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I INTRODUCTION

Hydrogen bonds between nucleic acid bases play an important
role in the double helical structure of DNA. The bases are
classified'into purines and pyrimidines. Purine bases consist
of adenine and guanine. Pyrimidine bases consist of cytosine,
uracil, and thymine which are regardéd as 4-amino-, 4-hydroxy-
5-methyl-2 (1H)-pyrimidinone, respectively. (Fig. 1) 2(1lH)-
Pyrimidinones, therefore, are considered to be the parent

nuclei of the biologically important pyrimidine bases.

L ﬁiﬁT L)

H

Cytosine ~ R=H Uracil X=0 2(1H)-Pyrimidinone

R=Me Thymine X=S 2(1H)-Pyrimidinethione

Fig; 1
Especially, l-substituted 2 (1lH)-pyrimidinones are considered
to be analogous compdunds for nucleosides, because nucleosides
have substituent groups such as D-ribosyl or 2-deoxy-D-ribosyl group
on N—i position of nucleic acid bases. (Fig. 2) From the points
of view, it seems to be very important ﬁo investigaté the
properties and reactivities of l-substituted 2 (1H)-pyrimidi-

nones and their derivatives.
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2 (1H)-Pyrimidinone (1) is an unsaturated six membered ring
compound containing four ring carbons, two ring nitrogens
and a carbonyl group. The structure of 1l has been confirmed
by X-ray crystallographic methodl)’z). (Fig. 3)

The nature of the potentially tautomeric forms in 1-
unsubstituted 2 (1H)-pyrimidinone (1) has been studied by
means of UV and IR spectroscopy, and X~ray crystallographic
analysis. 2(l1H)-Pyrimidinone exists predominantiy in lactam

3)-6)

(keto) form (la) both in solution and in crystalline state .

(Scheme 1) o OH .

N)LNH'i“ S NA*N *;‘
< — ‘L/ |

(la) o (1b)
Lactam(Keto) form. = Lactim(Enol) form
inccl, 100 : | 1
in H,0 = 2200 : 1
Scheme:1::.#

The tautomerism. of 4,6-dimethyl-2(1H)=-pyrimidinone (3)Ihas.'1ff
also been investigated by the éompafison of PMR and CMR
»ﬁpectral data of l,4,6—trimethyl—2(lH)—pyrimidinone (4) and
?—methbky—4,6—dimethylpyrimidine (5) which are the fixed

model compounds of each tautomeric form7), (Scheme 2) -

In the case of,4,6rdimethyl—2(1H)+pyrimidinoné (3), ﬁhe
predominant form is a lactam’(3a) as in the case §f coﬁpound 1,

because the chemical shifts of H-5 and C-5 carbon of 3 are

very similar to those of compound 4. Two signals of C-4 and

s
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C-6 carbon of compound 3 are very similar to those of compound
4. Two signals of C-4 and C-6 carbon of compound 3

coalesce into broad singlet at room temperature. From these
facts, it is ascertained that compouhd 3a is in tautomeric
equilibrium with 3a' by proton transfer between N-1 and N-3
nitrogen. Since it is very difficult to differentiate C-4

and C-6 carbon chemically; the control of the reaction sites
of l—unsubétitutédA2(1H)—pyrimidinones is impossible for the
attack of nucleophiles or electrophiles. On the contrary,

two signals of C-4 and C-6 carbon of compoundré are observed .
as singleﬁs,:reséectively: Tﬁerefore;vl—substitﬁent groups
are qﬁité'nécessary to -study ‘the regioséleéﬁivefteactionst?i;

of 2(1H)-pyrimidinones. - -.

IO U U Gt S

) [4 (3a) (3a")
OMe OH
N’gN ' /H\/;N\ .
Me Me Me Me
(5) (3b)
Scheme 2

For conveniencé,;l—substitutedtZ(lH)fpyrimidinOnes,Awhichliri
have different substituents at C-4 and C-6 position in the
pyrimidine ring, are called "unsymmetrical" 2 (1H)-pyrimidi-

nones.
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Recently,\heterocyclic compounds have been paid attention

8),9)

for the useful synthetic intermediates . For example,
isoxazoles are converted into isomeric enones selectively

by using catalytic hydrogenation, dialkylation or acylation,

10)

and Grignard reaction (Scheme 3)

_— R2_ T
N—O Hy o R Me R
Me/u\/\R R 1la2
N ve O RMEK o gl
AC\' R Me/lJ\/K‘h,
Schemé 3 Rz

Also, a few synthetic reactions using 2 (1lH)-pyrimidinones: - -
have been reported. '4,6—Dimethyl?2(lH)4pyrimidinone (6) is
hydrolyzed with 60% sulfuric acid to give 2,4-diaminopent- - -

ane ll) 3,4~ Dlhydro 1,4,4,6-tetramethyl-2 (1H) pyrlmldlne——vA

thione (7) is transformed 1nto 2—methylam1no—4,4,6-tr1methyl— TR

12)

4H-1;3- th1a21ne by the action of acids™ .‘ (Scheme 4)
X
BN N 608 Hy50, NHp NHp
Me Me Me

Me/A\%%i\Wb S " SMe

Me - ' Me

Scheme 4



Therefore, the author is interested in the investigation of
the utility of 2 (1H)-pyrimidinones as synthetic intermediates.
It is well known that biphenyl compounds exist in two

rotational isomers by the restricted rotation around central

carbon-carbon single bondl3). Actually, optically active

two rotational isomers of 6,6'~dinitrophenocic acid are

isolated by the optical resolution methodl4). (Fig. 4)

NO, NO, CO,H NO,

Fig. 4

Since l-aryl-2(1lH)-pyrimidinones are considered to be aza-
analogues of biphenyl compounds, it is expected that two
rotational isomers exist by the restricted rotation around
the carbon-nitrogen single bond. Thus, the activation
parameters.and rotational barriers around £he;carbon—nittogen
single bond will be revealed by the o%tical resolution of
two rotational isomers. ~

Many papers have been reported on the preparation of
2 (1H) -pyrimidinones. There are mainly four types of preparative
methods. (Scheme 5) The first method is the condensation

15)f26)

of B-diketones with ureas , and this method has :been

widely used because of easily available starting materials:
The second method is the addition of primary amines to B-keto-

isocyanates and isothiocyanate527)—36), and this method is



1. From B~Diketones
X

X
ngi\/ﬁ\ + RM%&E& —_— Nb/j{i:[jR (X=0 or S)
' Me Me
X X

O O : 1l
M + R'CHO + 2NH,CNH, " (X=0 or 8)
Me R - ~

COR

0

e AR
. + RMKEM? —_—

2. From B-Keto—-isocyantes— X - v
R \

XCN 0. T o g : ,
+ RNH, = ——— - (X¥=0 or-8)

Me” YT SMe- e
et Me R »
%ﬁl§;§;xf’ + mm5 O sy Ar)ﬂ\;jr

Ar’
3. From Enones and Ynones -~ - X
o X AR
i I N " (X=0or-8)
Ar//§§/l‘Ariv~ + RINH( 5 T ALt Nar v
X -
2 X Aoy R
I il = N~
Ar' Ar

4. From 1,3~Diimines

X
1 5 1
R . R R
N o ORONCX N/U\ + N/U\N/
R2 R4 C pAONANg2 A R> -
3 RS - 3

ClCOZEt (X=0) or C52 (X=S)

Scheme 5



particularly useful for the preparation of dihydro-2(1H)-

pyrimidinones. The third method is the Michael addition of ureas

to enones or ynones37)—51). ‘Thisxeactkm.proceeds in good

yvields in the case of only diaryl substituted compounds such
as chalcone or benzoy1 phenYlacetyleﬁe. The fourth method

is the reaction of 1,3-diimines with ethyl chloroformate,

52) 53)

carbon disulfide or heterocumulenes . PFurther, 2(1H)-

pyrimidinones have been supplied from the reaction of ureas

with,diamine354)'55), Y-pyrone556)’57x
methlenepropionnitriléSs);59);Cthe'thermal‘rearrangement of

2-alkoxypyrimidines60)f Although. the great'majority'of

and 3-ethoxy-2-methoxy-

synthetic works on 2(lH)-pyrimidinones has»dealt'with'l— L
unsubstituted,compounds;:some of these,methodé are applicable
for l-substituted 2(1H)-pyrimidinones. In the first method,
two isomeric mixtures of unsymmetrical 2 (1lH)-pyrimidinones
are obtained. However, it is very difficult to separate
these two isomers. Heptane-2,4-dione, for example, is = .
treated with N-methylurea- to give.the:miXure of l;6+dimé£hyl-,f~

4-propyl- (8) and 1,4-dimethyl-6-propyl-2(1lH)-pyrimidinone

(9)61). (Scheme 6)
: o
o o = MINHCHH, .\ -
'-/ﬂ\wkj\v/\\ e ™ ,
(9) -

Scheme 6



In the third method, unsymmetrical 2(1H)-pyrimidinones are
obtained selectively. However, the starting materials in
this method are sometimes commercially unobtainable. After
all, there is no general method for the regioselective
preparation of unsymmetrical 2 (1lH)-pyrimidinones.

2 (1H)-Pyrimidinones have many reaction sites for electro-

" philes and nucleophiles. 2(1lH)-Pyrimidinones react with

alkyl halidessz)—64), acetic anhydride58)’59)’65) or élkyl

66),67)

esters of p-toluene sulfonic acid to give N-alkyl or

N-acetyl derivatives. On the other hand, -2 (1H)-pyrimidine- . ..
thiones afford S-alkyl or S-acetylfderivatives46)—48)’68).

2 (1H)-Pyrimidinone. (1) reacts with diphenylcarbinol in acetic
acid to give‘l—diphenylmethyl—Z(lH)¥pyrimidinone;(lO), while
2 (1H)-pyrimidinethione (2) affords 2—[(diphenylmethyl)thio]é
pyrimidine (11)69). (Scheme 7)

SCHPh, | j\ JE—
/& Ph,CHOH N/U\NH Ph,CHOH "~y 2

U- ©[x=s] - [x=0]

(11) (1) X?O_(Z))@S o (10)

Scheme 7

From the fact that 4,6-dimethyl-2 (1lH)-pyrimidinone (3) is
treated with phosphorus oxychloride to yield 2-chloro-4,6-
dimethylpyrimidine'(lZ),‘and 2(1H)-pyrimidinethione-is inert
to this reagent, chlofination is characteristic reéction in
Z(iH)—pyrimidinones. (Scheme 8) On the other hand,

desulfuration is characteristic reaction in 2 (1lH)-pyrimidine-



thiones. 4-Methyl~-6-phenyl-2(1H)-pyrimidinethione (13) is
treated with Raney nickel to afford 4-methyl-6-phenylpyri-

midine (14)70)f7ll (Scheme 8)

o
N/U\NH POC1,
AN

SchemeAS—

UsingVthisfcharacteristiC‘reaction} tetrahydro-2 (1H) -pyrimi-:: -

i_dinethione (15) reacts with ethyl d—bromopropionate in the

presence of base to yield ring fused product (16)72)

(Scheme 9) ~  The similar ring formation reactions have: -

also been reported’ )”76)/83)

HN/‘[SJ\‘\‘}{'‘“B‘m\d’e)CHCOZE.t S Nmm ) if

(15) , . (16)
Scheme 9

It is well known that methyl protons are easily activated by

the adjacent aromatic ring, especially nitrogen containing :

heteroaromatic ring. For example, methyl protons of 2-methyl=-_:

pyridine77) 6r 2~méthquuinoline78) are easily deprotonated -
by base to give carbanion, which reacts with eleétrophiles to

give substitution: products on the methyl group. (Scheme 10)

-10-
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N\ Me N“cn, N
A0 =10 | =
Me NZNcH, N R

Scheme 10

Since methyl protons at C-4 and C-6 position are activated
by electron—withdrawing effect of the two ring nitrogens,
the similar substitution reaction with electrophiles can be
expectéd on'methyl'groﬁps of 2(1H)¥pyrimidihqnes.e;Tfeatment
‘of 4,6—diméthyl—5—phenyl-2(lH)—pyrimidinoner(17) with

two molecﬁlarfequivalentsiof‘n—butyl“lithium'and subsequent ;
ﬁrapping with benéyl chloride afford 4-methyl-5-phenyl-

79),80)

6-phenetyl-2 (1H)-pyrimidinone (18) " (Scheme 11) .

o

Me” N7 SMe Me
"Ph Ph

. , Ph .
an (18)
Scheme 11

73)

The Mannich reaction’: 581)-84)

, Aldol type condensations and
diazo-coupling on methyl'groups‘of'2(1H)—pyrimidinones,haveQ
also been reported. The nitration.ahd.brOminatién'in aéidic,«
conditions at. C-5 position of 2(1H)?pyrihidinones have been -

86) 87)-90)

extensively studied by Fox and Tee , respectively.

~11~
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The reaction of l-unsubstituted 2 (lH)-pyrimidinones with
electrophiles have been extensively investigated, while a
few papers have been reported on the reaction of 2(1H)-
pyrimidinones with nucleophiles.

In addition, few papers concerning the chemical behaviors
of l-substituted 2 (1lH)-pyrimidinones have been reported.
1,4,6-Trimethyl—2(lH)—pyrimidinone (4) undergoes the diazo-
coupling with p-chlorobenzenediazonium chloride to give p—(

chlorophenylhydrazone (19) selectively85). 1-Methyl-2(1H)-

pyrimidinone (20) is treated with phenyl-lithium to afford -

3,4-dihydro-1-methyl-4-phenyl~2 (1H)-pyrimidinone (21)°1)793).

(Scheme 12) O' o f
NJkN/Mé B Nj\ﬁ/me

e N e e =-~O)-cl

(4)

o) 0 ,
e e kHNJkN/ME ”
U\/ ‘ Ph/k/
(20) (21)
Scheme 12 ' ~

The photochemistry of nucleic bases and their related
compounds is a significant area for understanding the photo-
reactivity and the photo-mutation of nucleic acids, and this
area has been widely studied94)-96). However, little attention
has been paid to the photochemical reaction of,2(lH)—pyrimidi—“'
nones. The only one photoché@ical reaction of 2 (1H)-pyri- .

97)

midinones have been reported by Pfoertner , to the best of

a knowledge. (Scheme 13)

-12-
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N)LNH hv (2537A) A HNJLTH
ME)L/\Me in 'proH Me/HNl\/H/\Me

(3 Me Me
) 0
[+]
hv (>30003) HNJLNH
in MeOH Me Me
Scheme 13 CHfII

o A réseach of pharmaceutical activities ié one of the
‘most“important‘fields in drug‘chemistry.‘"Various:pharma-r
ceutical activities on l—unsubstituted»or'l—alkyl—Z(lH)—
pYrimidinones have been examined. 1-Alkyl-4,6-diaryl-2(1H)- "
pyrimidinones; for example, exhibit the tranquilizing-and -

sedative activity4l)’42)’49)’50)’66).

o
JJ\/RI,

RZT - R3

 (Scheme 14)

R1=A1kyl,vR2=R3¥Aryl g

Schemeﬂl4
On the contrary, the pharmaceutical_.activity of l-aryl-2(1lH)-
pyrimidinones has not been reported. Thus, it seems to be
interesting to examine the pharmaceutical activity of l-aryl-
2(1H)-pyrimidinones. |
After all, many interests such as the uﬁstmétrical;_¥ 
preparation, the nucleophilic reaction and the synthefip“
utility of l-substituted 2 (1lH)-pyrimidinones have been revealed.

In these situations, the author feels much importance to

13-
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investigate the properties and reactions of l-substituted
2 (1H)-pyrimidinones. 1In the case of l-aryl-2(lH)-pyrimidi-
nonés, the restricted rotation around the carbon-nitrogen
single bond can be expected. Furthermore, l-aryl-2(1H)-
pyrimidinones are superior to the corresponding l-alkyl
derivatives in the point of easier haﬁdling and purification.
In this thesis, the author would like to describe -the
properties and reactions of l-aryl-2(lH)-pyrimidinones,
especially’~’ |
(1) The genefal preparative method of unsymmetrical l-aryl-
" 2(1H)-pyrimidinones. | |
(2) The elucidation of the restricted rotation around the .-
carbon-nitrogen single bond.
(3) The reaction of l—aryl—z(lH)—?yrimidinones with vaiious
; nucledphiiicVreagents.:_;;V
(4) The extensivé utiiity of l-aryl-2(lH)-pyrimidinones as ..

synthetic intermediates. - -

-14-
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RESULTS AND DISCUSSION
IT THE PREPARATIONS AND PROPERTIES

Recently a number of papers on the chemistry of 2(1H)-
pyrimidinones have been reported. (See INTRODUCTION) The
great majority of synthetic works on 2(1H)-pyrimidinones has
been concerned‘with 1-unsubstituted or l-alkyl compounds,

whereas few papers have been reported on l-aryl-2(lH)-pyri-

~ midinones.-  Further, in the very limited cases, the preparation . -

- of unsymmetrical l-substituted 2 (1lH)-pyrimidinones has been

attempted. By the reaction of ynones”with;amines49) or 3- -

isothiocyanato—2—propeniminium,perchlqrateslwith'amines36);"
unsymmetrical ‘2 (1H)~-pyrimidinones ére obtained. (Schgme~15)

o . o -

. T R
0o ;
i B RNHCNH2 e NJISN/

Ar-=-C-Ar' .-

s o
colesite o mE, N
Ar Ar

Scheme 15

However, these starting materials are sometimes available .-
with some difficulties. After all, there is no general mefhod_,<
for the‘seleCtive‘pfeparation,of unsymmetrical l-substituted
2(1H)—pyrimidin0neé. Therefore, the author investigated the

selective preparation of unsymmetrical l-aryl-2(lH)-pyrimi-

~15-



dinones.

To the best of a know;edge, there is no report on the
IR spectrarof l-aryl-2(1lH)-pyrimidinones. ‘The UV spectra of
the only 1,4-diaryl-2(1lH)-pyrimidinethiones have been reported

by Liebscher36). Although there have been some reports on

53),98)

the PMR spectra of l-aryl-2(1lH)-pyrimidinones, the

CMR spectra have been reported only in the case of 5-~alkyl-

98)...Therefore, the ‘author

l-phenyl-2 (1H) -pyrimidinethiones
investigated the spectra of l-aryl-2(lH)-pyrimidinones for
elucidating their strﬁctures.

Many papersl3)’96)~106) héve been reported on the optical
resolution of rotational isomers of biphenyl compounds caused-
by the restricted rotation around the carbon-nitrogen single
bond, since the first example about‘the optical<resdlution,
of 6,6'-dinitrophenoic acid was reported by Christiel4).

On the other hand,'few papers cdncerning the restricted
rotation around the carbon-nitrogen single bond have been -
reportedloj). '
the enantiomers of 1-(2-carboxyphenyl)-2,5-dimethylpyrrole~
3-carboxylic acid by the formation of the brucine
saltslos)’log). (Fig. 5) This is the first example for
the optical resolution caused by the restricted rotation
around the carbon-nitrogen single. bond. ' Recently, the
barriers to hindered rotation around the N—glyéosidicrsihgle
bond were determined by dynamic PMR and CMR spectroscopy, and

found to be in the range 10-17 kcal mo1”1 110)-112) = gyice

-16—
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l-aryl-2 (1H)-pyrimidinones were considered to be aza-analogues
of biphenyl compounds, the author investigated the structure

and rotational isomerism around the carbon-nitrogen single

bond.
Me
HO,C H H,0Q Me
N N

Fig. 5
- Among the properties of heterocyclic compounds, the
research of the pharmaceutical activity is one of the mosti
importantrfields."The.pharmaceutical‘activities‘éoncerning;%f
l1-unsubstituted and l1-alkyl-2(1H)-pyrimidinones have been . -
tested. . 1-Alkyl-4,6-diaryl-2(1H)-pyrimidinones exhibit the
tranqulizingEand sedative activity4l)f49)'66).Q'As’an extensive -

study of l-substituted 2 (1H)-pyrimidinones, the author tested

the antiinflammatory activity of l—aryl—Z(lH)—pYrimidinones;“;"'

-17-
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IT-1 The Preparations

IT-1-1 The Préparation'from B—Diketonesll3)

Many papers have been reported on the synthesis of 1-
unsubstituted 2(1ﬁ)—pyrimidinohes. On the other hand, few
papers concerning the synthesis of l-substituted derivatives
have been reported., 1In order to investigate the properties
and readtions,'l—substituted‘2(1H)—pyrimidinones were -

preparéd'as follows.  (Fig. 6) Compounds 4 and 22 were

16),17) -

prepared by the method of Hale ~ Compound 20 was

26)

. Compounds 23-27 were  :

prepared according to the method of Brownll4):? bompounds .

prepared b? the method of Fox

| 28-53 were prepared by the modification of Hutchins's .
methodll). New l-aryl-2(1lH)-pyrimidinones were listed in*
Table 1. . .. |

115) attack

The nuclebphilesfsuch as Grignard'feagents
regioselectively at the B-carbon of B-aminoenones, which
are isoelectronic with the enol form of B~diketones. On fhe
reaction of B-diketones with ureas as nucleophiles, the
product ratio of unsymmetrical isomers depends upon the
structure of the enol form and the nucleophiliciﬁies.bfrtwo

1)

nitrogens of ureas6 . Benzoylacetone. is predominantly
tautomerized to be l—phenyl—lehydroxy—l—buten—3—one; Moreover,
comparing the nucleophilicities of anilines and ammonia,

more nucleophilic nitrogen of N-phenylurea and -thiourea

-18~
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Fig. 6
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Table 1

6

3.

a) See experimental section.

-20-

X
X 1
N R gNH H+ N/U\N/ R
2

Mé/ﬂ\é’L\Me

Rt Method?) Mp “yield
(°C) (%)
m—MeC6H4 A 215-216 74
m-MeOC H, A 195 42
o—MeCGH4 B 132-133 = 21
0-MeOCH, B 186-187 14
O-EtC/H, B 133 21
0-EtOC_H, B 122-124 11
O-FC.H, B 141-142 12
- 0-C1CH, B 103-105 12
| 0-BrC.H, B 157-158 12
-~ B-Naphthyl B '197-198 17
o-MeC H, A 197°) 87
0-MeOC B, A 163P) 86
0-EtC,H, A 196P) 85
0-EtOC H, A 142P) 86

_ b)
0-C1C.H, A 139%/ 83
- 0-Me-m-C1lC_H A lle)V" 55 -+

b) Decomposition.



prefers to attack at the B-carbon. Therefore, the reaction
of benzoylacetone with N-phenylurea and -thiourea was
attempted. When benzoylacetone reacted with N-phenylurea

in the presencerf hydrochloric acid, two products, 6-methyl-
1,4-diphenyl-2 (1H)-pyrimidinone (54) and 4-methyl-1,6-di-
'phenyl~2(1H)—pyrimidinone (55) were obtained. The yield of 54 was 34%,
while that of 55 was only 4%. On the contrary, the reaction
of benzoylacetone with N-phenylthiourea affbrded 4-methyl-
'1,6-diphenyl~-2 (1H)-pyrimidinethione (59) in 82% yield without
' the isomeric 6-methyl-1l,4-diphenyl~2(1lH)-pyrimidinethione
(71). Similarly £he reaction of other benzoylacetone
derivatives with N—pheﬁylurea and -thiourea was carried out,
: andvthé results wére shown in Table 2 and 3. It is known
that theQAlkylation of ureas occurs on nitrogens to afford
N—alkylated;panCts, while that of thioureas occurs oﬁ sulfur

to give S-alkylated products.. On the basis of this fact,

the reaction mechanism is speculated.as follows. = (Scheme 16).
) o _
0} _ 0]
I ( P ] .Ph
A HN- “NH-Ph _ Kfﬂ\ -
olf\ NH,,CNHPh M H,0 )J\/NK
Ph/i§°/l\Me P Me ~ Ph T Me
‘ ) ’ (54)
OH /0O PhNHC=NH |
PhMMe ;

Scheme 16
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Compd.
No

54
56
57

58

Table 2

o]
I
+ PhNHCNH2 —_—
Me

R? Method?)

Ph A
preC6H4 A
p-—MeOC6H4 A
p—ClC6H4" A

a) See experimental section.

Table 3
, S
I
+ PhNHCNH2
R3
R> Method?)
Ph A
p—MeCGH4 A
p—MeOCGH4 A
prlC6H4 A

a) See experimental section.

-2

Mpb)

(°C)
222
259
254

238

0 v
N/HT(/Ph
RZ/JL‘¢L\Me

Yield
(%)

34
23
20
39

b) Decomposition.

Me

P

(°C)
217
175
191

231

S
N/HWN/Ph
,)L¢¢L\R3
Yield
(%)
82
64
48

50

b) Decomposition.



In the case of N-phenylurea, the primary nitrogen, which
should be more nucleophilic, attacks at the B-carbon and
subsequently cyclizes to give 1l,4-diphenyl-6-methyl-2(1H)-~
pyrimidinone (54). On the contrary, comparing the nucleo-
philicities of two nitrogens of N-phenylthiourea, the
secondary nitrogen is seemed to be more nucleophilic than

the primary nitrogen due to a large contribution of isothio-
urea form. Thus, the secondary nitrogen selectively attacks
at the B-carbon, and subsequentiy cyclizesto give 1,6-diphenyl-
4-methyl-2 (1H) -pyrimidinethione (59).

It is concluded'that N-phenylurea reacts with benzoyl-
acetone derivatives to give predominantly 1,4-diaryl-6-methyl-
2 (lH)-pyrimidinones, while N-phenylthiourea afforded only -~ -
1l,6-diaryl-4-methyl-2(1H)-pyrimidinethiones. Therefore, the
preparation of unsymmeﬁrical 2(1H)-pyrimidinones becomes"

possible in this reaction. -

-23-



II-1-2 The Preparation from B-Aminoenones

The acylation of N-unsubstituted R-aminoenones easily
joccurs to give only N-acylated B-aminoenones at low tempe-
116)

rature . N-Unsubstituted B-aminoenones are treated with

methyl iodide in the presence of excess sodium hydride on
ice-bath to yield N,N-dialkylated B—aminoenonesll7). Further,
amines undergo the addition reaction with isocyanates to

giﬁe various ureas in quantitativelylls). From these facts,
it was expected that 2(1H)—pyrimidinones were obtained by

the reaction of isocyanates with N-unsubstituted B-amino-
enones and subsequent cyclization. Various R~aminoenones
were prepared from the hydrogenation of 3,5-disubstituted
isoxazolest1?) .

Sk&tsch reported that 2—methyl—3-aminoacrolein was
treated with phenyl isothiocyanate in acetonitrile under
refluxing for 5 Hr to afford 5-methyl-l-phenyl-2(1lH)-
pyrimidinethione in 51%"Yield98).' When 2-amino-2-penten-4-
one (63) reacted with phenyl isothiocyanate under the same
condition, the expected 4,6-dimethyl~-l-phenyl-2(1lH)-pyrimi-
dinethione (36) was obtained in only 5% yield. As the
forcing condition, phenyl isothiocyanate in DMF was added
dropwise to the solution of 63 in DMF in the presence.of
sodium hydride'dn ice-MeOH bath. After stirring for 2 hr,

the reaction mixture was stirred for another 1 hr at room

temperature to afford 36 in 53% yield. The reaction mechanism



¢

is speculated as shown in Scheme 17. A nitrogen of B-amino-
enone (63) attacks a thiocarbonyl carbon of phenyl isothio-
cyanate to form the intermediate é! The intermediate A

further cyclizes and then dehydrates to yield the product 36.

i - S 2Na S
“N- N\ N-Ph - ~Ph MJ\I(Ph
e gme | TG — w2 )
@’
Me/\)\ Nt Me Mo ST me Me Me
(63) @) © (36)
Scheme 17

Therefofe, thié’reaction was applicable for the preparation
of unsymmetrical 2 (1H)-pyrimidinones.  2-Amino-2-hexen-4- -
one was,treated.with.phenyl isothiocyanaté,to give 6-ethyl- -
4—methyl—l—phenyl—2(lH)—pyrimidinethione (68) in 58% yield.
On the other hand, 4—amino-3—hexeﬁ—2—one afforded 4-ethyl-6-
methyl-1-phenyl-2(1H)-pyrimidinethione (69, 50%) which was
structurally - isomeric with 68. The similar reaction of N-
unsubstitufed B-aminoenones with isocyanates was attempted,
and the results were shown in Table 4..v

In conclusion, the selective preparation of unsymmetrical
1-substituted 2 (1H)-pyrimidinones is accomplished by the
reaction of N-unsubstituted B-aminoenones with isocyanates

in the presence of sodium hydride. -
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NH
AN,
Compd., X

No

64 o
65 0
66 0
67 o
68 s
69 s
54 0
70 0
59 s
62 s
71 s

Table 4

Ph
p-ClC_H

Ph
p-ClC_H
Ph
Ph

Ph

' p-CLC.H,

Ph
Ph

Ph

L

.

Me

Me

Me

-Me

Me

Et

Ph

Ph

Me

Me

Ph

Et
- Et
Pr
Pr

Et
Me
Me
Me
Ph
p—-ClC

Me

a) Determined by PMR spectroscopy.

H

4

Yield
(%)

20
29
34

36



II-2 The Structural Studies by Spectral Data

Few papers concerning the spectroscopic characteristics
QI.lﬁarylfz(lH)—pyrimidinoﬁes have been reported. Since the
spectra reflected the structure and property, the author
studied the spectroscopic characteristics of some typical
1l-aryl-2 (1H)~-pyrimidinones.’

In the IR spectra, l—aryl—2(lH)~py£imidinones showed
strong absorption bands in the region 1630-1670 cm'-l due to
the -C=0 stretching. On the other hand, l-aryl-2(lH)-pyrimi-
dihethiones displayed strong bands in the region 1260-1280
cm—l attributed to the:C=S,stretchingfp>(Table 5) - These .=~
C=X absorption bands are ver& similar to the.typical,c=X
absorption bands of uréas. From these facts,llfaryl—Z(lH)r
pyrimidinones should behave as the cyclic ureas. |

The. UV speétra of l-aryl-2(lH)-pyrimidinones were
measured in ethanol, and.the-data were listed in Table 5. °
The longest wavelength ofrl—phenyl—2(lH)~pyrimidinone”(23),,
appeared at 318 nm, while that of 4,6-dimethyl-l-phenyl-2 (1H)-"
pyrimidinone (32) appeared at 304 nm. The similar behavior
was also observed between'l—phenyl—Z(lH)—pyriﬁidinethione
(27) and 4,6—dimethyl—l~phényl—2(lH)—pyrimidinethione (36) .

'From the blue-shift of the compound §gkapdﬁ§§[a}t is supposed:. .

that the benzene ring twists out of the pyrimidine ring plane . -

in order to prevent the repulsion between benzene ring and

C-6 methyi group. Further, the pKa value of 1,4,6-trimethyl-

-27-
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2(1H)-pyrimidinone (4) hydrochldride was reported to be 4.0
by Marshall3). The pKa value of 4,6-dimethyl-l-phenyl-2(1H)~-
pyrimidinone (32) hydrochloride was measured to be 3.3 by
UV spectral method. Thus, l-aryl-2(lH)-pyrimidinones are
expected to form the salts in the presence of strong acids.
The CMR and PMR spectra were also measured, and the
results were shown in Table 6 and 7. The signals of carbonyl
carbons appeared at ca. 157 ppm. This chemical shift
resembles the carbonyl carbon (164.4'ppm)‘§f tetramethyl-
urea. . Breitmaier reported that 5-methyl-l-phenyl-2(1H)-
pyrimidinethione exhibited. the thiocarbonyl darbon.at 182.9 -
ppmggz. :1+Aryl~2(lH)*pyrimidinethiones showed the thio-
carbonyl carbons at ca. 184 ppm. The chemical shift of C-5
carbon of 4,6—dimethyl—l—phenylf2(lH)*pyfimidinone (32) was

105.3 ppm, while  that of the corresponding 2(1lH)-pyrimidine-

thione (36) was 112.2 ppm. (Table 6)' In the PMR spectrum,- -

the similar behavior was observed at olefinic protons of
C-5 position. . The chemical shift of an olefinic proton of
the compound 32 was 6.20 ppm, while that of the compound 36

120) tnat the -

was 6.48 ppm. (Table 7) Stewart reported
rotational barrier around the carbon-nitrogen single bond
for thiocamides was 3-5 kcal mol-~l highér than for the
corresponding amides, and this differenCe'can be;attribufédﬁ: x1
to more single bond éharacter in the carbon-sulfur double

bond in thiocamides as a consequence of greater contribution

of —Hﬁ=C(S—)— character. Therefore, the lower shift of the

—29—
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compound 36 may be attributed to a larger deshielding effect
from the pyrimidine ring, which is caused by the contribution

of the polarized form, (Fig. 7)

Fig. 7

The assignment for the signals of C-4 and C-6 methyl protons
was carried out as follows. C46‘méthyl,protons exhibited

allyl coupling (J=0.7 Hz) with an olefinic proton in the

pyrimidine ring, but C-4 méthyl protons appeared as-a singlet. Sl

6~Methyl—l,4—diphenyi—2(lH)—pyrimidinone (54) and -thione (71)
showed a benzoyl pattern.. By the‘comparison of olefinic
protons of 4,6-dimethyl-l-phenyl- (32) and 6-methyl-1l,4- = -
diphenyl-2 (1lH)-pyrimidinone (54), it waS'found that the -
olefinic proton. of the cdmpound-éé shifted 0.5 ppmito lower .
field‘by the deshielding effect of the conjugated phenyl

ring at C-4 position. . The similar deshielding effect was
observed in the compound 71. This fact shows that the phenyl
group at C-4 position should be co¥planar with the pyrimidine -
ring. When the chemical shift of C-6 methylﬁprptOns.of41;4;6§,
trimethyl—2(lH)—pyrimidinonei(4) Compared with that of 4,6-
dimethyl-l-phenyl-2 (1lH)-pyrimidinone (32),.the higher#field

shift of C-6 methyl protons of the compound 32 was observed.

-32-



The similar shift was observed in various l-aryl-2(1H)-pyri-
midinoneé. (Table 8) The differences of the chemical

shift (AS) were also listed in Table 8.

6-Me |

_ 6-Me  _
AS = = (81 ary1 = S1-me )
Where Gg:iiyi was the chemical shift of C-6 methyl protons

6-Me
1-Me

trimethyl-2(1lH)-pyrimidinone (4) or the corresponding 2 (1lH)- .

of l—aryl—z(lH)—pyrimidinones,'and § was that of 1,4,6-
pyrimidinethione (22). This higher-field shift should be
caused by the shielding effect)of,the aryl ring -at N-1
position. In addition tothe fact supposed from -the blue-shift . -
- of the compounds gg and 36, this fact suggests that the
pyrimidine ring'isrnearly'perpendiculaf'édﬂthe aryl ring in

the most stable conformation. An aniline derivative .
generally has the co—planar'conformation between benzene
ring'and aminowplanesby the resonance.of nitrogen and benzene.
Therefore, it seems that the stericrhindrance of the pyrimidine
and aiyl ring'exists,in‘l—aryl—4,6—dimethyl-2(1H)-pyrimidi-
nones, And freevrotatioﬁ'around the carbon-nitrogen single

bond is restricted.
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II-3 The Restricted Rotation Around the Carbon-Nitrogen
121),122)

Single Bond

In the previous section (II-2), the pyrimidine ring was
found to be nearly perpendicular to the aryl ring in the
most stable conformation by the steric interaction between
the aryl ring and C-6 methyl group in the pyrimidine ring.
,Although l-aryl-2 (1H)-pyrimidinones consisted of large
number of atoms more than 30, the author attemptedrthe
calculation of the most stable conformation and rotational
-barrier around the carbon—nitrogen single bond. Since Force-

field methodri23)r124)

'iS‘Superior in the calculation of the
| conformation'and'potentiél energy of large méledules} it o
seemes to be the most suitable method for this calculation.
Further, Yamamoto modified ordinary Force-field method for
applying to heterocyclic compoundsll7)}; Therefore, the
rotational barrier around the'carbon—ﬁitrOgen single bond of
l—aryl—2(lH)—pyrimidinones;was calculatea‘by the Force~field
method. In the case of 4,6—dimethylel—(o—tolyl)fz(lH)-
pyrimidinone (40), the relation between dihedral angle (0)
around the carbon-nitrogen single bond and potential energy

(E) was shown in Fig. 8. From this calculation, the dihedral

angle of the most stable conformation was found to be 4l°+.w
|

and the rotational barrier was 39.5 kcal mol—l. Furthermore,
this result indicated that the repulsion between the C-6

methyl group and the aryl-methyl group was much greater than

-35~



40

30 7

———— - -

-1
)
o

I

39.5 kecal mol *

Potential energy E/ kcal mol

180 90 0

Dihedral angle 8/°

Fig. 8. Poténtial,Energyfof'4,6—Dimethyl~;r(o—tolyl)f;'w
2(1H);pyrimidinone (40) as a Function of the .-

Dihedral Angle 6.
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that between the aryl-methyl group and the carbonyl oxygen.
In the same way, the rotational barriers for 1-(o-substi-
tuted)phenyl-4,6-dimethyl-2 (1H)-pyrimidinones (41 and 42)
were calculated to be 30.2 and 42.5 kcal mol_l, respectively.
On the other hand, the rotational barriers. for l-(m—substi—
tuted)phenyl-4,6-dimethyl-2 (1H)-pyrimidinones (38 and 39)
were calculated to be 14.7 and 13.0 kcal mol_l, respectively.
Further, l-phenyl-2(lH)-pyrimidinone (23) was found to be
co-planar in the most stable conformation. (Table 9)

Since the minimum rotational barrier is ca. 23 kecal mol"l

in order to separate isomers at room temperaturelZS), the
author predicts that the two rotational isomers of 1-(o-

substituted)phenyl-4,6-dimethyl-2 (1H)-pyrimidinones should

be separable. . (Fig. 9)v

X =0o0or s
Fig. 9
For proving the result of the calculation, the author tried
to resoive the optically active l-aryl-2(1lH)-pyrimidinones
- by the fractional recrystallization. Since the pKa value .
of 4,6-dimethyl-l1-phenyl-2(1H)-pyrimidinone (32) hydrochloride
was measured to be 3.3 by UV spectral method, D-camphor-10-

sulfonic acid (72) was used as the resolving agent.
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Table 10 The Pyrimidinium Salts

Me
s
. N Y
Me
(72)
' 1 .
X R 7 Mp Yield
, (decomp. °C) (%)
0 m—MeC'GH4 206 .98
o m--MeOC6H4 179 97
o o-MeC6H4 217 90
0 o-—MeOCGH4 200 95
0 o—EtC6H4v 182 98 -
0 0-C1C.H, 213 97
s - o-—MeCGH4 227 90
S o—MeOCGH4 202 88
S O—EtCGH4 206 96
S o--EtOC6H4 198 90
S o--ClC6H4 225 94
S o—Me~m—C1C6H3‘ 218 . 89

-39~



.

The optically active l-aryl-2 (lH)-pyrimidinones were obtained
by recrystallization of the salts (73-84), which were formed
from racemic l-aryl-2(lH)-pyrimidinones With D-camphor-10-
sulfonic acid, followed by neutralization. (Table 10)

The specifid rotation of l—aryl—z(lH)-pyrimidinones was

listed in Table 11.

Table 11
Compd. Concentrationa) [a]és Compd. Concentrationa) [a}és
No (°) No (°)
38 0.6 0 48 1.0 -23.4
(-200) )
39 0.8 0 49 2.2 +0.6
40 0.6 -6.2 50 1.1 -0.4
(-120) %
41 0.8 +0.4 52 1.9 +3.3
42 0.5 +4.5 53 1.0 +6.5
5 0.8 -1.4

a) Grams per 100 ml. Db) Absolute rotation.

