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2. Uit de n.m.r. spectra van de Produkten, verkregen door reactie van organo-

lithium reagentia met 5,6-digesubstitueerde (geannelleerde) pyrimidinen ge

volgd door reactie met ethyl chloorformiaat of zoutzuur, valt niet te con

cluderen dat in bovengenoemde reactie 1,4-dihydropyrimidinen worden gevormd. 

G.B.Bennett, J.Heterocyclic Chem. , _1_5» 6 7 1 (1978). 

3. De opsplitsing van het signaal van H(5) in het n.m.r. spectrum van 4-(4-

methoxyfenyl)-l,4-dihydropyrimidine met een koppel constante van 1,2 Hz wordt 

niet veroorzaakt door een 1,5-koppeling maar door een 2,5-koppeling. 

W.P.K.Girke, Chem.Ber., 112, I (1979). 

Dit proefschrift. 

4. Bij de verklaring over de omzetting van 5-carbomethoxy-2,4,7-trichloorpyrido 

[2,3-d]pyrimidine in 4-amino-5-carboxamido-2,7-dichloorpyrido [2,3-d]pyrimidine 

wordt ten onrechte het S.,(ANR0RC) mechanisme buiten beschouwing gelaten. 

G.L.Anderson, J.L. Shim and A.D.Broom, J.Org.Chem., 4_2, 993 (1977). 

H.C.van der Plas, Ace.Chem.Res. , JJ_, 462 (1978). 

5. De vorming van l,6-diaza-3-methoxy-2-methyl-4-oxospiro[4,5]dec-2-een door be

straling van 6,7,8,9-tetrahydro-2-methyl-4H-pyrido[l,2-a]pyrimidin-4-on in 

methanol kan verklaard worden door een di-ir-methaanomlegging 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 hoeveel lipoinezuur een

heden lipoaat acetyl transferase 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., J_7_7_> 129 (1979). 

7. Horeca exploitanten houden te weinig rekening met de toegenomen voorkeur van 

de Nederlandse konsument voor bruin- en volkorenbrood boven witbrood. 

8. Gezien het veelvuldig optreden van lichamelijke gebreken als gevolg van sport

beoefening, 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. 
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1 INTRODUCTION 

1.1 GENERAL 

Due to their great biochemical importance, heteroaromatic compounds containing 

one or more nitrogen atoms have been studied for many years at the Laboratory 

of Organic Chemistry of the Agricultural University in Wageningen . The behaviour 

of derivatives of pyridazine (1), pyrazine (2) and especially pyrimidine (3) 
2 

towards nucleophiles has attracted much attention during the past decade . 

r^ < ^ 

Scheme 1.1 

The reactions of these substrates with nucleophiles have in common that they 

proceed via an initial addition of the nucleophile at the carbon centre of the 
3 

highly polarized azomethine bond . During the formation of this a-adduct the 

aromatic character is lost; the carbon atom that is attacked undergoes a change 

in hybridization [sp2+sp") and the excess of negative charge is delocalized 

over the remaining atoms of the ring, the larger part being located at the 

electronegative nitrogen(s). This is depicted below with valence bond structures 

4a-c for the adduct. 

1-3 

Scheme 1.2 
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Table 1.1 

-N-

a,b 

a,c 

a,d 

a,e 

b,c 

-CH-

c,d,e 

b,d,e 

b,c,e 

b,c,d 

a,d,e 

diazine 

pyridazine 

pyrimidine 

pyrazine 

pyrimidine 

pyridazine 

pos of attack 

3 

4 

2 

2 

4 

4 
Of the structures 4a-c the para quinoid structure 4b is lowest in energy , 

especially in the structures in which atom c is nitrogen. It explains why 

pyrimidine is attacked by preference at the carbon atom of the N(3)-C(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 i.e. 

the dihydrodiazines. We subjected both substrates to electrophilic reactions 
5 

- typical for enamines - and moreover the dihydropyrimidines to ultraviolet 

irradiation, known to cause isomerization reactions 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-Tf-methane rearrangements, important literature data on this subject 

will also be discussed (paragraph 1.3.3). 

14 



1.3 LITERATURE SURVEY 

1.2.1 Reactions of organolithium-<di)azine adduats and dihydro(di)azines 

with eleatrophilia 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 
7 8 

of substituents into the pyridine nucleus in 2(6)-position ' . 

r^ïi RLi r ^ 

Li 

H20 KMnCU r ^ 

i or in 

Scheme 1.3 

Conversion of 5 into 2-R-pyridine (8) proceeded via the postulated intermediate 

l-lithio-2-R-l,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 
g 

effect of substituents on regioselectivity . Alternative methods for obtaining 

the phenylated pyridines from the adduct solutions were developed i.e. direct 

oxidation with (air)oxygen (method ii) and hydrolysis followed by oxidation of 

the reaction mixture with potassium permanganate (method iii) . Among other 

facts i t was found that bulky substituents in 3-posit ion ( t -Bu, Ph) of the 
Q 11 

pyridine ring induced phenyllithium to attack the 6-position ' . 

In 1968 the H-n.m.r. spectrum of the reaction mixture obtained by treating 

pyridine with rc-butyllithium was recorded, providing evidence for the inter-
12 mediacy of 6 (R= n-Bu) . 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 

15 



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 and could be 
13 purified by recrystallization . 

14 In 1963 Abramovitch et al. used the intermediate 6 as reducing agent for 

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

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 6 had nucleophilic 

properties. This interesting facet probably induced Giam in 1970, soon follow

ed by others, to start an investigation of reactions of 6 with several electro-
17-27 phi les . 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 / 

10 

^R 

E 

H 

H 

k 
H 
12 

H 
13 

S* 

^Ai 
E 

14 

rf^ 

i 

E 

15 16 

^ 

R ^ N ^ : N > R 

17 

Scheme 1. S N ^ R 
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Table 1.2 Réactions of adduat SCR) with eleotrophilic reagents (E-X) 

R 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

n-Bu 

n-Bu 

n-Bu 

t-Bu 

Me 

E 

MeCO 

pN02C6H4C0 

CF3CO 

pEt0C6H4C0 

CH3CO 

Me 

PhS 

Br 

CF3 
(2-pyridyl)CO 

Me 

BuS 

X 

CI 

CI 

CI 

CI 

OEt 

I 

SPh 

CN 

Br 

OEt 

I 

SBu 

products (yields, %) 

3(7), 15(34) 

8(37), 15(6) 

8(17), 10(5), 13(13), 15(1) 

8(16), 14(30), 15(15) 

8(12). 15(56) 

10(45) 

10(8) 

8(22), 17(26) 

8(38), 18(41) 

8(15), 10(4), 13(48) 

10, 11, 12 

10(27) 

ref. 

19 

19 

19 

19 

19 

17 

25 

21 

21 

24 

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=t-Bu, E=CH,) the 2,5-dihydro-

pyridine 11 could be isolated, 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 6 with this compound yielded the 2,3' coupling product 16. 

The 3,3' coupling product 17 was formed in those cases where E=Br. When E=CF, 

the intermediate 11 (or 10,13) was attacked by another molecule of 6 eventually 

leading to 18. 

Like the lithium salts 6 (R=n-Bu, Ph), the 1,2-dihydropyridines 7 (R=n-Bu, Ph) 
21 22 24 

were used as substrates for reactions with electrophilic reagents ' ' . 

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 

lithium salt 6 (R=n-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 Reactions of 6 (R=n-Bu) 7 (R=n-Bu) 

A 

B 

C 

D 

Starting 
material 

6 

7 

6 

7 

6 

7 

6 

7 

Reagent 

PhSeCl 

CNBr 

EtN=C=0 

PhN=C=0 

Products 

10(16) ; 

10(16) ; 

8(22) ; 

8(27) ; 

10(15) ; 

16(35) 

10(30) ; 

10(15) ; 

(yields, 

8(12) 

8(15) 

17(26) 

17(7) 

14(12) ; 

13(43) ; 

15(30) 

%) 

15(52) 

14(15) ; 15(9) 

1.3.1.2 Diazines 

The reaction of phenyl- or n-butyllithium with pyridazine (1) in ether yielded 
28 

after work up with water 3-R-pyridazine (19)(R=Ph, n-Bu) . 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-butylpyridazine was obtained. No systematic investigation of a solvent 

effect on the substitution pattern has ever been performed. To our knowledge 

there are no reports of reactions of the organolithium-pyridazine adducts with 

reagents other than water. 

1) RLi 

N 2 )H 2 0, [0 ] 

19 20 

N 

Scheme 1.6 
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29 Only tar was obtained when reacting phenyl lithium with pyrazine (2) . However, 

organolithium reagents were reported to react with methyl substituted pyrazines 

yielding products resulting from ring alkylation (or arylation) and side-chain 
29-31 metalation . Infrared analysis of a crude reaction mixture obtained by 

addition of methyllithium 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 
31 22 with dimethyl sulfate or methyl benzoate were not successful 

M e ^ 

k 
MeLi 

Me 

Me -N. H 
vMe 

-M^Me 

Mê  
H20 

H 
. N . H 

""Me 

^N^^Me 

23 

Me 
[0] ^ 

24 

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-
34-43 dines 27 and 28 respectively . Most of these studies were directed towards 

the preparation of the substituted pyrimidines and therefore the proposed di-
44 hydropyrimidines 25 and 26 were never identified or isolated. 

HN X 
25 27 

N ^ ^ i l 1) RL 

y 
2)H20 

Scheme 1.t 

KMnO* 
+ • + 

^ N 
H. 
R' ^ N ' 

H 

26 

R ^ N ' 

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 methyl!ithium with 2,4-diphenylquinazoline, was treated 

with methyliodide and gave both the l-methyl-l,4-dihydroquinazoline (30) and 
45 

3-methyl-3,4-dihydroquinazoline (31) 

Me Ph Me Ph 

+ 

Me Ph 

31 

Scheme 1.9 

Recently adducts of RLi with fused pyrimidine derivatives 32 and 33 have been 

reacted with ethyl chloroformate to yield products, which were assigned - based 
1 46 

on H-n.m.r. data - to have the 1,4-dihydropyrimidine structure 34 . 

Me Me 

32 33 

H R 

Jl 
Me^^N' 

I 
COOEt 

34 

Scheme 1.10 

1.3.2 Photochemistry of cyclohexadien.es and their aza-analogues 

Molecules containing the cyclohexadiene chromophore showed several different 

types of reaction upon irradiàtion.Dimerization occurred when 1,3-cyclohexadiene 

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

dimers were formed 

r ^ hv r ^ ^ ^ 

Scheme 1.11 
35 36 

20 
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On the other hand bicyclo [4.3.0]nona-2,4-diene (37) gave upon direct irradia

tion with light of 300 nm an intramolecular 2+2 cycloaddition into tricyclo-
49 

nonene 38 .Irradiation with 254 nm light however, induced a 4+2 aycloreversion 

Scheme 1.12 

into 1,3,5-cyclononatriene (39). The molecules resulting from ring opening 

were usually not stable, in this case 39 underwent a thermally induced ring 

closure leading to the trans isomer of 37, i.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 

hv hv 

41 

+ 
^ 

43 

Scheme 1.13 

50 51 
(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 
52 

into 46 , while intramolecular 2+2 cycloaddition has been observed with 1,2-

dihydropyridine (47) yielding an azabicyclo [2.2.0] hexene (48) 
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C02E1-

H 

44 

hv 

C02Et 

C02Et 
C02Et 

45 

E tO ' 2 C ^ ^ C 0 2 E t 

+ 
H 

46 

I 
C02Me 

47 

hv 

N-C02Me 

48 

Scheme 1.14 

The d ihyd ropy r idaz ine (49)(R=C02Me) a lso showed i n t r amo lecu la r 2+2 c y c l o a d d i t i o n 

lead ing to 2 , 3 - d i a z a b i c y c l o [ 2 . 2 . 0 ] hexene ( 5 0 ) . Along w i t h t h i s product the 

2 -aminopyrro le 51 was formed. Th is r i n g c o n t r a c t i o n was be l ieved t o proceed 

Saheme 1.15 

through 4+2 cycloreversion product 52 and subsequent 4+2 cycloaddition into 

diazabicyclo [3.1.0] hexene (53). Opening of the three-membered ring and sub

sequent aromatization of the five-membered ring yielded the final product 51 54 
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A s i m i l a r r eac t i on course was assumed to occur du r ing the fo rmat ion o f aza-

b i c y c l o [ 3 . 1 . 0 ] hexenes (56 and 57) by i r r a d i a t i o n o f 1 , 2 -d i hyd ropy r i d i ne (54) 
55 

R02C 

hv 

Me' \ N / " C 0 2 R ' 
I 
C02R 

54 

Scheme 1.16 

C02R 

Me 
Me \ N 

I 
C02R 

55 

R02C CO2R 

In above-mentioned r eac t i ons the ( d i )azahexa t r i enes have not been i s o l a t e d or 

de tec ted . On i r r a d i a t i o n o f 3 - n - b u t y l - 3 , 6 - d i m e t h y l - 3 , 4 - d i h y d r o p y r i d a z i n e (58) 

however, an open-chain product was formed which was i d e n t i f i e d by n .m . r . spec t ros -

copy as the d iazahexat r iene (59) 

Me 
n-Bu hv ^ 

M e ^ ^ N ^ 

58 

M e ^ 5 N
/ N ^ 
N ^ n-Bu 

r 
Me 

59 

Scheme 1.17 

2,3-Dihydropyraz ines (60) a lso produced d iazahexat r ienes on i r r a d i a t i o n ; they 

were s u f f i c i e n t l y s t ab l e t o be i s o l a t e d . The products 61 showed thermal r e 

conversion i n t o the s t a r t i n g ma te r i a l s and r i n g c o n t r a c t i o n i n t o imidazoles ( 6 3 ) , 

presumably via the y l i d e s (62) 

- N \ R2 

r ^ N ^ R 

60 

hv 
R3 / N : 

^ 

61 

4v 
62 

VR' 

^ 
63 

Scheme 1.18 
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1.3.3 Di-*-methane rearrangement 61 

This rearrangement occurs on photolysis of compounds having two ir-moieties bonded 

to a single sp -hybridized carbon atom. It formally involves the migration of one 

•ïï-moiety from the saturated carbon atom to the adjacent sp"-hybridized carbon atom 

of the second IT -moiety with concomitant formation of a three-membered ring. 

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

hv 

.") 

Scheme 1.19 

The di-ir-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. phenyl, ethynyl, carbonyl and others, see chapter 5 ) . In those 

cases where the di-ir-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
ro 

cyclo [3.1.0] hexene derivatives (65) as shown . 

Me , Me 

64 

hv 

65 

Scheme 1.20 

When the sp -hybridized carbon bears phenyl groups as in compound 66, product 

67 was formed indicating that phenyl-vinyl bridging is favoured over vinyl-vinyl 

bridging ' . 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 photoproducts 

with the trans-endo relationship of the phenyl groups were either predominant or 
, . 62-66 

exclusive 
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hv 

66 67 

Scheme 1.21 

For acyclic di-ir-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 ois-trans 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-ir-methane rearrangement of these systems can be 

sensitized by triplet sensitizers. For example the sensitized irradiation of 

5,5-diphenyl-l,3-cyclohexadiene (69) yielded a mixture of the stereoisomer!'c 

bicyclo [3.1.0] hexenes (70 and 71) whilst direct irradiation resulted in ring 

opening into 68 
67,68 

Ph 

68 
Ph 

hv 
direct 

69 

hv 

70 71 

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 laboratory 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 attention . Several n.m.r. studies have been published dealing with the 

regiospecificity of the addition of the amide ion to pyrimidine and halogeno-
2-5 pyrimidines in solutions of liquid ammonia . It was found that with pyrimi-

5 
dine the 1:1 o-adduct 4-amino-l(or 3)pyrimidinide ion is formed . Attempts to 

isolate the conjugate acid of this pyrimidinide i.e. 4-amino-l,4(3,4)-dihydro-

pyrimidine failed, as it rearomatizes easily to the starting material. In the 

case of the presence of a leaving group - like a halogeno atom - the a-adducts 

can react further yielding either open-chain compounds or ring transformation 

products . 

Reaction of organolithium compounds with the three parent diazines and subse-
6-14 quent hydrolysis yield dihydrodiazines . 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 establish in more detail the structure 

of the adducts formed between the three diazines and phenyllithium, especially 

in the light of recent results on the reactivity of phenyllithium-pyridine 
15-19 

adducts towards electrophilic reagents 

2.2 RESULTS AND DISCUSSION 

2.2.1 Pyrimidine 

Treatment of pyrimidine (la) with phenyllithium in ether gave a solution of which 
1 13 the H- and C-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 H-n.m.r. spectrum of 2a could easily be assigned 
13 

(Table 2.1). This also made an unambiguous assignment of the peaks in the C-

n.m.r. spectrum possible (Table 2.2) by recording the spectrum in the proton-
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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-l(or 3)-pyrimidinide 

4 5 
ion (7) ' . 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 phenyl lithium adduct was confirmed by the high 
field absorption of C(4) and the magnitude of the one-bond carbon to hydrogen 
coupling constant of C(4)('j(CH) = 140 Hz)4. 

H Ph 

W 
1 

a R=H 
b R=Ph 

HN 

H Ph H Ph 

J ^ R l N s^K 

H20 

N 
H 

Ph - N 

H 
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 
1 13 observed. The H- and C-n.m.r. spectra of 3a resembled the spectra of 2a 

(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-
-1 sorptions at 3490 and 3465 cm . This clearly indicates the presence of two „Q 

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 (-88 ) of an H-n.m.r. sample failed; it resulted only in consider

able line broadening of the signals. 
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H Ph 

k 
6a 

H. .Ph H Ph 

~ iL ^ 

Li :© 

6c 

H^.NH2 M H ^ N H 2 

k 
Fig. 2.2 

It can be questioned whether contributions of polar structures 6a««-6b** 6c 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 sp -carbon atom) is of crucial importance. 
21 1? 

Despite criticism C chemical shifts in many instances gave reasonable 
pooc 

indications about charge densities on carbon atoms . A 1-electron density 
27 28 

is considered to induce an upfield shift of about 160 ppm ' . 
13 

Table 2.2 C-n.m.r. data of the diazines, the a-adducts and the dihydrodiazines 

C(2) C(3) C(4) C(5) C(6) 

laa 

2a 
3a 
7 
8 
9a 

10a 
11a 
lib 
12a 
13a 
14a 
15 

159 
161 
145 
156 
150 

-
-
-
-
-
-
-
-

5 
7 
9 
7 
3 

-
-
-
-
-

151.9 
61.1 
55.0 
55.2 

133.2 
136.9 
146.1 
61.7 

157.5 
58.4 
55.9 
62.5 
62.9 

126.6 
105.8 
128.1 
128.3 
40.9 
38.7 

146.1. 
116.0b 

122.1 
103.4 
104.6 
98.0 

108.2 
126.6 
118.4 
118.2 
117.7 
89.2 
97.2 

146.1 
110.8b 

157.5 
135.5 
128.8 
140.5 
134.8 
151.9 
131.7 
134.6 
142.2 
140.0, 
128.0b 

146.1 
144.6 

Ref.30 
uncertain assignment 
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22 In a recent paper 01 ah et al. compared the chemical shifts of Meisenheimer 

complexes formed between potassium methoxide and dinitroanisoles with those 

of their aromatic precursors in order to be informed about charge distribution. 
13 They stated, however, that the more obvious method of comparing the C data of 

these adducts with those of the ayalohexadiene derivatives would lead to the 

same results because the chemical shifts of the sp carbons in cyclohexadiene 

are not different from those of benzene. 

Table 2.3 Differences (à) between chemical shifts of the 

adducts 2a, 10, 12a and 15 and the diazines la, 9a and 14 

C(2) C(3) C(4) C(5) C(6) 

A(2a-la) + 2.2 

A(10a-9a) 

A(12a-9a) 

A(15-14) -84.4 

Table 2.4 Differences (h) between chemical shifts of the 

adducts 2a, 7, 10a and 12a and the dihydrodiazines Sa, 8, 

lia and 13a 

-

- 9 0 . 8 

- 1 8 . 7 

- 3 0 . 1 

- 9 9 . 1 

- 2 0 . 8 

- 8 5 . 7 

-

- 1 8 . 7 

- 8 . 2 

- 3 7 . 4 

- 3 5 . 3 

- 2 2 . 0 

- 2 0 . 2 

- 1 1 . 9 

- 1 .5 

A(2a-3a) 

A(7-8) 

A ( l O a - l l a ) 

A(12a-13a) 

C(2) 

+ 15 . 8 

+ 6 . 4 

-

-

C(3) 

-

-

+ 6 . 1 

- 3 . 7 

C(4) 

+ 2 . 5 

- 0 . 4 

- 2 2 . 3 

+ 2 . 2 

C(5) 

- - 1 . 2 

- 1 0 . 2 

+ 0 .2 

- 8 . 0 

C(6) 

+ 6 . 7 

+ 5 .7 

- 2 . 9 

+ 12 .0 

Comparison of the chemical shift of C(5)(6 = 103.4 ppm) in the phenyllithium-

pyrimidine adduct 2a with the shift of C(5) in the precursor pyrimidine (la) 

(6 = 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 located on C(5) in 2a. This conclusion, however, is erroneous 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 2a. 
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From these data the conclusion can be drawn that structure 6c does not contri

bute significantly in describing the structure of the phenyl lithium 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 
13 4 

C-n.m.r. data of the completely ionic a-adduct 7 with the neutral a-adduct 8 

(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 
29 the methyl group (in general not exceeding 1-3 ppm ). 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 reported ' ; in our investigations by n.m.r.spectroscopy 

no 4a could be detected in the solution containing the phenyllithium-pyrimidine 

adduct. However, after hydrolysis and oxidation with potassium permanganate, a 

small amount of 2-phenylpyrimidine was detected by g.l.c. (ratio 4-phenyl-

pyrimidine/2-phenylpyrimidine = 25). 

Addition at position 2 was observed to a somewhat greater extent in the reaction 

of 4-phenylpyrimidine (lb) with phenyl lithium; along with 2b a small amount of 

4b was formed. The ratio 2b/4b was 7.2, as determined directly by H-n.m.r. 

spectroscopy of the adduct solution and indirectly by g.l.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 

agents . 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',N'-
tetramethyl-l,2-diaminoethane (TMEDA). The reaction of pyrimidine with phenyl-

lithium 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 

l,4(3,4)-dihydropyrimidines (3) and could not be isolated. 

2.2.2 Pyridasine 

Similar to pyrimidine, pyridazine (9a) underwent quantitative conversion with 

phenyllithium into an adduct which was stable for several hours at room 

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

A ^ N 

a R = H 
b R = Ph 

Ph 

^ 

H20 

NH 

H^ .Ph 

12 

H 

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 = 6.8 and & = 4.2 ppm. In 
13 

the C-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 (11a). The infrared spectrum 

of 11a showed an NH-stretching vibration absorption at 3415 cm" ; oxidation of 

11a with potassium permanganate gave 3-phenylpyridazine. Assignment of the peaks 
13 

in the C-n.m.r. spectrum of 11a by using the selective decoupling technique 

was hampered by overlap of the H(4)- and H(5) signals in the H-n.m.r. spectrum 
13 

of 11a. The C-resonances at & = 128.1 and 5 =118.2 ppm were tentatively 
32 

assigned to C(4) and C(5) respectively . In order to establish this assignment 
1 13 

more firmly the H- and C-n.m.r. spectra of 3,6-diphenyl-2,3-dihydropyridazine 

(lib), obtained by treatment of 3-phenylpyridazine with phenyllithium and subse

quent hydrolysis, were taken. In lib 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 lib at 117.7 ppm into a singlet. 
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The consequence of the assignments made is that C(4) and C(6) in the phenyl-

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

tively, compared with the dihydropyridazine 11a (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 downfield shift of 1.5 ppm. On the other hand, the 20.2 ppm 

upfield shift of C(6) 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 
5 

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

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 significantly. For instance at 

-75° with THF as co-solvent a reaction mixture was obtained, which by n.m.r. 

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

12a in a ratio of 1:4. Chemical shifts of the peaks in the H-n.m.r. spectrum 

of this solution attributed to the C(4) adduct agreed well with those of the 
5 

4-amino-l,4-dihydropyridazinide ion described in the literature . 

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-l,4-dihydropyridazine (13a) could be assigned (Table 2.1). 
13 In order to study the electronic structure of the C(4) adduct 12a, the C-n.m.r. 

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 ortho to the sp3 carbon atom [C(3) and C(5)] are shielded with 

respect to the corresponding carbon atoms in the neutral dihydropyridazine 13a, 

A6 C(3) = -3.7 ppm and A6 C(5) = -8.0 ppm (Table 2.4). So C(3) in 12a carries 

about the same amount of charge as C(6) in 10a, but C(5) in 12a considerably 

less than C(4) in 10a. 
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The dihydropyridazines lia, lib 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 

Upon treatment with phenyllithium at -45° a solution of pyrazine in THF or 

TMEDA immediately turned orange. The H-n.m.r. spectrum of this solution showed 

that pyrazine had been converted completely into an adduct i.e. 15 (Scheme 2.3). 

The H-n.m.r. spectrum showed, apart from the signals caused by the phenyl 

protons, four broad unresolved signals of equal intensity (Table 1.1). Due to 

the broadness of the signals no coupling constants could be measured but 

Scheme 2. 3 

PhLi 

15 

H20 
[0] 

f 
16 

comparison of the spectrum of 15 with the spectrum of the corresponding potassium 

amide adduct allowed the assignment made. The phenyllithium-pyrazine adduct 15 

proved to be stable upon heating up to 0° but at room temperature rapid de-
13 composition occurred. Also the C-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 amount of tarry products along with some phenyl-

pyrazine (92 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 <5 = 110.8 ppm) were attributed to C(3) and C(5), ortho 
•2 

and para to the sp -carbon. The high-field position of these signals (pyrazine 

resonates at 6 = 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 H-n.m.r. spectra were obtained 

from a JEOL JNM C-60 spectrometer using CDC1, as solvent (unless otherwise stated) 
13 and TMS as the internal standard. C spectra were recorded with a Varian XL-100 

spectrometer in the pulse FT mode using CDClg 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 solvents diethyl 

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

and distilling these solvents directly into the +^e*etion vessel; pentane, benzene 

and benzene-dc were dried over sodium wire. 
33 6 

Pyrimidine and 4-phenylpyrimidine were prepared as described in the literature, 

pyridazine was obtained from Aldrich and pyrazine from Merck. Pyrimidine and 

pyridazine were dried over molecular sieve type 4A (Merck). A solution of phenyl

lithium in ether was prepared by reacting bromobenzene in ether with lithium 

chips. The concentration of phenyllithium in the ethereal solution was determined 

by hydrolysis and titration of the hydrolysate with acid. 

2.3.1 General procédure for the formation of the dihydrodiazines 3a, 3b, 

11a, lib and 13a 

The phenylation reactions were carried out with 1.4 eq. of 1.0-1.4 M 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 solution was then allowed to warm up to room temperature and water 

was added (in the case of the reactions of lb and 9b only water was added). 

After separation, the aqueous layer was extracted three times with chloroform. 

The combined organic layers were dried over MgSO», filtered and the solvents 

evaporated in vacuo. The resulting crude dihydrodiazines 11a and 13a were yellow 

oils and all attempts to obtain crystalline products failed. The crude dihydro

diazines 3a, 3b or lib 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. 11a 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 sample 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. ClfiH,.N?(234.29) ; calcd. C, 82.02; 
H, 6.02; found C. 82.0; H, 6.0%. 

Table 2.5 Reaction conditions for the formation of the 

dihydrodiazines 

Startinq c , . Temperature n , ., > 
m a t e r i a l Solvent °C Product(s) 

la 

lb 

9a 

9a 

9b 

* 
pentane 

benzene 

ether 

THF** 

benzene 

0 

0 

0 

-75 

0 

11 

3a 

3b 

11a 

a + 13a 

lib 

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

The phenyllithium solut" 
of the starting material. 
The phenyllithium solution was added to the solution 

Preparation of 3-phenylpyridazine (9b) 

11a was oxidized with potassium permanganate in acetone directly after its 

preparation. The crude 9b was subjected to column chromatography (silica gel, 

chloroform/ethyl acetate 4:1); yield 60% m.p. 101-102°(lit. 102-103°). 

Preparation of phenylpyrasine (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 M solution of phenyllithium 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 combined extracts were dried over 
MgSO«, filtered and the solvents were evaporated i n vacuo. 

38 



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. 40-60 ) , 

m.p. 70-70.5°. C10H8N2(156.18); calcd. C, 76.90; H, 5.16; found C, 77.0; H, 5.3%. 
^-n.m.r.: 6 8.98 (lH,d), 6 8.55 (1H, 2 x d ) , S 8.42 (lH,d), 6 7.98 (2H,m), 

& 7.45 (3H,m); J3 6 = 1.5; J^ 6= 3.0 Hz. 

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

The H-n.m.r. samples of 2b and 10b were prepared by injection of a solution of 
1.0 eq. of phenyl lithium in ether into a cooled (0°) n.m.r. sample tube, contain
ing 80 mg of substrate in 0.5 ml of ether or benzene-dg. 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 (0°) n.m.r. sample tube, containing a solution of 1.0 eq. of 
phenyl lithium. The sample containing 12a was made by addition of a solution of 
1.0 eq. of phenyl lithium 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 eq. of phenyl-
lithium in ether into a cooled (-40 ) 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 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 a 12 mn (o.d.) n.m.r.sample tube). 

2.3.3 Isomer 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 (length 200 cm, o.d. 1/8 inch) filled 
with 9.2% 0V-275 on Chromosorb W-HP 100-200 mesh, operating at various tempe
ratures (170-230°). 
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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 pyridines . However, since l-lithio-2-phenyl-l,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. methyl iodide,attacked 

the carbon in para position with respect to the sps carbon yielding 2,5-di-

substituted dihydropyridines (which could not be isolated 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 ff-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-l,2-dihydropyridines,i.e. 2-R-l,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 of lithium is neither necessary 

for the reactions to occur nor decisive in determining the orientation of the 

electrophilic attack . 

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 

organolithium-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 organolithium-pyrimidine adducts are frequently represented for the sake of 

simplicity by their 1,4-dihydro- (1) or their 3,4-dihydro structure ( l 1 ) . The 

mesomeric structures la-c suggest that electrophilic attack may occur at N(l), 

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. 

Li 

K ,R 

LiN 

•N" 

1' 

H. R H. R 

>L 
e 

1b 

H R 

^ 

Scheme 3.1 

When the solution obtained from the reaction of phenyl lithium with 4-phenylpyri-

midine in ether was treated with methyliodide a product A was isolated by column 

chromatography. Compound A had a molecular weight of 248 and the n.m.r. spectrum 

showed along with the phenyl protons two mutually coupled signals at 6 5.39 and 

5.10 of equal intensity and a singlet at 6 2.69 having thrice the intensity of 

the former signals. These data justified the conclusion that in the above-mentioned 

reaction ff-methyl-4,6-diphenyldihydropyrimidine had been formed. In order to 

decide which of the two possible /l/-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 
4 

chapter 2 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 S 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) signal 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 > 5.19) than the H(5) signal in the 

R Ph R Ph R Ph 
Me 

Me \ N / Ph 
H 

Me 

H 

R Ph 

a) R = H 
b) R =Ph 

Me ^ h K Ph 

5 

Scheme 3.2 

isolated alkene group of 1,4-dihydropyrimidine 6a (0 < 5.19)(compare 1-phenyl-

1,2-dihydropyridine: H(5) at & 5.21 vs. l-phenyl-l,4-dihydropyridine: H(5) at 
5 

6 4.53) . Since the chemical shift of H(5) in the <V-methyl-4,6-di phenyl dihydro-

pyrimidine lies at a lower field (6 5.39) than the H(5) in 6 a ^ T 6 ' a (6 5.19) 

the structure of the 3-methyl-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 absorption at \ 320 nm, while the tautomeric mixture of J a r m a x 

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

A is at the longer 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 (cf. l-trimethylsilyl-l,2-dihydro-
5 

pyridine À 320 nm and the corresponding 1,4-dihydropyridine x m , v 288 nm) . max max 
This result is opposite to the reported exclusive formation of 1,4-dihydropyrimi-

dines from adducts of 5,6-disubstituted (fused) pyrimidines and ethyl chloro-

formate . Therefore we also tried to prove the structure of A by chemical means. 
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Compound A was treated with methyl lithium 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 ff-methyl singlet 

at 6 2.14 a doublet at <5 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 1,4-dihydropyrimidine structure 7a. 

Ph 

I 
i 

Me 

Ph 

DMeLi 
2)H20 

.Ph 

HN 

M e ' -V.N-
i 
Me 

Ph 

H Ph 
Me02Cv u ^ X N 

: N K Ph 

a) R = H 
b) R = Ph 

Scheme 2.3 

Methyllithium addition to 3a and subsequent hydrolysis gives 1,2,3,4-tetrahydro-

pyrimidine 4a in which the enamine moiety can undergo a rearrangement into the 

corresponding imino form 5a. When 7a had been the structure of product A the 

reaction with methyl lithium 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 5a, 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 

6 5.80 and in the u.v. spectrum the longest wavelength absorption had A 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 
5 

with dihydropyridines) . 

The reaction of the conjugate acid of 2a, i.e. 4,6-diphenyl-l,4(3,4)-dihydro-

pyrimidine(6a ^T. 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 phenyl lithium with 4,6-diphenylpyrimidine has been reported to yield 4,4,6-

triphenyl-l,4(3,4)-dihydropyrimidine ( 6 b ü ï 6 ' b ) . Treatment of this compound 

with methyliodide gave two isomeric ilZ-methyldihydropyrimidines. The main product 

(87% yield) had H(5) at s 5.47 and the longest wavelength absorption maximum at 

319 nm ( 6 b ^ 6 ' b has H(5) at & 5.39 and *max at 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 6 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 

6 4.97 (1H) and <5 2.87 (3H). Based on these data 1,4-dihydro structure (7b) was 

assigned to this by-product. 

3.2.2 Pyvidazine 

The reaction of methyllithium with pyridazine in ether yielded the adduct 2-

lithio-3-methyl-2,3-dihydropyridazine (10). Mesomeric structures lOa-c suggest 
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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,i.e. 

2,3-dimethyl-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 singlet at 6 2.96 (3H) indicating the presence of an 

N-CH, group and a doublet at & 1.08 (3H) ascribed to the methyl group on position 

3, in addition to signals at lower 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 chloroformate 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 

resembled 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 ^ T \ „Me z^^wMe 
H H H 

^ N / % e ^N/N-C02Me ^ N ^ ^ T s 

11 12 13 

Scheme 3.5 

The reaction of the adduct 10 with tosylchloride yielded a white crystalline 

product, which by n.m.r. spectroscopy was established to be 3-methyl-2-tosyl-

2,3-dihydropyridazine (13). 

3.2.3 Pyvazine 

Hydrolysis of the thermally labile adduct 14, obtained from phenyllithium and 
4 

pyrazine, produced a considerable amount of tar and some 2-phenylpyrazine (18) . 

N.m.r. analysis of the crude 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 
D 

described as stable compounds and if 16 had been formed it would have been 

isolated or at least observed by n.m.r. spectroscopy. 

Treatment of 14 with DpO and analysis of the resulting phenylpyrazine showed 

that this compound contained 40-50% deuterium. In the n.m.r. spectrum of this 
4 9 

product the s 8.42 doublet attributed to H(5) ' 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 via 2-phenyl-l,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-phenyl-2,5-dihydropyrazine could not be detected. Compound 19 was 

synthesized independently from 2-phenylpyrazine and methyl lithium . 
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Scheme 3.6 

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 electrophilic reagent , 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 

CDC1, with TMS as the internal standard with a Perkin Elmer R24 B spectrometer. 

I.r.spectra of solutions in CHC13 were taken on a Perkin Elmer 257 spectrometer. 

U.V. spectra were recorded on a Beekman Acta C111 spectrometer of solutions in 

96% ethanol. Mass spectra were measured with an AEI-MS-902 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 involving 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 l(S)-lithio-416-diphenyl-l,4(3,4)-dihydropyrimidine (2a) with 

electrophilic reagents, general procedure 
4 

A solution of 3.2 mmol of 2a in ether was prepared as described earlier . To this 

solution a solution of the electrophile in 10 ml of ether was added at 0 and the 
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