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Om de adducten van nucleofielen met (heteroj}aromaten "complexen" te noemen,
is niet in overeenstenming met de daarvoor geldende regels.

R.F.Francis, C.D.Crews and B.S.5cott, J.Org.Chem., 43, 3227 (1978).
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F.A.Cotton and G.Wilkinson, "Advanced inorganic chemistry", Interscience
3rd ed. (1972). '

Uit de n.m.r. spectra van de produkten, verkregen door reactie van organo-
Tithium reagentia mwet 5,6-digesubstitucerde {geannelleerde) pyrimidinen ge-
volgd door reactie met ethyl chloorfarmiaat of zoutzuur, valt niet te con-
cluderen dat in bovengencemde reactie 1,4-dihydropyrimidinen worden gevormd.

G.B.Benmnett, J.Heterocyclic Chem., 15, 671 (1978).

De opsplitsing van het signaal van H(%) in het n.m.r. spectrum van 4-(4-
methoxyfenyl)-1,4-dihydropyrimidine met een koppelconstante van 1,2 Hz wordt
niet verogrzaakt door een 1,5-koppeling maar door een 2,5-koppeling.

W.P.K.Girke, Chem.Ber., 112, | (1979}.

Dit proefschrift.

8ij de verklaring over de omzetting van 5-carbomethoxy-2,4,7-trichloorpyrido
[2,3-d]lpyrimidine in 4-amino-5-carboxamido-2,7-dichloorpyride [2,3-d]pyrimidine
wordt ten onrechte het SN{ANRORC) mechanisme buiten beschouwing gelaten.

G.L.Anderson, J.L.Shim and A.D.Broom, .J.0rg.Chem., 42, 993 (1977).
H.C.van der Plas, Acc.Chem.Res., 11, 462 (1978).

be vorming van 1,6-diaza-3-methoxy-Z-methyl-4-oxospiro[4,5)dec-2-een door be-
straling van 6,7,8,%-tetrahydro-2-methyl-4H-pyrido[l,2-g]) pyrimidin-4-on in
methanol kan verklaard worden door een di-nm-methaanomiegging gevolgd door
alcoholyse.




T.Yamazaki, M.Nagata, S.Hirokami and S.Miyakoshi, Heterocycles 8, 377 (1977).

6. De methode die Hale en Perham toepassen om te bepalen heoeveel lipoinezuur een-
heden lipoaat acetyltransferase in het pyruvaat dehydrogenase multienzym
complex van Escherichia coli bevat is specifiek noch kwantitatief voor lipoine-
Zuur.

G.Hale and R,N.Perham, Biochem.J., [77, 129 (1979).

7. Horeca exploitanten houden te weinig rekening met de toegenomen voorkeur van
de Nederlandse konsument vaor bruin- en voelkorenbrood boven witbrood.

8. Gezien het veelvuldig optreden van lichamelijke gebreken als gevolg van sport-
becefening, dient de uitspraak "sport is gezond" met een zekere terughoudend-
heid te worden gebezigd.

9. Het valt te betreuren dat rijwielen die gemaakt zijn om er het snelst mee te
rijden, worden uitgerust met het minst betrouwbare remsysteem.

R.E.van der Stoel Wageningen, 9 mei 1979
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1 INTRODUCTION

1.1 GENERAL

Due to their great biochemical importance, heterocaromatic compounds containing
one or more nitrogen atoms have been studied for many years at the Laboratory

of Organic Chemistry of the Agricultural University in Nageningenl. The behaviour
of derivatives of pyridazine (1), pyrazine (2) and especially pyrimidine (3)
towards nucleophiles has attracted much attention during the past decade™.

Scheme 1.1

The reactions of these substrates with nucleophiles have in common that they
proceed vig an initial addition of the nucleophile at the carbon centre of the
highly polarized azomethine bond3. During the formation of this g-adduct the
aromatic character is lost; the carbon atom that is attacked undergoes a change
in hybridization (sp2-+sp5) and the excess of negative charge is delocalized
over the remaining atoms of the ring, the Targer part being Tocated at the
electronegative nitrogen(s). This is depicted below with valence bond structures
d4a-c for the adduct.

d

d d
e ¢ e ¢ 7N O ¢
| = — ]
\\ Nu / /
a” No e No e No a?”
o
1-3 ka ] [N
Scheme 1.2
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-N- -CH- diazine pos.of attack
a,b c.d.e pyridazine 3
a,c b,d,e pyrimidine 4
a.d b,c,e pyrazine 2
a,e b,c,d pyrimidine 2
b,c a,d,e pyridazine )

0f the structures 4a-c the para gquinoid structure 4b is lowest in energy4,
especially in the structures in which atom ¢ is nitrogen. It explains why
pyrimidine i{s attacked by preference at the carbon atom of the N(3)-{(4)
azomethine bond and why it is possible that pyridazine can be attacked at
carbon atom 4, although not forming part of an azomethine bond {in both adducts
atom c¢ represents nitrogen).

1.2 PURPOSE AND SCOPE OF THE INVESTIGATION

Adduct formation is accompanied by loss of the aromatic character; the adducts
formed from the diazines with nucleophiles <contain the structural features of
imines, enamines, amidines and cyclohexadienes. The adducts may show azadiena-
mine and diazacyclohexadiene reactivity and this induced us to study the
reactivity of these adducts on this behaviour. For our purpose we chose as sub-
strates the adducts obtained from the diazines with some carbon nucleophiles
{organolithium compounds) as well as the corresponding conjugate acids Z.e.
the dihydrodiazines. We subjected both substrates to electrophilic reactions

- typical for enam‘nes5 - and moreover the dihydropyrimidines to ultraviolet
irradiation, known to cause isomerization reactions6 with cyclohexadienes.

In the following paragraph a literature survey is presented of the formation
and reactivity of organolithium-(di)azine adducts and dihydro(di)azines.
Since in our photochemical experiments the dihydropyrimidines were found to
give di-m-methane rearrangements, important literature data on this subject
will also be discussed (paragraph 1.3.3).

14




1.3 LITERATURE SURVEY

1.3.1 Reactions of organolithium-(dilazine adducts and dihydro(dilazines

with electrophilic reagents

Most research on this subject has been dedicated to pyridine and its derivatives.
Since there is structural similarity between pyridine and the diazines a survey
of the reactions involving pyridine is presented first.

1.3.1.1 Pyridine

The reaction of organolithium compounds with pyridine (5} was investigated for
the first time in 1930 with the aim of developing a method for introduction
of substituents into the pyridine nucleus in 2(6)-p051t10n7’8.

= RLI '\ Ha0 @ KMnOs @
Hi
—
\’N N H N H N R
H
5

i or i }

=

Scheme 1.3

Conversien of 5 into 2-R-pyridine (8) proceeded via the postulated intermediate
1-Tithio-2-R-1,2-dihydropyridine {6). Compound 8 was obtained by heating the
reaction mixture of 5 with RLi in toluene {(method i). In 1960 the addition of
phenyllithium to substituted pyridines was taken up in order to investigate the
effect of substituents on regiose]ectivityg. Alternative methods for obtaining
the phenylated pyridines from the adduct solutions were developed Z.e. direct
oxidation with (air)oxygen (method ii) and hydrolysis followed by oxidation of
the reaction mixture with potassium permanganate {method 1ii}10. Among other
facts 1t was found that bulky substituents in 3-position (£-Bu, Ph) of the
pyridine ring induced phenyllithium to attack the 6-position9’11.

In 1968 the 1H-n.m.r. spectrum of the reaction mixture obtained by treating
pyridine with n-butyllithium was recorded, providing evidence for the inter-
mediacy of 6 (Re n-Bu)lZ. Careful hydrolysis of the reaction mixture gave the
corresponding 1,2-dihydropyridine 7 (R= n-Bu) which was fairly stable making
it possible to measure the n.m.r. spectrum.A great similarity of the spectra
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of adduct 6 and 1,2-dihydropyridine 7 was found. One year later the lithium
salt 6 {R=Ph} and several derivatives were actually isolated ana could be

purified by recrysta]]ization13.
In 1963 Abramovitch et al. "

carbonyl compounds. The reaction of 6 (R=Ph) with benzophenone gave benzhydrol
15,16

used the intermediate 6 as reducing agent for

8 (R=Ph} and a by-product, which turned out to have structure 9

Scheme 1.4

The formation of compound 9 suggested that C(5) in adduct & had nucleophilic
properties. This interesting facet probably induced Giam in 1970, soon follow-
ed by others, to start an investigation of reactions of & with several electro-
. From these reactions several kinds of products were obtained in
very divergent yields. Selected examples are summarized in scheme 1.5 and

table 1.2.

N £ £, B
- H R H R R
NR XINTH N~ H N~ H
H H

10 " 12 13

E
I N o
R R |
N~ H NTTH O RTNNT
1 |
E E
14 15 16 17
= o
S >~
Scheme 1.5 R N N R
18
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Table 1.2 Reactions of adduct 8(R) with electrophilic reagents (E-X)

R E X products (yields, %) ref.
Ph MeCO C1 8(7), 15(34) 19
Ph PNO,CeH,C0 cl 8(37), 15(6) 19
Ph CF4C0 1 8(17), 10(5), 13{13), 15(1) 19
Ph PEtOCH,CO C1 8{16), 14(30), 15(15) 19
Ph CH4CO OEt  8{12). 15(56) 19
Ph Me I 10(45) 17
Ph PhS SPh 10(8) 25
n-Bu Br CN 8(22), 17(26) 21
n-Bu CFy Br 8(38), 18(41) 21
n-Bu {2-pyridy1}C0 OEt B{15), 10(4), 13(48) 24
t-Bu Me I 10, 11, 12 27
Me BuS SBu  10(27) 25

As can be seen from table 1.2 the reagents with the softer electrophilic centra
yielded mainly 2-R-5-E-pyridines 10. In one case (R=%-Bu, E=CH3) the 2,5-dihydro-
pyridine 11 could be isoclated, but in most cases compound 11 was either oxidized
during work up into 10, disproportionated into 10 and tetrahydropyridine 12 or
was isomerized into the more stable 1,2-dihydropyridine 13.Compound 13 was
susceptible to a second electrophilic attack resulting in 14. The harder electro-
philic reagents (acid chlorides, esters,isocyanates) gave considerable amounts

of N-substitution products 15. In all reactions the oxidation product 8 was
formed. The reaction of & with this compound yielded the 2,3' coupling product 16.
The 3,3' coupling preduct 17 was formed in those cases where E=Br. When E=CF3

the intermediate 11 {or 10,13) was attacked by another molecule of & eventually
leading to 18.

Like the 1ithium salts § (R=n-Bu, Ph), the 1,2-dihydropyridines 7 (R=n-Bu, Ph)
were used as substrates for reactions with electrophilic reagent521’22’24.

In some cases the products and yields obtained from the reactions of the dihydro-
pyridine 7 (R=n-Bu) were of the same order as those from the reactions of the
1ithium salt 6 (R=r-Bu) with the same reagent (see cases A and B in table 1.3)

In other cases (C and D) a completely different reaction mixture was obtained.

17



Table 1.3 Reactiions of 6 (R—n—-Bu) and 7 (R=n-Bu)

;2?2:12? Reagent Products {yields, %)

A 6 phsec1 10016} 5 8(12)
10(16) ; 8(15)

B 6 CNBY 8(22) ; 17(26)

7 8{27) ; 17(7)

c 6 Euneceo  10(15) 3 14(12) 5 15(52)
16(35)

D 6 phieceo  10(30) 3 13(43) 5 14(15) 3 15(9)

10(15) ; 15(30)

1.3.1.2 Diazines

The reaction of phenyl- or #n-butyllithium with pyridazine (1) in ether yielded
after work up with water 3-R-pyridazine (13)(R=Ph, n-Bu)zg. The solvent appeared
to be a factor in determining the substitution pattern; when reacting n-butyl-
lithium with pyridazine in a mixed ether-tetrahydrofuran solvent a mixture of

3- and 4-n-bytylpyridazine was obtained. No systematic investigation of a solvent
effect on the substitution pattern has ever been performed. To cur knowledge
there are no reports of reactions of the organolithijum-pyridazine adducts with
reagents other than water.

R
R
= | DAL “ | = |
2) ;0,101 N * N
\\N’/N : N AN
1 19 20

Scheme 1.6
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Only tar was obtained when reacting phenyllithium with pyrazine (2)29. However,
organolithium reagents were reported to react with methyl substituted pyrazines
yielding products resulting from ring alkylation (or arylation) and side-chain

meta]ation29_31

. Infrared analysis of a crude reaction mixture obtained by
addition of methyilithium to compound 21 and subsequent hydrolysis showed ab-
sorptions that were attributed to the 1,2-dihydropyrazine (23). Work up of the
mixture yielded trimethylpyrazine (24). Attempts to trap the intermediate adduct

22 with dimethyl sulfate cor methyl benzoate were not successful31.

L RO X

Scheme 1.7

Reactions of organolithium compounds with pyrimidine (3) and derivatives have
been reported to give after work up a mixture of 4- and 2-substituted pyrimi-

dines 27 and 28 respective]y34—43. Most of these studies were directed towards
the preparation of the substituted pyrimidines and therefore the proposed di-

hydropyrimidines44 25 and 76 were never identified or isolated.

H__R R
HN | N I
L\\N KN
25 27
N i KMnO
’ 1} RLi 4 & +
g 2) H,0
N
3
N NT |
| Js
R N R \N
Scheme 1.8 H
26 28
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Reactions of the adducts formed from organolithium compounds and fused pyrimi-
dines with electrophilic reagents, have also been reported. The adduct 29,
obtained on reacting methyllithium with 2,4-diphenylquinazoline, was treated
with methyliodide and gave both the l-methyl-1,4-dihydroquinazeline {30) and
3~methyl-3,4-dihydroquinazoline (31)45.

Me Ph Me Ph Me Ph
L0 = 00 - L
PhJQQN Pﬁl\\$ P
29 Me 3 3
Scheme 1.9

Recently adducts of RLi with fused pyrimidine derivatives 32 and 33 have been
reacted with ethyl chioroformate to yield products, which were assigned - based
on 1H—n.m.r. data - to have the 1,4-dihydropyrimidine structure 34 6.

Me Me H R
N NZT N
IGOENG I )
Me\N Me\N Mel?l

Me Me COOEt
32 33 34

Scheme 1.10

1.3.2 Photochemistry of cyclohexadienes and their aza—analogues

Molecules containing the cyclohexadiene chromophore showed several different
types of reaction upon irradiation.imerization occurred when 1,3-cyclohexadiene

(35) was irradiated in the presence of a sensitizer. Dimer 36 as well as other

dimers were formed47’48.

Sens

35 36
Seheme 1.11
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http://cyclohexadien.es

On the ather hand bicyclo [4.3.0]lnona-2,4-diene (37) gave upon direct irradia-
tion with light of 300 nm an intramolecular 2+% cyeloaddition into tricyclo-

nonene 38 *2.Irradiation with 254 nm Tight however, induced a 4+2 cyeloreversion

o
y 28
nY

39 4
Seheme 1.12

into 1,3,5-cyciononatriene (39). The molecules resulting from ring opening
were usually not stable, in this case 39 underwent a thermally induced ring
closure leading to the trgns isomer of 37, Z.e. 40. Another example of this
behaviour was the photolysis product 41, which thermally reconverted into 35,
and photochemically underwent a 4+2 cycloaddition into bicyclo [3.1.0] hexene

4 5
3 5 hy s Ay 3 . ~
- - + I
2 6 e 2 6
1 i
35 41 L2 63
Scheme 1.13

(42} along with photochemical 2+2 cycloaddition into vinylcyclobutene (43)
Dimerization, 2+2 cycloaddition and ring opening with subsequent photochemical
and thermal transformations have also been reported to occur on irradiation of
dihydro(di)azines. However, most studies were not very detailed. Thus, 1,4-di-
hydropyridine (44) underwent photodimerization into 45 and photoisomerization
into 4677, while intramojecular 2+2 cycloaddition has been observed with 1,2-
dihydropyridine (47) yielding an azabicyclo [2.2.0] hexene (48)53.

50,51
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COzEt H

Et0,L COEt Et0;C Et0,C S L0k
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COzEt

N N COEY ? N
N 45 Lé

D Ay

e

N N-CO;Me

|

COzMe

47 48

Scheme 1.14

The dihydropyridazine (49)(R=002Me) also showed intramolecular 2+2 cycloaddition
leading to 2,3-diazabicyclo [2.2.0] hexene (50). Along with this product the
2-aminopyrrole 51 was formed. This ring contraction was believed to proceed

= N-R
Lo T N
R N-R N H-R
! |
R R
49 50 51
hy A
~IN-R h UNHR
—
N-R
// f:l
R
52 53

Scheme 1.15

through 4+2 cycloreversion product 52 and subsequent 4+2 cycloaddition into
diazabicyclo [2.1.0] hexene (53). Opening of the three-membered ring and sub-
sequent aromatization of the five-membered ring yielded the final product 5154

22
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A similar reaction course was assumed to occur during the formation of aza-
bicyclo [3.1.0] hexenes (56 and 57) by irradiation of 1,2-dihydropyridine (54)55.

. , 9 ) ROz \ CO,R
ROL_ 2y Me ROIC_ | Rt RO,C %
hy hv
' Me / + /

Me N COR Me \\N Me N Me Me T Me

| | |

C0z2R C0zR (0qR (LR

54 55 56 57
Scheme 1.18

In above-mentioned reactions the (di)azahexatrienes have not been isclated or
detected. On irradiation of 3-n-butyl-3,6-dimethyl1-3,4-dihydropyridazine (58}
however, an open-chain product was formed which was identified by n.m.r.spectros-
copy as the diazahexatriene (59)56.

Me
nBu hy :fl\\
N N n-Bu
Me Nﬁj Me \\N’/ 25?/

Me
58 58

Scheme 1.17

2,3-Dihydropyrazines (60) also produced diazahexatrienes on frradiation; they
were sufficiently stable to be isclated. The products 61 showed thermal re-
conversion into the starting materials and ring contraction into imidazoles (63),

presumably viz the ylides (62)57-60.
RI_-N~ R RI N o R N
- N —
L= =Ty~ O
A . -
R \N R' R N% . = N® N
R /)\R‘
60 £1 62 63

Scheme 1.18
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1.3.3 Di-n-methane rearrangementSI

This rearrangement occurs on photelysis of compounds having two w-moieties bonded
to a single sps-hybridized carbon atem. It formally involves the migration of one
m-moiety from the saturated carbon atom to the adjacent spz-hybridized carbon atom
of the secend n-moiety with concomitant formation of a three-membered ring.

The skeletal change can be described by the mechanism which is represented below.

M=) =] — Y

Scheme 1.18

The di-s-methane rearrangement is not restricted to systems that contain two
vinyl moieties (vinyl-vinyl bridging), it may be extended to other unsaturated
systems (e.g. phenyi, ethynyl, carbonyl and others, see chapter 5). In those
cases where the di-m-methane system is comprised in a six-membered ring - as
in the 1,4-cyclohexadiene (64) - the reaction led to the formation of the bi-
cyclo [3.1.0]) hexene derivatives {65) as shown®Z .

Me_, Me
Me

Me

I

64 &5

Secheme 1,20

When the 5p3-hybr1dized carbon bears phenyl groups as in compound 66, product
67 was formed indicating that phenyl-vinyl bridging is favoured over vinyl-vinyl

br‘idging63’64

. It is of importance to note the reorganization of carbon atoms of
the six-membered ring in the former process (and in the process involving ring
opening and subsequent 4+2 cycloaddition as discussed in sect.1.3.2} being
distinct from the shift of the phenyl substituent from C{4) to C{5}, together
with C(4) - C(6) bonding. In the latter rearrangement the bicyclic photopraducts
with the trans-endo relationship of the phenyl groups were either predominant or

exclusived? 06,
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For acyclic di-m-methane systems the singlet manifold is the preferred excited
state from which rearrangement occurs.The triplet is inert because acyclic
1,4-dienes are able to dissipate their triplet energy by cis—irans isomerization
pathways ('free rotor effect'). On the other hand the triplet excited states of
cyclic systems are incapable of 'free rotor' energy dissipation due to their
rigid structures and the di-n-methane rearrangement of these systems can be
sensitized by triplet sensitizers. For example the sensitized irradiation of
5,5-diphenyl-1,3-cyclohexadiene (69} yielded a mixture of the sterecisomeric
bicyclo [3.1.0] hexenes (70 and 71) whilst direct irradiation resulted in ring
opening into 6867’6

Ph_ _Ph Ph Ph
; p
AN , Ph _.Ph
-— _hv +
S~ Ph  direct sens
68 Ph 69 70 Il
Scheme 1.22
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2 A 13C-NMR STUDY ON THE PHENYLLITHIUM-DIAZINE ADDUCTS AND
THE CORRESPONDING DIHYDRODIAZINES

R.E.van der Stoel and H.C.van der Plas

2.1 INTRODUCTION

In this Taboratory there is continuing interest in the reactivity of azines
towards nucleophiles. Especially the behaviour of the halogeno derivatives and
quaternary salts derived from pyrimidine, pyrazine and pyridazine has attracted
our attentionl. Several n.m.r. studies have been published dealing with the
regiospecificity of the addition of the amide ion to pyrimidine and halogeno-
pyrimidines in solutions of liquid ammoniaz_s. It was found that with pyrimi-
dine the 1:1 ¢g-adduct 4-amino-1({or 3)pyrimidinide ion is formedS. Attempts to
isolate the conjugate acid of this pyrimidinide Z.e. 4-amino-1,4(3,4)-dihydro-
pyrimidine failed, as it rearomatizes easily to the starting material. In the
case of the presence of a leaving group - Tike a halogeno atom - the g-adducts
can react further yielding either open-chain compounds or ring transformation
productsl.

Reaction of organolithium compounds with the three parent diazines and subse-
quent hydroiysis yield dihydrodiazines6-14. Due to their instability, they were,
however, not properly characterized. In this paper the results of an n.m.r.
study are presented, being undertaken to estabiish in more detail the structure
of the adducts formed between the three diazines and phényl]ithium, especially
in the light of recent results on the reactivity of phenyllithium-pyridine

adducts towards electrophilic reagentsls'lg.

2.2 RESULTS AND DISCUSSION

2.2.1 Pyrimidine

Treatment of pyrimidine (1la) with phenyllithium in ether gave a sclution of which
the lH- and 13C-n.m.r. spectra showed only the presence of a stable adduct (2a)
{Scheme 2.1); no pyrimidine could be detected. Owing to the distinct splitting
pattern all peaks in the 1H—n.m.r. spectrum of 2a could easily be assigned
(Table 2.1). This also made an unambiguous assignment of the peaks in the
n.m.r. spectrum possible {Table 2.2} by recording the spectrum in the proton-

13._
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decoupled mode and selective decoupling experiments. The chemical shifts were
not much different from the shifts found for the 4-amino-1(cr 3)-pyrimidinide
ion (7)4’5. From these data it is evident that positions 4 and 6 in 2a are un-
equal, indicating the presence of the phenyl group on position 4{6) in the
adduct. The structure of the phenyllithium adduct was confirmed by the high
field abserpticn of C(4) and the magnitude of the one-bond carbon to hydrogen
coupling constant of C(4){IJ(CH) = 140 Hz)4.

H_ _Ph H_ _Ph H_ _Ph
LiN | HN | N| |
LEQN R L:QN R L\\N R
3 H
R 3
N .
k | Phii + H,0 +
\N
1 R R
a R=H
b R=Ph N N
H>L\\ l H:l\\ |
Ph” ™~y Ph
Li H
L 5
Scheme 2.1

After hydrolysis of the ethereal solution containing 2a and careful working up
of the reaction mixture, crystals of 4-phenyldihydropyrimidine (3a) could be
isolated. On prolonged exposure to air the crystals became sticky, presumably
due to polymerization; in addition a slow oxidation into 4-phenylpyrimidine was
observed. The Ly- and 13C-n.m.r. spectra of 3a resembled the spectra of Za
(Tables 2.1 and 2.2). From these data it could not be decided whether 3a was a
1.4- or a 3,4-dihydropyrimidine or a tautomeric mixture of both. The infrared
spectrum (CHC1 ) distinctly showed two sharp free-NH stretching vibration ab-
sorptions at 3490 and 3465 cm . This clearly indicates the presence of two 20
different dihydropyrimidines being in rapid {on n.m.r. time scale) equilibrium
Attempts to obtain n.m.r. spectra of each of the tautomers by lowering the
temperature (—880) of an 1H—n.m.r. sample failed; it resulted only in consider-
able line broadening of the signals.
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Fig. 2.1

1t can be questioned whether contributicons of polar structures faesbbes6c are
of any importance in describing the structure of the phenyllithium-pyrimidine
adduct. In order to evaluate this, the charge density on the ortho and para
positions (with respect to the spg-carbon atom) is of crucial importance.
Despite criticism21 13C chemical shifts in many instances gave reasonable

indications about charge densities on carbon at0m523-26. A l-electron density
is considered to induce an upfield shift of about 160 ppm27’28.
Table 2.2 lgC—n.m.r. data of the diazines, the o-adducts and the dihydrodiasines
c{2) C(3) C(4) C{5) C(6)
1a® 154.5 - 157.5 122.1 157.5
2a 16l.7 - 58.4 103.4 135.5
3a 145.9 - 55.9 104.6 128.8
7 156.7 - 62.5 98.0 140.5
8 150 3 - 62.9 108.2 134.8
%9a 151.9 126.6 126.6 151.9
10a - 61.1 105.8 118.4 131.7
lla - 55.0 128.1 118.2 134.6
11b - 55.2 128.3 117.7 142.2
12a - 133.2 40.9 89.2 140.0
13a - 136.9 38.7 97.2 128.00
14a - 146.1 146.1 146.1 146.1
15 - 61.7 116.0P 110.80 144.6
a
b Ref.30

uncertain assignment
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In a recent paper22 0lah et «l. compared the chemical shifts of Meisenheimer
complexes formed between potassium methoxide and dinitroaniseles with those

of their aromatic precursors in order to be informed about charge distribution.
3¢ data of
these adducts with those of the eyclohexadiene derivatives would lead to the
same results because the chemical shifts of the spgcarbons in cyclohexadiene
are not different from those of benzene.

They stated, however, that the more obvious method of comparing the

Table 2.3 Differences (&) between chemical shifts of the
adducts 2a, 10, 12a and 15 and the diazines la, 9%a and 14
€2y C{3) C{4) C(5) oi6)

a{2a-1a) +2.2 - -99.1  -18.7  -22.0
a{10a-9a) - -90.8  -20.8 -8.2  -20.2
s{12a-9a) - -18.7  -85.7  -37.4  -11.9
A{15-14) -84.4  -30.1 - -35.3 - 1.5

Table 2.4 Differences (A) between chamical ghifts of the
adducts 2a, 7, 10a and 18a and the dihydrodiazings 3a, 8,

11a and 13a

2y c{3) c(&  c(5)  c(6)
A{2a-3a) + 15.8 - + 2.5 -.1.2 + 6.7
A{7-8) + 6.4 - - 0.4 -10.2 + 5.7
A(l0a-11a) - +6.1 -22.3 + 0.2 -2.9
A{12a-13a) - -3.7 +2.2 - 8.0 +12.0

Comparison of the chemical shift of C(5)(& = 103.4 ppm) in the phenyllithium-
pyrimidine adduct 2a with the shift of C({(5) in the precursor pyrimidine (la)

(8 = 122.1 ppm) leads to an upfield shift of 18.7 ppm upon adduct formation
(Table 2.3). From this it may be concluded that a considerable amount of charge
is Tocated on C{5) in 2a. This conclusion, however, is erronegus since compari-
son of the chemical shift of C(5) in 2a with that of the corresponding dihydro-
pyrimidine 3a only gives an upfield shift of 1.2 ppm (Table 2.4} . Apparently
the 18.7 ppm upfield shift of C(5) in 2a upon adduct formation is caused mainly
{17.5 ppm) by the change of the heteroaromatic structure in la into the dihydro-
pyrimidine structure in Z2a.
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From these data the conclusion can be drawn that structure 6¢ does not contri-
bute significantly in describing the structure of the phenyllithium adduct.
However, these data do not allow of any conclusion about the contribution of
the polar structures 6a and 6b. In this respect it is instructive to compare the
13E-n.m.r. data of the completely ionic og-adduct 7 with the neutral g-adduct 84
{see Table 2.2). C(5) in 7 is shifted 10.2 ppm to higher field with respect to
C(5) in 8. This upfield shift is only in part attributable to the y-effect of
the methyl group (in general not exceeding 1-3 ppng). Thus in 7 the negative
charge is delocalized over C(5). This seems to implicate that the phenyllithium-
pyrimidine adduct 2a has less ionic character than the amide-pyrimidine adduct 7.
Although attack by organolithium compounds on position 2 of the parent pyrimi-
dine has already been reportedg’ll; in our investigations by n.m.r.spectroscopy
no 4z could be detected in the solution containing the phenyllithium-pyrimidine
adduct. However, after hydrolysis and oxidation with potassium permanganate, a
smal} amount of 2-phenylpyrimidine was detected by g.1.c. {ratio 4-phenyl-
pyrimidine/2-phenylpyrimidine = 25).

Adcdition at position 2 was observed te a somewhat greater extent in the reaction
of 4-phenylpyrimidine (1b) with phenyllithium; along with 2b a small amount of
4b was formed. The ratio 2b/4b was 7.2, as determined directly by 1H-n.m.r.
spectroscopy of the adduct solution and indirectly by g.1.c. analysis of the
reaction mixture obtained after hydrolysis and oxidation, showing 4,6- and 2,4-
diphenylpyrimidine to be present in the same ratio. In contrast to 3a the 6-
phenyl derivative 3b, obtained from hydrolysis of 2b, is more stable and could
be obtained in an analytically pure state. It is generally known that the reacti-
vity of organolithium compounds may be altered by the addition of complexing
agentsy. We observed a change in ratio C(4)-attack/C({2)-attack from 7.2 to 1.8
when the phenylation of lb was carried out at -45% in the presence of N, N, N', V'~
tetramethyl-1,2-diaminoethane (TMEDA). The reaction of pyrimidine with phenyl-
Tithium in the presence of TMEDA only caused a minor change in ratio of the
products.

The 1,2-dihydropyrimidines (5) were even more sensitive to oxygen than the
1,4(3,4)-dihydropyrimidines (3) and could not be isclated.

2.2.2 Pyridazine

Similar to pyrimidine, pyridazine {%a) underwent quantitative conversion with
phenyl1ithium into an adduct which was stable for several hours at room

temperature. The 1H—n.m.r. spectrum of this adduct in ether showed a set of

33



mutually coupled signals (see Table 2.1),based on chemical shifts and splitting
pattern, structure 10a was assigned to this phenyllithium-pyridazine adduct

{Scheme 2.2).
Ph Ph
i NH
R \\N”NLl R \\N’/
1

10
= ] _enLi + H0 +
N
R \N/
9
H._ _Ph H_ _Ph
a R=H
b R=Ph | |N I IN
R N R N~
Li H
12 13

Scheme 2.2

The correctness of peak assignment was proved by measuring the phenyllithium
adduct of pyridazine—4,5-d2. Apart from the signals caused by the aromatic
protons the spectrum showed only two singlets at ¢ = 6.8 and 6 = 4.2 ppm. In

the 13C-n.m.r. spectrum of 10a (Table 2.2} unambiguous peak assignment was

made by using the selective decoupling technique. Hydrolysis of 10a yielded

the corresponding 3-phenyl-2,3-dihydropyridazine (1la). The infrared spectrum
of 1la showed an NH-stretching vibration absorption at 3415 cm-l; oxidation of
lla with potassium permanganate gave 3-phenylpyridazine. Assignment of the peaks
in the 13C-n.m.r. spectrum of 1lla by using the selective decoupling technique
was hampered by overiap of the H{4)- and H(5) signals in the I-n.m.r. spectrum
of lla. The 13C—resonances at § = 128.1 and § =118.2 ppm were tentatively
assigned to C(4) and C(5) respective1y32. In order to establish this assignment
more firmly the 1H— and 13C-n.m.r. spectra of 3,6-diphenyl-2,3-dihydropyridazine
(11b), obtained by treatment of 3-phenylpyridazine with phenyllithium and subse-
quent hydrolysis, were taken. In 1lb the signals ¢of H(4) and H(5) are separated
by 0.5 ppm. Irradiation at the H(5) frequency caused a collapse of the doublet
arising from C(5) in 11b at 117.7 ppm into a singlet.
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The consequence of the assignments made is that C{4) and {(6) in the pheny?-

lithium-pyridazine adduct 10a are shifted upfield 22.3 ppm and 2.9 ppm,respec-

tively, compared with the dihydropyridazine 1la (see Table 2.4). Thus C{4) in

10a carries considerably more negative charge than C(6) in 10a and C(5) in 3a.

The 20.8 ppm upfield shift observed for C(4) upon formation of the adduct 10a

from 9a (Table 2.3} must be caused completely by charge density, induced by the

lithium atom; the change of the aromatic structure in 9a into the diene structure
in 10a causes a downfveld shift of 1.5 ppm. On the other hand, the 20.2 ppm

upfield shift of C(&) is caused mainly by the change of the aromatic structure

into the dihydropyridazine structure (17.3 ppm) and only to a minor extent by

charge density (2.9 ppm).

The addition of phenyllithium across the azomethine bond yielding an adduct at

position 3 is distinct from the addition of the amide ion at C(4) in pyridazineS.

Although by n.m.r. spectroscopy no C{4) adduct of pyridazine and phenyllithium
could be detected after reaction in ether, g.l.c. analysis of the product after

hydrolysis and oxidation revealed the presence of a small amount of 4-phenyl-

pyridazine (ratio of 3-phenylpyridazine/4-phenylpyridazine = 18). By using the

complexing agent TMEDA or tetrahydrofuran (THF} and carrying out the reaction
at lowered temperatures this ratio was altered significantiy. For instance at

-75° with

spectroscopy was proved to contain both the C(3) adduct 10a and the C(4) adduct

THF as co-solvent a reaction mixture was obtained, which by n.m.r.

12a in a ratio of 1:4. Chemical shifts of the peaks in the 1H-n.m.r. spectrum
of this solution attributed to the C(4) adduct agreed well with those of the

4-amino-1,

4-dihydropyridazinide ion described in the 11terature5.

Hydrolysis of the above-mentioned solution containing the adducts 10a and 12a

gave a mixture of the corresponding dihydropyridazines in the same ratio. Based

on chemical shifts, intensities and splitting pattern the peaks attributed to
4-phenyl-1,4-dihydropyridazine {13a} could be assigned (Table 2.1}.

In order to study the electronic structure of the C{4} adduct 12a, the

1

spectra of 12a and 13a were analysed. Peak assignment was made as already

described. With 12a no selective decoupling experiments were performed, because

several proton resonances overlap. It could be established, however, that in

12a the carbons orthe to the sp® carbon atom [C(3) and C{5)] are shielded with
respect to the corresponding carbon atoms in the neutral dihydropyridazine 13a,

A8 C(3) =
about the
less than

-3.7 ppm and A8 C(5) = -8.0 ppm (Table 2.4). So C(3) in 12a carries
same amount of charge as C(6) in 10a, but C{5) in 1Za considerably
C(4) in 10a.

3C--n.m.r'.
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The dihydropyridazines 1la, 11b and 13a appeared to be sensitive to oxidation
and polymerization and could not be purified by recrystallization or by chroma-
tography. Samples of these compounds when stored for longer than a few days
decomposed seriously.

2.2.3 Pyrazine

Upen treatment with phenyllithium at -45° a solution of pyrazine in THF or
TMEDA immediately turned orange. The 1H-n.m.r. spectrum of this solution showed
that pyrazine had been converted completely into an adduct Z.e. 15 (Scheme 2.3).
The 1H-n.m.r. spectrum showed, apart from the signals caused by the phenyl
protens, four broad unresolved signals of equal intensity (Table 1.1}. Due to
the broadness of the sighals no coupling constants could be measured but

N N N
= PhLi = Ha0 ~
~ I I Ph [0] ~ |
N N H N Ph
Li

Scheme 2.3 14 15 16

comparison of the spectrum of 15 with the spectrum of the corresponding potassium
amide adduct allowed the assignment made. The phenyliithium-pyrazine adduct 15
proved to be stable upon heating up to 0° but at room temperature rapid de-
composition occurred. Also the 13C-n.m.r. spectrum of 15 was recorded. In the
proton-decoupled spectrum four broad resonances were attributed to the ring
carbons. No comparison with the spectrum of the corresponding dihydropyrazine
could be made as careful addition of water or methanol to 15 resulted in the
formation of a considerable amgunt of tarry products along with sgme phenyl-
pyrazine (9% isolated yield}. No phenyldihydropyrazine could be obtained. Yet
the signal in the aliphatic region was assigned to C{2) and the other high-field
signals (6 = 116.0 and 6 = 110.8 ppm) were attributed to C(3) and C(5), orths
and para to the Sps-carbon. The high-field position of these signals {(pyrazine
resonates at & = 146.1 ppm) seems to indicate a considerable amount of

charge density on these carbon atoms. Since comparison with a dihydropyrazine
was not possible an estimation of that part of these shifts that is caused by
the change from the aromatic system in 14 to the dihydro system in 15 could not
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be made. As noted above the yield of phenylpyrazine after hydrolysis of 15 is
poor. However, this yield was improved considerably by direct oxidation of 15
with dry (air) oxygen (60% isolated yield).

2.3. EXPERIMENTAL

Melting points are uncorrected. Infrared spectra of solutions in chloroform were
taken on a Perkin Elmer model 237 apparatus. The 1H-n.m.r. spectra were obtained
from a JEOL JKM C-60 spectrometer using CDC]3 as solvent (unless otherwise stated)
and TMS as the internal standard. 13
spectrometer in the pulse FT mode using CDC13 as solvent (unless otherwise stated)
and TMS as the internal standard. Reactions involving organometallic compounds
were carried out in an atmosphere of predried nitrogen. The sclvents diethyl

ether, THF and TMEDA were dried by adding an ethereal solution of phenyllithium

C spectra were recorded with a Varian XL-100

and distilling these salvents directly into the reaction vessel; pentane, benzene
and benzene-d6 were dried over sodium wire.

33 and 4-pheny1pyr1‘mid1‘ne6 were prepared as described in the literature,

Pyrimidine
pyridazine was obtained from Aldrich and pyrazine from Merck. Pyrimidine and
pyridazine were dried over molecular sieve type 4A (Merck). A solution of phenyl-
1ithium in ether was prepared by reacting bromobenzene in ether with 1lithium
chips. The concentration of phenyllithium in the ethereal solution was determined

by hydrolysis and titration of the hydrolysate with acid.

2.3.1 General procedure for the formation of the dihydrodiazines 3a, Zb,
i1la, 115 and 13a

The phenylation reactions were carried out with 1.4 eq. of 1.0-1.4 ¥ solutions
of phenyllithium in ether and 1.0 eq. of 0.2 M solutions of the starting material
in a solvent and at a temperature as specified in Table 2.5. After addition, the
reaction mixture was cooled to -75% and with vigorous stirring methanol was
added. The soluticn was then allowed to warm up to room temperature and water
was added (in the case of the reactions of lb and 95 only water was added).
After separation, the aqueous layer was extracted three times with chloroform.
The combined organic layers were dried over MgSO4, filtered and the solvents
evaporated £n wagcus. The resulting crude dihydrodiazines 1la and 13a were yellow
oils and all attempts to obtain crystalline products faiied. The crude dihydro-
diazines 3a, 3b or 1lb crystallized either spontaneously or after being held at
-20° for several days. The crystals were washed three times with cold ether
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yielding a pale yellow sample of the dihydrodiazine. 1la could not be purified

any further, 3a was separated from neutral impurities by a careful acid-base
separation procedure (isolated yield 59%). No analytically pure sampie could be
prepared, however, Compound 3b was purified by column chromatography (silica

gel, acetone) and several recrystallizations from acetone without heating.

Yield 59%; m.r. 96-112°. Despite the broad melting range due to decomposition
during melting, it had a correct microanalysis. C16H14N2(234.29); caled. C, 82.02;
H, 6.02; found C. 82.0; H, 6.0%.

Table 2.5 Reaction conditions for the formation of the

dihydrodiazines
;Zigﬁlgg Solvent TEmngature Product(s)
la pentane® 0 2
1b benzene** 3b
9a ether” 0 11a
9a THF** -75 1la + 13a
9b benzene®* 0 11b

* The solution of the starting material was added to the
pnhenyllithium solution.

** The phenyilithium sojution was added to the solution
of the starting material.

Preparvation of 5phevylpyridazine (9b)

1la was oxidized with potassium permanganate in acetone6 directly after its
preparation. The crude 9b was subjected to column chromatography (silica gel,
chloroform/ethyl acetate 4:1); yield 60% m.p. 101-1020{11t. 102—1030).

Preparation of phenylpyrazine (16)

To a stirred solution of 0.50 g of pyrazine (6.25 mmol} in 20 ml THF at -75°
1.4 eq. of a 1.0 ¥ solution of pheryllithium in ether was added slowly. After
the addition, dry air was passed through the reaction mixture for 30 min at
-75% and an additional 30 min at room temperature. Water was added and the
mixture was extracted with chloroform. The cambined extracts were dried over
Mgsoq, filtered and the solvents were evaporated in vacuoc.
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Crude 16 was subjected to column chromatography (silica gel, chloroform/

ethyl acetate 4:1), yielding 0.58 g of 16 (60%). An analytical sample was
prepared by several recrystallizations from petroleum ether {b.r. 40—600),

m.p. 70-70.5°, 010H8N2{156.18}; calcd, C, 76.90; H, 5.165 found C, 77.0; H, 5.3%.
1H-n.m.r.: § 8.98 (1H,d), & 8.55 (1H, 2 x d), & 8.42 (IH,d), s 7.98 (2H,m},

8 7.45 (3H,m); I3.6 = 1.5 J5’6= 3.0 Hz.

2.3.2 Preparation of n.m.r. samples for measurements of the adduct spectra

The lH—n.m.r. samples of 2b and 10b were prepared by injection of a solution of

1.0 eq. of phenyllithium in ether into a cooled (OO} n.m.r. sample tube, contain-
ing 80 mg of substrate in 0.5 ml of ether or benzene~d6. Samples of 2a and 10a
were prepared by injection of solutions of 80 mg of substrate in 0.5 ml of ether
into a cooled (00) n.m.r. sample tube, containing a solution of 1.0 eq. of
phenyllithium. The sample containing 12a was made by addition of a solution of
1.0 eq. of phenyllithium in ether to a stirred solution of 9a in THF at -75°,

The resulting reaction mixture was warmed to room temperature and put into the
n.m.r. sample tube. A solution of 15 was made by injection of 1.0 eqa. of phenyl-
Tithium in ether into a cooled (-400) n.m.r. sample tube containing 80 mg of 14
in 0.5 ml of TMEDA. After addition of TMS all spectra were taken at ambient

temperature except that of 15, which was recorded at -20°. The 13

C~n.m.r. samples
were prepared in the same way, but on a larger scale (200 mg substrate in 2-3 ml

solvent in 2 12 mn {o.d.) n.m.r.sample tube).

2.3.3 Isomepr ratio determination

The ratio of the adducts present in the adduct solution was determined in-
directly by hydrolysis, oxidation with potassium permanganate and subsequent
g.l.c. analysis of the phenyldiazines thus obtained, using a Hewlett-Packard
apparatus model 5700 A and a glass column (Jength 200 ¢m, o.d. 1/8 inch) filled
with 9.2% QV-275 on Chromosorb W-HP 100-200 mesh, operating at various tempe-
ratures (170-2300}.
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3 REACTIONS OF ORGANOLITHIUM-DIAZINE ADDUCTS AND
DIHYDRODIAZINES WITH ELECTROPHILIC REAGENTS

3.1 [INTRODUCTION

The reactions of organolithium reagents with pyridine have been studied for

many years; adducts were formed initially which could be converted subsequently
into substituted pyridinesl. However, since l-lithio-Z2-phenyl-1,2-dihydropyridine
{the adduct of phenyllithium and pyridine) was found to be a stable and isolable
compound” several reports have been published concerning reactions of organo-
lithium-pyridine adducts with electrophilic reagents. The products of these
reactions resulted from attack of the electrophile either at carbon or at
nitrogen. The electrophiles with the softer centre,e.g. methyliodide,attacked
the carbon in pagra position with respect to the sp3 carbon yielding 2,5-di-
substituted dihydropyridines {which could not be isclated in most cases, but
were oxidized to give the corresponding pyridines). The harder electrophiles,
e.g. carbonyl compounds,gave mainly reaction at nitrogen leading to N-substitut-
ed 1,2-dihydropyridines (see sect.1.3.1).

Some of these reactions have been performed with the conjugate acids of the 1-
lithio-2-R-1,2-dihydropyridines,?.e. 2-R-1,2-dihydropyridines, and from these
reactions too, products resulting from attack at carbon and nitrogen in the

ring have been obtained. Apparently the enhanced negative charge at nitrogen

and at carbon that is induced by the presence cof lithium is neither necessary
for the reactions to occur nor decisive in determining the orientztion of the
electrophilic attacka.

The diazines are related to pyridine in structure and resemble pyridine in many
of its properties. The diazines also react with organolithium compounds to yield
organolithium-diazine adducts. These adducts could not be isolated, however, and
their characterization was based on n.m.r. spectra of the reaction mixtures,
obtained by addition of a solution of the organolithium compound to the diazines
{see chapter 2). The n.m.r. spectra thus obtained revealed that the structure

of these organolithium-diazine adducts were very similar to the structure of the
organclithium-pyridine adducts. Therefore a similar reactivity of the organo-
lithium-diazine adducts towards electrophilic reagents was anticipated.
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3.2 RESULTS AND DISCUSSION

3.2.1 Pyrimidine

The crganolithium-pyrimidine adducts are frequently represented for the sake of
simplicity by their 1,4-dihydro- {1) or their 3,4-dihydro structure (1'). The
mesomeric structures la-¢ suggest that electrophilic attack may occur at N1},
N{3) and C(5) leading to 1,4-disubstituted 1,4-dihydropyrimidines, 3,4-di-
substituted 3,4-dihydropyrimidines and/or 4,5-disubstituted 4,5-dihydropyrimi-
dines respectively.

H. R

1 1

H. R H R H. R
@N| N N ®
-0 -
N N N
@ Li@

1a 1b 1c

Scheme 3.1

When the solution cbtained from the reaction of phenyllithium with 4-phenylpyri-
midine in ether was treated with methyliodide a product A was isolated by column
chromatography. Compound A had a melecular weight of 248 and the n.m.r. spectrum
showed along with the phenyl protons two mutually coupled signals at & 5.39 and
5.10 of equal intensity and a singlet at & 2.69 having thrice the intensity of
the former signals. These data justified the conclusion that in the above-mentioned
reaction ¥-methyl-4,6-diphenyldihydropyrimidine had been formed. In order to
decide which of the two possible ¥-methyldihydropyrimidine structures (3a or 7a)
can be attributed to this compound A,the n.m.r. and u.v. spectral data of related
compounds were compared with the spectral data of compound A. As pointed out in
chapter 24 the dihydropyrimidine obtained by hydrolysis of 2a exists as a mixture
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of both tautomeric dihydropyrimidines 6a and 6'a. In the n.m.r. spectrum of
this mixture of tautomers H(5) resonates at & 5.19 and due to a rapid (on
n.m.r. time scale} equilibrium between both tautomers this signal will be
positioned between the H{5) signai of 1,4-dihydropyrimidine 6a and the H{5)
signal of 3,4-dihydropyrimidine 6'a. In the conjugate diene system of 6'a the
H(5) signal will be at lower field (& > 5.1%) than the H(5) signal in the

R R Ph R Ph
Me Me
LiN 1) Meli N | N
' 0 H>L HJ\ —
L\\ L‘\ Me N Ph Mz N Ph

H
2 3 A
H,0 Mel
Ph R
HN a) R=H
b) R =Ph
N~ “Ph RN Ph
H
[ 3
Scheme 3.5

isolated alkene group of 1,4-dihydropyrimidine 6a (§ < 5.19)(compare 1-phenyl-
1,2-dihydropyridine: H(5) at § 5.21 vs. 1-phenyl-1,4-dihydropyridine: H(5) at

8 4.53)5. Since the chemical shift of H{5) in the ¥-methyl-4,6-diphenyldihydro-
pyrimidine lies at a Zower field (& 5.39} than the H{5) in 6az==6'a (s 5.19)

the structure of the 3-methyli-3,4-dihydro derivative (3a) was ascribed to compound
A. This structure assignment was confirmed by the u.v. spectrum of A. It shows the
longest wavelength abscrption at Amax 320 nm, while the tautomeric mixture of

6a == 6'a showed a broad, flat absorption around 295 nm. Thus the absorption of

A is at the lTonger wavelength end of the combined absorption of the dihydro-
pyrimidines 6a and 6'a. The assignment of the more conjugated structure 3a to
compound A is compatible with this observation {c¢f. l-trimethylsilyl-1,2-dihydro-
pyridine Amax 320 nm and the corresponding 1,4-dihydropyridine X max 288 nm)s.

This result is opposite to the reported exclusive formation of 1,4-dihydropyrimi-
dines from acdducts of 5,6-disubstituted (fused) pyrimidines and ethyl chlore-
formateﬁ. Therefore we also tried to prove the structure of A by chemical means.
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Compound A was treated with methyllithium and subsequently hydrolysed. Since the
i.r. spectrum of the product of this reaction missed an NH absorption and the
n.m.r. spectrum missed an olefinic proton it is evident that this product did

not have structure 4a. Its molecular weight, however, was 16 higher than that

of compound A and the n.m.r. spectrum showed in addition to the ¥-methyl singlet
at ¢ 2.14 a doublet at & 1.42 (3H). Based on these and further spectroscopic

data (see table 3.2) structure 5a was assigned to this product. The formation

of this compound can only be explained if product A has the 3,4-dihydropyrimidine
structure 3a instead of the 1l,4-dihydropyrimidine structure 7a.

R. Ph R_ _Ph H. _Ph
Me0,(
N 1) MelLi HN Y
t ‘ VR0 H>L | K\ |
N Ph Me N Ph N Ph
| |
Me Me
7 8 g
) R=H
R = Ph

Scheme 3.3

MethylTithium addition to 3a and subsequent hydrolysis gives 1,2,3,4-tetrahydro-
pyrimidine 4a in which the enamine moijety can undergo a rearrangement into the
corresponding imino form 5a. When 7a had been the structure of product A the
reaction with methyl1ithium would have led to 1,2,3,4-tetrahydropyrimidine {8a)
not capable of an enamine-imine tautomerization. The absence of a signal of an
olefinic proton in the n.m.r. spectrum as well as the absence of an NH absorption
in the i.r. spectrum exclude structure 8a. Compounds 3a and Sa, although fairly
stable could not be obtained in an analytically pure state. The usual purification
procedures, recrystallization, distillation and preparative g.l.c. caused de-
composition.

Reaction of adduct 2a with methyl chloroformate yielded the 3,4-dihydropyrimidine
9. Structure 9 was assigned to this product based on similarity of its n.m.r and
u.v. spectral data with those of compound 3a. H{5) of the product appeared at

§ 5.80 and in the u.v. spectrum the longest wavelength absorption had Amax at

302 nm. The observed hypsochromic shift with respect to 3a is caused by the
electron withdrawing methoxycarbonyl group (a similar effect has been observed
with dihydropyridines)S.

The reaction of the caonjugate acid of 2a, 7.e. 4,6-diphenyl-1,4(3,4}-dihydro-
pyrimidine(fa === 6'a) with methyliodide was also investigated and found to give
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the same 3,4-dihydropyrimidine 3a as 2a did. The overall yield (49%) was the

same as the yield of the direct reaction of 2a with methyliodide. The reaction

of phenyllithium with 4,6-diphenylpyrimidine has been reported to yield 4,4,6-
tripheny]-1,4(3,4)-d1‘hydr0pyr1’mid'ine7 {6b3== 6'b). Treatment of this compound
with methyliodide gave two isameric N-methyldihydropyrimidines. The main product
{87% yield) had H(5} at s 5.47 and the longest wavelength absorption maximum at
319 nm (6ba=6'b has H(5) at ¢ 5.39 and Amay 8% 295 nm, a broad, flat peak}.
Based on these spectral data the 3-methyl-3,4-dihydro structure {3b) was assigned
to the main product of the reaction of b= 6'b with methyliodide. Compound 3b
is a stable compound from which correct microanalytical data have been obtained.
The by-product in this reaction (~ 1%) has molecular weight of 324, no u.v. maxi-
mum at longer wavelength than 298 nm and in the n.m.r. spectrum singlets at

§ 4.97 (1H) and ¢ 2.87 (3H). Based on these data 1,4-dihydro structure (7b) was
assigned to this by-product.

3.8.2 Pyridazine

The reaction of mwethyllithium with pyridazine in ether yielded the adduct 2-
1ithio-3-methyl-2,3-dihydropyridazine {10). Mesomeric structures 10a-c¢ suggest

o]
Me Me Me Me
/
“ Ry h(H — | Ho ol .
o ML > Ne A e~ =N
N N N N e

10 10a 10b 10c
Scheme 3.4

that attack by an electrophilic reagent might occur at N{2), C{4) and C(6). Of
the three possible products resulting from reaction of 10 with methyliodide,<.e,
2,3-dimethy1-2,3-dihydropyridazine, 3,4-dimethyl-3,4-dihydropyridazine and 3,6-
dimethyl-3,6-dihydropyridazine only one isomer was formed. The n.m.r. spectrum

of this product showed one einglet at ¢ 2.96 (3H) indicating the presence of an
N—CH3 group and a doublet at ¢ 1.08 (3H) ascribed to the methyl group on position
3, in addition to signals at Jower field caused by the ring protons. These
spectral data only permit structure 11 for this dimethyldihydropyridazine. In the
n.m.r. spectrum of the crude reaction product no signals in the aromatic region
were observed, excluding the presence of dimethylpyridazines resulting from
oxidation of possible intermediate C-substituted dihydropyridazines.
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The reactions of 10 with methyl chlaroformate and tosylchloride were found to
follow the same reaction pattern. Reaction of adduct 10 with methyl chloro-
formate yielded a single dihydropyridazine. The n.m.r. spectrum of this isomer
resembied the spectrum of 11, except that all signals had undergone a downfield
shift; the 2,3-dihydropyridazine structure (12) was assigned to this product.

Me Me Me
g @ g
H H H
N N
\N/ﬂ‘m \N/"NME \N/'\k

" 12 13

Seheme 3.5

The reaction of the adduct 10 with tosyichloride yielded a white crystalline
product, which by n.m.r. spectroscopy was established to be 3-methyl-2-tosyl-
2,3-dinydropyridazine (13).

3.2.3 Pyrasine

Hydrolysis of the thermally labile adduct 14, obtained from phenyllithium and
pyrazine, produced a considerable amount of tar and some Z2-phenylpyrazine (18)4.
H.m.r. analysis of the ¢rude hydrolysis mixture did not reveal the presence of
intermediate 2-phenyldihydropyrazine, but it may have had the 1,2-dihydro- (15),
the 2,3-dihydro- {16) or the 2,5-dihydropyrazine structure {17). Structure 16
for this intermediate can be ruled out since 2,3-dihydropyrazines have been
described as stable compounds8 and if 16 had heen formed it would have been
isolated or at least observed by n.m.r. spectroscopy.

Treatment of 14 with 020 and analysis of the resulting phenylpyrazine showed
that this compound contained 40-50% deuterium. In the n.m.r. spectrum of this
product the § 8.42 doublet attributed te H(5)4’9 was reduced by the same order,
This means that 2-phenyl-2,5-dihydropyrazine (17) exists as an intermediate in
the hydrolysis reaction, either formed directly from 14 or viag 2-phenyl-1,2-
dihydropyrazine (15). This observation suggests that in adduct 14 C({5) has
nucleophilic properties. This was demonstrated further by the result of the
reaction of a solution of 14 with an excess of methyliodide. It gave 5-methyl-
2-phenylpyrazine (19) along with 2-phenylpyrazine (18). The intermediate 5-
methyl-2-pheny1-2,5-dihydropyrazine coulcd not be detected. Compound 19 was
synthesized independently from 2-phenylpyrazine and methy]]ithiumlo.
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The reactions of 14 with carbonyl compounds were not successful. With methyl
chloroformate, acetylchloride, benzoylchloride or ethyl trifluoroacetate only
high molecular weight products were obtained. Bromine when added to 14 did not
act as electraphilic reagentll, but instead oxidized 14 and an increased amount
of 18 was obtained after the usual work-up procedure.

3.3 EXPERIMENTAL

Melting points are uncorrected. N.m.r. spectra were determined for solutions of
CDC]3 with TMS as the internal standard with a Perkin Elmer R24 B spectrometer.
I.r.spectra of solutiens in CHCI3 were taken on a Perkin Elmer 257 spectrometer.
U.v. spectra were recorded on a Beckman Acta CIII spectrometer of solutions in
96% ethanol. Mass spectra were measured with an AEI-MS-3902 mass spectrometer and
exact mass measurements are given in lieu of elemental analyses in those

cases where the di- and tetrahydrodiazines decomposed during purification. The
reactions invelving organometallic reagents were performed in an atmosphere of
predried nitrogen. Ether and benzene were dried over sodium wire. For column
chromatography Merck silica gel 60 (70-230 mesh ASTM) was used as the stationary
phase.

Reactions of 1(3)-lithio-4,6~diphenyl-1,4(3,4)-dihydropyrimidine (2a) with
electrophilic reagents, general procedurs

A solution of 3.2 mmol of 2a in ether was prepared as described ear]ier4. To this
solution a solution of the electrophile in 10 ml of ether was added at ¢° and the
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reaction mixture stirred for the time given in table 3.1. Water was added and after
separation, the aqueeus phase was extracted with chloroform (3 times). The

combined organic Tayers were dried over magnesium sulfate, filtered and the
solvents evaporated <m vacuc while the heating bath was kept below 40°. The

residue was subjected to column chromatography. The conditions of the reactions
with the electrophilic reagents, the eluents used for column chromatography and

the yields of products are specified in table 3.1.

Table 3.1 Eaperimental conditions in the reactions of the adducts Za and 10

with electrophilic reagente

starting reagent (eq) reaction  product eluent for column

material time (h} (yield.%) chromatography
2a Mel(10) 3.0 3a(49) p.A.D.2
2a C1CO0Me(1) 1.5 9(35) CHCY,
10 Mel(10) 3.0 11(20}% CHC13/ethy1 acetate 1:1
10 C1Co0Me(1) 1.0 12(26) CHC]3/ethy1 acetate 1:1
10 TsC1{1)} 2.5 13{21) CHC]3/ethy1 acetate 1:1

a petroleum ether b.r. 40—60°/acetone/diethy1 amine 13:6:1

Reactions of the 1,4(3,4)-dihydropyrimidines 6a and 6b with methyliodide

To a suspension of 3.2 mmol of the substrate in 10 m1 of acetonitrile 10 ml of
methyliodide were added and the mixture stirred for 1.& h. The reaction mixture

was evaporated to dryness im vacuo and dissolved in a mixture of diethyl amine

{2 m1} and chloroform {10 m1). The solution was concentrated in wacuo and subjected
to column chromatography with a mixture of petroleum ether (b.r. 40-600)/acetone
and diethyl amine 13:6:1 as the eluent. Yield 3a: 83%.Yield 3b: 87%. In addition
to 3b ~ 1% of 7b was obtained that had a slightly iarger Rf value than 3b.

Reqetion of 3a with methyllithium

To a solution of 0.86 ¢ (3.5 mmol) of 3a in 10 ml of benzene 2 ml of a 1.77 M
solution of methyllithijum in ether were added at ambient temperature. After the
addition of water and separation.the aqueous phase was extracted with chloroform
(3 times). The combined organic layers were dried over magnesium sulfate, filtered
and the solvents evaporated <n wacuwo. Column chromatography with a mixture of
petroleum ether (b.r. 40-600)/acetone/d1ethy1 amine 18:1:1 gave 0.46 g (50%) of
5a. For spectral data see tables 3.2 and 3.3.
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Reqetions of 2-iithio-3-methyl~8, 3-dihydropyridazine (10) with

electrophilic reagents, gemeral procedure

A solution of 0.50 g (6.3 mmol) of pyridazine in 10 ml of ether was added to a
stirred solution of 1 eg. of methyllithium in ether {1.77 M) at -70°. The
solution was warmed to 00, a solution of the electrophile in 10 ml of ether was
added and the reaction mixture stirred for a period of time as specified in
table 3.1. The reaction mixture was worked up as described above.

Preparation of b-methyl-2-phenylpyvazine (18}

A solution of €.3 mmol of 14 in THF/ether was prepared at -20° as described
ear1ier4. This solution was added to a solution of 2.13 g (15 mmol} of methyl-
jodide in 10 ml of ether at -20°. The reaction mixture was worked up as described
above yielding a 1:1 mixture of phenylpyrazine {18) and 5-methyl-2-phenylpyrazine
{19) that could not be separated by column chromatography with chloroform/

Table 3.3 M.p., elemental or exact mage analysis and partial 1.r. data
of the products obtained

m.p.{°C) elemental analysis 1.r.vmax(cm'1)
caled found
[ H C
3b 1862 86.15 6.21 85.2 6.5 1642;1635;1607;1590;1575
12 b 54.53 6.54 54.3 6.4 1710;1525;1450
13 94¢ 57.58 5.64 57.6 5.6 1600;1520;1448
exact mass
calcd found
3a d 248.1313 248.1318 1640;1605;1587
ba e 264.1626 264.,1615 1650;164031610;1580
9 f 292.1212 292.1218 1735;1643;1606;1580
11 g 110.0844 110.0847 1523;1444
E from ethanol

colourless oil, isolated by g.i.c. using a stainless steel column, 100
cm x 3 mm filled with 2.6 g ABS 70-80 + 5?% OvV-17 at 1709

)
)
;from atecone/petroleum ether (b.r. 40-60
)
)
)

Qo

yellow solia m.r. 80-850. The amount of yellow impurity increased by
attempts to purify the sample. Compound 3a decomposed at elevated temp.
yellow oil

yellow 0il, showed the same behaviour as compound 3a

colourless oil, isolated by g.l.c. using the column as described under
b at 110°. The sample turned brown immediately in air (ref.13)

wr —h
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ethyl acetate {4:1) as the eluent. Compound 19 was isolated by preparative g.l.c.
using a stainless steel cclumn length 200 cm 3/8 inch o.d. filled with 30.8 g
Kieselguhr 40-60 + 27.5% 0V-17 at 230° yielding white crystals, m.p. 84°.

{Anal. Found: C, 77.7; H, 6.1. C11H10N2(170.21) requires C, 77.62; H, 5.92%).

8 8.75,d (H3); 8.36,d (HB); 7.85,m (ortho-C6H5); 7.37,m {meta,para-C6H5) and
2.56,s (CH3). J3,6= 1.3 Hz. The yield determined by g.1.c.analysis was 20%.

3.4 REFERENCES AND NOTES
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4 A DI-TT-METHANE PHOTOREARRANGEMENT OF 4-SUBSTITUTED
1.4(3,4)-DIHYDROPYRIMIDINES LEADING TO 5-SUBSTITUTED
1.2{2,3}-DIHYDROPYRIMIDINES

R.E.van der Stoel and H.C.van der Plas
4.1 INTRODUCTION

Six-membered heterocyclic compounds have been shown to undergo many types of
photochemical reactionsl. Much research has been done on the photochemistry of

1-3 and N-benzoylimino derivatives4.

the aza-hetercaromatics, their N-oxides
In more recent years the photochemistry of several dihydropyridines, - pyrida-
zines and -pyrazines has attracted attention, in many cases giving rise to
isomerization reactionsl. Many of these isomerizations involve an initial ring
opening reaction and a subsequent thermal or photochemical rearrangement. No
data, however, are available on the behaviour of dihydropyrimidines on irradia-
tion. In this paper we wish to report on a new photochemical rearrangement

reaction of 4-substituted 1,4(3,4)-dihydropyrimidines.
4.2 RESULTS AND DISCUSSION

4.2.1 Irradiation of 4-phenyl-1,4(3,4)-dihydropyrimidines

When a 6.3 x 10_3 M solution of 4-phenyl-1,4(3,4)-dihydropyrimidine (la)5 in
acetone was photolysed until all starting material had disappeared (2 h), a
reaction mixture was obtained which according to the spectral data contained

as the main product 5-phenyl-1,2(2,3)-dihydropyrimidine (2a)(Scheme 4.1) along
with 4-phenylpyrimidine. Because of its instability, isolation of 2a by chroma-
tography or crystallization fajled. Evidence for the structure of 2a was based
on the following chemical and spectral data. Heating of the crude irradiation
mixture in air or oxidation of it with potassium permanganate gave 5-phenyl-
pyrimidine as proved by comparison with an authentic specimenﬁ. The infrared
spectrum of the crude irradiation mixture of la showed one NH stretching vibra-
tion absorption at 3465 cm-1 (starting material la has twe absorptions5 at

3465 and 3490 cm'l). The 1H—n.m.r. spectrum featured in addition to the signals
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of the phenyl protons at § 7.1-7.4 three broad absorptions at é 5.8 (this signal
shifted upon addition of DZO’ confirming the presence of an NH-group), 4.5 and 7.4.
This latter signal was partially masked by the phenyl proton signals. Using 4-
(pentadeuteriophenyl)-1,4(3,4)-dihydropyrimidine (prepared from pyrimidine and
pentadeuteriophenyllithium) the intensity ratio of the signals at é 4.5 and 7.4
was found to be 1 : 1. The proton couplied 13C-n.m.r. spectrum of the photolysis
mixture of la showed in addition to the phenyl carbon atoms a triplet at & 58.7,

a singlet at & 111.5 and a doublet at & 148.5, assigned to the C(2), C{5) and
C(4,6) carbon atoms of the heterocyclic ring. Irradiation at the rescnance fre-
quencies of the & 4,5 and 7.4 protons caused the triplet at § 58.7 and the doublet
at 148.5 respectively, to collapse inte singlets.

1
R Ph R
i \ oz | Ph N I Ph
LN R2 N RZ \N RZ
H al R'=R%=H
1 2 ' 3
* b} R'=H ; R?=Ph
H v H ¢) R'=D ; RE=Ph
d) R'=RI=Ph
R Ph R! H R
f Ph
N| | HNT ™2 KN |
LN RZ LN/ Rz RN RZ
H
1 2 A

Scheme 4.1

These spectral data faveur the 1,2-dihydro structure {2a) rather than the isomeric
3,4~dihydra structure (4a); the 1,2-dihydropyrimidine {2a) is in rapid (on n.m.r.
time scale) equilibrium with its tautomer 2,3-dihydropyrimidine (2'a) causing H(4)
and H{6} Tand C(4) and C{6)] to appear as one signal in the n.m.r. spectra.

The tautcmerism also leads to one NH-absorption in the infrared spectrum. Support-
ing evidence of structure 2a <2'a as the photolysis product of la was found in
the chemical and spectral data of the product formed from photolysis of 4,6-di-
phenyl-1,4{3,4)-dihydropyrimidine (1b}). Oxidation of this irradiation product gave
4 ,5-diphenylpyrimidine. The “H-n.m.r. spectrum of the irradiation mixture showed
in addition to the pheny] protons two broad singlets at 6 7.8 and § 4.6 (ratio

1 : 2) and a very broad singlet at & 5.2 which shifted upon the addition of DZG(NH)
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The infrared spectrum showed fwe NH-absorptions at 3440 and 3475 cm_1 as can

be expected since the tautomeric 1,2-dihydro- (2b) and 2,3-dihydropyrimidine
(2'b) are not identical. In the 13C-n.m.r. spectrum a triplet was observed at

& 60.2 supporting structure 2 and exciuding 4,5-diphenyl-1,4(3,4)~dihydropyri-
midine (4, R1=Ph, R2=H)7. A possible alternative structure for the irradiation
praduct of 1b ¢.e, 5,6-dipheny1-1,4(3,4)-dihydropyrimidine (4b) was also ruled
out; photolysis of 4,6-diphenyl-1,4(3,4)-dihydropyrimidine-4-d4 (lc) gave a
reaction mixture that did not show the § 7.8 signal in the "H-n.m.r. spectrum
and which upon oxidation gave 4,5-diphenylpyrimidine containing the same percent-
age of deuterium as the starting material. If 4c had been an intermediate it
would certainly have led to considerable loss of deuterium upon oxidation.
Irradiation of & solution of 4,4,6-triphenyl-1,4(3,4)-dihydropyrimidine (1d) in
acetane or methancl and subsequent oxidation gave 4,5,6-triphenylpyrimidine (3d}.
This hitherto unknown compound was also synthesized independently from 4,5-
diphenylpyrimidine and phenyl1ithium.

The quantum yield for the photochemical isomerization of la to 2a was found to
be 0.06 when the irradiation was carried out in methanol with light of 254 nm
and nitrogen was bubbled through the solution. The amount of 2z was determined
indirectly by oxidation of 2a to 5-phenylpyrimidine and g.%.c. analysis of the
reaction product thus obtained. The photochemical reaction was sensitized by
acetone. The quantum yield for the isomerization in acetone solution using light
of wavelength 300 nm was 0.02. These results indicate that the isomerization
reaction can occur from the triplet excited state of la.

4.2.8 Mechanism of the photochemical rearvangement of 4-phenyl-1,4(3,4)-
ditydropyrimidines

Several mechanisms for photochemical rearrangement of substituents in cyclo-
alkenes and cyclecalkadienes have appeared in the 1iterature8. Photolysis of
diaryl cyc]ohexadienes9 and y-pyranslo caused migration of an aryl group to

an adjacent carbon atom accompanied by the synchronous formation of a three-
membered ring thus leading to a bicyclo [ 3.1.0] hexene derivative via the
di-w-methane rearrangement mechanism. Photolysis of cyclohexadienones and
cyclohexenones on the other hand may lead to migration of a ring carbon together
with the substituents or - in the case of arylcyclohexenones - migration of the
aryl greup in a di-w-methane mannerg. The photochemical rearrangement of 4-
phenyl-1,4{3,4)-dihydropyrimidines intc 5-phenyl-1,2{2,3)-dihydropyrimidines
can be described similarly either with or without ring carben migration.
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(scheme 4,2, paths A and B respectively).

H H
Ph Ph
N)E[ homoft51H~ N7 ,
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R N R H N/ R
H

5 6

Scheme 4.2

The mechanism vwig path A was proved to be unlikely, based on the facts that {i}

in the product 3¢, obtained by oxidation of the dihydro-intermediate (2c¢) the
deuterium content is the same as in the starting material 1lc and (ii) on irradia-
tion of 1d 4,5.6-triphenylpyrimidine (3d) is obtained and not a compound contain-
ing two phenyl groups on one carbon atom. Both results exclude the occurrence of
path A. Path B seems a more attractive way to describe the rearrangement. A
necessary structural requirement is that the substituent at position 4 should
contain a m-bond in the correct position. This means that 4-R-1,4(3,4)-dihydro-
pyrimidines lacking the n-bond in the group R may not isomerize under these photo-
chemical conditions. Thus 4-methyl1-1,4(3,4)-dihydropyrimidine {7a) {being syn-
thesized from methyllithium and pyrimidine) when irradiated for several hours gave
a reaction mixture which after oxidation did not show the presence of 5-methyl-
pyrimidine (Scheme 4.3). On the other hand 4-{2-methyl-1-propenyl)-1,4(3,4)-
dihydropyrimidine (7b) and 4-{phenylethyny1)-1,4{3,4)-dihydropyrimidine (7C)11

did give rearrangement. Irradiation of 7b in acetone for 2 h and subsequent heat-
ing of the photolysis mixture in air gave 5-(2-methyi-1-propenyl)pyrimidine (8b)
in 14% yield. Irradiation of 7c in acetone for 4 hand subsequent oxidation gave
5-(phenylethynyl}pyrimidine (8¢} in 22% yield.
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Scheme 4.3

As noted above, the isomerization reaction can occur from the triplet excited
state although most di-w-methane rearrangements were shown to be singlet reactions
and could not be sensitized by triplet sensitizerslz. The triplet state was
considered to be deactivated by rotation about the excited -bond (free rotor
effect). That some compounds with the =-bond in a cyclic system, as in the di-
hydropyrimidires, underwent rearrangement from the triplet state was attributed

to the absence of the free rotor effect in these rigid structures.

As indicated in Scheme 4.2 the postulated mechanism for the rearrangement of la
should give the intermediate 6-phenyl-2,4-diazabicyclo [3.1.0] hex-2{3)-ene (5a).
However, since 2a was obtained from photolysis of la, obviously a subsequent
rearrangement of 5a into 2a had occurred. This rearrangement is best understood

by a two-step reaction involving an opening of the three-membered ring with a
concomitant hydragen shift from nitrogen to carbon C(2){a thermally allowed homo
[1,5} sigmatropic hydrogen shift)13 into 5-phenyl-2,5-dihydropyrimidine (6a) which
then tautomerizes to the more conjugated 1,2(2,3)-dihydropyrimidine {2a). In

order to establish more firmiy whether the hydrogen on nitrogen in 5 migrates

to the adjacent carbon atom C(2) in 6, the compound 4,6-diphenyl-1,4{3,4)-
dihydropyrimidine (1lb) was dissolved in acetone-D,0 (25:1) and irradiated. In

this medium 1b has been completely deuterated on nitrogen. Oxidation of the
photolysis mixture gave 4,5-diphenylpyrimidine containing 56.5% deuterium at

C(2). It is nearly the amount expected for the hamo {1,5] deuterium shift firom
nitrogen to C{2). 1lb and 2b were shown not to incorporate deuterium on carbon
significantly under thermal conditions, neither did 2b under photochemical
conditions.

The 2,5-dihydropyrimidine (6) could neither be isolated, nor detected by spectros-
copic means. Attempts to trap such an intermediate by irradiating 5-substituted
4-pheny1-1,4(3,4)-dihydropyrimidines (3) in order to obtain the stable (with
respect to tautomerization) 5,5-disubstituted 2,5-dihydropyrimidines (10) failed.
Surprisingly the 5-substituted dihydropyrimidines (9a-c} were rather stable

under photochemical conditions. 4,5-Diphenyl-1,4(3,4})-dinydropyrimidine (9a) and
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dine (7b) and 4-(3-thienyl)pyrimidine (Eb)(6% and 28% respectively, as determined
by g.1.c. analysis). The rate of conversion of 3b was slower than that of 3a as
was inferred from the Jonger irradiation time needed to convert 3b completely.
This may be one of the reasons why the unwanted photo-oxidation of the substrate
became the main reaction course. These results, combined with those obtained from
irradiation of 3a indicate that no photo-induced rearrangement in the thienyl
group occurs. This is in full agreement with the observation made that irradiation
of 2-(2-pyridyl)thiophene gives no rearrangement eitherg.

Irradiation of 4-(2-furyl)-1,4(3,4}~-dihydropyrimidine {3c) in acetone soiution
and subsequent treatment with potassium permanganate gave a mixture of 5-(2-
furyl)-[{7c), 20%] and 4-(2-furyl)pyrimidine [{6c), 6%). The rate of disappear-
ance of 3c was not much different from that of 3a. 4-(1-Methyl-2-pyrrolyl)-
1,4(3,4)-dihydropyrimidine (3d} under the same conditions was found to be convert-
ed much slower; only 2% yield of 5-{l-methyl-2-pyrrolyl)pyrimidine (7d) along
with 27% of the 4-isomer (6d} was formed after subsequent treatment of the irradia-
tion mixture with potassium permanganate, as determined by g.1.c. analysis. Of
the six-membered hetercaromatic substituents in this study only the 3-pyridyl
group was investigated. Upon irradiation in acetone and subsequent treatment

with potassium permanganate 4-(3-pyridyl)-1,4(3,4)-dihydropyrimidine (3e) gave
the corresponding 5-pyridylpyrimidine [ {7e), 26%] along with the pyridyl isomer
[(6e), 2% ].

Above-mentioned results show that pyrimidines, containing the heteroaryl groups
2- or 3-thienyl, 2-furyl, l-methyl-Z-pyrrolyl and 3-pyridyl at positian 5 can be
obtained from pyrimidine by a procedure invalving heteroarylation at position 4
and subsequent photo-rearrangement. This method is in the cases of 7a and 7¢
competitive to the one recently reportgdlo in which on irradiation of 5-iodo-
pyrimidine in the presence of a large excess of heteroaromatic substance the
5-heterparyl substituted pyrimidines were obtained. Moreover, by our method the
3-pyridy) compound {7e) could be prepared which is ctherwise not available, be-
cause we found that this cowpound could not be prepared by irradiation of 5-
iodopyrimidine in the presence of pyridinell.

5.3 EXPERIMENTAL

General experimental conditions were as described in a previous paper3. G.1.c. |
analyses were performed using a Hewlett-Packard apparatus medel 5700A and a

glass column (length 200 ¢m o.d. 1/8 inch) filled with 9.2% of 0.V.-275 on
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Chromosorb W~HP 100-200 mesh, operating at various temperatures (150—2300).
2-Th1eny1—1, 2-fury1—1 and 1-methy1~2-pyrro1yl-1ith1um12 were prepared by
lithium-hydrogen exchange, 3-thieny1-13 and 3—pyridy1-1ithium1 by 1ithium-

bromine exchange reactions with a solution of n-butyl-lithium (1.6M) in hexane

as reported in the literature or by a slightly modified procedure.
5.3.1 Preparation of the 4-F-1,4(3,4)-dihydropyrimidines

g={2-thienyl)d,4(3,4)-dihydropyrimidine (3a): 2.10 g (25 mmol) of thiophene in

25 ml cf ether were added to 15 ml of a cooled butyl-lithium solution (00). The
resulting mixture was stirred for 4 h at room temperature and then cooled to o®.
A solution of 1.44 g (18 mmol) of pyrimidine in 20 ml of ether was added and the
resulting reaction product was poured into a mixture of 20 ml of conc. hydro-
chloric acid and 20 g of crushed ice. The organic layer was separated and ex-
tracted with 20 ml of cold 6N hydrechloric acid. The combined acidic layers

were made alkaline with an aqueous sodium hydroxide solution (the temperature

was kept at 00) and thereupon extracted three times with chloroform. The combined
organic layers were dried over MgSO4, filtered and the solvent evaporated in
vacuo. The residue was subjected to column chromatography, using silica gel as
the stationary phase and a mixture of petroleum ether (b.r. 40-600), acetone

and diethylamine {10:10:1) as the eluent. As the dihydropyrimidine started to
leave the column the eluent was gradually replaced by a mixture of 5% diethyl-
amine in acetone. Yield 1.92 g of light brown 0il {65%)}. For n.m.r. data see
Table 5.1. vmax(CHC13) : 3460; 3435; 3180; 1683; 1640; 1635 and 1588 cm'l.
Amax(log e){EtOH) : 240 {3.97) and 281 nm (3.36). Oxidation as reported in the
1iteraturel gave 4-(2-thienyl)pyrimidine (7a), m.p. 670{11t. 66—670).

d—(E-thtenyl)-1,4(8,4)~dihydropyrimidine (3b) : to a stirred solution of 17.5
mmol of 3-thienyl-Tithium at -40° a solution of 1.00 g {12.5 mmol1) of pyrimidine
in 15 m1 of ether was addeda. After addition the reaction mixture was allowed to
come to room temperature and worked up as described above. Yield 1.38 g of pale
yellow 0il (67%). For n.m.r. data see Table 5.1. vmax(CHC13) 1 3430; 3420; 31%C;
1682; 1648 and 1585 eam L Anax 109 &) (EtOH) @ 240 (3.70) and 285 nm (3.11}.
Oxidation with KMnO4 in acetone gave 4-(3-thienyl)pyrimidine (6b), m.p. 88-89.5°
(1it. % 88.3-89.79).

69




d=(8~furyl)-1,4(3,4 ) ~dibydropyrimidine (3e), 500 mg was irradiated for 13 h.
After oxidation the residue was subjected to column chromatography (silica gel,
chloroform/ethyl acetate 4:1), yielding 100 mg of 5-(2-furyl) pyrimidine { (7c},
20% ], m.p. 55-57°(11t.10 57%) and 28 mg of 4-(2-furyl) pyrimidine [ (6c), 6%1.

4=(1-methyl-E-pyrrolyl}-1,413,4)~dihydrvopyrimidine (3d, 250 mg was irradiated
for 3% h. After oxidation the residue was subjected two times to column chroma-
tography {silica gel, chloroform/ethyl acetate 1:1), yielding 64 mg of 4-{1-
methyi-2-pyrrolyl) pyrimidine (6d) and 11 mg of a 1:1 mixture of 6d and 5-
(1-methyl-2-pyrrolyl) pyrimidine (7d}. The identity of the latter.compound was
confirmed by comparison with an authentic sampie, prepared as described in the
1iterature10 (n.m.r. spectrum, t.1.c. and g.1.c. performance).

4={3-pyridyl)=1,4(3,4)~dihydropyrimidine (323,250 mg was irradiated for 2 h.
After oxidation the residue was subjected to column chromatography (silica gel,
acetone), yielding 64 mg of 5-(3-pyridyl) pyrimidine [(7e), 26%], m.p. 107-108°
(from petroleum ether b.r. 60-800).(Found: £, 68.9; H, 4.2. C9H7N3(157.17)
requires C, 68.77; H, 4.49%); & (CDC]B) 1 9.22 (1H,s); 8.95 (2H,s), 8.84 (lH.d,
J=2.3Hz), 8,70 {14, d¢d, J = 2.0 and 4.7 Hz}, 7.93 (1H, m} and 7.44 ppm (1K,
dd, J = 4.7 and 8.0 Hz). In addition 6 mg (2%) of 4-(3-pyridyl) pyrimidine (6e}
were obtained.

5.4 REFERENCES AND NOTES
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is part of a heteroaromatic system have not been published before.
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Runs were also made with samples, cooled (77 K), evacuated (0.1 mm) and brought
to atmospheric pressure and room temperature under nitrogen three times,

but with similar results. Perhaps a disproporticnation reaction of the dihydro-
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6 SPECTROSCOPIC EVIDENCE FOR THE INTERMEDIACY OF A 6-R-2,4-
DIAZABICYCLO [3.1.01 HEX-2(3)-ENE IN THE PHOTOISOMERIZATION OF
4-R-1,4(3,4)-DIHYDROPYRIMIDINES

6.1 INTRODUCTION

As mentioned in chapter 4 the suggested intermediacy of the 2.,4~diazabicyclo
[3.1.0] hex~2{3)-ene (2a) in the photoisomerization of 4,6-diphenyl-1,4(3,4)-
dihydropyrimidine (la) could not be confirmed by n.m.r. spectroscopy” . Its
existence, however, was substantiated by the 57% of deuterium incorporation in
position 2 of the product 4,5-diphenylpyrimidine (4a), obtained when la was
irradiated in an acetone/DZD mixture and the reaction product subsequently
oxidizedz. It was also observed than when the irradiation of la was carried out
in acetone and D20 was added to the acetone mixture after photolysis, still 11%
of deuterium was found in 4a. Evaporation of the solvent after irradiation of

la in acetone, and then addition of D20 did not lead to incorporation of
deuterium.

Based on these observations it was concluded that 2a lasted for some time in the
photolysis mixture after irradiation and did not rearrange immediately after its
formation. Apparently the gentle heating necessary for evaporation of acetone
caused 2a to be converted completely into the 1,2(2,3)-dihydropyrimidine (3a).
By an immediate recording of spectra after a very careful evaporation of the
acetone we tried to obtain spectroscopic evidence for the intermediacy of the
bicyclic compound 2. We wish to presant in this paragraph the results of a
spectroscopic study on the structure of an intermediate in the photolysis of 4-
(p-trifluoromethylphenyl1)-1,4{3,4)-dihydropyrimidine (1lb).

6.2 RESULTS AND DISCUSSION

When a solution of 1b in acetone was irradiated and the 1H-n.m.r. spectrum of the
reaction mixture was immediately taken,a doublet at & 3.75 was observed with a
small coupling constant (J=1.7 Hz) and a triplet at § 0.90, intensity ratio
doublet/triplet 2 : 1. The high field position of the Tatter signal was consider-
ed as indicative for the presence of a compound with a three-membered r1n93’4,

and was tentatively ascribed to H(&) of Zb. Tautomerism in the -N=C-NH-moiety
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7 PHOTOCHEMICAL RING CONTRACTION OF 4-R-1,4(3,4})-

7.3 EXPERIMENTAL

General experimental conditions were as described in previous chapters. U.v.
spectra were taken of solutions in 96% ethanol, i.r. spectra of solutions in
CHC]3 and n.m.r. spectra of solutions: in CDC]3 with TMS as the internal standard.
Column chromatography was performed with Merck silica gel 60 (70-230 mesh ASTM}
as the stationary phase.

7.3.1 Preparation of the 4-R-1,4(3,4)-dihydropyrimidines

4-{2-thiazolyl)-1,4(3,4)-dihydropyrimiding (1a).Tc a stirred solution of 23 mmol
of 2-thiazo]y11ithium25 at -70° a solution of 1.20 g (15 rmol) of pyrimidine in
20 m1 of ether was added. The reaction mixture was warmed up to 0° and poured
into a mixture of methanol and crushed ice. After separation the aqueaus phase
was extracted with chloroform (3 times). The combined organic layers were dried
over magnesium sulfate, filtered and the solvents evaporated. The residual ofl
was subjected to column chromatography with a mixture of petroleum ether (b.r.
40-600)/acetone/diethy]amine 10:10:1 as the eluent. The eluent was gradually
replaced by 5% diethylamine in acetona. Yield 1.35 g of brown 01126{55%).

Vpax: 3470, 3445 (sh), 3270, 1690 (sh), 1685, 1627 and 1585 cm'l. - 240 and
294 nm {log ¢ 3.74 and 3.31). 6 7.64,d (H&'}; 7.21,d {H5'}; 7.11,s (H2};
6.08,d {H6); 5.50,d (H4) anc 4.87,dd (H5). dgr 5= 3.05 Iy £= 3.0 and Je 6 7.5 He.
Oxidation of la as reported in literaﬁure25 ga;e 4-(2-th1a;01y1)pyrimidiﬁe, m.p.
112°(11t.1109).

d-(2—pyridyl)-1,4 (3,4)-dihydropyrimidine (1b). To a stirred solution of 23 mmol
of 2-pyridy11ith‘ium27 at -40° a solution of 1.00 g (12.5 mmol) of pyrimidine in
16 ml of ether was added. The resultipg reaction mixture was stirred for 15 min
and worked up as described above. The eluent for column chromatography was 5%
of diethylamine in acetone and was gradually replaced by 5% of diethylamine in
methanol. Yield 1.17 g of brown 01126{60%). Viax® 3470, 3445, 3220, 1685 (sh),
1680, 1638 and 1590 cm_l. Apax 261 and 290 nm (sh)(log ¢ 3.70 and 3.23).

§ 8.53,m (H6'); 7.83-7.05,m (H3',4',5"); 7.12,s (H2}; 6.15,d (H6); 5.80,broad s
(NH}; 5.28,d (H4) and 4.83,dd (H5), J4,5= 3.0, Iy &= 7.5, J3.,6.= 1.0, J4',6'= 1.3
and J5‘,6'= 4.7 Hz. Oxidation of 1lb gﬂth a solution of potassium permanganate in
acetone gave 4-(2-pyridyl)pyrimidine Q, m.p. 76-78° (from petroleum ether, b.r.
60-80°. Found: C, 68,73 H, 4.4. C9H7N3{157.17) requires C, 68.77; H, 4.49%).

§ 9.23,d {H2); 8.81,d (H6); 8.67,m {HB'); 8.50,m (H3'); 8.33,dd {H5); 7.80,.m (H4")
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and 7.33,m (H5'). Iy 5 1.4, I5 6 5.2; J3 AT 7.7; Iy 5= 1.5; I3 6= 0.7;
J4.’5. 7.5; Jg 6.= .0 and I ik 4.5 Hz.

4= (d-pyridyl)-1,4(3,4)~dihydropyrimidine (Ie). To a stirred solution of 14 mmol of
4-pyridy11ithium29 at -70° 1.12 g (14.0 mmol} of pyrimidine in 15 ml of ether was
added. The resulting mixture was stirred for 15 min and worked up as described

for compound 1b. Yield G.52 g of yellow 01125(23%). v . 3470, 3450 {sh), 3200,

1690 (sh), 1685, 1640, 1605 and 1580 cm'l. Anax 255m:ﬁd 303 rm (log ¢ 3.57 and
3.19). ¢ 8.44,d (H2',6"); 7.22,d {H3',5"); 7.09,s {H2); 6.70,broad s (NH); 6.08,
d (H6); 5.11,d (H4) and 4.57,dd {H5). J4’5= 3.0 J5,6= 7.5 Jo1 g1= 5.5 Hz.
Oxidation of lc with a solution of potassium permanganate in acetone gave 4-
{4-pyridyl)pyrimidine, m.p. 135-137° (from petroleum ether b.r. 60-80°. Found:
C, 68.9; H, 4.4, C9H7N3(157.17) requires C, 68.77; H, 4.49%). & 9.33,s (HZ2};
8.86,d (H6); 8.77,d (K2',6'); 7.96,d {H3',5') and 7.80,dd (H5). = 1.2,

J5,6= 5.0, J2',3'= 5.5 Hz..
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G-pheny l—-4-(8-pyridyl)-1,4 (3,4)-dihydropyrimidine (i1d). To a stirred solution of
23 mmol of 2-pyridyllithium at -40° a solution of 1.56 g {10 mmo1) of 4-phenyl-
pyrimidine in 15 m1 of ether was added. The resulting mixture was stirred for

15 min and worked up as described above. The eluent for column chromatography

was a mixture of petroleum ether (b.r. 40-600)/acetone/diethy1amine 10:19:1

and was gradually replaced by a mixture of 5% of diethylamine in acetone. Yield
1.25 g of yellow 0i1°0(53%). v Vrax: 34305 3275; 1683; 1628; 1597 and 1583 cm 1
Mpax: 239, 286 and 330 nm {sh){log ¢ 4.21, 3.49 and 2.94). & 8.45, broad d, {H&');
7.70-7.20,m {H2,3',4",5",CcHg)5 5.62,broad s (NH); 5.42,d (H4) and 5.26,d (H5).

I 5,60= 585 Iy gt
nate in acetone gave 6-phenyl-4-(2-pyridyl)pyrimidine, m.p. 107—109°(fr0m petro-
Teun ether b.r. 80-100% 11t.%0102-3°. Found: €, 77.4; H, 5.0. CgHy Ny (233.26)
requires C, 77.23; H, 4.75%).¢ 9.25,d (H2); 8.72,d {H5); 8.63,m {(H6'); 8.44.m
(H3"); 8.25.m (ortho-CEHS); 7.69,m (H4'}); 7.40,m (meta,para-CSHB) and 7.23.m
{H5"). Tp 5" 1.5; Iy 4= 7.8 Iy 5= 1,53 I3i 61" 0.7; Tgr 5= 7.0; Jgr 61"
1.8; I50 61" 4.8 Hz.

= 3.5 Hz. Oxidation of 1d with a solution of potassium permanga-

S—phenyl—4- E-pyridyl)-1,4(3,4)-dihydropyrimidine-5-d. 1.17 ¢ {5.0 mmol1) of
5-bromo-4-pheny1-1,4(3,4)-dihydropyrinidine® >3]
DZO' After separation of both layers the chloroform layer was dried over

in chloroform was treated with

magnesium sulfate, filtered and then the solvent evaporated. The residue was dis-
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solved in 6 ml of CH3OD, 0.5 g of NaOH was added and the mixiure was refluxed
for 1 h. After cooling and addition of water the mixture was extracted with ether
{2 times). The extracts were dried over magnesium sulfate, filtered and then the
solvents evaporated. Column chromatography with a mixture of chloroform and ethyl
acetate (4:1) gave 0.35 g (45%) of 4-phenylpyrimidine, which by mass spectroscopy
was found to be monodeuterated for 69% and dideuterated for 5%. By 1H-n.m.r.
anaiysis it was established that position 5 was deuterated for 65-70%. This
sample was treated with 2-pyridyilithium as described for the unlabelled compound.

7.3.2 Ivradiations

Irradiations were performed in a Rayonet RPR-208 preparative photoreactor equipped
with eight RUL 300 Tamps at ambient temperatuve. Nitrogen was bubbled through
solutions of 0.50 g of the appropriate 4-R-1,4{3,4)-dihydropyrimidine in 5C0 ml

of acetone in a quartz vessel for 1 h before and during irradiation. Irradiations
were carried out uyntil all starting material had disappeared. The 4-substituted
pyrimidines, obtained in the photolysis were identified by comparison of speciral
data with those of reference samples. Oxidations were carried out with a solution
of potassium permanganate in acetone.

Irvadiation of 4-(8-thiarolyl)-1,4(3,4)-dihydropyrimidine (1a). The solution of
la was irradiated for 80 min and after evaporation of the solvent the residue was
subjected to column chromatcgraphy with ethyl acetate/methanc] 9:1 as the eluent
yielding 0.07 g {15%) of 4-{2-thiazolyl)pyrimidine and 0.24 ¢ (48%) of 4(5}-(2-
thiazolylmethyl)imidazole (2a), yellow oil. & 9.77, brocad s (NH); 7.61,d (H4');
7.51,s {H2); 7.15,d (H5'); 6.88,s (H4 or 5) and 4.30,s (CH2). J4.,5.: 3.3 Hz.
Dipicrate m.p. 192-1950(dec.)(from aqueous ethanol. Found: C, 36.7; H, 1.8.

C.gH 4N 0148 (623.43) requires C, 36.60; H, 2.10%). No 5-(2-thiazolyl)pyrimidine

191379
could be isolated.

Irradiation of 4-{2-pyridyl-1,4(3,4)-dihydropyrimidine (Ib).The solution of 1b
was irradiated for 1.5 h and after evaporation of the solvent the residue was
subjected to column chromatography with ethyl acetate/methanol (9:1) as the
eluent yielding 0.03 g (6%) of 4-({2-pyridy!)pyrimidire and 0.28 g (57%) of
4{5)-(2-pyridylmethyl)imidazole (2b), yellow cil. & 9.80,broad s (NH); 8.40,
broad d (H6'); 7.70-6.90,m (H2,3',4',56"); 6.76,5 (H4 or 5) and 4.10, s (CHZ)'
Dipicrate m.p. 215-2180(dec.)(fr0m aqueous ethanol. Found: C, 40.9; H, 2.2,

621H15N9014(617.40) requires C, 40.85; H, 2.45%).In order to check the presence
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of 5-(2-pyridy1)-1,2{2,3)-dihydropyrimidine the following experiment was
carried out. An excess of a solution of potassium permanganate in acetone was
added immediately. The resulting mixture was concentrated <n wvacuc, isopropanc]
was added and the solvents were evaporated. The resulting brown solid was ex-
tracted thorcughly with acetone and chloroform. These extracts were filtered
and the solvents evaporated Zn vacuo. The residue was subjected to column
chromatography. Eiution with ethyl acetate gave 4-{2-pyridyl)pyrimidine (0.05 g,
10%) and 5-(2-pyridyl)pyrimidine (0.06 g, 12%}, m.p. 135-136° (from petroleum
ether b.r. 60-80".Found: C, 68.7; H, 4.4, C9H7N3(157.17) requires C, 68.77;

W, 4.49%). & 9.30,s (H&,8); 9.22,s {H2); 8.73,m (M&6'}; 7.80,m (H3',4') and
7.32,m (H5'). J3',6'= 1.0 J4‘,6': 2.0; J5',6'= 4.7 Hz. Elution with a mixture
of ethyl acetate and methanol (9:1) gave 0.05 g (9%) of 2b.

Irradigtion of 4-(4-pyridyl)-1,4(3,4)~dihydropyrimidine (1z}. The solution of Ic
was irradiated for 2 h and after evaporation of the soivent the residue was
subjected to column chromatography. Elution with ethyl acetate yielded 0.11 g
{22%) of 4-(4-pyridyl)pyrimidine. Elution with a mixture of ethyl acetate and
methanol (4:1) gave 0.21 g (43%) of 4{5)-(4-pyridylmethyl)imidazole (2c), m.p.
134-135° (from benzene. Found: C, 68.2; H, 5.6. C9H9N3(159.19) requires C, 67.90;
H, 5.70%4). & 10,22,broad s (NH); 8.34,d {HZ2',6'}; 7.49,s (H2); 7.10,d {H3',5');
6.73,5 (H4 or 5) and 3.90,s (CH2). Ip1 30" 6.0 Hz. No 5-(4-pyridyl)pyrimidine
could be isolated.

Irradiation of f-phenyl-4-(2-pyridyl)-1,4(3,4)-dihydropyrimidine (1d). The
solution of 1d was irradiated for 40 min and after evaporation of the solvent
the residue was subjected to column chromatography with ethyl acetate/methanol
9:1 as the eluent, yielding 0.09 g (18%) of 6-phenyl-4-(2-pyridyl)pyrimidine and
0.25 g {50%) of 4(5)-pheny1-5(4)-(2-pyridyImethyl)imidazote (2d), yellow oil.

& 9.66,broad s (NH); 8.36,broad d (H6'}; 7.60-6.80,m (H3',4',5',C6H5) and 4.,25,s
(CHZ). JS',B': 5.0 Hz. Dipicrate m.p. 223-2250(dec)(fr0m agueous ethanol.

Found: €, 46.6; H, 2.6. C27H19N9014(693.49) requires C, 46.76; H, 2.76%). No
4-phenyl-5-(2-pyridyl)pyrimidine could be isolated.
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bromine exchange reaction with butyllithium and subsequent treatment with DZO’
since addition across the azomethine bond occurs instead of exchange.

However, we observed an elimination of HBr from 5-bromo-4-phenyl-1,4(3,4)-
dihydropyrimidine by treatment with NaOH. Presumably this elimination is pre-
ceeded by a tautomerization into the 4,5-dihydropyrimidine. In a deuterated
solvent a deuterium atom is introduced into the 5-position and subsequent
elimination gives 4-phenylpyrimidine-5-4 as shown.

H Ph H Ph Ph
Br D 0
D/HN | _ msr i K/ |
KN NaCH/MeOD N Xy

Scheme 7.3
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8 GENERAL DISCUSSION

8.1 THERMAL REACTIONS

As shown in chapter 2 the addition of phenyllithium to pyrimidine (in ether) takes
place mainly at C(4). The preference of nucleophiles for position 4 as compared

to position 2 has been explained in chapter 1 on the basis of product stability.
The regioselectivity in the pyrimidine ring can also be explained in terms of the
energy barrier being higher for 2-attack than for 4-attack. The negative charge

of the incoming nucleophile will experience in case of attack at C{2} the re-
pulsion of the lone pairs of twe nitrogen atoms and in case of attack at C{4)

the repulsion of the lone pair of only one nitrogen atoml. Recently the coeffi-
cients of the LUMO of pyrimidine {Z.e. the orbital that has to take up the in-
coming pair of electrons in case of a nucleophilic attack) have been calculated
and found to be zero on position(s) 2 (and 5)2. S0, if the nucleophilic attack is
orbital controlled, position 2 is unfavourable. As mentioned briefly in chapter

2 we observed effects of solvent, temperature and substituents on the ratio
4-attack/Z-attack. (See also table 8.1 and 8.2). It is not easy to understand -
based on the arguments, given above - how these conditions can determine the ratio
of addition on C{4) and C({2}.

Table 8.1 Ratio of d-agttack/S-attack obtained in reactions of 2-furyliithium

with pyrimidine in various solvent systems and temperatures

hexane ether/hexane THF/hexane

0% 4g/51 75/25 97/3
-40° 68732 - -
-70° - 81/19 92/18

To our knowledge effects of solvent and temperature have not been the subject of
a detailed study. Since we were mainly interested in the preparation of the
4-substituted 1,4(3,4)-dihydropyrimidines, these effects have not been studied
systematically by us either.
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Table 8.2 Ratio of 4(8)-attack/S-attack in reactions of RLi with
4(6)-phenylpyrimidinex

R ratio 4/2 solvent temp.
pheny] 81/9 ether c®
methy1 74/26 ether 0°
2-thieny] 79/21 hexane/ether  20°
3-thienyl 68/32 hexane/ether -50°

*Reactions of these organolithium compounds with pyrimidine
gave no 2-attack (Z.e. ratio 4/2 > 95/5)

The phenyliithium-diazine adducts 1-3 were characterized by n.m.r. spectroscopy.
It was expected that the reactions of electrophilic reagents with these adducts
woluld lead to {- and/or N-substituted products depending on the nature of the
electrophile (hard or soft)(as was observed with the organolithium-pyridine
adducts)3’4 and charge density at the various positions. From reactions of 1
and 2 {R=Me) with electrophiles EX, however, only N-substituted dihydrodiazines
4 and 5 respectively were obtained. The phenyllithium-pyrazine adduct (3) upon
reaction with methyliodide (soft) gave C-substituted product 6. With methyl
chleroformate and other carbonyl compounds only high moiecular weight products
were obtained. A relation between the pesition of electrophilic attack and the
'softness’ or 'hardness' of the reagent could not be established.

H. Ph
R N
LiN | -~ " [ 1
. Ph
KN Ph \N/NLI N H
Li
1 2 3
Ho _Ph
E N
~N ' e :e MEK j\
« N |
LN Ph \N/ ~E \N Ph
Scheme 8.1 L 5 6
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8.2 PHOTOCHEMICAL REACTIONS

As mentioned in the introduction dihydro(di)azines showed several types of
reaction under photolytic conditions (dimerization, internal 2+2 cycloadditien,
ring opening). When the ring opening was followed by a photochemical 4+2 cyclo-
addition a (di)azabicyclo [3.1.0] hexene was formed and a reorganization of the
atoms of the six-membered ring occurred (sect.1.3.2). In the preceding chapters
we have shown that dihydropyrimidines behave differently. 4-R-1,4(3,4)-dihydro-
pyrimidines undergo di-n-methane rearrangement, a reaction type not observed
befare with dihydrodiazines. A diazabicyclo [3.1.0) hexene is formed without
rearganization of the atoms of the six-membered ring.

Some questions have remained unanswered. In this section we wish to pay some
attention to two important questions i) which dihydropyrimidine {1,4- or 3,4-)
is able to undergo di-m-methane rearrangement as described in chapters 4-7 and
ii) why do 4-{2-thienyl)~ and 4-(2-furyl)-dihydropyrimidine rearrange faster
into the 5-substituted 1,2(2,3}=dihydropyrimidine than the 4-{3-thienyl)- and
4-(1-methyl-2-pyrrolyl) derivatives.

We attempted to obtain some insight into the first question by irradiating 3-
methyl-4,4,6-triphenyl-3,4-dihydropyrimidine (7). After irradiation and subse-
quent evaparation of the solvent a product X was obtained. The n.m.r. spectrum
of X showed the absence of an N-methyl moiety. Along with the signal of the
arcmatic protons only a singlet at 6 6.93 was observed. By column chromatography
only one product was isolated (45%). The mass spectrum of this compound appeared
to be identical to the mass spectrum of an authentic sample of g-phenylchalcone

(8)5. We have not been able to identify the unstable intermediate X, but from
Ph_Ph Ph Ph Ph Ph Ph
Me
hat
N Ay PR ™ hy HN N
W, T L =
N Ph 0 Ph N Ph N Ph
H
7 8 9 9
Scheme 8.2

the structure of the final product 8 we could deduce that 7 had not undergone
a di-m-methane rearrangement, for this rearrangement would never have led to a
product in which two phenyl groups were attached to one carbon atom. It seems
likely that of the two tautomeric dihydropyrimidines present in the solutions
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of the N-unsubstituted dihydropyrimidines it is only the 1,4-dihydro tautomer
that undergoes the di-wm-methane rearrangement.

It is evident that the 3,4-dihydro tautomer is photochemically not inert, since
photoiysis of 4,4,6-triphenyl-1,4(3,4)-dihydropyrimidine {932 9') also yielded
compeund 8 (chapter 4). Irradiation of the structurally related 4,5-diphenyl-
3-methyl1-3,4-dihydropyrimidine gave only polymeric material, indicating that
3,4-dihydropyrimidines with only one substituent in position 4, polymerize

upon irradiation. This explains the generally Tow yields and large amounts of
tarry products obtained from irradiation of 4-R-1,4(3,4)-d7hydropyrimidines.

Regarding the problem of the divergent rates of di-w-methane rearrangement of
4-heteroaryl-1,4(3,4)-dinydropyrimidines (10) we collected irradiation times
required to obtain complete conversion of substrates 10a-d in table 8.3.

2 -thienyl
=3 -thienyl
2
1

Scheme 8.3

Table 8.3 Irradiation time and yields in photolysis of
compounds 10a~d

starting irradiation yield (%) of yield (%) of
material  time (h)3 compound 11  compound 12
10a 1.3 39 9
10b 6.5 & 28
10c 1.6 20 6
10d 6.9 2 27

a) from sect.5.3.2, concentration corrected
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The less efficient di-w-methane rearrangement of the 3-thienyl derivative 1Cb
as compared to its 2-thienyl isomer 10a (in the former case the di-g-methane
rearrangement is so slow that the rate of conversion seems to be determined by
other processes) may be explained using a very simple models, constructed from

the molecular orbitals {M.0.'s) of the di-n-methane system in the molecule as
shown.

dihydro-;
pyrimidine E substituent .
. H
; hv *
[ ]
LUMO — —— LUMO  LuMO — LUMO

oMo —H- 4+ poMo  womo” -4 - Homo

a b

a. ground state
b. non interacting excited state
c. interaction

Fig. 8.1

The 4-R-1,4{3,4)-dihydropyrimidines investigated contain two isolated n-systems
connected via the sp3 carbon atom 47. Upon irradiation only the dihydropyrimidine
part of the molecule is excited (the triplet energy of acetone, 78-82 kca]/mc1.8
is not sufficient to excite the substituent.e.g. benzene E_= 84.3 8; thiophene
86.4; furan 92.0 and pyrrole 97.0 kcal/mol 9).
Thus, by abscrption of a photon an electron is promoted from the HOMO into the
LUMO of the dihydropyrimidine part of the molecule. On bridging,the HOMO and the
LUMG of the substituent in its ground state combine with the 'HOMO' and ‘LUMO'
respectively of the dihydropyrimidine part10

T

. When the coefficients of the inter-
acting orbitals at the bridging centra,z.e.C(5) of the dihydropyrimidine part and
the carbon atom of the substituent C(a) that is attached to the sp3 carbon atom,

are large, an efficient bridging can occur and a fast rearrangement will be the
resu]tll, Since the coefficients of the dihydropyrimidine part in the thienyl

compounds 10a and 10b are identical it suffices to compare the coefficients of
the HOMO and LUMO on the 2-position and the 3-position of the thiophenre ring
{table 8.4).
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Table 8.4 Coefficients of the frontier orbitals of
thiophene, furan and pyrrole

HOMD LUMO

thiophene!? ¢, 0.57 -0.66
¢ 0.36 0.37

furantd ¢ 0.57 -0.67
¢ 0.38 0.40
pyrrole™® ¢, 0.60 -0.58
¢y 0.37 0.27

Both in the HOMD and LUMD the coefficient on C(2) is larger than the coefficient
on C{3) which might be the explanation for the enhanced rate of conversion of

10a in comparison to 10b.

The coefficients of the frontier orbitals on C(2) in furan are not very different
from those on C{2) in thiophene and it can be expected - and in fact is observed -
that 10c reacts with a similar conversion rate as 10a.

As can be seen from table 8.3 the l-methyl-2-pyrrolyl derivative 10d also showed
an inefficient di-nr-methane rearrangement. The coefficients of the HOMO and LUMO
in 2-position of pyrrole are of the same order as those on C(2) in thiophene.
Since the N-methyl group will not have this great effect on the coefficients it
appears that in this case there is no correlation between the magnitude of these
coefficients and the observed Tow efficiency of the bridging process. We con-
tlude therefore that the model as described above is too simple to account

for this behaviour. A recent investigation of the quantum yields of several sub-
stituted di-n-methane systems led to the assumption that there exists a balance
between diradical and charge transfer15 character on initial bonding. If the
extent of charge transfer is great, efficient non-radiative relaxation of the
‘zwitterion’ to the ground state molecule takes place, resulting in Tow quantum
yields for the di-n-methane rearrangement. A correlation of rearrangement efficien-
cy and fonization potentials (IP's) of the w-systems,being a measure for the
occurrence of charge transferls, was found. In our dihydropyrimidines 10a-d such
a correlation is found too. The IP's of furan (8.77-9.06 eV) and thiophene
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(8.91 eV} are higher than the IP of ﬁyrro]e (8.20-8.22 eV). Consequently the
contribution of a charge transfer process to the initial bonding in 10d might

be larger, Teading to a lower quantum yield for rearrangement.
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SUMMARY

This thesis describes the results of an investigation into the thermal and photo-
chemical reactivity of dihydrodiazines.

In order to prepare the title compounds the diazines and some phenyldiazines are
treated with phenyllithium in ether, yielding adducts resulting from attack of
phenyl1iithium on the various positions of the heteroaromatic ring. With pyrimi-
dine addition takes place mainly at C(4), with pyridazine at C(3). By using TMEDA,
addition at C{2) in 4-phenylpyrimidine and at C{4) in pyridazine is strongly
promoted. The structure of the adducts is studied by n.m.r. spectroscopy. The
charge distribution pattern in the C(4}-adduct of pyrimidine and in both the
C({3)-adduct and the C(4)-adduct of pyridazine is determined by comparing the
carbon chemical shifts of these compounds with those of the corresponding dihydro-
diazines obtained by hydrolysis of tha adducts. C{5) in the phenyllithium-pyri-
midine adduct carries 1ittle negative charge, C{4) in the phenyilithium-pyridazine
adduct has a considerable amount of charge while the charge density at C{6) in

the 3-adduct and both C(3) and C(5) in the 4-adduct of pyridazine is moderate.

Some organolithium~diazine adducts and some dihydropyrimidines are treated with
electrophilic reagents. Both 4,6-diphenyl1-1(3)-1ithic-1,4(3.4)-dihydropyrimidine
and 4,6-diphenyl-1,4(3,4}-dihydropyrimidine are attacked by the electrophilic
reagent (methyliodide, methyl chloroformate) at N(3), yielding 4,6-diphenyl-3-
methyl(methoxycarbonyl)-3,4-dihydropyrimidine. 4,4,6-Triphenyl-1,4(3,4)-dihydro-
pyrimidine gives upon treatment with methyliodide mainly 3-methyl-4,4,6«triphenyl-
3,4-dihydropyrimidine. The 3,4-dihydro structure of the products is established
both spectroscopically and chemically. Reaction of 2-lithie-3-methyl-2,3-dihydro-
pyridazine with methyliodide (methyl chloroformate, tosylchloride) gives the
corresponding 2,3-dimethyl-{2-methoxycarbonyl-3-methyl-, 2-tosyl-3-methyl-)2,3~
dihydropyridazine. 1-Lithio-2-phenyl-1,2-dihydropyrazine yields upon treatment
with methyliodide 5-methyl-2-phenylpyrazine. Reaction with carbonyl compounds
only yields high molecular material.

Photolysis of 4-R-1,4(3,4)-dihydropyrimidines causes rearrangement to 5-R-1,2(2,3)-
dihydropyrimidines, provided that the substituent R contains a w-bond in a position
to the heterocyclic ring {R=phenyl,isobutenyl,phenylethynyl). 4-Methyl-1,4(3,4)-
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dihydropyrimidine does not show this rearrangement. Chemical evidence is present-
ed that the rearrangement occurs vig the di-m-methane mechanism leading to 6-R-
2,4-diazabicyclo [ 3.1.0] hex-2{3)-ene. This Jatter intermediate undergoes a
thermal homo [1,5] hydrogen shift into 5-R-2,5-dihydropyrimidine which on tautome-
rization gives the final preduct. The reaction can be sensitized by acetone.
4,5-Diphenyl-, 5-methyl-4-phenyl- and 5-bromo-4-phenyl-1,4(3,4)-dihydropyrimidine
do not rearrange under photochemical conditions.

Several 4-R-1,4(3,4)-dihydropyrimidines (R=2- or 3-thienyl,2-furyl, l-methyl-2-
pyrrolyl and 3-pyridyl) containing heteroaryl vinyl methane moieties undergo photo-
chemical rearrangement into 5-R-1,2{2,3)-dihydropyrimidines. Oxidation of these
compounds yield 5-heteroarylpyrimidines. The chemical yields are strongly depen-
dent of the nature of the heteroaryl group.

The existence of a 6-R-2,4-diazabicyclo [3.1.0) hex-2(3)-ene as an intermediate
in the photoisomerization of 4-R-1,4(3,4)-dihydropyrimidines into 5-R-1,2(2,3)-
dihydropyrimidines is confirmed spectroscopically in case R= p-trifluoromethyl-
phenyl. It is established that the p-triflucromethylphenyl group is in exe
position in the bicyclic compound. 6-Exo-(p-trifluoromethylphenyl)-2,4-diaza-
bicyclo [ 3.1.0] hex-2{3)-ene immediately gives 5-{p-trifluoromethylphenyl)-
1,2(2,3)-dihydropyrimidine upon addition of potassium hydroxide in methanal.

Photolysis of 4-R-1,4(3,4)-dihydropyrimidines causes ring contraction into imida-
zoles, provided that the substituent R is sufficiently capable of stabilizing an
anionic centre {R=2-thiazolyl and 2- or 4-pyridyl). Chemical evidence is present-
ed that the ring contraction of 6-phenyl-4-{2-pyridyl1)-1,4(3,4)-dihydropyrimidine
occurs via heterolytic fission of the C{1)-C(6) bond of intermediate 1-phenyl-6-
(2-pyridy1)-2,4-diazabicyclo [3.1.0] hex-2(3)-ene. The anion stabilizing effect
of R is correlated with the acid strength (pKa) of R—CH3. A pKa value around 30
determines the border-line between ring contraction into an imidazole and forma-
tion of an isomeric 5-R-1,2{2,3)-dihydropyrimidine.
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SAMENVATTING

In dit proefschrift worden de resultaten beschreven van een onderzoek naar de
thermische en fotochemische reactiviteit van dihydrodiazinen.

Ter bereiding van de titelverbindingen zijn de diazinen en enige fenylgesub-
stitueerde diazinen behandeld met fenyllithium in ether. Hierbij worden adducten
gevormd door aanval van fenyllithium op de verschillende posities in de hetero-
cyclische ring. Bij pyrimidine treedt voornamelijk additie aan C(4) op, bij
pyridazine aan C(3). Door TMEDA toe te voegen neemt additie aan C(2) in 4-fenyl-
pyrimidine en aan C{4) in pyridazine sterk toe., De n.m.r. spectra van de adducten
en van de overeenkomstige dihydrodiazinen - verkregen door hydrolyse van de ad-
ducten- worden beschreven. De vergelijking van de chemische verschuivingen van
de koolstofatomen in de adducten met die van de koolstofatomen in de overeen-
komstige dihydrodiazinen Jevert de ladingsverdeling in de adducten. C(5) in het
fenyllithium-pyrimidine adduct draagt nauwelijks lading. C{4) in het 3-adduct
van pyridazine draagt een aanmerkelijke hoeveelheid lading, terwijl de ladings-
dichtheid op C{6) in het 3-adduct en zowel C{3} als C(5) in het 4-adduct van
pyridazine er tussenin ligt.

Enige organolithium-diazine adducten, alsmede enige dihydropyrimidinen zijin be-
handeld met elektrofiele reagentia. Zowel bij 4,6-difenyl-1{3)-1ithio-1,4{3,4)-
dihydropyrimidine als bij 4,6-difeny1-1,4(3,4)-dihydropyrimidine treedt aanval
op van het elektrofiele reagens (methyliodide, methyl chloorformiaat) op N{3},
waarbij 4,6-difenyl-3-methyl{methoxycarbonyl)-3,4~dihydropyrimidine ontstaat.
4,4,6-Trifenyl-1,4(3,4)-dihydropyrimidine levert door de behandeling met methyl-
iodide voornamelijk 3-methyl-4,4,6-trifenyl-3,4-dihydropyrimidine. De 3,4~
dihydropyrimidine structuur van de produkten wordt zowel spectroscopisch als
chemisch bewezen. Reactie van 2-lithio-3-methy1-2.3dihydropyridazine met methyl-
iodide (methyl chloorformiaat, tosylchloride) levert de overeenkomstige 2,3-
dimethyl-(2-methoxycarbonyl-3-methyl-, 2-tosyl-3-methyl-)2,3-dihydropyridazine.
1-Lithio-2-fenyl-1,2-dihydropyrazine levert door reactie met methyliodide 2-fenyl-
5-methylpyrazine. Met carbonylverbindingen wordt alleen hoogmoleculair materiaal
verkregen.

Fotolyse van 4-R-1,4(3,4)-dihydropyrimidinen veroorzaakt omiegging naar 5-R-
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1,2{2,3)-dihydropyrimidinen, vooropgesteld dat de substituent R een wn-binding

bevat in a-positie ten opzichte van de heterc-ring (R=fenyl, isobutenyl en fenyl-
ethynyl). 4-Methyl-1,4(3,4)-dihydropyrimidine vertoont deze omlegging niet.
Chemisch bewijs wordt geleverd dat de omlegging verloopt volgens het di-wm-methaan
mechanisme, waarbij 6-R-2,4-diazabicyclo [3.1.0] hex-2(3)-een als intermediair
optreedt. Dit intermediar ondergaat een thermische homo [1.5] waterstofverschuiving
tot 5-R-2,5-dihydropyrimidine; tautomerisatie hiervan levert het uiteindelijke
waargenomen produkt. De reactie kan gesensibiliseerd worden door aceton.
4,5-Difenyl-, 4-fenyl-5-methyl- en 5-broom-4-fenyl-1,4(3,4)-dihydrepyrimidine
leggen niet om onder fotochemische condities.

Verscheidene 4-R-1,4(3,4)-dihydropyrimidinen (R=2- of 3-thienyl, 2-furyl, i-methyl-
2-pyrrolyl en 3-pyridyl), met heteroaryl vinyl methaan fragmenten ondergaan foto-
chemische omlegging naar 5-R-1,4(3,4)-dihydropyrimidine. Oxidatie van deze ver-
bindingen levert 5-heteroarylpyrimidinen. De chemische opbrengsten van de foto-
isomerisatie zijn sterk afhankelijk van de aard van de heterparyl groep.

Het optreden van een 6-R-2,4-dazabicyclo [3.1.0] hex-2(3)-een als intermediair in
de fotoisomerisatie van 4-R-1,4(3,4)-dihydropyrimidine naar 5-R-(1,2(2,3)-dihydro-
pyrimidine wordt spectroscopisch aangetoond in het geval R = p-trifluormethyl-
fenyl. Tevens wordt vastgesteld dat de p-trifluormethylfenylgroep de exe positie
inmeemt in het bicyclische intermediair. 6-Exo-(p-trifluormethylfenyl)-2,4-diaza-
bicyclo [3.1.0] hex-2(3)-een levert onmiddellijk 5-{p-trifluormethylfenyl}-1,2(2,3)-
dihydropyrimidine door toevoeging van KOH in methanol.

Fotolyse van 4-R-1,4(3.,4)-dihydropyrimidinen veroorzaakt ring contractie tot
imidazolen, vooropgesteld dat de substituent voldoende in staat is een anionisch
centrum te stabiliseren (R=2-thiazolyl en 2- of 4-pyridyl). Chemisch bewijs wordt
geleverd dat de ring contractie van 6-fenyl-4-{2-oyridyl}l.4{3,4}~dihydropyrimidine
verloopt via heterolytische breuk van de C{1)-C{8) binding van intermediair 1-
fenyl-6-(2-pyridyl}-2,4-diazabicycle [3.1.0] hex-2(3)-een. Het anion stabiliseren-
de effect van de groep R wordt gecorreleerd met de zuursterkte {pKa) van R-CH,.

Een pKa waarde van omstreeks 30 bepaalt de grens tussen ring contractie tot een
imidazool en de vorming van een isomere 5-R-1,2(2,3)-dihydropyrimidine.
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