E CoHeCLIN;O: C, H, N* 305 75 115 +++ 0.0 100
74 Br 3,5-Cl,C¢Hy B C,0HgBrCLN;0: C, H, N, Br, Cl; 245 >400 >400 =
Br, CI?
75 1 3,5-Cl,CeHy E C1oHeCLIN;O: C, H, N, Cl, I; I*® 140 >400 225 + 0.40 100
76 Cl 3,4-Cl,Ce¢H, A C,oHeCl3N;0: C, H, N, Cl; Cléd 225 >400 >400 0.0 200
77 Br 3,4-Cl,C¢H, B C,oH¢BrCL,N;0: C, H, N, Br?® 215 >400 >400 029 100
78 1  3,4-Cl,Ce¢Hy E C,0HsCLIN;O: C,H, N, Cl, I; 115 >400 240 +++ 036 100
C], I¢e
79 Cl 3,5-(CH30),CeH; A CHpCIN;O:: C, H, N 90
80 Br 3,5(CH;0),Cs¢H, B CH;,BrN;O;: C,H, N 15
81 I 3,5(CH;0),C.H,4 E CysHpIN:Os: C, H, N 55
82 Cl 2,3(CH30),C¢H,4 A CH;,CIN;O;: C, H, N -
83 Br 2,3(CH;0),C¢H, B C,H;,BrN;0;: C,H, N -
84 I 2,3(CH30)206H3 E Cl4H121N303: C, H, -
85 Cl 2,3-F,CiH;- A C,oH¢CIF,N;0: C,H, N 70 (90) 200 (330) ++ 0.93 200
86 Br 2,2-F,CH,4 B CoHgBrF,N;0: C, H, N, Br 115 (50) 330 (65) +++ 054 100
87 1  2,3-F,.CsH; E CoHgF,IN;O: C, H, N, I; I >400 (80) 365 (80) +++ 03¢ 100
88 Cl 2,5-F,C¢H; F C,HCIF;N;0: C, H, N, Cl; Cff 165 (115) >400 (140) ++
89 Br 2,5-F,C¢H; B C,oH¢BrF,N;O: C,H, N, Br, F; 165 (45) >400 (65) +++ 0.0 200
Cee .
90 I 25-F,CiH; E CoHgF.IN;O: C,H, N, F, I 95 (60) >400 (70) +++ 0.0 200
91 Br 2,6-F206H3 B C]oHGBTFzN;;O: C, H, N, Br +
92 I 26-F,CiHy E CoHFoIN;O: C, H, N 285
93 Cl 3,5-F,C¢H; A C,oH¢F,CIN;O: C, H, N; Ch*, N# 185 (180) >400 (170) + 050 200
94 Br 3,5-F206H3 B CloHGFQBTNSO: C, H, N 150 (70) 290 (80) + 0.0 200
95 I 3,5-F,.CH; E CyoHeFoIN;O: C, H, N 230 (235) >400 (>400) +++ 00 200
96 Br 24,6-F,C¢H, B CoH;F3BrN;O: C, H, N, Br - 0.0 200
97 1 24,6-F;CgH, E CoHsF3IN;O: C, H, N, I” - 0.0 200
98 Br 2,3,6-F;C¢H, B C,oHsF3:BrN;O: C, H, N - 0.0 200
99 Cl 1-naphthyl A CH(CIN;O: C, H, N, Cl 80 >400 >400 0.54 200
100 Br 1-naphthyl B CH,(BrN;O: C, H, N, Br 40 >400 >400 = 0.0 100
101 I  1-naphthyl E CH)IN;O: C,H,N, I 70 >400 >400 = 0.18 200
102 Br 2-naphthyl B CH;(BrN;0: C, H, N, Br >400 - -
103 Cl 2-furyl A CsHgCIN;0,: C, H, N, Cl 120
104 Br 2-furyl C C¢H:BrN;O0x C, H, N, Br; C, Br* 295 >400 >400 + 0.14 200
106 I 2-furyl E CgH:IN;O,: C, H, N; C! 135 >400 >400 = 0.28 200
106 Br 3-furyl C CgHgBrN;O,: C, H, N, Br, C™" >400
107 I 3-furyl E CgHgIN3O,: C, H, N, I >400 - -
108 Br 2-pyridyl B CoH;BrN,O: C, H, N, Br** 75 310 65 +++
109 I  2-pyridyl E CH,IN,O: C,H, N, 1 215 235 >400 +++
110 Br 3-pyridyl B CH.BrN,O: C, H, N; C, N 75 >400 >400 0.45 200
111 I  3-pyridyl E CH,IN,O: C,H,N, I 130 >400 175 + 0.0 100
112 Br 4-pyridyl B CeH,BrN,O: C, H, N, Br >400 - - 0.0 100
113 I  4-pyridyl E CoH,IN,O: C, H, N, I; CrP 365 >400 >400
114 Cl 2-pyrazine A CgHeCIN;O: C,H,N,Cl 110 395 >400 ++ 0.07 100
115 Br 2-pyrazine B CsHgBrN;O: C, H, N, Br; Br#¢ 65 >400 365
116 I  2-pyrazine E CgHg4IN;O: C,H, N, I 275 >400 >400 ++
117 Cl 2-quin01ine A CISHQCIN4O: C, H, N, Cl - - - 0.07 100
118 Br 2-quinoline B CisHoBrN,O: C, H, N, Br; N, Br” - - - 0.14 100
113 I  2-quinoline E CisHpIN,O: C, H, N, I - - -

®See Experimental Section for details of halogenation procedure: A = N-chlorosuccinimide/acetic acid, B = bromine/acetic acid, C =
bromine/chloroform/aqueous hydroxide, D = N-iodosuccinimide/acetic acid, E = iodine/chloroform/aqueous hydroxide, F = m-chloro-
perbenzoic acid/HCl/DMF,® G = N-bromosuccinimide/dimethy] formamide (procedure same as A). ®Single dose administered intraperi-
toneally (ip), orally (po), or subcutaneously (sc) 18 h prior to a lethal intraperitoneal infection with Semliki Forest virus (SFV).® EDy, is the
minimal dose needed to protect 50% of the mice, calculated by use of a probit analysis of variance (24 mice per group). (-) signifies tested
but inactive (i.e., generally >800 mg/kg); (+) signifies tested and active on multiple dose schedule, single dose not evaluated; a blank
indicates not evaluated. °Serum interferon response from a single intraperitoneal administration of 800 mg/kg determined by use of a
plaque reduction assay (vesicular stomatitis virus on Lgy cells). The peak interferon response within 24 h (units per milliliter) is indicated
as: +++, 22000; ++, ~500-1000; +, ~50-500; £, ~10-50. ¢Compound administered intraperitoneally in saline at the dose noted (milli-
grams per kilogram per day) at -40, ~28, =20, -3, and +3 h to mice inoculated intraperitoneally with 5.6 X 10* pfu of herpes simplex virus
type 127 Protection index = control mortality - treated mortality /control mortality, and percent survivors would be 100 times the value
given, >0.25 considered active;® the experiment was conducted for 22 days, with mean survival time of controls ~8 days, 15 mice/group.
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Most analogues were tested at 200 or 100 mg/kg per day. Generally, if very high protection was achieved, testing was carried out at lower
doses; only the lowest dose exhibiting protection is recorded; this in turn reflects the most potent compounds. ¢Brown, T. B.; Stevens, M.
F.G. J. Chem. Soc., Perkin Trans. 1 1975, 1023. fmp; 2 = 268-270 °C; 14 = 288-289 °C; 15 = 280281 °C. #Br: caled 26.59, found 28.07.
*I: caled 36.52, found 34.76. “Cl: caled 14.09, found 13.11. /I: caled 36.98, found 33.64. *I: caled 57.82, found 56.22. !C: caled 33.54, found
31.97. I caled 35.44, found 32.57. ™Br: caled 26.59, found 27.87. CI: caled 11.78, found 10.65. "I: calcd 36.52, found 35.02. °HBr salt -
C: caled 36.59, found 37.48. Br: calcd 44.27, found 43.36. PI: caled 34.30, found 32.98. ?I: caled 37.53, found 35.49. "0.07HBr. *1.0H,0.
*6% dibromo (presumably 3-Br-4-HOC¢H;). “I: caled 36.99, found 35.91. *0.03HBr (HI). “Br: caled 28.32, found 25.68. *mp - 64:
180-181 °C. *Br: caled 23.85, found 25.02. Cl: caled 21.16, found 23.97. #Br: caled 23.85, found 25.85. Cl: caled 21.17, found 20.18. *°1:
caled 33.22, found 28.11. **1.0HBr. “Cl: caled 18.56, found 17.07. I: caled 33.22, found 35.43. % Cl: calcd 36.61, found 32.59. *C: caled
39.76, found 38.64. 71.0H,0; C: calcd 43.57, found 44.45. #1: caled 36.35, found 38.00. **C: calcd 46.62, found 47.60. “N: caled 16.31,
found 14.87. #0.5H,0. **C: caled 37.52, found 36.66. Br: calcd 31.20, found 32.39. “C: caled 31.70, found 33.10. ™ C: calcd 37.52, found
36.76. "1.0HBr. *C: calcd 40.47, found 39.89. N: caled 20.99, found 21.85. PP C: calcd 34.41, found 33.65. %Br: caled 29.81, found 29.09.

"Br: caled 25.19, found 23.84. N: caled 17.66, found 16.90.

treatment to viral challenge was shortened to reflect the
dramatic early onset of interferon response. Interestingly,
in the 6-heteroaryl series relatively modest structural
changes produced significant changes in antiviral activity.
For example, the 1-naphthyl, 2-furyl, and 2-pyridyl were
active whereas the analogous 2-naphthyl, 3-furyl, and 4-
pyridyl were inactive.

General SAR of the analogues evaluated can be sum-
marized as follows: (1) there is no apparent trend in an-
tiviral activity or induction of interferon with the selection
of the halogen at C-5, (2) there exists a corresponding lack
of activity with 4-substitution on the 6-phenyl group, and
(3) the optimum activities are found in the 2- and 3-mo-
nosubstituted series with secondary preference for disub-
stituted phenyl analogues. Presently ABPP is in clinical
trials as an interferon inducer for treatment of cancer and
viral diseases.

Experimental Section

Melting points were determined on a Thomas-Hoover Unimelt
apparatus and are uncorrected. 'H NMR spectra were run on
a Varian T60-A, FT-80, or EM-390 instrument. ®C NMR spectra
were recorded on a Varian CFT-20 instrument. All data are
relative to internal Me,Si. All solvents and reagents employed
were reagent grade and used as received.

B8-Keto Esters. The method for the preparation of the requisite
B-keto ester starting materials has been fully described.!®° All
B-keto esters were analyzed by 'TH NMR in CDC], and exhibited
acceptable spectra. In addition, confirmatory data via combustion
analyses or GC-MS were obtained.

2-Amino-6-aryl-4(3H)-pyrimidinones. To 20 mmol of
powdered guanidine carbonate were added 120 mL of ethanol and
20 mL of toluene. This suspension was heated to reflux under
N, and ~50 mL of solvent distilled off via a Dean-Stark appa-
ratus. After the mixture was cooled ~45 °C 40 mmol of 8-keto
ester was added and the solution was heated to reflux with stirring
until the reaction appeared complete as judged by TLC (12-48
h). Often the product had precipitated during the reflux. To
the solution was then added 50 mL of water with continued
heating for an additional 30 min. The reaction was cooled to
ambient temperature and neutralized by the addition of dry CO,
or 1 N HCl. After cooling the suspension at 5 °C for 6 h, it was
filtered. The desired precipitate was washed well with water
followed by ether and dried at 60 °C under vacuum (yield
60-80%). The 2-amino-6-arylpyrimidine thus obtained was often
analytically pure as judged by combustion analysis; however, if
not, it was recrystallized from DMF/H,0. 'H NMR was deter-
mined in all compounds in Me,SO-dg. The spectra were unex-
ceptional and characterized by the 5-H singlet at ~6 ppm with
an NH at ~8 ppm, aryl hydrogens ~6.5-8 ppm, and NH, at ~4-5
ppm.

2-Amino-5-bromo-6-aryl-4(3H)-pyrimidinones. Procedure
B. To 15 mmol of the 2-amino-6-aryl-4(3H)-pyrimidinone in 80
mL of glacial acetic acid (often warming to ~50 °C was required
to effect complete dissolution) was added 0.82 mL of bromine (15
mmol). The red solution was stirred at ambient temperature (as
decoloration occurred) for 3 h. The reaction was then concentrated
under vacuum to a solid residue to which was added 150 mL of

water and the mixture heated to reflux briefly. Upon cooling the
suspension was filtered with water and the precipitate was washed
with water and partially dried. The product was then pulverized,
slurried again in hot water, and filtered. This process was re-
peated. The resulting 2-amino-5-bromo-6-aryl-4(3H)-pyrimidinone
was dried in vacuo at 60 °C and usually afforded acceptable
combustion analysis (yields ~70-90%). However, the material
could be readily recrystallized from DMF/H,0 to provide ana-
lytically pure material with little product loss. 'H NMR spectra
(Mey,S0O-dg) were characterized by the absence of the 5-hydrogen
and the coalescing of the aryl hydrogen resonances due to the
enforced orthogonal geometry of the aryl ring relative to the
pyrimidinone ring. Acid addition salts were rarely isolated due
to rapid dissociation in water with precipitation of the free base.
Hydrates were noted on occasion but were usually eliminated by
recrystallization. Melting points were usually >300 °C with
decomposition so they were not routinely obtained. Procedure
C. To 15 mmol of the 2-amino-6-aryl-4(3H)-pyrimidinone was
added 50 mL of H,0 followed by 660 mg of sodium hydroxide
(16.5 mmol). Upon dissolution 0.90 mL of bromine (16.5 mmol)
in 50 mL of chloroform was added. The solution was stirred
vigorously for 2-4 h during which the product precipitated. After
filtration the precipitate was washed with H,0 followed by acetone
and dried at 60 °C in vacuo. If the resulting 2-amino-5-bromo-
6-aryl-4(3H)-pyrimidinone was not analytically pure, it was re-
crystallized from DMF/H,0.
2-Amino-5-chloro-6-aryl-4(3H)-pyrimidinone. Procedure
A. To 100 mmol of 2-amino-6-aryl-4(3H)-pyrimidinone in 500
mL of glacial acetic acid was added 14.6 g (110 mmol) of N-
chlorosuccinimide. The stirred solution was heated to 90 °C for
2 h, cooled to ambient temperature, concentrated to ~200 mL
in vacuo, and then filtered. The precipitate was further washed
with acetic acid followed by acetone and then dried at 60 °C in
vacuo (yield 756-90%). Often the product 2-amino-5-chloro-6-
aryl-4(3H)-pyrimidinone was pure by combustion analysis, but
it can be readily recrystallized from DMF /H,0 to upgrade purity
if necessary. Procedure F.?* To 10 mmol of the 2-amino-6-
aryl-4(3H)-pyrimidinone in 20 mL of DMF was added under N,
with stirring 20 mL of a saturated solution of HCl/DMF. To the
reaction was then added 2.77 g (16 mmol) of m-chloroperbenzoic
acid and the mixture stirred for 2 h. After evaporation to dryness
in vacuo, the residue was triturated with 3 X 100 mL of ether
followed by 200 mL of 1:1 HyO/ether. The resulting solid was
washed with acetone and air-dried. Recrystallization from
DMF/H,0 afforded analytically pure material by combustion
analysis (yield ~30-40%).
2-Amino-6-aryl-5-iodo-4(3H)-pyrimidinone. Procedure D.
To 1.9 mmol of the 2-amino-6-aryl-4(3H)-pyrimidinone in 25 mL
of glacial acetic acid was added 434 mg (2.0 mmol) of N-iodo-
succinimide. After stirring at room temperature under N, for 5
days, the solution was concentrated in vacuo and the resulting
product triturated twice with 50 mL of hot ethanol, filtered, and
dried in vacuo at 50 °C. If the 2-amino-6-aryl-5-iodo-4(3H)-py-
rimidinone was not pure by combustion analysis, further puri-
fication was achieved by recrystallization from ethanol or
DMF/H,;0. Procedure E. To 15 mmol of the 2-amino-6-aryl-
4(3H)-pyrimidinone in 50 mL of water was added 800 mg (2 mmol)
of sodium hydroxide followed by gentle heating until dissolution.
A suspension of 3.79 g (25 mmol) of powdered iodine in 130 mL
of chloroform was added and the solution stirred vigorously for
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4 h. The reaction was then filtered and the precipitate washed
well with water to neutrality followed by an acetone wash and
drying in vacuo at 50 °C. If the 2-amino-6-aryl-5-iodo-4(3H)-
pyrimidinone is not pure, it can recrystallized from DMF/H,0
or absolute ethanol.

Biological Methods. Drug Preparation. Suitable suspen-
sions of the pyrimidinone were prepared in 0.9% NaCl or a vehicle
comprised of (carboxymethyl)cellulose, polysorbate 80, benzyl
alcohol, and NaCl by shaking on a mechanical shaker with glass
beads for several hours.

Antiviral Activity. Mice (ICR or CD-1, both sexes) were
treated with drug by using the dose and route of administration
indicated in the tables.

For protection from Semliki Forest virus (SFV), mice were
treated with drug 18 h prior to ip inoculation with 20~30 LD;,’s
virus. Deaths were recorded daily (6 days) in each group com-
prised of 24 mice. The EDsy’s (minimum drug dose required to
protect 50% of the mice from death) were calculated by using
probit analysis.

In experiments utilizing herpes simplex virus type 1 (HSV-1),
mice were treated ip with total daily dose indicated in tables.
Multiple drug pretreatments were given 40, 28, 20, and 3 h before
and again 3 h after virus (5.6-X 10¢ pfu in 0.1 mL) inoculation.?
Deaths were recorded daily, and from the mortality data the
protection index (PI) was calculated: (the mortality of the ve-
hicle-treated controls — mortality of the drug-treated controls/
mortality of the vehicle-treated controls.?®

Circulating interferon (IFN) levels were determined in pools
of serum from drug-treated mice. Mice were given a single ip dose
of drug (800 mg/kg) and blood was collected 3, 6, 8, and 12 h later
from five mice in each group. The IFN titer, determined by means
of a plaque reduction assay utilizing Lgyy cells infected with
Vesicular Stomatitis virus, is the reciprocal of the serum dilution
that reduces the plaque count of the treated virus-infected cultures
by 50% when compared with the nontreated control cultures. The
peak IFN serum titers observed are indicated as +++, 22,000;
++, 500-1000; +50-500; £, 10-50 units/mL.
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