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ABSTRACT

In order te develop a novel analog of the antitumour agent Mitozolomide 1, the diazotization of

a variety of N-(2-aminophenyl)-N'-aIkylureas was studied. The diazotization of N-(2-aminophenyl)-N'-

a1kylureas of type 2a gave benzotriazole derivatives 3 (R=CONHa1kyl). However, that of N-methyl-N-

(2-aminophenyl)-N-alkylureas 2b gave 1,2,3,5-benzotetrazepinones 4 after the neutralization of the

reaction mixture. This tinding allowed the synthesis of bi- and tricyclic tetrazepinones. Electronic

effects on the stability of the tetrazepinone ring system were studied by varying substituents at the

benzene:cmoiety. The stability of the tetrazepinones increased with increasing electronwithdrawing

character of the substituent. Variation of substituents at N5 showed that their stability decreases with

increasing steric bulk of the substituents. The decomposition of benzotetrazepinones generally gave N-

phenyl-N,N'-dimethylureas, l-aIkylbenzotriazoles and 2-hydroxy-benzimidazoles. The synthesis ofstable

pyrido-l,2,3,5-tetrazepinones is aIso described. The tetrazepinones were generally characterized by IH

!I:~d 13C NMR, X-ray diffraction, mass spectroscopy and microanalysis. The existence of the triazene
"
j~hain was usually confurned by ISN NMR spectroscopy after specific labelling of the central nitrogen

(N2).

•
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RESUME

Dans le but de développer un nouvel analogue de l'agent antitumoral Mitozolomide 1. une étude

de la diazotation d'une variété de N·(2-aminophényl).N'-alkylur6es du type 2a a été entreprise. Les

conformations préférentielles de ces ur6es dans le diméthyl sulfoxyde (DMSO) ont été détermin6es. La

diazotation de ces urées donne lieu à la formation des dérivés benzotriazoliques 3 (R=CONHalkyle) . La

diazotation des N-(o-aminophényl)-N,N'-dialkylur6es 2b a donné lieu. par contre, à la formation des

1.2.3.5-benzotétrazépinones 4 après neutralisation du mélange réactionnel. Cette découvelte a permis de

synthétiser des tétrazépinones bi- et tricycliques. L'effet des substituants du noyau aromatique sur la

stabilité du noyau 1.2.3,5·tétrazépin-4-one a été étudié. Les résultats ont démontré que la stabilité du

système 1.2.3,5-tétrazépin-4-one augmente avec le caractère électrodonneur du substituanl du noyau

aromatique. Nous avons également trouvé que la stabilité du noyau 1.2.3,5.-tétrazépinone diminue avec

l'encombrement stérique du substituant de la position 5. La décomposition des benzotétrazépinones dans

un milieu alcalin génère des produits dépourvus de l'ion diazonium. les N-phényl-N,N'diméthylurécs cl

des produits résultant de l'aromatisation du noyau tétrazépinone, les alkyl-l-benzotriazoles Cl les

hydroxy.2-benzimidazoles. Les tétrazépinones ont généralement été caracterisés par RMN 15N après le

marquage isotopique de l'azote N2. Leur structure a également été confrrmée par RMN 1H et l3C • par

crystallographie aux rayons X, par analyse élémentaire ainsi que par spectroscopie de masse.

,
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Tant qu'il y a de la vie. il y a de l'espoir

Where there is a will, there is always a way
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• GLOSSARY OF ABBREVIATIONS

A427 lung carcinoma cellline

A498 renal carcinoma cell !ine

A549 lung adenocarcinoma cellline

atm atmosphere

Ar Aryl

BOC tert-Butoxycarbonyl

br broad

t-Bu tert-butyl

oc degree Celsius

calcd calculated

• CBze carbobenzylxoxy

CDDl9LU normal human fibroblasts
,.,'.--.,:

CIDNP Chemically Induced Dynarnic Nuclear Polarization

Il chemical shift in parts per million

d doublet

DMF N,N-dimethyl formarnide

DMSO dimethyl sulfoxide

DNA deoxyribonucleic acid

Et ethyl

eq equivalent

g grams

HT-29 colon cancer

hrs hOUTS• HRMS High Resolution Mass Spectroscopy

vii



• HRMS High Resolution Mass Spectroscopy

Hz Hertz

HS 578T breast cancer cellline

ICSO concentration that kills 50% of the cell population

IMR-90 normal human fibroblasts

INEPT Insensitive Nuclei Enhanced by Polarization Transfer

i-Pr iso-propyl

IR infrared

J coupling constant (in NMR)

LOX malignant melanoma celllines

m multiplet

rn/z mass charge ratio (in mass spectrometry)

Me methyl

• MHz megahertz

min minute

mM millimoles per liter

m.p. melting point

NMR Nuclear Magnetic Resonance

NOE Nuclear Overhauser Effect

OVCAR3 ovarian cancer lines

PC-3 prostatic carcinoma

ppm part per million
,;~, '

q quartet

s singlet (NMR); second (s)

SF126 brain tumour cellline
('

SW260 colon-rectal adenocarcinoma• t triplet
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TIlP

TLC

UM-SCC-21A

UV

tetrahydropyranyl

Thin Layer Chromatography

head and neck squamous cancer cellline

ultraviolet
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• Chapter 1

The purpose of lhis chapler is lo present a succinct review of the three major classes

of anlitumour ùrugs, the mechanism of action of which is baseù on the generation of

alkylùiazonium species. This will give a beller unùerstanùing of the design of the

•

•

lelrazepillone ring system. Aùùilional generalities are proviùeù, where appropriate, in each

suhsequenl chapter.

Owing to lhe wiùe use of 15N NMR spectroscopy in the charaeterization of the

letrazepinones ùeseribeù in this thesis, a brief review of the application of this technique to

the structure and conformation ùetermination of nitrogen eompounds is also given.

1.1 Nitrosoureas.

The development of the ehemistry of nitrosoureas resulted l'rom the discovery of the

antitumour aetivity of N-methyl-N-nitrosourea by the random screening programme of the

National Cancer Institule1. The identification of N-(2-ehloroethyl)-N'-substituted

nilrosoureas as potent agents againsl murine neoplasms has made nitrosoureas a class of

antitumour ùrugs of considerable interest2-4.

a. Chellli.l'try

The synthesis of nitrosoureas involves the nitrosylation of I,3-dialkylureas with

sodium nitrite5 or 'dinitrogcn tetroxide6. Nitrosylation, in general, occurs at the electron-

rieher or the less bulky nitrogen of the ureido function. In cases where seleetivity eannot be

aehicved, the N-alkyl-N-nitroso moiety is introduced by the condensation of an amine with

an activatcd N-alkyl-N-nitroso carbamate8-tO as shown in Scheme 1 . In this case, an N·



\

• alkyl-nitroso group was attached to the methylamino derivalive 1 or œSlrndio! to gil'e

nitrosourea 2, which was designed 10 selectil'ely lat'gel breast tumour cells ,

HO CH2NHCONR
-,' 1
, NO

HO

2

Scheme 1

Nitrosoureas react with nucleophiles to give carbamoylated and alky!aled species ll ,

The hydrolyses of l-chloroethyl-nitrososurcas have been extensively studied I1 -15. Lown ct

a{,13 suggested that the addition or water to the ureido carbonyl gives tetrahedrnl

intermediates 4 and 5 which collapse to yield ci.> and tratls alkyl diazotale 6 and 7. The tratls

rotamer is hydrolyzed to give 2-chloroethanol, acctaldehyde and the chorÎnated derivativcs

• 10 and 13. The ci.> isomer cyclizes to give l ,2,3-oxadiazoline 8 that can also decompose lo

acetaldehyde and ethanediol.

•
HOCH2CH2CI + CH 2=CH2 CI

9 10

CH3CHO + CICH2CH2CI
12 13

Scheme 2

8

!
CH3CHO + HOCH2CH20H

11

2



•

•

•

Scheme 3

b. Mechani.l'm ofalllitumollr action

Owing to their strong alkylating power, nitrosoureas have long been the subjeet of

several studies on DNA alkylationI6-21 . The most eommon conclusion l'rom these studies is

that chloroethylnitrosoureas cause DNA intra- and interstrand cross-links. They cause

alkylation of DNA seleetively on runs of 2 or 3 guanines at N-? or 0_616a. To aeeount for

this preference, Buekley et d l5 suggested the addition of the 0-6 guanine to the earbonyl of

nitrosoureas to give a tetrahedral intermediate like 15 similar to the one generated by the

addition of water (4 orS). This intermediate ean eyelize to give 16 whieh may be attaeked

'.
by the 0-6 of a neighbouring guanine to give speeies 17 that is potentially able to alkylate a

base of the complementary D~A strand to form a eross-link. (Seheme 3; the 4-amino group

3



• was omitted for clarity). Buckley wa~ the tïrst ta suggest a direct intcraction of the elllin:

drug with DNA.

c. Structllre-activity relariol1ship.

Il is now admitted that chloroethyl or methyl groups on the NNO moiety of the

nitrosourea is critical for appreciable antitumour activity. 2-Chloroethylating agents are

more active than their methylating congeners. This is due, as stated earlier, to their ahility to

form DNA inter- and intrastrand cross links. In order ta sclectively target cancer cells or

infected tissues, several attempts to link them to biological carriers have heen reporledS-IO.

In general, nitrosoureas attached to specilïe biological carriers show antitumour aClivity

lower8-1O than that of the free drug and l'ail to show se1ectivity. Even lhe allachment of

nitrosourea at several positions in nucleosides did not give any satisfying results22-23. Only

• nitrosoureas linked to mono or disaccharides24-28 show pronounced antitumour activity and

reduced toxicity. Chlorozotocin29 20 showed reduced bone barrow toxicity in mammals.

The reason for this partieular aetivity is still unclear. Il was believed that the

,

a
R, )l /"00.. .CI

N N' '"
~OH~o _

1a 19

+ 7+8

Scheme 4

low toxicity of nitrosoureas linked to sugar was due to their low carbamoylating power. In

fact, it was shown that sugar linked nitrosoureas are self-activated by internaI addition of

the ~ or y hydroxy group to the carbonylto give a cyclic carbamate of type 19 in the manner

summarized in Scheme 4. In phosphate bul'fer, activation by a y hydroxyl group was found

to be slower than by a ~ group.This intramolecular reaction eliminates the possible

• formation of carbamoylating species which are generally believed to be responsible for the.

4



• toxicity of nilrosoureas in humans. Unfortunately several compounds bearing ~ hydroxy

groups were found Lü show bone marrow toxicity comparable with other non-hydroxylated

.nitrosoureas. The most potent drug and the least toxic to the bone marrow was found to be

21, which eontained a maltosyl group. This drug is presently in clinicaltrial in Japan.

H°ifrOH
OH

OH
NHCONCH2CH2CI

1
NO

20

1.2 Open chain triazenes.

21

Open chain l-aryl-3-alkyl triazenes have been found to possess interesting

• antilumour activity. Among them Daearbazine (Dimethyl-triazenyl-imidazole-4

earboxamide, Dne) 22 is the single most active drug now used in the treatment of

ma/ignant melanoma2•4.
CONH2

N-i Me

IL... )-N=N-N:
N Me
1
H

22

a. ChemÎstry

•

I-Aryl-3-alkyl triazenes are synthesized by the coupling of an a1kylamine with an

aromatic diazonium salt30. This reaetion gives an NNN-alkyl linkage which is essential for

antilumour activity because il is responsible for the generation of the alkyldiazonium

species3,4,3\.33. The mechanism of the aqueous decomposition of triazenes is believed to be

the protolysis of tautomer 24 to give aniline of type 25 and diazotate 26 which is

rcsponsible for the alkylation of biological nucleophiles. It has already been shown that an

5



• electron withdrawing group at the benzene ring decrcases the rate of the protolysis of

triazene34.

,

R©-· H~ N=N-N~
Me

23

MeNQ

Scheme 5

The structure and conformation of arylalkyltriazenes havc bccn cXlellsively sluùieù.

Nuclear magnetic resonance studies have shown a remarkable restriction to rotation aroullù

the N2N3 bond35, which indicates that resonance structures of type 27b contributes to the

stability of these compounds. The double bond character of N2N3 was also confirmeù hy X-

• ray crystallography which showed bond distance of 1.309 A* in Daearbazine 22 anù 1-(4

carboxamide)-benzotriazene 27c36,37a.

-©-

Me

R 0 N=N-N
1

, 2 3 \
Me

27.

__ R-©-N-N='Nt

Me
27b

•

~ Me
H2NCO~N=N-N~

Me
27c

Although monoalkyltriazenes are known to be responsible for the generation of the

alkyldiazonium species, interest was mostly in the dcvclopmcnt of l-aryl-3-dialkyltriazenes

because the latter have a longer !ife-time in aqueous solution31,32. They can be ùcalkylateù

to monoalkyltriazene by metabolic oxidation and cxhibit intcrcsting antitumour aClivity.

* The bond distance in N, N'·dimelbylhydrazine is 1.45 A37b

6



• Thus, lhe assumplion lhal lhe oxidalive demelhylalion mighl generale a slable carbinol

inlermediale has slimulaled lhe inleresl in preparing N-hydroxymelhyltriazene compounds

of lype 2113R-40. When an aryl diazonium sail is mixed wiLh melhylamine and fonnaldehyde,

a stahle carhinol resuils, and if lhe OH group is acelylatcd, lhe resulLing aceloxy group

hecomes a leaving group, lhe high nucleofugacity of whieh has allowed lhe preparation of

severaI derivalized aryllriazenes41 -44. More recenlly, Iley et a[,44 found thal pyridylLriazenes

resisl prololysis in lliIluoroacelic aeid due lo lhe protonation of lhe ring nitrogen. This

Iïnding has permilled the preparation of thioethers which were designed to be lyase

inhihiLors45. It was assumed that under acidie conditions N-hydroxymethyl triazenes are in

e(juilibrium wilh their iminium ion 29 which ean be trapped by thiol nucleophile to give

lhioethers 311 (R=glulathinonyl, RIS cystcinyl, N-acetylcysteinyl). Despite the intercsting

l'eatures presented by these moleeules (e.g. attachment to biological molecules), they did not

show any signilïcant biological activity.

•

Scheme 6

7



• with methyl isocyanate. Like their aryl congeners, the 1,3-dialkyltriazenes, are readil),<

hydrolysed to generate diazonium species48.

Me-N-N=N+ ----. Me-N=N-N-Me ____

31 ~32

Me-N=N-N-Me
1

Me
34

Scheme 7

b. Mechanism ofaction

Me-N=N-N-Me
1
CONHCH 333

•

Dialkylary1lriazenes do not generate alkyldiazotate in solution. They have however

been found to be antitumour active in vivo. Metabolie studies have shown that in faet

dimethy1lriazenes 35 are demethylated to give the monomcthyltriazene. Il is believed lhat

the demethylation occurs via a hydroxylation of one of the methyl goups te give earbillol

R@- Me<B N=N-{
Me

35

RZb~ ICH20H
_ N=N-N

\
Me

36

~HCHO
23

Scheme B

•

36 which can generate the monoalkyltriazene by loss of formaldehyde as outlined above

(Scheme 8). The chemical synthesis of the methylols of type 36 has facilitated thdr

identification as a metabolite of dimethylaryllriazencs32.33,42,44. The idenlilication of the

glucuronoeonjugate 3738 in the urine of rats fcd with triehlorophenyllriazcne was an

additional confirmation that hydroxymethylaryllriazenes are metabolites of

dimethylaryltriazenes.

8



• Hyùroxymethylaryltriazenes are reaùily ùeformyltated in water, aleoohol or aqueous

methyJamine. Iley et aL45a recently suggested a meehanism involving a 6-membered ring

transition state 38 for the base catalyzeù deformylation of hyùroxymethylpyridyltriazenes.

CH 3 Ch ~
H00

4
C 0 O~CH:-N=NYCI

OH JI CI
HO ~

OH

37

©-
Me .H--N(R)

O \,. 2
N=N-N •. H

\ .
N ......-0

38

•

•

The fact that the mechanism of action of aryltriazenes is based on ONA damaging

clTect is now weil establisheù. Most impressive was a study by Meer et aL45b who observed

Q-6-[methyl- 14CJ guanine and [methyl- 14C] guanine in tissues of rats intraperitoneally

infuseù with [methyl- 14C] OTIC. Oacarbazine (OTIe) has been found to cause ONA strand

breaks in vitro anù, Iike nitrosoureas to methylate ONA selectively in guanine lieh regions of

ONA strands16.

c. Structllre-activity relationship

The relative instability of monoalkyltriazene has made them less attractive as suitable

ùrugs. The faet that dimethyltriazenes need metabolie oxidation causes a lowering of their

bioavailability. For this reason, several aryltriazenes have not shown antitumour activity

high enough to enable them to be introduced into clinic. Even OTIC which is the unique

ùrug of the triazene seties to be in c1inical use presents the setious disadvantage of being

photolabile49.

9



• Noteworthy is that mono or diethyl tIiazenes do not show any antitumour activity l6.

It is believed that this may be due ta rapid repair of ethylated DNA. The methyl 01' th.:

chloroethyl groups seem to be critical structural requirements for an active drug.

The search for potential pro-monoalkyltriazenes remaincd of consid.:rahk int':l\:st

until il was found that imidazotetrazinones could gcnerat.: monoalkyl ltiazen.: upon

hydrolysis without any metabolic oxidation.

1.3 Mitozolornide

The remarkable activity observed for 8-carbamoyl-3-(2-chloroethyl) imidazo-[5,l

d]-l,2,3,5-tetrazine-4-(3H)-one (Mitozolomide) 39b against murine xenograft tumours50 has

stimulated the development of several substituted imidazo- and pyrazolo tetrazinon.:s51 -53 .

• Mitozolomide offers the advantage of being administered orally50,54,55.

a. Chemistry

•

Temozolomide 39a and Mitozolomide 39b are synthesized by the condensation of

alkyl isocyanates with 5-diazoimidazole zwitterion 4051 ,52. Although this method fol' the

synthesis of imidazotetrazinone was already known long before the Iïrst synthesis of

mitozolomide51•54, the mechanism of this reaction is still unclear. Ege54 suggested that

imidazotetrazinones are the result of a direct concerted 4+2 cycloaddition of

alkylisocyanates to the zwitterion 40. However Padwa55 proposed a mechanism in which a

dipolar (3+2) cycloaddition leads to the formation of an unstable spirobicyle 41 that

10



•
rearranges by a 1,5-shift to imidazotetrazinone of type 39 . This meehanism is supported by

the fact that stable 3+2 adducts 43 was isolated in the synthesis of pyrazotriazine 44 by the

condensation of 2-diazopyrazolc 42 with 1, I-dimethoxycthene.

o

r- N 1\

Y' c
N + 1\

NIN N
\

CONH2 R

40

- N 0

r~ ... RN N
1

N:::N
CONH2

41

_ 39

• 42

- ::~F\
~N""

Ph Me

43

Scheme 9

-

•

In addition to the direct condensation of the diazonium zwitterion with alkyl

isocyanate in non-hydroxylie solvents (method 3, Scheme 10), two other approaehes were

developed56 for the synthesis of pyrazolotetrazinones. One of the strategies (method 1)

consists in treating the diazoimidazole zwitterion with the desired alkylamine to form

monoalkylimidazotriazenes o'f type 45. Treatment of this triazene with phosgene or

diimidazocarbonyl give the cyclic pyrazolotetrazinone. Method 2 eonsists in forming a 2-

amino-pyrazol urea that spontaneously eyelizes to the 1,2,3,5-tetrazinone upon diazotization.

Method 3 is the most eommonly used in the preparation of imidazo-l,2,3,5-tetrazinones.

11
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•

• R1=H R2=CONH 2
b R

1
=H R

2
=CONMe

2
c R1=H R2=S02Me

d R1=H R2=N0 2

Scheme 10

Although the formation of the 1,2,3,S-tetrazinone ring is the major coneel11 of this

section, it is also relevant to diseuss sorne aspects of the preparation of thcir substituteù

aminopyrazole and aminoimidazolc preeursors. Sorne typical methoùs for the synthesis of

these ring systems are given in Scheme 1I. The thioimiùate 49. obtaineù from the

treatment of a substituted nitrile with dry hydrochloric acid in henzylthiol, was conùenseù

with a-amino-a-cyanoacetamide to give imidazoles 50. The synthesis of the pyrazole

proeeeded by the reaction of the suhstituted nitrile with ethylorthoformate to give 52 which

is then treated with the substituted hydrazines to give the desired pyrazolcs 53.

RCN

•
R

~CN -

51

-
52

Scheme 11

53

12



• lnterest has heen recently turned to the synthesis of imidazotetrazinone eontaining an

8-carhoxylic acid group which would allow an easy access to the fOlmation of esters,

thioesters and suhstituted arriides53 at the 8-position. The earboxylie acid was obtained in a

pure form hy the nitrosylation of the carhoxamido group of mitozolomide in sulfuric aeid.

Rellllxing the carhoxylic acid in thionyl chloride afforded the acyl chloride 54a which was

converted to the desired carboxy fllnctional groups. No decomposition of the tetrazinone

ring system was observed dllring these reactions. This shows that imidazotetrazinones are

very stahle molecliles. In eontrast to their triazene congeners, they are not acid labile.

•
a R1=H

b R1=H
ç R1=H

d R =H
1

e R1=H

f R1=H

9 R1=H

54

R2=COCI

R2=COOMe

R2=NHMe

R
2

=CONMe
2

R2=S02Me

R2=S02NH 2

R2=N0 2

•

Althollgh in 54a, nllcleophilic additions occurred peferentially on the acyl chloride

group, the uieido moiety of the imidazotetrazinone ring is very sensitive to nuc1eophiles. At

pH 8, ils hydrolysis leads ta the formation of monomethylimidazotriazenes57. As previously

deseribed for nitrosoureas, the hydrolysis of the ureido moiety of the 1,2,3,5-tetrazinone ring

is believed to proceed via a tetrahedral intermediate following the addition of water to the

carbonyI57.58. Nucleophilic addition may follow the same route. The tetrahedral

intcrmcdiale ean collapse via the breaking of the 3,4 or the 4,5 bond. In

pyrazolotctrazinoncs bond brcaking generally occurs at the 4,5 sidc. However in

imidazotelrazinonc, the brcaking depends on the substituents at N-3. For alkyl substituents

13



•

•

such as methyl, ethyl 01' isopropyl groups, bond br.:aking occurs pr<:f.:r.:nlially al th.: 3.4

side. For the haloalkyl substitu.:nt, howev.:r, the 4,5 bond is mol'': fragil.:. Il has h.:.:n

suggested that this prefcrence is dw to the anchim.:ric assislanœ of lh.: chlol'in.: atnl11 lhut

weakens the 4,5 bond in the tetrahedrul intClmediale 55.

55

N-alkylimidazotetrazinone are alcoholysed to carbamates, and ammonolysed tn

ureas . As shown in Scheme 12, the hydrazinolysis of Mitozolomide reported hy Baig57

gave azide 59 (path A) as the major producl, whereas that of the 3-alkyl suhslituled

compound gave carbazide 57 (path B). The products are the result of bond breakage al either

the 3,4 or the 4,5 bond.

HO NHNH2

5~ ,R

IrN ~3

NY-N;N 2

CONH2

55

B- IrNCONHNH2
.N, (~

--'+ r -NH2

CONH2

57

58

-RNHCONH 2-
59

•
Path A R=CH2CH2CI
Path B R=Me, Et, Pr, CH2CH20Me

Scheme 12

'J
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• b. Mechanism ofaction

Mitozolomide wa.' lïrst helieved 10 cause carhamoylation of DNA instead of

alkylation. This was hased on the faet that it was found to decompose into 2-ehloroethyl

isocyanale and 5-amino-imidazole57 when it was heated in water or organic solvenl.

However extensive hiochemical studies by Gibson59.60 showed that. in fact. mitozolomide

causes DNA alkylation to the same extent as alkylsulfales. nitrosoureas and triazenes.

Incuhation of mitozolomide with DNA strands showed damage resulting from alkylation of

DNA in runs of three or four guanines. Very high levels of DNA inter- and intrastand cross

links and DNA-protein links were reported in human colon tumour cells61 treated with

mitozolomide. Il shauld he remembered that the alkylation studies were carried out by

incuhating the alkylating agent with bacterial plasmids or by analyzing the nuclear DNA of

cells previously exposed ta alkylating drugs.

•

•

c. Slrllclllre-acliviry reialionship

The observed enhanced activity or Mitazolomide may mainly be due to ils alkylating

power. The N-3 methyl substituted tetrazinone (Temozolomide) is antitumour active but

less than the chloroethyl substituted mitozolomide. Variation of substituents at the positions

6 and 8 in imidazotetrazinone was undertaken in an attempt to establish the structural

requirements l'or an active drug. The structure-activity relationships at the 8-position shows

that 8-N-methyl-carboxamide-imidazotetrazinones 54c. 8-methyl sufonyl 54e. 8-sulfamoyl

54f. are as active as mitazolomide. The 8-phenyl. 8-nitro. 8-methylester, 8-eyano groups

were adeterious to antitumour aetivity against the same tumour model (TLX55 Lymphoma).

8-N-dimethylcarboxamide 54d· was round ta be 5 times more active in vivo than in vitro.
/1

15



• substituent at the 6-position may retard the hydrolysis of the ureido moiety . The .~tructure

activity relationship for the imidazotetrazinones is similar ta that of lhdr pyrazolo

congencrs. Most active were pyrazolOlelrazinones 47a, 47b.

CONCLUSION

Nitrosoureas and aryltriazenes are a known class of antitumolll' drugs for over 20

years. Although their mechanism or;~tion has been extensively studied, several key

questions are still awaiting answers. How are they delivpred to tumour cells'! Is the

alkyldiazotate liberated upon nucleophilic attack by DNA bases as suggesled hy Buckley or

does the alkylation occur via a biological carricr that may transfcr the alkyl group to

DNA'!

,

•

1 •

The structure-activity relationship of imidazotctrazinoncs which has been knowl1

for more than 10 years have raised more questions. As discussed earlier, imidazotetrazinol1e

bearing an 8-carboxamide or sulfonamide groups (hydrogen bond donms) are extremely

active compared with several other derivatives bearing cyano, nitro or ester groups. This

.would mean that some hydrogen bonding interaction may he involved somewhere in the

activation path. However the 8-methyl sulfone derivative (a hydrogen bond aceptor) is as

active as mitozolomide. Despite the contradicting results, it clcarly appcars that the nOI1

alkylating moiety of these drugs plays an important l'ole in their antitumour action.

Progress in the development of an alkyldiazotate generator has bccn rather slow. This

may presumably be due to conflicting or misleading structurc activity relationships studies.

This problem stems l'rom the fact that cancer is an extremcly complicated ccli disorder. The

disordered proliferation of cells can be accompanied by the random expression of several

sHent genes, which may bring resistance to antitumour drugs by an unprcdictable

mechanism. To date, the best recognized mechanism of resistance to alkylating agcnL~ is that

16



• of Mer-, ccli phenotypes84. In contrast to the Mer- cell lines, the Mer- are devoid of 0-6

alkyl-guanine transferase, a suicide enzyme that dealkylates DNA.

1.4. 15N NMR SPECTROSCOPY

Among ail techniques used in the characterization of nitrogen compounds, nitrogen

NMR spectroscopy is one of the most usefuI62-66. The low natural abundance of 15N (1=1/2,

0.36%) has always heen the major limitation of this technique. This problem can nowadays

easily be circumvented by the use of powerful spectrometer (300-500 MHz) or specific

labelling13 . The INEPT67 and DEPT68 pulse sequences have also facilitated the detection of

the N nuc.:leus at concentration as low as 0.001 M.

+200

•

•

RNH=O
+150

+100

17



• a. Chemical Shifts

The 15N shifts generally ref1ect the electron density and bond order at the nilrogen.

For instance, the shifts of alkylamine, relative to nitromethane, arc in general around -340

ppm whereas those of amides and nitrile are around -250 and -137 ppm rcspectively62. 1SN

shifts cover a 500-S00 ppm range. Within this range ail the nitrogen functionalities arc

observed with very distinct chemical shifts as exemplified by Scheme 13.

,

•

•

The shifts of the nitrogen nucleus in N-alkylamines67, N-alkylamides68 and ureas69,

are markedly influenced by subslituenls effects (a., ~, y). Branching alkyl Subsliluenls a. 10

the nitrogen causes a shielding effeel whereas additional SubSlilulion in lhe ~ has a

deshielding effect. The y effecl is shielding. Correlation sludies have permilled lhe

establishment of the size of these effects . In alkylamines, ureas and amides the ~ elTecl

deshields by 11 10 20 ppm whereas the a. and y effecls shicld by around -1 10 -6 ppm These

topological parameters cause the nitrogen in lriethylamine 10 be more deshiclded lhan in

monomethylamine.

The protonation of amines in general can show either a shielding or a deshielding

effect62. In general, when the lone pair is involved in n-lt delocalization as in anilines70, the

effect is shiclding whereas when the lone pair is nol delocalized as in alkyl amines, il is

deshielding presumably due to a decrease in the eleclron density al nilrogen.

60
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• The shifts of the 15N nitrogen, are solvent sensitive71 ,72. Chemieal shift changes of

up LO 5 pprn can be observed when going l'rom a protie to an aprotic solvent. This property

has been used in severa! eonformational studies on cyelic peptides. An interesting example is

that of gramicidin S 60. AIl nitrogens in peptide bonds with the earbonyl exposed to the

solvent (Pro, Om, Phe), arc more deshielded in trifluoroethanol than in DMSO. Nitrogens

in peptide bonds wilh the hydrogen exposed to the solvent (Leu, Val), are more

deshielded in DMSO than in tril1uoroethanol . This has permilted the establishment of the

orientation 01' the peptide bonds in Gramieidin S61,71.

The 15N shil'ls have been extensively used in the characterization of compound with

high nitrogen content. 15N NMR studies were undertaken to establish the contribution of

the dipolar resonance structure 27b to the stability of dimethylaryltriazenes. Il was found

that NI was more shielded as the electronwithdrawing character of the substituents on the

• benzene ring increased73,74. The shil'ts of N2 and N3 were more deshielded as electron

wilhdrawing character 01' R increased. Typical 15N shifts values are given in Table 1. It is

interesting to notice the 16 ppm shielding of NI when going l'rom 62 (R=MeO) to 66

(R=N02)

Table 1..lSN Shifts of substituted l·aryl·3,3·dimethyltriazenes

-©- Me
R 0 N=N-N'

1 2 3 \
Me

compound R NI N2 N3 cr

61 MeO -22.80 66.35 -228.16 -0.27

62 4-Me -23.68 66.12 -226.29 -0.17

63 H -25.49 69.22 -224.23 0.00

64 4-Cl -30.99 69.25 -221.83 0.23

• 65 N02 -39.26 73.01 -210.64 0.78

19



• b. Coup/ing constants

In 15N NMR specu'oscopy, the NH coupling constants were found to be the

largest62.Their values parallelthe s-character of the hybrid orbital involwd in thu N-H bond.

For instance, for methylamine, IJNH is 62 Hz whereas in amides75 and niuiks76, it is

around 90 Hz and 120 Hz respectively. The strong dependence of IJNH on the hybridization

of the nitrogen has been proven by the Hammett correlation observed for substituted

anilines. The more electronwithdrawing the aromatic substituent, the lUl'ger were the

coupling constants.

Geometrical dependence has been observed for lJNH' In amides it takes a lower

value for the cis than for the trans conformation (cis and trans refer to the orientation of the

• proton as to the carbonyl)77-79.

,

Me

©\A
H OH

2JNH=2'5Hz

66

Me

©\l"H 0

2JNH=14'5Hz

67

Values for 2JNH range from 2 to 20 Hz. These values are characteristic of Jonc pair

orientation in trigonal nitrogen. When the lone pair is oriented cis to the proton 2JN11 can be

as large as 20 Hz. Conversely, when the lone pair is oriented trans to the proton this value

can be as low as 2 Hz. This is weil illustrated by oximes 66 and 67 shown above80.

•
20



•
6B

Duc to il, potential application to the determination of torsion angle in peptides,

3JN11 has attraeted both theoretical and experimental interest81 ,82. The geometrical

dcpendcncc or 3JNH values was round to correspond to the the equation 3J(N-CO

CH)=Acos2~ +Bcos~ +C. Despite the effort to apply the 3JNH values to geometry

assignment, the very narrow range of the latter coupling constants has imposed severe

limitation to their use.

One of the most important aspects of NH couplings82,83 is their use in the

determination or exehange rates in nitrogen functionalities. This gives a qualitative idea of

the basicity or the nitrogen. Nitrogen coupled signais broaden when they are involved in

• base or acid catalyzed exchanges with protons. Une shape analysis can allow to estimate the

rates or exchange. Using this method, Roberts83 has shown that in HN-phenyl-N'

methylurea 69, the N-methyl exchanges 50 times l'aster than the N-phenyl in acid. In base,

the results are the reverse. These results parallel the relative acidity and basicity of the two

nitrogens in 69.

1Y ~ Me
~NAN/

1 1
H H

69
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•
Chapter 2.- Design and Limitations.

o.-Design

[n the preceding chapter, we have presemed the fundamenta[ characteristics of the

three classes of a!ky!diazotate generators. In light of this general overview, one shou!d

expeet lhat a nove! pro-monoalkyltriazene, in order to show antitumour aetivity, may

contain the following features: (a) a potentially hydrolyseab!e ureido moiety as in 1 and III

(b) a 1,2,3-triazene moiety as in n and ln (c) an aromatic ring that may facilitate the

variation of substÏluents. Ail these features are assemb!ed in the benzotetrazepinone

structure IV.

•
b. Limitations

Il

R

5' 0
Rl:©:N~O N-R

'3R2 N::::N
1 2

IV

•

The synthesis'of structure IV cannot be achieved by method 3 generally used iné~:)

synthesis of mitozo!omide (see chapter 1). Il is chemically impossible to prepare 2-amino

benzenediazonium derivative which is a short-lived intermediate in the formation of

benzotriazo!e. For the same reason one cannot apply method 1 whieh would consist in

fOl'ming the diazonium ion and coupling it with alkylamine to form a monoalkyllriazene

whieh could be cyclized to tetrazepinone by treatment with phosgene. Method 2 was then

appliedsince it invo!ves the formation of a stable 2-aminoarylurea prior to diazotization.
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• The ureas were obtained by monocarbamoylation of o-phenylenediamine or by

treating 2-nitrophenylisocyanate with the desired amines, followed by the catalytic

reduction of the resulting 2-nitroaryl urea. Unfortunately, the diazotization of this ureas

gave selectively an N-carbamoyl benzotriazole derivative of type VII that precipitated

from the reaction mixture. No bi-cyclic tetrazepinone of type VIII was isolated.

©r:~:-"--.. [©f.~i!" ]
V VI

1 \

•
VII

a R=Me X=O [85%)
b R=Me X=S [76%)
c R=I-Pr X=O [72%)
d R=tBu X=O [81 %)
e R=Phe X=O [90%)

VIII

•

Modification of the substituents at N-3 was attempted in an effort to understand

these resu)ts. Diazotization of Va-e gave only the benzotriazo)es VIIa-c. Neither electron

dona~~g nor electronwithdrawing substituents at N-3 influenced the direction of the

cyclization. The introduction of an electronwithd!awing group like phenyl that would

slow the protolysis of vm did not give any successful result. Interest was lost in further

study of the phenyl substituents since only alkyl groups are required for antitumour

activity.
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• In an effort to rationalize these results, a study on the conformation of the 2

aminophenylureas was undertaken. Details are given in the attaehed paper.

EXPERIMENTAL

Typical method for the synthesis of VU, and e is given below. The general method for the preparation

VDIa, c and d is presented in chapler 3.
j,',

N·Methyl·lH.benzotriazole·l.lhiocarboxamide (VUb).-

To a solution of o-phenylenediamine (3g, 27 mmol) in chlorofonn (50 mL) was added

methylisothiocyanate (2g, 1eq). The mixUIre was stirred for 2 hrs and evaporated under vacuum ta give Vb

as a pale yellow powder in quantitative yield, m. p. 120-123 0 C. 200 MHz 1H NMR CDCl3 li: 7.63 (br s,

18, ArNHCS), 7.19 (l, J=8.8, 1H, Ar), 7.15 (d, 1H, J=8.8, Ar), 6.7 (m, 2H, Ar), 5.85 (br s, NHCH3)' 3.5 (br

• s, 2H, NHV' 3.05 (d, 3H, J=4.7, NHCH3)' Thiourea Vb (2g, 11 mmol) was dissolved in 2N HCl (20 mL)

and di&zotïzed with sodium nitrile (0.8 g in 10 mL of waler). The temperalure was kepl belween 0-5 OC

and the pale yellow precipitate thal fonned was fillered and recrystallized from chlorofonn 10 give VDb as

yellow pellets (1.518,72%), m.p. 110" C. IR (KBr dise) v (cm-1): 3391 (NH), 1245 (C=S); 300 ~1Hz 1H
.'

NMR (CDCI3) li: 8.92-7.5 (m, 4H, Ar), 3.38 (d, 3H, J=5) ; 75.4 MHz 13C NMR (CDCI3) li: 176 (s), 147

(s), 131 (s), 126 (d), 120 (d), 116 (d), 32 (q); Anal. calcd for C8HgN4S: C, 49.99; H, 4.20;, N, 29.16;

Found: C, 50.48, H, 4.45; N, 29.25

N·Pbenyl·lH·benzotriazole·l.carboxamide (VUe).- To a solution of o-phenylene diamine '(36, 27

mmol) in chlorofonn (50 mL) was added dropwise phenyl isocyanate (3g, leq) al 0 oC and the precipitate

!hal fonned after 30 min was filtered ta give Ve as a white powder in quantitative yield, m. p. 1750C. 200

MHz 1H NMR CDCl3 li: 7.1-6.4 (m, 10H, Ar, NHCO), 6.25 (br, 1H, NHCO), 2.58 (br s, 2H, NHV' This

powder (2g, 8.8 mmol) was diazotized as described above ta give VUe (1.87g, 90%) as a white crystalline

• residue. m. p. 1700c. IR (CDCI3) v (cm-1): 3200 (NH), 1720 (C=O); 200 MHz 1H NMR (CDCI3) li: 9.2
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• (br s, lH, NHCO), 8.31 (d, lH, J=8.3, Ar), 8.12 (d, J=8.3, lH, Ar). 7.95 (m, lH, Ar), 7.7 (m. 2H, Ar), 7.5

(m, 3H, Ar), 7.22 (m, lH, Ar) Anal calcd for C13HlON40: C, 64.54; H,4.20; N, 23.55. Found: C, 65.11;

H, 4.46; N, 23.22.

•

•
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• ABSTRACf: The 15N NMR spectra of N-(·o-aminophenyl)-N'-substituted ureas la-If and their

hydrocbloride salts were taken in DMSO. The chemica! shifts of NI were found to he more shielded in

oreas la-If !han in N-phenyl-N'-substituted urea 2. The shifts of N3 varied \Vith substituents. Proton

excbanges at the latter nitrogen were observed when the spectra of the hydrochloride snlts were t.'lken.

The preferentill1 rrans·trans orientation of the protons with respect to the earbonyl in the ureido group

was conf111Iled by NOE differenee spectroscopy. ln the solid, the confonnation of lb, which WllS

determined by X-rny diffraction, was found to be similar to the suggested solution eonfonnntion A. The

,

INTRODUCTION

.' é->"îS~ shifts of lb in the solid were detennined by IsN CP-MAS NMR.
-:-;.::/:-;'~./-

-' ;:::;:::;..:::>~

•
As part of our program to synthesize heterocyclic compounds by the diazolizalion

of 1-(o-aminophenyl)-3-alkyl ureas,l we have underlaken a 15N NMR study of the latter.

Our interest was in determining their conformation, and lheir behaviour under acidic

conditions. lSN chemical shifts and NH couplings are informative about the geomelry

and interactions of nitrogen compounds.1-S

H H
, lia

~NyN...o 0 CHa

la
lb
le
Id
le
If

R=H
R= methyl
R = Iso-propyl
R = tert-butyl
R=phenyl
R = para-methoxyphenyl

2

•
AIthough a great deal of NMR results have been reporled about aromatic ureas,6

10 Iittie is known about their preferred conformation in polar solvents. In this report, we

discuss an interesting class of aromatic ureas bearing an amino group ortho with

respect to the ureido moiety. 15N NMR data and IH NOE difference spectroscopy
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• results are used to detennine their confonnations in DMSO. In order to a1low

comparisons betwccn confonnations in solution and the solid state, the X-ray structure of

lb was detennined. Its 15N NMR spectrum was also taken in the solid state.

This study is of more general interest because of the increasing development of

supra-moleculesll ,12 (H-bond donor-acceptor systems), and the use of ureido functions

to create ~-pleated shcct models for confonnational analysis in peptides13. The 15N

NMR study of aromatic ureido compounds seems then to be highly desirable.

RESULTS AND DISCUSSION

Chemical Shifts.

The chemical shifts and one-bond NH coupling constants of ureas 1 and those of

• 2 are given in Table 1. The 15N shifts (in DMSO) reported for 1-(phenyl)-3-methyl

urea14a,23 2 are quite different from those observed for its o-amino derivatives la·If, as

. 'expected. Thec NI nitrogens in ail ureas (la-If) are shielded by around 8 ppm when

compared to NI in 2 (S NI in 1: around -285 ppm, SNI in 2: -276 ppm). This shielding

may be due to the 'Yeffect of the o-amino group.

The 15N chemical shifts of N3 in compo~nds 1 are greatly affected by the nature

of the substituent R (Table 1). Although the iso-propyl and. tert-butyl are somewhat

stronger electron donating groups than the methyl, they cause a considerable deshielding

of N3 ( around 25 ppm) in lc and Id when compared with la. This must be due to the

substituent effect~. Il has already been shown that the a-effect shields the nitrogen

where the ~-effect deshields it3,15. Values for lX. and ~ have already been estimated for

•
1/
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Table 1.. Chemical shifts, in ppm, and one·bond 15N·H coupling constants, in Hz, of
1-(o-aminophenyl)·3-substituted ureas

No R 8N1 IJNlH 8N3 IJN3H 8N4 IJN4H

la H -284 90 -301 90 -327

lb Me -286 88 -310 90 -326 83

le iPr -285 89 -278 88 -327

Id tBu -284 87 -274 90 -327 81

le Phe -282 85 -272 90 -327 83

lf p-MeOPhe -282 85 -276 87 -327

214 Me -276 90 -305 90

alkyl substituted ureas3,15 (a = -4.9, ~= +14.3). Although suggested equations for

theoretieal predictions of chemical shifts of the latter compounds arc not applicable ta

aromatic Ul'eas, ~ effects help ta understand the remarkable deshielding of N3 in lc and

Id. Despite the:presence of an aminoaromatic substituent on Nl, the a and ~ elTects on

the chemical shifts of N3 are quite similar ta those observed on the shifL~ of amides

and aliphatie ureas. The fact that N3 is more deshielded in the bis-aromatic ureas le and

If may predominantly be caused by the conjugation of its lone pair with the phenyl

substituent (8N3 in le=-272ppm, 8N3 in If= -276 ppm as opposed ta 8N3 in unsubstituted

compound la, -301 ppm).

The chemical shifts of N4 for al! substituted ureas la·If are quite similar (around 

326 ppm (Table 1)). They are not responsive ta substituent changes at N3. Their values

are quite similar ta that of the amino nitrogen in crphenylenediamine4,14b (-328 ppm) , ln

the hydrochloride salts (Table 2), the shifts of N4 fol!ow a shiclding trend whercas those
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of NI and N3 are more deshielded when compared with their corresponding non-

• prolonated ureas.

The chemical shifts of the proton attached to NI in ail alkyl substituted ureas la·

If were around 8 ppm. The N3 proton appeared at around 6 ppm as a broad quartet in lb,

hroad douhlet in le and broad singlet in Id. The chemical shift of the NH2 group was

around 4.5-5 ppm. The assignment of 15N shifts of the two NH2 groups in the N3

unsubstilutcd urea la was ascenained by corrclating them to the shifts of their attached

prolon in a 2D HETCOR experiment (Fig. 1). The more deshielded proton (7.55 ppm)

"' J J.

@

\~;

0

,

G

0.0

<.0

FI !PP

o.,

8.0

7.0

7.'

•••

-28~ -28e -285 -300 -305 "310 -315 ...320 "325 "330

F2 IPP"'

Fig.1. The 2-D (15N.lH) NMR spectrum of compound la in DMSO-d6.

•
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• which can be assigned to H-NI is correlated. as expected. to the most deshielded 15N

peak at -284 ppm. The 15N peak at -301 ppm is assigned to the ureido NH2 since it is

related to the 5.7 ppm singlet. The peak at -327 ppm can be assigned to the anilino NH2

since it is correlated to the 4.4 ppm single!. This experiment also confirrns the

assignment of the chemical shift of NI in lb-If since they are ail around -284 ppm.

Table 2.- Chemical shiCts, in ppm, and one-bond 15N_H coupling constants, in Hz,
oC 1-(0-aminophenyl)-3-

substituted urea hydrochloride salts

No R /iN1 IJNlH /iN3 JJN3H /iN4

la H -281 90 -301 -331

lb Me -280 89 -306 -328

• Id IBu -280 91 -272 -328

le Phe -277 89 -269 87 -328

If p-MeO -280 87 -275 86 -327

•

Coupling constants.

It has already been shown that the value of 1hm is Iinearly dependent on the

percent of s character of the nitrogen orbitais contributing to the NH bond

(%s=O.3411JNHI)2.5.16. The higher the value of IJNH• the higher is the bond order at thc

nitrogen. Values up to 93.6 Hz have already been reported for amides15 (Table 1). No

such high value was observed for ureas la-lf. The values of IJNH for NI in ail the

compounds vary between 85 and 90 Hz. The lowest values for IJNlH (85 Hz) wcre

observed for the bis-aromatic compounds le and lf. These results show a slight

pyramidal geometry of this nitrogen in these two compounds. Values of 87-90 Hz were
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observed for IJN3H for ail the analyzed ureas. These results suggest a somewhat more

trigonal geometry for N3 in bath the alkyl and the aromatic substituted compounds.

Values of IJNH for N4 vary between 81 and 83 Hz. These values suggest a

pyramidal geometry for these nitrogens. Due ta fast proton exchanges, no NH couplings

were observed for the ammonium salts.

H'H5 Ht \

a)

6:~-{.-CH'
._H

tI',
~ , .... •.. • ~ ; i • .....

b)

J... l 1
1•

.. • • • ....
II

1 li
II 1

i

1 1

c) -----f

•

• i 'i Iii i 1 1 4 : i , , • , i: " i , ; ; ; 1T"T • , 1 • , , , l "'"r'T'"T'~: i;' 1 • i ; l , , i' 'i i. . . .. . ,""

Fig 2. a) NOE difference spectrum of lb wben the NH2 signal is irradialed
b) NOE difference sflCCtrum of lb wben the NIH plolon signal is
irradialed
c) 1H NMR speclrUm of lb al 200 MHz in DMSO-d6
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Conformations

In order to detennine the orientation of the ureido and amino protons in ureas 1

in solution, NOE experiments were carried ouI. Irradiation of the proton attached to NI

caused a significant increase in the intensity of the N3 proton signal in 1b-U (Fig. 2,

3), showing that they are trans-oriented with respect to the carbonyl as in confonner

A or B (Scheme 1). In lb, irradiation of the NI proton showed significant increase in the

signal corresponding to the neighboring ortho proton. This could not be observed in lc

If because of the overlap of the signaIs.

These results c1early indicate the presence of confonnation A in which the ortho

aromatic protons and the one attached to NI are in close proximity. Irradiation of the

proton attached to NI has caused the increase of the signal corresponding to the NH2

protons in all the NOE experiments. This confinned the presence of confonnations in

which the NI proton is pointed toward the amino group as in B, D and F (Scheme 1).

Ht ~,
~ "-,<OH,

('V 'i bH;H,
~H-H

of'

,

•

b)

1
1.1

• l , i" ; , 1 • • i 1 i
1.1 1.' 1.1

Fig. 3.- a) NOE difference speclnlm
b) SpeclrWIlof lert-butyl compound Id in DMSO.d6 (only pan of the
speclrWIl containing the amine resonances is shown for simplicity)•

• i ;......

38



•
The equilibrium between A and B is consistent with the experimental results. The two

conformers are stabilized by intramolecular hydrogen bonds. Although il was not possible

to confirm the orientation of thc two ureido protons in conformers D and F, their

equilihrium with A and B, should not be rejected since their energies are not very

different from those of A and B. Molecular mechanics calculations25,26 gave G values of

1.30 Kca! 'for B and D, 2.08 for F and 6.2 for A (Scheme 1). The low energy differences

belween these structures (0-4 Kcal) suggest rapid equilibria between A. B, D. and F at

room temperature. Conformers C (13.8 Kcal) and E (10.45 Kcal), due 10 their high

encrgies, should contribute only little 10 the equilibrium mixture. In facto the existence of

conformers like E. where the two ureido substituents are oriented trans·trans 10 the

carbonyl", has already been contested in several studies on urcas and thioureas6.8,n. on the

basis of stcric factors.

Noticeable differences in IJNH ranging from 2-4 Hz have a1ready been reported

for the conformation in which the proIOn is ois 10 the carbony1 and the one in which the

proton is trans 10 the carbonyl in N-methylformamideI5. In general. 1JNH value for the ois

conformer is al ways smaller than that for the trans conformer. For instance values of 93.6

and 90.2 Hz have been assigned ta the trans and cis conformations of .Ne

methylformamide15 . No such assignments have been reported for ureas despite their

similarity ta amide. For nilrosoureas, however Lown17 attributed the 92 Hz value of 1JNH

ta a trans-c,onformation of the CONHR moiety. Our results show that for ureas 1, the 1JNH

values have little geometrical significance. For values varying from 87 to 90 Hz • NOE

experiments confirmed a transoia orientation of the proton with respect to the carbonyl in

the CONHR moiety.
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• H H o ... R
1 1 ~N

©(NyN'R N \o ,0 .. ©( ••~ H4

N'H' H,N_ H,
H

A (6.2 Ke.l) n (1.30 Ke.l)

1~ 1~ H,
H

°iN'R~"f0
©( ,N-R .. ©(N'H•

....N... H ...H
NH H 1
H

C (13.08 Ke.l) D (1.30 Ke.l)

1~ 1~
H R
1 1

R-N 0 H-N 0
'f' 'f'

©(N,
©(\N"'~ ;N-H

i H
H• E (10.45 Ke.l) F (2.08 Ke.l)

",

Scheme 1* ."

'CakulaUons "'cre ptrronnrd for R=Me ",

On the other hand. the preferential trans-trans orientation of the protons as to the

carbonyl may be due to the formation of hydrogen bonds with the solvent (DMSO) as

shown in 3. Self-association can also favour this orientation.The equilibria between

amide dimers and their monomers have already been suggested in a study on

conformation of acetamides18 in solution. For ureas 1. the urea-urea type dimer could be

as depicted in 3.

•
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Conformation in saUd state.

The X-ray structure of Ib24 (Fig. 4) shows that only one conformation exists in

the solid and it is similar to the solution conformation A . The X-ray structure shows a

2.975(4) À bond distance between the carbonyl oxygen and N4. These results suggest

the presence of an intramolecular hydrogen bond. In the crystal lattice, the

intermolecular bond distances between the carbonyl oxygen of one molecule and the two

ureido nitrogens of a neighbouring one are 2.855(5) À and 3.009(5) À. This indicates

r~ the presence of hydrogen bonds between the ureido protons of one molecule and the

carbonyl oxygen of a neighbouring one as in 3. These results also suggest the stability of

the self-associated system depicted in 3. Bond angles around NI and N3 are 124.20(4) À

and 122.7°(4) À. The trigonality of these nitrogens indicates a high sp2 character. It is

also important to notice that, as in solution, the two ureido protons are oriented trans to
;

the carbonyl in the solid state.

The 15N NMR of compound lb was run in solid state and the spectrum is shown

in Fig. 4. The more deshielded peak at -280 ppm was assigned to NI and the resonances

of N3 and N4 were at --304 and -318 ppm respectively. Although 15N NMR chemical

shifts have a strong medium dependency,1,2,3 the values converted to the nitromethane
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scale were quite similar to those obtained in solution. The peak for N4 at -318 ppm is

broad presumably due to insufficient decoupling power.

".
bjo~ ;.. i i i ~d ;.. ,,Ii \à~ i , • , , j , , à•• ,Ii i 1 1 ~tiO~ i i , , , • i :;io~ i • , •• ~;o;ol

Fig 4.- ORTEP view and solid state (CP-MAS) 15N NMR spectrum of le. cOii"Crsion (0 the
nitromethane scale gave: ôNt=-28D ppm. ôN3=-304 ppm. ôN4=-318 ppm)

Acid catalyzed exchanges.

In order to have insight to the behaviour of 1-(o-aminophenyl)-3-substituted ureas

under acidic conditions, 15N NMR spectra of some of their dry hydrochloride salts were

taken in DMSO. Results are given in Table 2.

In a study on exchange rates in ureas, Roterts15 reported that at acidic pHs, the

hydrogens at N3 in 2 exchange 50 times as fast as those on the NI-Aryl moiety. The

same trend was observed for ureas 1. Proton exchanges were observed at N3 in

compounds la, lb, Id, whereas negligible exchanges occured at NI (Fig. 5). For the

bis-aromatic compounds le and If, no exchanges were observed at NI and N3 (Fig. 6).

These results are in accordance with the relative basicity of the two nitrogens. As

expected, rapid exchanges were observed at N4 in al1 the analyzed compounds.

.>-
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a)

b)

- - .- .... -110 .... .... .......

H
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Fig 5.·

'1 l' • il' j •• i 1 1. (' ., "" ('" 1 1 • l , 1 (' l ".1 \;; 1. i' ; , , ,.1; • 1 • " l' i 1

oof7D -.:J -GO -JOO -310 • ., -)30 """

a) I5N NMR of the ammonium sail of lb (N-methyl signal al-306 ppm is eoaleseenl)

b) I5N NMR spcctra of the ammoniun sail of Id (N-lert-bulyl appears as a broad singlel al-272
ppm)

bl " L
:;~ A" f: l'!~,,~;~~~,,:"::~"~ V'~ ~'t~ :I~;~ ~ !':'~*~~~!! ~ ~~:'!:r':'1-'
~ ~ ~ ~ ~ ~ ~ ~ ~ ~~

Fig 6.· a) The I~N NMR speetrum olle (rccordcd with Standard Pulse).
bl1SNMR spcetrum of the ammonium salI of eompounu le '(doublets for NI (-277 ppm) and
N3 (.269 ppm) arc sharp, whercas the triple'IIor NH2 changes inlo a singIet)

,~ ,
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• The râiès of exchanges at N3 in compounds la. lb. Id. weœ estimaled by line

shape analYses 19 . Proton exchanges at N3 in tile N-tert-butyl SubsUlUted compound Id.,
were found to be l'aster than at N3 in la and lb. This may be due to the higher basicity

of the N-tert-butyl moiety (Fig Sb).

EXPERIMENTAL

The 15N NMR spectra were recorded on a Varian XL-300 NMR spectrometer and

nitromethane was used as a standard set at 0 ppm. Ali signaIs appear upfield t'rom
.'

l1itromelhane and hence chemical shifls are negative. Ali 15NMR spectra were recorded

at 30.4 MHz using a multinuclear 10-mm probe and the concentration of each sample was

1M in DMSO-d6 (,999< deUlerated). The compounds were sparingly soluble in CDCI3 so

that it was not possible to run comparative natural abundance 15NMR experiments in the

latter solvent. Ali spectra were aquired with full NOE effecl and the parameters were a~

follows: relaxation delay. 2s; 90" pulse. 18 I.Is. The spectral width was l5000 Hz and with

32K data point gave an acquisition time of \.07 s and a digital resolulion 0.93 Hz per

point. The FIDs were in generalobtained al'ter 1000 transienls (line broadening. 0.3 Hz).

1H NMR speclra and NOE experiments were carried out in DMSO.

The parameters for Ihe HETCOR experiment were as follows: spectral with. 1214

Hz in FI and 1589 Hz in F2; acquisition time, O.08Is; pulse width, 20 I.Is; number of

transients, 3000; number of increments 8~ and 1JNH=88 Hz.
"

The refocussed INEPT pulse sequence20.21 was used to deteet the 15N signaIs of

some of the free base ureido compounds.The values of tD were set at 3 ms in ail cases

• since the average 1Jro.'J-l coupling constant was.arr.>und 87 Hz (tD = 1/41JNH). The

~,~: .
.:,-;:;.-
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refocussing period tk was also given the same value. The advantage of this pulse sequence

is that it allows the recording of spectra in a relatively short time but unfortunately, due to

ils strong dependency on the NH coupling constants, no signal enhancement was observed

for nitrogens involved in even slight exchanges. When the INEPT pulse sequence was

used, peaks for N4 were not often observed. Even with extensive drying of the

compounds and the recording of the spectrum with standard pulse sequence, sorne

broadening of the triplets were still observed for certain compounds. Sorne values of 1JN4H

are missing in Table 1 due to the fact that the N4H triplets were too broad in certain cases.

The spectra of the HCI salts of the ureas were run with standard pulse mode. The line

shape ca1culations were performed with the computer program described by Harris 19.

The 15N solid state NMR spectrum was obtained on a Chemagnetics CMX-300 at

30.3 MHz. The Cross PolarizationIMagic Angle Spinning (CP-MAS) technique was used

with a contact time of 1 ms, a recycle time of 25 and a spinning speed of 5 kHz. The

spinning speed was high enough to circumvent side bands. The chemical shifts obtained

relative to ammonium nitrate were converted ta the nitromethane scale by the equation:

ôN(nitromethane) = ôN (ammonium nitrate)-351. The 351 increment was obtained by

substracting the solution chemical shift of an 15N labelled N-Methyl-N

carbamoylhenzotriazole1obtained in solution relative ta nitromethane, l'rom the solid state

shift relative to ammonium nitrate.

Ali compounds wcre prepared according to methods reported in a separate paper1.
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ehapter 3.-

GeneraIOverview.-

Sinee the fonnation of benzotriazoles resulling from the diazotization of the 2

aminophenyl ureas would be made impossible by altaehing a methyl group to NI of the

ureas of type X, the synthesis of S-substituted tetrazepinones was attempted. The faet that

one of the main goals of the projeet was also to synthesize tetrazepinones bearing substituent

at the S-position eneouraged this approaeh.

IX

R H

©i~y~JM.
NH2
X

r-'

•

The synthesis of the ureas generally proeeeded aeeording to the foUowing general
.-;:...;;

seheme:,'(

a) The N-alkyl-I,2-phenylenediamine of type IX was aUowed to reaet with methyIisoeyanate

to give the urea of type X. Since the,nucIeophiIicity of amines paraUels their basieity, the

.carbamoylation occurs seleetively at the seeondary amine.

b) If seleetivity eould not be aehieved beeause the N-alkylamine was bulky or beeause the
'~ ~

reaetivity of the NH2 group was inereased by an eleetronie effeet, the latter group.Was

proteeted either with a BOe or a CBz group.

~....~,-

.~:~_.:>
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SYNTHESIS OF BI- AND TRICYCLIC TETRAZEPINONES'

Bertrand 1. Jean-Claude and George Just'
Depanmenl of Chemistry

McGiIl University
Montreal, PQ

Canada IDA 2K6

aThis paper was published in 1. Chem. Soc. Perkin. Trans. J, 1991,2525
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ABSTRACT: Diazotization of N,N'-dialkyl-N-(o-aminophenyl) Uieas 7, 13, and 17 gave 3,5

dimethyl-3H-I,2,3,5-benzotetrazepin-4(5H)-one 8, 3-methyl-6,7-dihydro-I,2,3 ,5-tetrazepino[7,6,5

ij]quinolin-4-(3H)-one 14 and 3-methyl-6,7-dihydro[I,4]oxazino[4,3,2,5-efJ-I,2,3,5-benzotetrazepin·

4(3H)-one 19. The structure of these bi- and tricyclic systems were confmned by IH, 13C and 15N

NMR data. X-ray diffraction of compound 14 shows that the tetrazepinone ring is nonplanar.

INTRODUCfION
" ",

•

Dimethyltriazene Ai (Dacarbazine) shows antineoplastic activity against
\" .

malignant melanomal ,2. Its ri:\echanisrn of action is based on metabolic demethylation to
~

generate the monoalkyl triazene2-4, the cytotoxicity of which is due to ils ability to

methylate DNA5. Imidazotetrazinone B (Mitozolomide), 3çyclic analog of A, has

recently been shown to release a similar metabolite upon hydrolysis6,7 and to display
h,":~::- .

p~t~nt activity against leukemia, murine xenografts, Lewis lung and colon carcinoma8•
li '

IrOne of ils advantages over dimethyltriazeneA is, that it can generate the cytotoxic
:;t ;.

Il/ monoalkyl triazene without the host metabolic activation9•
';..".-J! __
~:r-

A

Those results suggest that other cyclic compounds containing the N=N-N-(a1kyI)

CO-N moiety may be precursors of monoa1kyltriazenes and display similar or more

pronounced antitumor activity. In light of these considerations, we have undertaken the

synthesis of a novel seven-membered l,2,3,5-tetrazepine-4-one ring system which
':::-":.-::.'~;'~-~-

_ contains, like compound B, bath the ureido function and the alkyltriazene linkage.
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• We are reporting here the synthesis of bi- and tricyclic tetrazepinone derivatives,

based on an adaptation of the strategy developed for the synthesis of n10. 15N NMR data

were used in confirming their structure. We are also reporting the confirmation of one

of the structures byX -ray diffraction.

RESULTS AND DISCUSSION

The approach we chose to study was the diazotization of substituted monoureas of

type 3. The diazonium salt can then cyclize to provide either substituted benzotriazole of

type 4 or benzotetrazepinone of type 8.

,

•
rR-{NCO

~ -'-NO a,

©C:HM~

5 XoNOa
• XoNHa

H H
1 1

©C
1.~.yN.o ··0 M~
x·

.-~' ---

Sch.m. 1

o M.
}-{.

©t'N. H

O 'N'1}

N,
4

M~ 0

'N-{
r()Y' r,-M.
~N~N

1 •e

Treatrnent of the commercially available 2-nitrophenylisocyanate 1 with

methylamine provided 2, which was reduced catalytically to give the amine 3.

Diazotization gave the triazole 4, m.p. 700c. The triazole structure was assigned from

the IH NMR which showed a methyl signal at 3.15 ppm as a doublet, coupled with the

NH proton at 7.31 ppm, which appeared as a broad single\. The stability of this

compound allowed the recording of a Standard Pulse 15N NMR spectrurn. at the natural
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abundance level (Fig. 3). Four distinct peaks were observed and their assignments are

based on Iiterature valuesll ,12. Specifie labelling by carrying out diazotization with

Na15N02 showed that the signal at -12 ppm corresponded to the central nitrogen N2.
"

Chemical shift values of -58 and -29 ppm were assigned to N3 and NI and the more

shielded nitrogen N5 resonated at -298 ppm with one-bond N-H coupling constant value

of90 Hz.II

N-1

~=N~,_N~f-rj:=,~~~=~~~N~-5=~~=
50 0 - 50 ~'1~0 -1~0 - 200 - 25~ -/300 - ~~O - 400

1

Fig. 1 15N NMR specuum of 4 (decoupled witb NOE effecl)

Since replacement of the methyl group in 3 by other a1ky1 or aryl groups did Dot

seem to affect the mode of cyclization, it was decided to alkylate the amino group

carrying the carbamoyl function. N-methyl-2-nitro-aniline 5 was reduced to the

corresponding amine 6, and the resulting diamine selectively carbamoylated with methyl

isocyanate to provide 7. Diazotization, fol1owed by adjusting the pH of the solution 10 8,

gave a yel10w powder, mp 40°C, in 52% yield. 115 elemental composition \\'a5

confinned, by i15 microanalysis and chemical ionization mass spectrum, which in

addition to MH+, showeè:',a large MH+-28 peak due to the loss of nitrogen.",ln the lH

NMR spectrum, the two methyl signals appeared as single15 and in the _15N NMR

spectrum, the central nitrogen of the triazene fun~tion showed up as a quartet (3JNH=2.70

Hz) at +72 ppm, as confinned by carrying out the diazotization with Na15NÛ2,. The fact

that ,the peak showed up as a quartet (3JN2H) confinned the presence of the N2-N3-eH3
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moiety. The value of the chemical shift of N2 is similar to those previously reported for

the central nitrogens in l-aryl-3.3-dialkyl triazenes (around 70 ppm)14,IS.20.

"''''"'''
ù'i~
cricri
"''''

o 1 i!ilH\(

70 69

Fig.2 15N NMR speclrum of the N-2 specifically labelled ~ompound 14

Tricyclic tetrazepinone 14 was prepared as shown in Scheme 2.

aminoquinoline as ils tert-butoxycarbonyl derivative 10 upon catalytic reduction gave

the tetrahydroquinoline 11. This after conversion into urea 12 by methyl isocyanate. was

hydrolyzed to the amino urea 13.

~-~-~,
NHR NHR' R N- \

Mo
• R.H 11 A.H, R'.C02Bu' 14

10 R.COa8u' 12 R.CONHMo, R'.CO a8u'
13 R.CONHMe, R'.H

11 x.NOa
11 X.NHa

17 R.H I A'.CONHM.
11 R.CONHMo;-R'.H

.,~:' -"
,.....: Sch.r~ai'2

(1

Diazotization,follow':'::by adjusting the pH to 8. gave tetrazepinone 14, the structure of

which was assigned on the basis of IH, 13e, ISN NMR spectra. chemical ionization mass
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spcctroscopy and elcmental analysis. In addition to MH+, the mass spectrum showed a

large MH+-28 peak duc to loss of nitrogen. In the 15N NMR spectrum, the resonance for

the ccntral nitrogen atom appeared as a quartet at69.50 ppm, 3JN2H=2.70 Hz (Fig. 1).

The synthesis of the morpholino analog of 19 proceeded in a similar fashion. 2

amino-3-nitrophenol was treated with dibro;!!oeihane under basic condition and the

resulling nitrobenzoxazine 15 reduced to 16. Treatment with one:~equiv. of methyl

isocyanate gave 17 as the major product which was separated by cÎ\romatography l'rom

18. Diazotization with NaNOz or Na15NOZ followed by neutralization, gave 19. The

structure assigned was based on elemental analysis and NMR data. In the 1H NMR

spectrum, the methyl signal appeared as a singlet at 3.43 ppm, and the 0-CH2CHz-N

moiety as a pair of triplet at 4.24 and 3.82 ppm. As in the tetrazepinones 8 and 14, the

central nitrogen of the triazene function showed up as a quartet at 68.50 ppm, 3JN2H=2.70

Hz.

In order lO further ascertain the structure and geometry of the 1,2,3,5-tetrazepinone

ring, the X-ray structurc of compound 14 was determined. As shown in Fig. 3a, N5, N3

and 04 were found to be coplanar as expected for a ureido moiety. However, nitrogen N2

of the NI =N2 bond deviated l'rom the plane of the aromatic ring by 0.5384 Â (Fig. 3;' 3b)..

~'. ,
This deviationmakes the 1,2,3,5-tetrazepinone an essentially nonplanar seven-membered

ring. Ils geometry is strikingly differéJü' l'rom that of the 1,2,3,5-triazinone ring in

compound B for which N2 does not significantly deviate l'rom planarity as conclusively

demonstrated by X-ray diffraction results13. The geometry of the tetrazepinone ring is.

simila",: lO that of the diazepinone ring system in the diazepam- related drugs, the X-ray "'c;:
:'::

"':structures of which were recently described by Gilman21 .
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It is noteworthy that 1H and l3e chemicaJ shifts of all tetrazepinones were

slightly more deshielded than in their ureido precursors. Values around 2.70 ppm for the

methyl doublets were observed for ureas 7,13,17, whereas they are at around 3.20 ppm

lb)

Fig. 3 Ortep wiews23 cif the crystallographically determined molecular structure for compound 14
(50% probability ellipsoid). For clarity arbitrary thermal pararnel\'rs were Blo'Signed ID the
hydrogen aloms. ' .

for the methyl singlets in the corresponding tetrazepinones. The sarne trend was

observed for the carbonyl l3e chemical shüts which viere around 159 ppm in the ureas

and around 161 ppm in the corresponding tetrazepinones. This is in agreement with the

fact that the eleetron withdrawing effeet of the diazo group decreases the electron density

at the nitrogens and,..caibons in the ureido moiety. It is also interesting to notice the

striking difference between the chemical shift of the central nitrogen (N2) in thi::
- :'<"

benzotriazole 4 (-12 ppm) and in the letrazepinones 8, 14 and 19 (around + 70 ppm). In

4, the greater shielding of the central nitrogen (N2) is due to the fact that il experiences

additional screening from the eleetronic current in the aromatic triazole ring. In the non

aromatic tetrazepinones, the chemical shift values are analogous to those of the central

nitrogen in open-chain 1-#y1-3,3-dia1ky1 triazenes. Electron delocalization occurs to a
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• much lesser exlent and N3 shows significant sp3 character, as confirmed by X-ray

diffraction resu1ts (Fig, 3),

Table 1. Non-hydrogen bond lengths (A) for 14

O(4)-C(4) 1.21(2) C(I ')-C(2') 1.51(2)
N(5)-C(I') 1.51(2) C(2')-C(3') I,4S(2)
N(5)-C(9') 1.40(1) C(3')-C(4') 1.50(2)
N(5)-C(4) 1.33(1) C(4')-C(5') 1.39(2)
N(3)-N(2) 1.49(2) C(4')-C(9') 1.42(2)
N(3)-C(4) 1.45(2) C(5')-C(6') 1.3S(2)
N(3)-C(3) 1.45(2) C(6')-C(7') 1.36(2)
N(2)-N(I) 1.23(1) C(7')-C(S') 1.39(2)
N(I)-C(S') 1.41(2) C(S')-C(9') 1.41(2)

Table 2. NOll-hydrogen bond angles (0) for 14
l,"

C(I ')-N(5)-C(9') 115,6(S) C(5')-C(4?-C(9') 119(1)
C(I ')-N(5)-C(4) 117(1) C(4')-C(5')-C(6') 122(1)
C(9')-N(5)-C(4) 123(1) .C(5')-C(6')-C(7') 119(1)
N(2)-N(3)-C(4) III.S(9) C(6')-C(7')-C(S') 122(1)
N(2)-N(3)-C(3) 109(1) N(I)-C(Il')-C(ï') 1lE(1)

• C(4)-N(3)-C(3) 115(1) . N(1)'C(S')-C(9') 122(1)
N(3)-N(2)-N(I) 119(1) :~; C(7')-C(S?-C(9') 119(1)
N(2)-N(l)·C(S') 124(1) N(5)-C(9')-C(4') 120(1)
N(5)-C(],)-C(2') 107,1 (9) N(5)-C(9')-C(S') 121.2(9) '>,:
C(I ')-C(2?-C(3') 112(1) C(4')'C(9')-C(S') 119(1)
C(2')-C(3?-C(4') 115.2(9) O(4)-C(4)-N(5) 125(1)
C(3')-C(4')-C(5') 120(1) O(4)-C(4)-N(3) 119.0(9)
C(3')-C(4?-C(9') 120(1) N(5)-C(4)-N(3) 116(1)

EXPERIMENTAL

•

Melting points were measured on a Gallenkamp block and are uncorrected. Thin~

layer and flash chromatography were performed on silica gel 60 F254 aluminum plates

and Merck Silica Gel 60 (230-400 mesh) respectively. IH NMR spectra were recorded

on a Varian XL-200 al 200 MHz. l3C NMR spectra were oblained al 75.40 MHz on a

Varian XL-300. Ali iH ro.'MR spectra were mn in CDCl3 or in DMSQ-d6 aildch~ffiical

shiflS are reponed downfield from TMS. Low l!!!d~jjign;resolutionmas~ speclr!l were·
"'\,\ ....

recorded in a HP 5984A or LKB 9000 and Du Pont 21-492B iilstruments.( J values~are in --
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reported downfield l'rom TMS. Low and high resolution mass spccu'a wem recordcd in

HP 5984A and Ou Pont 21-492B instrumcnts.( J values are in Hz and villas in cm-Il. Ali

compounds w~re shown ta be homogcneous by TLC and high-field NMR. or to .havc a

purityof > 95% by elemental analysis.

Compounds 1. 5, 9 and 15 were obtained l'rom Aldrich Chemical Co.

15N NMR spectra were taken at 30.40 MHz un a Varian XL-300 and chemical

shifts are reported upfield from nitromethane, which Was used as external standard. The

90° pulse width was 18s and the pulse intervul was set at 3s. Speclra were obtuined al'ter

100 scans for the 15N enriched compounds whcn sample concentrations were around 0.10

Min COCI3 (gated coupled)11 and al'ter 1024 scans for the natural abundance specllUm at

a 0.80 M concentration (de(":'uplcd with NOE eITeet).

Ali reaetions were monitored by thin layer ehromatography (TLC).

l'li~1ethyl.(2.aminophenyl.N'.methyl.urea(3).

T,iia stirred solution of compound 1 (2g. 12.20 mmol) in 10 mL of melhylene diehloride

was added dropwise 2.50 mL of 40% aqueous methylamine. The mixlure was then

stirred for 15 min and the pale yellow precipitate was lïltered and hydrogenated in 25 mL

of methanol containing 300 mg of a 10% Pd-C catalysl, at 3 atm for 20 min. Filtration

and evaporation gave 1.8g (89.42%) of a while powder that was recrystallizcd l'rom

methanol; m.p. \700C; IR (KBr dise) vrnax : 3415 (NH. NH2)' 1676 (C=O); 200 MHz !H

NMR (OMSO) 0: 8.0 (br s. 1H. ArNHCO-). 7.86 (d. J=7.86. 1H. Ar). 7.26-7.17 (m. 2H.

Ar). 7.02 (t. J=7.94. IH. Ar). 6.00 (br q, J=4.36. IH, -CONHCH3), 5.20 (s. 2H. NH2)'

3.10 (d, J=4.6. 3H. CONHCH3); 75.40 MHz BC NMR (COCI3) 0: 156.70 (s). 140.70 (s)•

125.40 (s). 124.00 (d), 123.60 (d), 116.52 (d). 115.50 (d). 26.30 (q).
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• N·Methyl·]H.benzotriazole·].carboxamide (4).

To a solution of 3 (l g) in 20 mL of 5M HCI, 2.5 mL of of 17% aqueous solution of

sodium nitrite was added dropwise at OoC with constant stirring. The resulting white

prceipilate was eXlraeted with methylene dichloride and purified on silica gel with a 4:3:2

mixture of chloroform/hexane/ethyl acetate ta give 0.9g of 4 (85%): m.p. 70oC; IR (KBr

dise) vmax: 3380-3210 (NH), 1744 (C=O); 200 MHz IH NMR (CDCI3) 8: 8.30 (d,

J=8.30, IH, Ar), 8.10 (d, J=8.40, IH, Ar), 7.70 (t, J=8.24, IH, Ar), 7.45 (t, J=8.20, !H,

Ar), 7.31 (hr s, IH,-CONHCH3), 3.15 (d, J=5.oo, 3H,CONHCH3); 75.40 MHz BC NMR

(CDCI3) 8: 150 (s), 146 (s), 132 (d), 125 (d), 120 (d), 114 (d), 25 (q); 30.40 MHz 15N

NMR (CDCI3) 8: -12.22 (s), -29.28 (s), -58.00 (s), -298.48 (d, IJNH=90 Hz). Anal. Calcd

for CgHgN40: C, 54.54; H, 4.58; N, 31.80. Found C, 54.90; H, 4.62; N, 32.06.

N-(2·aminophenyl).N,N'.dimethylurea (7).

N-methyl-2-nilroaniline 5 (4g) was calalytically reduced la N-methyl-o-phenylenediamine

6 aceording to Ihe method described for compound 3. Il was oblained as a brown liquid

(2.6, 81 %). Amine 6 (2g) was dissolved in a 100 mL of chloroform and stirred alOoC

with melhyl isoeyanate (l eq). After 30 min, Ihe brown solution was eoneentrated under

vacuum and purified on siliea gel (melhanoIlCCI4: 4:1) 10 give 7 as a brown oil Ihal

solidilïed on standing (2.5g, 86%); m.p. 180oC; IR (KBr dise) vrnax: 3400, 3200 (NH2,

NH), 3000 (CH), 1686 (C=O) IH NMR (CDCI3) 8: 7.2-6.8 (m, 4H, Ar), 4.75 (br s, 2H,

NH2) 4.25 (hr s, IH, -CO-NHCH3), 3.16 (s, 3H, ArN(CH3)-CO), 2.70 (d, J=4.6, 3H,

CONHCH3): 75.40 MHz BC NMR (CDCI3) 159.5 (s), 144.2 (s), 129 (d), 128 (s), 118

(d). 116.2 (d), 34.8 (q). 26.5 (q).

•
3,S·Dimethyl-3H.] ,2,3,S·benzotetrazepin·4(SH).one (8).

Ta a solution of 7 (2g) in 25 HCI (10 mL ) was added dropwise 5 mL of an 8% aqueous

sodium nitrite at OoC. The mixture was then extraeted with methylene diehloride to
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• remove impurities and the pH of the clear aqueous layer was adjusted to 8 with a 5%

solution of sodium hicarbonalc. The precipitale that formed was extracled with methylene

dichloride and purified on silica gel (ethyl acetate/hexane: 7:3) to give I.Ig (52%) of Il as

a yellow powder ; m.p. 40°C (effervescence at 100°C); IR (CHC13) VOlas: 3000 (C-H).

1680 (C=O); 200 MHz 1H NMR (CDC13) Ô: 7.45-7.08 (m. 4H Ar). 3.40 (s. 3H

ArN(CH3)CO-). 3.23 (s. 3H, N=NNCH3); 75.40 l3C NMR (CDC13) Ô: 162 (s),

142.30 (s), 138.5 (s), I32 (d), 128 (d), 124.5 (d), 121 (d), 38 (q), 36 (q)
..

15N NMR (CDCI3) Ô : 72 (q, 31N11=2.70. N2); MS (CI, NH3, m/z, 1%) 191.09 (MH+,-

N2' 28.72), 134.00 (MH+-MeNCO, 14.91); HRMS exact ma~s calcd. for C9HIIN40

(M+1): 191.0933. Found: 191.0932. Anal. calcd for C9H lON40: C, 56.83; H 5.30; N.

29.46. Found: C, 57.00; H, 5.49; N, 29.32.

8·(N·tert-butoxycarbonylamino).} ,2,3,4.tetrahydroquinoline (}}).

A solution of 8-aminoquinoline 9 (2g) and di-t-butyl-dicarbonate (3.5g, 1.15 eg) in

dioxane (50 mL) was refluxed for three days under nilrogen. Evaporalion undcr vacuum

gave }O as a brown oily compound which was sufficienlly pure lO be used for further

reactions; 200 MHz lH NMR (CDCI3) li : 9.00 (br s, IH, NHCOOl-Bu), 8.70 (d, IH.

1=4.2, Ar), 8.40 (d, 1H. 1=4.2, Ar). 8.40 (d, 1H. 1=8.00, Ar), 8.10 (d, 1H, 1=8, Ar) 7.5

7.30 (m, 3H, Ar), 1.80 (s, 9H. COOOt-Bu). A solution of }O and 10% Pd-C (l g ) in

melhanol (30 mL) was hydrogenated at 3 atm overnighl. Filtration and evaporation gave"

colorless crystaIline residue in quantitative yield; m.p. 110°C; IR (CHCI3) vOlax : 3400,

3200 (NH2, NH), 3000 (CH), 1715 (C=O); 200 MHz IH NMR (CDCI3) Ô: 7.10. (d,

1=7.50, 2H Ar), 6.72 (d, 1=7.50, 2H, Ar) 6.63, (t, 1=7.20, Ar), 6.20 (br s, NHCOOt-Bu),

3.28 (t, 1=6.3, 2H, -CH2H2CH2-NH-), 2.80 (l, 1=6.40, 2H, CH2CH2CH2NH-), 1.88

(quintet, 1=6.3, 2H, -CH2CH2CH2-NH-), 1.50 (s. 9H, COOtBu).

•
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S.N.(tert.butoxycarbonylamino).N.methyl.1,2,3,4·tetrahydroquinoline·1·

carboxamide (12).

A solution of 11 (2.8g, 11.3 mmol) and 0.7 mL (l eq) of methyl isoeyanate in

ehloroform (25 mL) was stirred for 26 hours. The. solvent was evapcrated and a white

erystalline residue was obtained in quantitative yie1d; m.p. 135OC; IR (KBr dise) vmax:
!: -",

3300 (NH), 3000 (CH), 1716, 1653 (C=O); 200 MHz tH NMR (CDCI3) S:--7.84 (d, J=8,

lB, Ar), 7.16 (t, J=8, 1H, Ar), 6:87 (d, J=8, 1H, Ar), 6.76 (s, lB, NH-COOtBu), 4.60 (br
r;:

q, 1H, CONHCH3) 3.60 (br, 2H, CH2c;HZCH2NH(CO-), 2.74 (d, J=4.70, 3H, -
:.. ..'

COHNCH3), 2.68 (t, J=7.30, ~H, -CH2CH2CH2NCO-), 1.94 (quintet, J=6.70, 2H,-

CH2CH2CH2NCO-), 1.64 (s, 9H, tBu).

N·Methyl·S·amino.1,2,3,4.tetrahydroquinoline.1.carboxamid..,-(13);,

A suspension of 12 (1.5g) in trifluoroaeetie (l0 mL) aeid-water mixture (85:15) was

stirred ovemight. Dilution with 20 mL of water and neutralization with a 5% sodium

bicarbonate solution gave the deprotected ures as a brown solid (0.7g, 70%); m.p. 13oce;

IR (KBr dise) vmax: 3380, 3300 (NH), 3000 (CH), 1638 (C=O); 200 MHz tH NMR

(CDeI3) S: 6.95 (t, J=8.oo, 1H, Ar), 6.60 (d, J=8.oo, 2H, Ar), 4.95 (br s, 1H,

CONHCH3), 3.83 (br s, 4H, -CH2CH2CH2-NCO-, NH2 overlap), 2.76 (d, J=4.70, 3H, 

CONHCH3), 2.60 (t, J=7.24, 2H, .cHîCH2CH2NCO-), 1.90 (quintet, 2H, J=7.oo,

CH2CH2CH2NCO-).

3·Methyl·6,7·dihydro.1 ,2,3,5·tetrazepino[7,6,5·ij]·4·quinolin.4(3H)·one (14).

To a solutionof 13 (0.7g, 0.5 mmo1) in 5% HCI (l0 mL) was added dropwise at (JO C

with stirring 5 mL of a 5% aqueous solution of sodium nitrite. Extraction with IWO 20

mL portions of methy1ene diehloride removed impurities. The pH of the clear aqueous

layer eontaining the diazonium salt was adjusted to 8 with a 5% solution of Na2C03 at

OOC-!'The brown preeipitate that formed was extraeted with methylene diehloride.
'1\
\"
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Evaporation of the solvent gave 0.55g (76%) of a pure brown powder; m.p. 850C

(effervescence at I{)()o C) ; IR (CHCI3) vmax: 3030 (CH), 1690 (C=O); 200 MHz \H
'; \\

NMR (CDCI3) 8: 7.25-7.00 (m, 3H, Ar), 4.24 (t. J=5.72, 2H;-CH2CH2CH2NCO)-), 3.'Ù ':
i~j:-' j

(s, 3H, N=NNCH3), 2.80 (1, J=6.66, 2H, -CH2CH2CH2NCO-), 1.88 (quintet, J=6.1, 21'1;: i
/;.~-

CH2CH2CH2!iiCG-); 75.40 MHz l3C NMR (CDCI3) 8: 16I.oo~s), 14
0
2:§Q(s),i35.97 "".1-

~ if";~
(s), 132.39 (d),'1131.20 (s); 126.23 (d), 124.98 (d), 44.81 (t), 38.12 (q), 28.53 (t), 23.07

(t); 30.40 MHz \SNNMR (CDÇI:): 70 (3JNH=2.7, N2); MS (CI, NH"m1z, 1%) 217.10
", /.

(MH+, 100), 189.00 (MH+-Nû 160.00 (53.00); HRMS exact mass cilcd for Cl1H\3N~O
fi' .'.'

(M+l): 217.1089. Found: 217.1089. Anal. Cale. for CIlH12N40: C, 61.09; H, 5.53; N,

25.91. Found: C, 61.11; H, 5.55; N, 25.90.

5·Nitro·2,3-dihydrc.l,4-benzoxazine (15).

2-Arnino-3-nitrophenol (3g, 19 mmol) in 15 mL

dibromoethane was heated at reflux and 0.75g (2 eq) of KOH was added portionwise. It

was kept under reflu~ for two days. The solution was poured into 30 mL of water at
" .

OOC. Filtration and column chromatography of the red filtrate on silica gel (ethyl

acetatelhexane: 2:3) gave 1.5 g (43%) of 15 as yellow crystals; m.p. lOOOC; IR (CHCl3)

vmax: 3300 (NB), 1531 (NOû; 200 MHz \H NMR (CDCI3) 8: 7.90 (br s, IH, NH), 7.74

(d, J=8.70, \H, Ar), 6.90 (d, J=8.70, \H, Ar), 6.60 (t, J=8.77;iH, Ar), 4.24 (t, J=4.50,.;." .

2H, -O-CH2CH2-NH-), 3.64 (q, J=4.7, 2H, -O-CH2CHZ-NH-); MS (El, m/z, %) 180

(M+,42.oo) 134 (M-N02' 26). ,.

5.Amino·2,3·dïhydro.l,4·benzoxazine (16).

A solution of ~!1zoxazine 15 (0.7g) and 10% Pd-C catalyst (O.3g) in methanol (15

mL) was hydrogenated at 3 atm. Filtration and evaporation gave a brown liquid in

quantative yield. IR (KBr dise) vmax: 3300, 3200 ~H2, NH), 3000 (CH); 200 MHz 1H
"
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NMR (CDCI3) 0: 6.65 (t, J=8.40, 1H, Ar), 6.4 (t, J=8.20, 2H, Ar), 4.18 (t, J=4.50, 2H, -0-

o CH2CH2-NH-), 3.42 (t, J=4.30, 2H, -0-CH2CH2-NH-), 3.10 (br s, 3H, NH, NH2).

S-Amino·N·methyl.2,3-dihydro-1 ,4.benzoxazine-4-carboxamide (l7).

Compound 16 (O.7g) was dissolvcd in chloroform (25 mL) and methyl isocyanate (0.2

mL, 1 cg) was addcd dropwisc at OOC. The mixture was stirred for 5 hrs, conccntrated

ur,der vacuum and chromatographcd on silica gel (ethyI acetate/hexanc 1: 1): to give OAg

(41 %) of a white crystalline rcsidue; 200 MHz lH NMR (CDC13) 0: 6.90 (t, J=8.00, lH,

Ar). 6.30 (m, 2H, Ar), 5.60 (hl' s, lH, CONHCH3), 4.2 (t, J=4.53, 2H, -0-CH2CH2-NCO

),3.80 (hl' s, 4H, -0-CH2CH2-NCO-, NH2 overlap), 2.80 (d, J=4.6, 2H,CONHCH3); 75040

MHz l3C NMR (CDCI3) 0: 159.13 (s), 150.54 (s), 142.79 (s), 128.69 (d), 116.25 (s),

l09.ll (d), 108.82 (d), 67.46 (t), 43.37 (t), 28.91 (g).

- 0'

3-Methyl-6,7·dihydro[1 ,4)oxazino[4,3,2-ef)-1 ,2,3,S·benzotetrazepin-4(SH)-one (l9).

To a solution of urea 17 (004, 5 mmol) in 15 mL of 5% HCI was added dropwise at OOC

with stirring, 5 mL of a 7% agueous sodium nitrite. The mixture was then stirred for 10

additional minutes and its pH was adjusted to 9 with a 5% sodium carbonate solution and

extracted with thrce 5 mL portions of methylene dichloridc. Evüporation of the solvent

gave 0.25g (60%) of 19 as a pure brown powder; m.p. 110°C; IR (KBr dise) vmax: 3000

(C-H), 1691 (C=O); 200 MHz IH NMR (CDC13) 0: 7.20-6.90 (m, 3H, Ar), 4.24 (t,

-~~ J=4.30, 2H, -0-CH2CH2-NCO-), 3.82 (t, J=4.36, 2H,-0-CH2CH2-NCO-), 3.43 (s, 3H,

. N=NNCH3) ; 75.40 MHz l3C NMR (CDCI3) 0: 161.00 (s) 146.53 (s), 142.43 (s), 126.00

(d), 124.17 (s), 120.60 (d), 119.20 (d), 66.38 (t), 41.40 (d), 38.12 (g); 30.40 MHz 15N

NMR (CDCI3) 0: 68.5 (g, 3JNH=2.7). Anal. calèd for ClQHlQ02N4: C, 55.04;H, 4.62; N..
25.68. FOUlîJ C, 55.56; H, 4.77; N, 25.33.
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X-ray crystallography.- Crystals of compound 14 were obtained from slow evaporation

of 1:1 ethyl acetate/hexl'Ile mixture.

Crystal data.- CnH12N40; M = 216.24. Monoclinic. II = 8.621 (2), b = 14.450(2), c =

8.891 (2) Â, B=108.81 (2)0, V=I048.5 Â3 (5) (oy least-squares refinement on

diffractometer angles for 20 automaücally centred reflections) space group P21/n, (ait.

P21/c, No. 14), 2.=4. Dx =1.370 g cm-3. Small yellow needles. therrnosensitive.

Crystal dimensions: l00xO.IOOxO.lOOmm. j.1<Mo-Ka)=7.21 cm-l .

Data Collection and 1?rocessing.- Rigaku AFC6S diffractometer. ro-28 mode with Ol

scan width =1.52 + 0;30 tanS, scan speed 32 deg min-l, graphite-monochromated Mo

Ka·cradiation, temperature 20 ± 1; 1746 reflections measured 1630 unique after

absorption correction (max. min. transmisssion factors= 1.00. 0.95) giving 742 with

1>20' (1). The intensities of three representative reflections remained constant throughout .

data collection indicating crystal and electronic stability (no decay correction was

applied). The data were corrected for Lorentz and polarization effects. Low temperature

probe was not available.

Structure Analysis and Refinement.- Ali non-hydrogen atom positions from direct

methods18 using the TEXSAN crystallographic sotware package of Molecular Structure

Corporationl9. Ali hydrogen-atom positions from a Fourier difference map. AlI

positional and thermal pararneters (non-hydrogen atoms: anisotropie; hydrogens:

isotropie) and an extinction pararneter were refined by full-matrix least square. Final R

and Rw were 0.087. and 0.072 for 742 observed reflections and 152 variable pararneters.

The weighting scheme w=4Fo
2/s2(J'o2) ob_t!~ined from counting statistics gave

satisfactory agreement analyses. The maximum and minimum peaks on the final

difference Fourier map corresponded to 0.28 .and-0.33 eÂ-3, respectively. Neutral atom

.64
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scattering factors were taken from Cromer and Waber20. Anomalous dispersion effects

were inc1uded in Fcalc;21 the values for.1.f and .1.f' were those of Cromer22. Figures were

drawn with ORTEPII.23·
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• Chapter4

General overview

,

li
;/

In the preceding chapter we showed that il was possible to synthesize

tetrazepinones by diazotizing Nc(2.~aminophenyl)-N,N'-dialkylureas provided that the the

mixture was alkalinified. IlL this chapter we describe the synthesis and stability of

benzotetrazepinones bearing substiuents at the benzene moiety.

We also show that the formation of tetrazepinones results from a relatively stable

aryldiazonium intermediate, the concentration of which varies with the pH of the reaction
--

mixture. We also describe the structure of the products resulting from the decomposition

• of tetrazepinones in chloroform and in aqueous solution.

0'

•
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l,2,3,5·TETRAZEPINONES II.·SYNTHESIS AND STABILITY OF
SUBSTITUTED BENZO·l,2,3,5·TETRAZEPIN·4·0NES.

Bertrand J. Jean-Claude and George Just
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AB8TRACT: The syntheses of 7· and g-substituted·dimethyl-3H-l,2,3,5·benzoletrszepin-4-(5H)-

ones 6b-e, and 10 are described. X-ray diffraction of nitrobenzotetrazepinone 6e showed !hal its

tetrazepinone ring is nonplanar. The stability of the tetrazepinones increased with the

electronwithdrawing character of the substituenL The unstable tetrazepinones 6c and 10 decomposed in

chlorofonm al room tempera/ure 10 benzolriazole derivatives 13c and 11. The decomposition of 6a, c, d

at alkaIine pH gave benzolriazoles 13a, c, d and ureas 14a, c, d. Tetrazepinone 6e decomposed 10 5-

nitro-2-hydroxy.benzimidazole ISe in qUlllltitative yield. ln addition 10 13d and 14d, the decomposition

of 6d showed a small arnount of 2-hydroxybenzilnidazole 15d. At aèidic pHs, the benzotetrazepinones

were found 10 be in equilibrium with their corresp;,ndirg d!:J;~um ureas S.
',' 'l'~. " i'

1::":~""<~~;:

INTRODUCTION.

The discovery of the antilUmour activity of imidazo-l,2,3,5-tetr::zin-4-one

(mitozolomide) Albas stimulated interest in aesigning and synthesizing compounds

containing the N=N-N(alkyl)CO moiety2,3,4. Recently, we reported the synthesis of the

tricyclic system » and the bi-cyclic compound 6a4 featuring the novel 1,2,3,5

tetrazepin-4-olle ring. This system contains, .like Mitozolomide A, the potential pro

monoalkytriazene N=N·N-(alkyl)~CO-N moiety whicb is essential for antirumour

activityS,6. Because mitozolomide can he bydrolyzed to the active mono
c
alkyltrlazene6, it

does not need metabolic activation to shc·,-",_cytotoxicity.

• A
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We now synthesized a series of benzotetrazepinones bearing substituents on

the benzene ring . Our goal was to det(,.mine the effeet of these substituents on the

stability of the ber.~·fuseds,;ven-membered ring. The benzotetrazepinones have

generally been characterized by 1H, 13C , 15N NMR and elemental analysis.

In this paper, we also show that, in aqueous solution, the benzotetrazepinones are

in equilibrium with their diazonium urea preeursors. The ratio of these !wo species

varies with the pHs of the solution and the nature of the ring substituents. The products

resulting from the decomposition of the tetrazepinones at alkaline pHs are also descrlbed.

RESULTS AND DISCUSSION

a. Synthesis

Tetrazepinone 6a was synthesized according to a published method4• The

synthesis of 6b, e and d, proceeded according to scheme 1. N-Methyl-2-ni1l'Oanilines lb,

le, and d, obtained from the treatment of the corresponding 2-nitroanilines with sodium

hydride followed by addition of methyl iodide, were reduced catalytically to diamines

3b, 3e, and 3d. Selective carbamoylation1 at the N·methylamino group by reaction with

methyl isocyanate gave ureas 4b, e and d. Diazotization of the resulting ureas with a

sodium nitrite solution containing Na15N02 where appropriate, and adjustment of the pH

to 8 provided the tetrazepinones 6b, e and d in the yields given in Scheme 1.
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a R,=H
b R, =Me
c R, =H

R2=H [50%J
R2=H [32%]

R2=OMe [6'%J

SchpinO 1

d R1=H R,..""t":1
e R,=NO Z R2=H

[7' %J
[90%J

Similarly, 5-nitro-I-(N-mcthyl)-1 ,2-phcnylcncdiaminc 3e, ohlained l'rom the direel

methylation of 2 with methyl iodide under hasic condition, was carhamoylated with

methyl isocyanate to give urea 4e. Diazotization 01" the urea as descrihed, followed hy

(!djustment of the pH to 6 gave 7-nitro-benzotelrazepinone 6e as yellow neeules in almost

quantitative yield.

The structures cf compounds 6b-e w<~re assigned on the hasis of 1(-], 13e, JSN

NMR and elemental analysis. In the JH NMR spectra, the methyl shil"ts appeared at arounu

3.40 ppm (N3-Me) and 3.25 ppm (N5-Me)'-. In their urea precursors, the same protons

were around 3.10 and 2.70 ppm respectively. The 13e shifts of the methyl groups

•
attaehed to N3 were more deshielded in the tetrazepinones than in their urea precursors

(around 26 ppm in 4b-e and around 35 ppm in 6b-e). The 15N resonanccs l'of the N2
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• label wen: in general observed at around 70 ppm (Table 3) and varied with tbe electronic

cbaractcr of the substituent al the benzene ring.

Me H
1 1

MeO@:NyNo_ 0 0 Me

NHX

7 R'~N02 R":H
8a R'=N02 R"=COOtBu

b R'=NH2 R"=COOtBu
c R'=NHCH3 R"=COOtBu

9. X=NHCO OtBu
b X=H

Me
1

M.O~N ...

Q;-Ü
11

Me
1 0

Meo~N-f
_ ~ IN-Me

N-:::::N

10

[35%]

Scheme 2

- .- .

was methylated to yield 8c, which was treated with methyl isacyanate ta pravide urea 9a.

Deprotectian of 9a in trit1uaroacetic acid, fallawed by neutralizatiangave amine 9b

which was diazotized. Adjustment of the pH ta 8 gave tetrazepinane 10 in 35 % yield

(crude) as a brawn pawder that effervesced slawly at raam temperature.

The synthesis of tetrazepinone 10 praceeded accarding ta Scheme 2. 2

Nitra-4-methaxyaniline 7 was treated with NaH and di-tert-butyl dicarbanate ta give

urethane 8a, which was catalytically reduced ta the '-éori't~~onding amine 8b. The latter

-1 l..,.tT~l'rrrr' rrrT !-rl T """""'1"'''"T"TTrrn'rT"TTT''":''''l~'''T''TrM-1'''''I'' ~160 1.sO 120 00 " , i il li I" "1"1"'·"1"11" r· " 'l'
1 80 GO 40 20PPM 0

Fig 1..l3C NMR 5!'·~trum of fresh 10•
C-4

1;-8

C-I0

c-ll C-6

1 1

C-7
C-12

.Me
, 1 0

I1MeO~N-(.
C-3:~ IN-Me'

10 Il N::;:::::.N

C-9,!
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• Satisfactory 1H, l3C, 15N NMR spectra could be obtained for 10 if they were

taken with freshly prepared samples. In the 1H NMR spectra, the two ureido methyl

groups appeared as singlets at 3.34 (N3Me) and 3.26 ppm (N5Me), whereas for their urea

precursor the same Iilethyl groups appeared as a singlet at 3.17 and as a doublet at 2.74

ppm. In 10, the 13C shifts of the methyl groups attached to N5 and N3 were at 36.82

and 35.13 ppm respectively (Fig. 1). 1'1 urea 9b, they were at 35.47 and 27.54 ppm.

The 15N label appeared at 63 ppm. We have already shown that the use of 15N NMR

spectroscopy to detect 15N labeled N2 in 1,2,3,5-tetrazepinones is an efficient metbod

to assign their structure4. Tetrazepinone 10 was stable enough in solution to allow the

detection of the shifts of NI, N3 and N5 by 15 NMR at the natural abundance level

'-(Table 1). Detailed discussion about the 15N shifts of all t.l)é substituted tetrazepinones is

given in the 15N NMR section.

( The major product isolated from the decomposition mixture, after one week

standing at room temperature, was found to be benzotriazole 11, the structure of which

was confirmed by 1H NMR and mass spectroscopy. In the 1H NMR spectrum, the methyl

group appeared as a singlet at 4.20 ppm. In addition to M+, the mass spectrum showed a

M+-28 peak due to loss of nitrogen.

b. X-ray crystallography.

The X-ray structure of 6~ shows that its fused 1,2,3,5-tetrazepinone ring is

essentially non-planar (Fig. 2, 3), as it is in tricyclic system B (X=CH2)4. Although the

nitro group is para to the triazene chain, it does not seem to greatly affect the
"' '<~,

pyramidality of N3 in the solid. Bond angles (Table 2) around this nitrogen are 1080 (5)

for N2-N3-Cl and 1140 (5) for bath N2-N3-C2 and CI-N3-C2. The torsion angle

between the aromatic ring C5-C6 and the diazo linkage NI-N2 is 141.50 (8), showing a

• niarked deviation orthe triazene chain from coplanarity with the benzene ring. The bond
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• distance between N2-N3 (1.446(7) A) (Table 1) suggesls a single bond character of this

linkage, and the pyramidality of bonding about N3 suggests a somewhat sp3 character of

the latter nitrogen. These results

and imidazotriazenesl3 ,14 and

constrasl with those reported for open-chain benzo

mitozolomide A15 in which bond lengths of N2-N3

•

(1.305 A, 1.309 A, 1.374 A), and the planarity of bonding around N3, indicate ilS

06'

Fig 2.- ORTEP23 view of the crystallographical1y det~rmined structure for 6e (50% probability
ellipsoid). For clarity, hydrogen atoms have been omit!ed .

•
Fig 3.- Stereoviews of the contents of the unit cell of crystals of (je;

75



• Table 1. Non.hydrogen bond lengths (A) for 6e

O(I)·C(2) 1.228(9)
0(2)·N(5) 1.205(7)
O(3)·N(5) 1.227(S)
N(I)·N(2) 1.253(10)
N(I)·C(5) 1.409(9)
N(2)·N(3) 1.446(7)
N(3)·C(1) 1.4S9(9)
N(3)'C(2) 1.419(S)
N(4)·C(2) 1.361(10)

N(4)·C(3) 1.466(6)
N(4)·C(4) 1.407(9)
N(5)·C(S) 1.413(10)
C(4)-C(5) 1.399(S)
C(4)'C(9) 1.3S3(10)
C(5)-C(tï) 1.384(10)
C(6)·C(7) 1.375(11)
C(7)·C(S) 1.374(9)
C(S)'C(9) I.3S9(9)

Table 2. Non.bydrogen bond angles (0) for 6e

(

N(2)·N(I)·C(5) 122.5(5)
N(I)·N(2)·N(3) 117.4(5)
N(2)·N(3)·C(I) IOS.O(5)
N(2)·N(3)-C(2) 114.5(5)
C(l)·N(3)·C(2) 114.3(6)
C(2)-N(4)-C(3) 115.3(5)
C(2)-N(4)-C(4) 121.5(5)
C(3)·N(4)-C(4) 119.0(6)
O(2)·N(5)-O(3) 123.6(7)
0(2)·N(5)·C(8) 119.0(6)
0(3)·N(5)·C(S) 117.5(5)
C(1)-C(2)-N(3) 120.5(7)
0(1)-C(2)-N(4) 123.3(6)

N(3)·C(2)·N(4) 116.2(6)
N(4)-C(4)·C(5) 120.3(6)
N(4).C(4)-C(9) 119.9(5)
C(5)·C(4)·C(9) 119.6(6)
N(I)·C(5).C(4) 124.2(6)
N(I)·C(5).C(6) 115.2(5)
C(4)-C(5).C(6) 120.1(7)
C(5)-C(6).C(7) 121.4(5)
C(6)-C(7)·C(S) 116.9(6)
N(5)-C(8)-C(7) 119.0(6)
N(5)·C(S)·C(9) 117.0(5)
C(7)·C(S)-C(9) 124.1(6)
C(4)·C(9)·C(S) 117.7(5)

•

considerable sp2 character: These results suggest that the triazene chain in tetrazepinones
- -~:.:: .

is ooly we3kIy conjugated with thf;' phenyl ring or that the lone pair of N3 is only

delocalized to a minor extent

c. Stability.

The U.V spectra of the tetrazepinones 6a-e and 10 at pH 8-10 were quite

variable. However at acidic pHs, a very distinct peak appeared above 300 nm in the

spectra of 6a-e and 10 presumably due to the presence of diazonium species. The same _.ç
··~·-'--.~r·

spectra were observed when freshly diazotized ureas were kept at acidic pHs. It is known
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• that diazonium salts absorb in the range of 300-450 nm in the UVI8.19. The presence of

the diazonium ion was further confumed by ISN NMR spectroscopy which showed a

peak at around -60 ppm for ISN labelled 6a. 6c and 6e at acidic pHs. We could also

observed a doubletat around -300 ppm (I]NH=91 Hz) in the spectra of 6a and 6c at

acidic pHs. The -60 ppm shift values have already been reported for bf;nzene diazonium>

saltsI7a.l7b and doublets around -300 ppm in general correspond to N3H of an aromatic

ureido compoundl6. The existence of the diazonium ion was further confumed by the IR

spectrur.:: uf the residue resulting from the evaporation of an acidic mixture of 6a which

showeda strong peak at 2300 cm-I. In snmmary. the UV. IR and 15N NMR data results

suggest the presence of a diazonium urea species of type 5 at acidic pH.
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Fig S. Variation of lhe diazonium urea/benzotetrazepinone equilibrium ratio for 6a (0) and 6e ( • )

wilh lhe pH of lhe aqueous solution

Since the UV gave peaks (300-400 001) that disappearee! or diminished upon

alkalinification (Fig. 4), we assumee! that this was due to a decrease in the concentration

of the diazonium species Sa-e which are in equilibrium with the cyclic tetrazepinone

forms 6a-6e. We therefore usee! the UV measurements to establish the pH dependence

of diazonium urea!benzotetrazepinone ratio. Typical pH dependentolots are shown in

Fig 5. Although there is some scalter, the trend is unequivocal: the concentration of LlJe

diazonium urea is higher at acidic pHs. Also, diazonium ureas containing electron

withdrawing groups formed tetrazePin0nes at lower pH than tho'~e containing electron
,

donating group. As shown in Fig. 5, while_the equilibrium lies tl)wardJhe formation of

tetrazepinone 6e (tetrazepinone/diazourea.: 9:1) at pH 7, it still favours the formation of

diazonium urea in the aquo:.ous solution of 6a (tetrazepinone/diazonh,;m urea: 1:3).

The acid lability of the tetrazepinone ring is in accordance with the known

instability of triazenes derivatives in acidic mee!iuml2a-l2c• 22. Recently, Smithl2a, 12b

reported the scission of open-chain ureidotriazene 12a into a diazonium species and
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• N.N'-dimethyl·urea al acidic pH. This decomposition pattern is analogous 10 thal of

tetrazepinones which in facl are cyclic ureidotriazenes.

(

'28

Te~!!inones6b, t, and 10 .decompose in chloroform as confumed by their

ISNMR spectra which showed an additional peak al around ·S ppm for the lSN label:

Thin layer chromatography showed the formation of a single decomposition product at

lower Rf than the corresponding tetrazepinone. The concentration of this compound in

the decomposition of 6c was high enough to alIow ils isolation by flash chromalography.

IH NMR and elemental analysis confirmed that il was l-methyl-S-melhoxy-benzo-1H

triazole 13c. This is in agreement with the observed -5 ppm Shifl which is typical of N2

in benzotriazole derivatives4• In ils proton NMR spectrum. the N-methyl singlet was

more deshielded than in ils parent benzotetrazepinone spectrum (4.2 ppm for

benzotriazole and 3.4 ppm for the corresponding benzotetrazepinone). The mechanism

by which such a compound is generated may involve the ring opening of 6c to give a

diazonium urea zwitlcrion sirnilar to Sc which may cyclize to benzotriazole 13c with

loss of methyl isocyanate.

The peak al around -5 ppm in the lSN NMR spectracof 6b. 6c, and 10 was not

observed in those of 68. 6d and 6e andthin layer chromatography did not show the

appearance of any decc~position products. It appeared that tetrazepinones bearing

elcctrOn withdrawing group were more stable than those bearing electron domiting

Il 79
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groups. The methoxy substituted tetrazepinones decomposed in the solid and in solution

whereas the chlora- and nitro-substituted compounds show stability at room temperature

bath in solution and in the solid. The nitrobenzotettazepinone was stable enough for

recrystallization and X-ray diffraction at room temperature.

The aqueou~,decompositionof nitrosoureas24 12b and imidazotetrazinones25 of

type A at alkaline pHs is initiated by the hydrolysis of the ureido moiety. Nitrosoureas

are hydrolyzed to an alkyl diazotate and an alkyl isocyanate moiety, whereas

imidazotetrazinone A is known to decompose to a monoalkyltriazene, which in turn,

liberates an alkyldiazonium species2S. A similar decomposition pattern was expected for

benzotetrazepinones. However, the products isolated from the aqueous decomposition

of benzotetrazepinones 6a, 6c-e after stirring ovemight at room temperature at pH 9

were completely different from those expected. Tetrazepinones 6a, c, d gave mainly

meas 14 whereas 6e afforded benzimidazole ISe as the major product. The

decomposition was slUdied at pH 9 because the concentration of tetrazepinone was

found to be maximal at alkaline pHs.

Mo Mo H
Mo

1 1 1 Rl)QJ:~>=OR':©L= Rl~Nlrll...Moo ~
R2 ::- R2 7

R2 H
'3 '4 15

• R
1

_R
2

cH

• R,=H R2=OMo
d R,.H R2=Cl
• R,.N02 112·H

"

Ur;.:as 14a, c, d obtained from 6a, c, d prcsumably result from the

dedill2l>niationi6 of the diazonium urea species which are always present in aqueous

solution at up to pH 9. The structure of 14a was conf1TlDed by its independent synthesis.

Treatment of N-rnethylaniline with methyl isocyanate gave a color1ess solid residue, the
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• NMR and ''llelting point of which were identical to those of 148. The structure of ureas

14c.d was allsigned by IH NMR and mass spectroscopy. The presence of a singlet at

around 3.1 pprr~ and 8 doublet at around 2.7 ppm conf1T1Ded the existence of the

N(CH3)CONHCH3 moiety. The mass spectra showed strong M+·MeNCO peaks.

.<.:-.
16

•O-N=N~R

17

(

•

The mechanism of the dediazoniation of aryl diazonium in a1kaline mixture has

been extensively studiedI7a,25. Dreher, Niederer, Rieke~. Schwartz and Zollinger17a

showed by [CINDP] ISN NMR spectroscopy that the mechanism of a1kaline

dediazoniation of p-chloro-benzenediazonium involved homolytic processes. They .

suggested that the arenediazonium 16 and the diazotate 17 re~u1ting from the addition of

hydroxide ion to 17, may couple to give 'diazoanhydride 18 • The latter may collapse

homolytically to the radical pair 19, which may in turn generate the aryl radical 20

responsible for the formation of bel.lzene derivatives by hydrogen abstraction. 'They

reported a 148 ppm s~tJCl.r1!.'!2~ in the diazotate 17 and ·69 ppm for N2 in

diazonium ion 16.

R*N=N-1~-N=N~R

1~
R---.!ô'-N=N-O' 'N=N---"Ô'-R
~ 19- ~. - +

'@-R
20

Scheme 3

"

!'
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• Intl'restingly, when we l'an the 15N NMR of the crude decomposition mixlure Gr
the N2 bbelled compound !la, a peak was observed at 170 ppm indicating the possihle

presence of an aryl diazohydroxy urea species of type 17. These results indicale that the

mechanism of the decomposition of 6a, 6e·d couId paralle! that descrihed for henzene

diazonium species as outlined in Scheme 3. We also observed a peak at -3 ppm

indicating the presence of benzotriazole 13a and a peak at 305 ppm indicating the N3 or a

ureido function, presumably that of the dediazonation product 14a. We now know thal

the 15N shift of the N3-methyl ureido nitrogen in aromatic ureas is around 3D:! ppm lfi.

More interesting was the decomposition of the nitro substituled compoumls (je.

which, when stirred ovemight in aqueous sodium carbonate or aqueous methylamine

gave a quantitative yield of 15e. This mode of decomposition.rriaf:b·~ l"avoured by lhe

polarity of the solvent sincc the same resull was also obtained when (je was kept in

ethanol or in water. We know l'rom the X-ray structure of this compound that the N5-C4

bond has a cjouble bond character and the C4-N3 a single bond character. This is in
,

agreement with the possibility that in polar solvent, it may partIy exist as dipole 21

which may adopt conformation 22. The latter may rapidly cyclize 10 23 whü:h in tum

could be hydrolyzed to benzimidazole 15e. In an effort to trap intermediate species

involved in this mode of decomposition, the 15N NMR of N:! labellcd (je in the

•

presence of benzylamine was studied. In addition ta the N2 labelled tetrazepinom: signal

at 80 ppm, a strong peak at 69 ppm and two other small signaIs at 66 and 22 ppm were

observed. The strong signal may probably be due to intermediate 23. Owing to tlle

complexity of the mixture resulting l'rom this experiment, we were unable 10 idcntify the

products responsible for these peaks.
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A similar 2-hydroxybenzimidazole derivative 15d was also observed in the

decomposition of 6d, although as a minor product. It seems then that this decomposition

pathway is favoured by ek,tronwithdrawing group on the phenyl ring.
\ , -

In summary, the aqueous decomposition of tetrazepinones does not seem to

involve the hydrolysis of the ureido moiety like in mitozolomide. This is in aeeordanee

with theJaet that the earbonyl in imidazotetrazepinone is in a more eleetron deficient

envirorlIDent (IR vmax: 1725-1790 em-l)2 than that of benzotetrazepinone (IR, vrnax:

( 1690-1700 cm-l).

d. 15NNMR

The lSN parameters for ail tetrazepinones are summarized in Table 3. The shifts

of N5 are around -277 ppm except in 6c for whieh liNS is at -283 ppm. This high

•

shielding may be due to . the electron donating charaeter of the methoxy group located

para to iL This shielding indieates a signifieant electron density at N5, and may aeeount

for the irlgh proclivity of 6c to decompose to benzotriazole 13c . Since this

decomposition may occur via a diazonium urea of type Sc, an electron rieh NI may

aeeelerate cyclization to benzotriazole. In the triazene chain, the resonances of NI are

more shielded as the electron donating character augments (e. g. p -CH3 (6b),

liNl=45ppm, P-N02 (6e), liNl=42ppm). A similar trend was observed for the lSN shifts

of substituted open·chain aryltriazene and was attributed to the contribution of the

dipolar resonance structure of type 24 in which an electronattracting substituent should
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• Table 3.·15N NMR chemical shifts, in ppm, of substituted·

1,2,3,5·benzotetrazepin.4·ones

No RI Rz NI N2 N:> N5

6a H H 45.50 71.20 ·197.:>0 -27H.OO

6b" H CH3 45.10 68.50 -197.72 -277.60

6c" H OCH3 45.80 74.60 -!99.00 -28:>.00

6d H CI 43.30 75.30 -195.60 -278.00

6eb N02 H 42.40 80.40 -193.00 -277.50

9"' c OCH3 H 44.00 63.00 -197.72 -276.00

•

•

"A peak al around -5 ppm was also observed duc 10 dle fOllllalion of n benzotriazole derivative.

bA peak al-15 ppm was observed for !he nitro group

cA· peak al -49 ppm was aiso observed presumably duc ln lbe NZ of a diazonium spedes.

eleclron-auracting substituent should cause an increase in the elcctron c1ensity at N19.1la•

llb. It should be noted that the contribution of dipolar resonancc structures of type 24 tll

the shielding of NI in tetrazepinones is weak when comparcd with the same dTect in

open-chain triazenes in which a 16 ppm shielding results l'rom the replacement of a p-M,~

bya p-nitro group (e. g. p' -CH3,15NI=-23.68, p-NOz,15Nl=-39.26) . The samc change in

benzotetrazepinones only caused a 3 ppm shielding. This may weB l1c.d~c to the

electronwithdrawing effect of the carbonyl that decreascs the contribution (Ji' thc N3 lon-:

pair to n-n delocalization towarr.l the triaz<;;nc moiety.

• This posilion Is relalive la lbe triazene ebain
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24

The shifts of N3 showed a deshie1ding trend as the electronwithdrawing characler

of substituents increased. This is also in agreement with the resonance conoibution

of type 24 . As eleetron withdrawing character of R increases, due to the development of

a positive charge at N3, the e1eetron density at the latter nitrogen should normally

decrease.

The shifts of N2 are very sensitive to substituent changes (e.g. P-OCH3' 63 ppm,

P-N02' 80.40). This effeet shows that there is an important eleetronic interaction

between the substituent on the pheny1 ring and the diazo linkage in the

benzoletrazepinones.

e. cor.cl~i~'r

This stll{ly conc1usively demonstrates that 1,2.3,5-tetrazepin-4-one ring is

stabilized by e1eetronwithdrawing groups on the phenyl ring, and destabilized by

e1ectron donating groups. The unstable tetrazepinones aromatized by loosing methy1

isocyanate. Higher yields of tetrazepinones are obtained when ureas comaining electron

withdrawing groups are diazotized. The formation of the tetrazepinones is more

favoured at basic pHs.

f. Biological activity

The antitumour activity of the tetrazepinones was evaluated against 12 human

cancer celllines and their activity compared with that of the clinical drug N'-cyclohexy1

N-(2-chloroethy1)-N-nitrosourea (CCNU)25. Tricyclic tetrazepinones B, and bi-cyclic

tetrazepinones 6d, e showed interesting antitumour activity. Detailed biological

evaluation of tetrazepinones will he reported elsewhere.
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EXPERIMENTAL

Melting points were measured on a Gallenkamp block and are uncorrected. Thin

layer and flash chromatography were performed on silica gel 60 F254 aluminum plates

and Merck Silica Gel 60 (230·400 mesh) respectively. IH NMR spectra were recorded

on a Varian XL-200 al 200 MHz. 13C NMR spectra were obtained at 75.40 MHz on a

Varian XL-300. AIl IH NMR spectra were run in CDC13 or in DMSO-~ and chemical

shifts are reported downfield from TMS and a1lcoupling constants are in Hz. Mass

spectra were recorded on a Kratos MS25RFA. AIl compounds were shown te be

homogeneous by TLC and high-field NMR, or ta have a purity of > 95% by elemental

analysis.

The 2-nitroanilines were purchased from Aldrich Chemical Company.

ISN NMR spectra were taken at 30.40 MHz on a Varian XL-300 and chemical

shifts are reported up- and downfield from nitromethane, which was used as extemal

standard. The 9QO pulse width was 18 ~s and the pulse interval was set at 3s. The

lemperature of the probe was maintained al ()O C for the spectra of diazonium salts and al

2()O C for the natural abundance spectra. Spectra were obtained after 100 scans for the

15N enriched compounds when sample concentration were around 0.10 M in CDCI3

(galed coupled) and after about 9000 scans for natural abundance spectra at

concentrations around 0.5 M.

AIl reactions were monitored by thin layer chromatography (!'LC)
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nitroaniline (3g. 19.7 mmo1) in dimethy1 fonnamidt: (DMF) (50 mL) was trt:alt:d \Vith

NaH (600 mg). When the gas t:vo1Ulion ceased. methyl iodide (1 mL) \Vas addl~d

• 5-Methyl-l-(N-methyI)-2-phenylenediamine (3b). A solution of 5-mt:thyl-2-

,

•

dropwise at 00 C and the solution was stirred for 1 hl' al"tcr which it was diluted with

co1d water (100 mL). N.5-dimethyl-2-nitroaniline 2l prccipitated as ycllow crystals

which were dried under vacuum (3g. 92%); TLC (20o/r ethyl aœtalt: in ht:xant:). Rf=O.5:

m. p. 900 C; 200 MHz 1h NMR (CDC13) 0: 8.03 (d, 1H, 1=8.82. Ar), 6.58 (s. 1H,Ar).

6.43 (d, 1H, 1=8.72, Ar) 6.10 (br s, 1H, NHCH3), 2.98 (d, 3H, 1=S.1O. NHCH3), 2.D (s,

3H, ArCH3): CIMS (iso-butane) mil (relative illlensity) 167 (MH+, 100'k)

A solution of 2b and 10% Pd-C (SOO mg) was hydrogenated in melhanol (25 mL)

at 2 atm. Filtration and evaporation gave 3b as a brown liquid in quantitativt: yield, TLC

(10% methanol in methyJcne ch10ride), Rf=O.SO; 200 MHz 1H NMR (CDCI3) 0: 6.6 (d,

IH, 1=8.2, Ar), 6.45 (overlap of d and s, 2H, Ar), 3.2 (br s, 2H, NH2), 2.83 (s, 3H,

NCH3), 2.25 (s, 3H, ArCH3). (N-a1kyl-I,2-phenylene diamines darken wben exposed to

light; they must be used immediate1y after thdr preparation)

4-Methoxy-l-(N-methyl)-1,2.phenylenediamine (3e), As described for 3b; the N

metbyl-2-nitroaniline 2c was obtained from 2-nitro-4-methoxyaniline (2g, 12 mmol) in

DMF (50 mL), NaH (600 mg) and of methy1 iodide (1 mL) (Yield: 2g, 92%): reddish

needlcs, m.p 1200 C; TLC (80o/c hexane in ethyi acetate), Rf=0.5; 200 MHz tH NMR

(CDC13) 0: 8.00 (br s, IH, NHCH3), 7.60 (d, IH, 1=3.0, Ar), 7.17 (dd, IH, 1=9.26, 1=3,

Ar), 6.8 (d, IH, 1=9.26, Ar), 6.10 (br s, IH, NHCH3), 3.80 (d, IH, 1=5.10, OCH3), 3.01

(d, 3H, 1=3.56, NHCH3); CIMS (iso·butane) m/z 183 (MW, 100%).

A solution of 2c (1.9 g) and 10% Pd-C (3S0 mg) in methano1 (20 mL) was

hydrogenated at 2 atm. Filtration and evaporation gave 3c a~ a brown liquid in
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quantitative yield; TLC (10% methanol in methylene diehloride), Rf=O.8; 200 MHz tH

NMR (CDCI3) li: 6.8 (d, 1H, J=8.6 , AI), 6.25 (s, lH, AI), 6.20 (d, lH, Ar), 3.7 (s, 2H,

NHz), 2.7 (s, 3H, NHCH3)'.

4-Chloro-l.(N-rnethyl)-I,2-phenylenediarnine (3d). As deseribed for 3b; the N

methyl-2-nitroaniline 2d was obtained from 2-nitro-4-ehloro-aniline (2g, 11.6 mmo1)

and methyl iodide (1 mL) and NaH (600 mg) in DMF (50 mL) (yield: 2g, 90%), TLC

80% hexane in ethyl aeetate), Rf=O.5: yellow needles, m. p. 1000 C. 200 MHz tH NMR

(CDCI3) li: 9.14 (d, 1H, J=2.6, AI), 8.6 (br s, lH, NHCH3), 8.30 (dd, IH, J=9.60, J=2.6,

Ar), 6.92 (d, 1H, J=9.6O, AI), 3.15 (d, 3H, J=5.2, NHCH3); CIMS (iso-butane) mlz 187

(MH+, 100%) .

A solution of 2d (1.9 g) and 10% Pd·C (350 mg) in methanol (20 mL) was

hydrogenated at 3 atm. Filtration and evaporation gave 3d as a brown liquid in

quantitative yield; TLC (10% methanol in methylene diehloride), Rf=O.7; 200 MHz IH

NMR (CDCI3) li: 6.8 ( over1ap of d and s, 2H, J=8, AI), 6.5 (d, lH, J=8, Ar) 3.4 (br

singlet, 3H, NHCH3, NHz), 2.8 (d, 3H, J=5, NHCH3)'

S·Nitro-l.(N·rnethyl)·2-phenylenediarnine (3e).-To a solution of 4-nitro-1,2

phenylenediamine 1 (6g, 39.2 mmol) in DMF (50 ml) was added dropwise methyl

iodide (2 mL, 0.8 eq) and 40 % sodium carbonate (10 mL). The solution was stirred

overnight and the solvent was evaporated under vaeuo. The dark-red residue that resulted

was ehromatographed on sillea gel to give 3e (4g, 48 %) as a yellow solid; m.p. 12QOC;

n..C (40% hexane in ethyl aeetate), Rf=O.30; 200 MHz tH NMR (CDCI3) li:7.68 (d, 1H,

J=7. M, 7.5 (s, 1H, AI), 6.65 (d, J=7. M, 3.9 (br s, NHz). 3.2 (br s, 1H, NHCH3), 2.9

(d. 3H, J=8. NHCH3); CIMS (iso-butane), mlz 168 (MH+. 1(0).
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• N.(Z.Amino·5.methylphenyl)·N·methyl·N'.methylurea (4b).

A solution of 3b (2.2 g, 16.6 mmol) in methylene chloride (100 mL ) was treated with

methyl isocyanate (0.4 nù, leq) at room temperature. The mixture was kept ovemight

and evaporated under reduced pressure. Purification by column chromatography (5%

methanol in methylene dichloride) gave 4b (2g, 64 %) as a pale brown powder, m. p.

118° C; 200 MHz 1H NMR (CDCI3) ô: 6.95 (d, lB, J=8, Ar) 6.85 (s, IH, Ar), 6.72 (d,

IH, J=8, Ar), 4.25 (br s, IH, CONHCH3), 3.( (s, 2H, NHz), 3.15 (s, 3H, ArCH3NCO),

2.71 (d, J=4.6, CONHCH3), 2.2 (s, 3H, ArCH3); 75.40 MHz 13C NMR (CDCI3) ô:

158.28 (s), 141.24 (s), 129.87 (d), 128.88 (d), 128.46 (s), 127.42 (s), 116.52,36.43 (q),

27.43 (q), 20.21 (q).

(

•

N·(2·Amino·4.methoxyphenyl),N·(methyl).N'.(methyI)·urea (4c).

As described for 4b; From 3b (lg, 7 mmol) and methyl isocyanate (0.4 mL, leq) in

methylene dichloride (50 mL) . Purification by column chromatography (5% methanol in

methylene dichloride ) gave 4c (1.2g, 86.4 %) as a white powder, m.p 1350 C; IR

(CDCI3) v: 3400 (NH, NH2), 3000 (CH), 1649 (C=O) cm-1; 200 MHz IH NMR

(CDCI3) ô: 6.92 (d, IH, J=8.3, Ar), 6.31 (s, IH, Ar), 6.30 (d, IR, J=8.3, Ar), 4.4 (br s,

IH, CONHCH3) 3.7 (s, 3H, OCH3), 3.15 (s, 3H, ArNCH3CO), 2.71 (d, J=4.5,

CONHCH3); 75.4 MHz (CDCI3) ô: 158.09 (s), 152.95 (s), 137.35 (s), 128.37 (s),

117.5862 (d), 115.61 (d), 113.62 (d), 55.80 (q), 35.47 (q), 27.54 (q).

N·(2·Amino-4·chlorophenyl)·N·methyl·N'.methylurea (4d). As described for 4b.
. .

From 3d (2g, 14 mmol) and methyl isocyanate (l mL, leq) in methylene dichloride

(100 mL). Purification by column chromatography (5% methanol in methylene

dichloride) gave 4d (2.1g, 75 %) as a white powder; m. p. 150 oC; 200 MHz IH NMR

(CDC13) ô: 6.85 (d, J=8.3, Ar), 6.75 (dd, IR, J=2.0, Ar), 6.67 (dd, IH, J=2.0, J=8.3),

4.4 (br q, IR, CONHCH3), 4.20 (s, 2H, NHz), 3.15 (s, 3R, ArNCH3CO), 2.70 (d, 2R,
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J=4.0, CONHCH3: 75.4 MHz l3C NMR (CDCI3) li: 159.38 (s), 146.33 (s), 136.00 (s),

131.30 (d), 127.24 (s). 120.14 (d), 117.23 (d), 36.80 (q), 28.85 (q).

N-(Z-Amino-S-nitrophcnyl)-N-methyl-N'-methylurea (4e).

A SolUlion of of 3e (680 mg, 4.12 mmol) in acelOnilrile (15 mL) was treûted wilh melhyl

isocyanale (0.30 mL) and kepl overnight wilhoul stirring. The pale yellow precipilate that

formed was fillered and dried under vacuum to give 4e (650 mg, 72%) as a yellow

powder; m.p. 180-185" C; 200 MHz tH NMR (DMSO) li: 8.39 (dd, IH, J=8.8, J=2.5,

Ar), 8.36 (d, IH, J=2.5, Ar), 7.23 (d, !H, J0=8.8, Ar), 7.11 (s, 2H, NHz), 6.30 (q, H, J=5,

HNCH3)' 3.40 (s, 3H, ArCH3), 2.99 (d, 3H, J=5, NHCH3); 75.4 MHz l3C NMR (CDC13)

li: 157.17 (s), 152.60 (s), 135.60, 126.37 (d), 126.14 (s), 125 (d), 114.01 (d), 35.12 (q),

26.70 (q).

3,5,7-Trimethyl-3H-t ,Z,3,S·benzotetrazepin-4(5H)-one (6b).

Urea 4b (lg, 5.55 mmol) was dissolved in 2N HCl (20 mL) and diazotized with 20%

aqueous [5%15N] NaNOz (2 mL); (enrichment was obtained by mixing 20 mg of

Na 15NOZ wilh 380 mg of NaNOZ ). The solution was extracted three times with

melhylene dichloride. Aner adjusting ils pH lo 8, the aqueous layer was reextracted six

limes wilh 100 mL portions of hexanes. The solvent was evaporated lO give 6b (360 mg ,

36%) as a pale brown powder, m. p. 600 C. IR (CDCI3) v: 3000 (CH), 1682 (C=O) cm-l ;

UV (methanol) '-max (E): 240 (11000) 374 (6000); 200 MHz lH NMR (CDCI3) li: 7.3 (d,

IR J=8, Ar), 7.04 (d, dd, IH, J=1.2, J=8, , Ar), 6.9 (d, IH, J=1.2, Ar), 3.37 (s, 3H,

N=NNCH3)' 3.26 (s, 3H, ArN(CH3)CO), 2.40 (s, 3H, ArCH3); 75.40 MHz BC NMR

(CDC13) li: 160.77 (s), 143.30 (s), 140.46 (s), 139.59 (s), 128.30 (s), 126.56 (s), 121.27

(s), 38.05 (q), 36.25 (q), 22.86 (q). Anal. Calcd for CIOH 12N40: C, 58.8i; H, 5.92; N,
"

27.44. Found: C, 59.18; H, 5.88; N, 27.23.
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3,S-Dimethyl-S-methoxy-3H-} ,2,3,S-benzotetrazepin-4(SH)-one (6c).

Urea 4c (720 mg, 3.6 mmol) in 2N HCI (10 mL) \Vas diazotized \Vith 20%aqueous 15%

l5N] NaN02 (1.3 mL). The mixture \Vas extracted \Vith three 20 ml portions of methylene

dichloride . The pH of the aqueous layer \Vas adjusted to 8 \Vith a salurated soùium

carbonate solution, anù the precipitate thal formed \Vas extracteù 5 times \Vith 25 mL

portions of methylcne dichloride. Thc solvent was ùrieù over anyùrous potassium

carbonate and evaporated to give 6c as a brown powùer; m. p. 109" C; IR (CDCI1) v :

1690 (C=O) cm-!; UV (methanol) ~nax(E): 238 (17640),302 (2940) ; 20() MHz \H NMR

(CDCI3) 0: 7.05 (overlap of d, 2H, J=9, Ar), 7.1 (s, IH, Ar), 3.85 (s. 3H, OCH3), 3.4 (s,

3H, N=NNCH3) 3.25 (s, 3H, ArNCH3CO) ; 75.40 MHz l3C NMR (CDCI3) 0: 159.37 (s),

155.34 (s), 141.97 (s), 131.45(s), 120.49 (d), 118.61 (ù), 109.60 (d), 55.73 (q), 36.80 (q),

34.94 (q). Anal. ealcd for CIOH12N402: C, 54.54; H, 5.49; N, 25.44. Founù: C, 54.47; H,

5.53; N, 25.26.

3,5-Dimethyl-S-chloro-3H-} ,2,3,5-benzotetrazcpin.4(SH)-one (6d).-

As described for 6c; from 4d (1.2g, 5.61 mmol) and NaN02 (0.387 g) in 2N HCI (15

mL) (0.9g, 71.3%): brown powder, m. p. 85° C. IR (CDCI3) v: 3000 (CH) 1696 (C=O)

cm-!; UV (methanol) "'max (e): 260 (5825), 291 (1947); 200 MHz lH NMR (CDCI3) 0:7.4

(s, IH, Ar), 7.35 (d, IH, J=9, Ar, 7.05 (d, IH, J=9, Ar), 3.4 (s, 3H, N=NNCH3), 3.25 (s,

3H, ArNCOCH3); 75.40 MHz l3C NMR (CDCI3) d: 159.()6 (s), 141.95(s), 136.97 (s)

131.08 (d), 129.61 (s), 128.63 (d), 120.96 (d), 36.90 (q), 35.04 (q). Anal calcù for

CgHgN4CIO: C, 48.10; H, 4.00; N, 24.50. Founù: C ,47.92; H, 4.04; N, 24.50.

3,5-Dimethyl-7-nitro-3H -} ,2,3,5·benzotetrazepin-4(SHl-one (6e).

From 4c (1.2 g, 5.35 mmol) in 2N HCI (15 mL) and 20% aqueous [5% l5NI NaN02 (2

mL). The pH of the aqueous layer was adjusteù to 6 and the precipitatc that formeù was

extracted 6 times with 20 mL portions of methylene dichloridc; The solvent wa.~ ùricù

9!
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llver anhydrous sodium carbonate and evaporated to give Se (1.13, 90%) as a pale yellow

powder which was recrystallized l'rom melhylene dichloride: yellow needles, m. p. 1190 C.

IR (CDCI3) 3000 (CH) 1702 (C=O) cm-!; UV "-max (E): 248 (10464) 316 (436; 200

MHz 1H NMR (CDCI3) 8: 8.2 (d, 1=8, Ar), 8.00 (s, !H, Ar), 7.8 (d, 1=8, Ar), 3.4 (s, 3H,

N=NNCH3), 3.25 (s, 3H, ArNCOCH3); 75.4 MHz l3C NMR (CDCI3) 8: 158.8 (s), 146.5

(s), 144.5 (s), 139.5 (s), 128 (d), 118.5 (d), 114.8 (d), 36.7 (q), 34.5 (q). Anal. calcd for

C9H9NS03: C, 45.96; H, 3.86; N, 29.78. Found: C, 46.13; H, 3.70; N, 29.62.

4-methoxy-2-nitro-N-tert-butoxycarbonylaniline (8a).

To a solution of 4-methoxy-2-nitroaniline (4 g , 12.6 mmol) in THF (25 mL) was added

NaH (lg ) in portions. When the gas evolution ceased, di-tcrt-butyl dicarbonate (7.2g,

leq) was added in portions. The solution was then diluted with dioxane (100 mL) and

heated al renux overnight. The excess of NaH was quenehed with eold methanol . The

solvents were then pumped off and the residue suspended in methylene diehloride. Al'ter

eXlraction with water, lhe methylene diehloride layer was dried over MgS04 and

evaporated under reduccd pressure. The resulting yellow residue was ehromatographed on

a siliea gel column (30% ethyl acetate in hexane) to give Sa as a yellow oil that

solidified on slanding (4g, 50%), m. p. 660 C. IR (COCI3) v: 3400 (NH), 3000 (CH),

1727 (C=O) cm-!; 200 MHz !H NMR (COCI3) 8: 9.4 (s, !H, HNCOO-tBu), 8.41 (d, !H,

1=9, Ar), 7.61 (dd, IH, 1=3, Ar), 7.2 (dd, IH, 1=3, 1=9, Ar), 3.87 (s, 3H, OCH3), 1.51 (s,

9R tBu).

1-N-Methyl-2-N-tert-butoxycarbony1-4-methoxy-l ,2-phenylenediamine (Sc)

A solution of Sa and 10% Pd-C (500 mg) in methanol (20 mL) was hydrogenated at 3

atm. Filtration and evaporation gave Sb as a brown oil in quantitative yield; IR (COCI3)

v: 3400 (NH, NH2), 3000 (CH), 1716 (C=O) cm-1; lH 200 MHz (COCI3) 8: 7.05 (d, !H,

1=9.8, Ar), 6.30 (overlap of sand d. 2H. Ar), 6.00 (br s, IH, NHCOOtBu), 4.00 (overlap
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of d and s, 5H, OCH3, NH2), 1.45 (s, 9H, tBu). To a ~olution of this oil (3g, 12.6 111111(1)

in acetonitrile was added ail at once l11ethyl iodide (770 mg, leq) ami 400/<· aqueou~

sodium carbonate (3.3 mL) . Atkr 16 hrs, the solvenl was evaporated and the resulling

yellow residue purified on silica gel (30% ethyl acctate in hex,\~e) to give amine IIc

(1.5g, 47%) as a pale yellow powder, m. p. 83°C. IR (CDCI3) v: 3025 (CH), 3400 (NI-I),

1716 (C=O) cm-1; 1H NMR (CDCI3) 8: 7.05 (d, 1H, J=8.75, Ar). 6.2 (overlap of d and s,

2H. Ar), 5.8 (br s, IH. NHCOOtBu), 4.2 (br s. IH. NHCH3) 3.8 (s. 3H, OCI-I3)' 2.8 (~,

3H. NCH3). 1.45 (s, 91-1. tBu).

N-2-Amino-S-methoxylphenyl-N'-methylurea (9b).

Amine 7c (1 g, 4.2 mmo!) was treated overnight with methyl isocyanate (0.3 mL. letI) in

methy1ene dich10ride ( 50 mL). The solvent was evaporated 10 give 9a as a clear oil in

quantitative yield. 200 MHz 1H NMR (CDC13) 8: 8.01 (d, 1H, J=9.1, Ar), 6.85 (dd. 1H.

J=9.l, J=3.0, Ar) 6.68 (dd. J=3.0, IH, Ar), 6.57 (s, IH, N1tCOOlBu), 3.76 (s. 3H, OCI-I3.

2.86 (s. 3H, ArNCH3), 2.73 (d, 3H, HNC9i3) 1.50 (5. 9H, tBu). A solution of9a (lg) in

llit1uoacetic acid (10 mL) was heated 10 45°C for 10 min aner which il was coolcd to onc

and neutralized wilh a saturated sodium carbonate solution. Extraclion and evaporation of

the solvent gave 9b (500 mg, 74%) as a brown powder. m.p 1200 C. IR (CDCI3) v: 340()

3200 (NH, NH2), 1649 (C=O) cm-1; 200 MHz IHNMR (CDCI3) 8: 6.60-6.8() (4H. Ar),

6.4 (br s. NHCH3), 3.72 (s, 3H, OCH3)' 3.17 (s. 3H. ArN(CH3). 2.71 (d. 3H, J=4.52,

NHCH3); 75.4 MHz BC NMR (CDCl3) d:152.94 (s). 137.35 (5), 128.37 (s). 117.59 (d),

115.61 (d). 113.62 (d),~~~) (q), 35.47 (q). 27.54 (q) ; CIMS (iso-butane) mlz 210 (MW.

100). 178 (MW-MeOH. Il). 153 (MW-MeNCO. 65)

3,S-Dimethyl-7-methoxy-3H-benzotetrazepin-4(SH)-one (10).-

As described for Sb; l'rom Sb (450 mg) in 5N HCI (7 mL) and 15 % aqueous [5% 15NI

NaN02 (1.2 mL); yield: 151 mg. 36 %); brown powdcr. m. p. 61°C (effervescence); IR
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(CDC'3) v: 3100 (CH) 1691 (C=O) cm-l; 200 MHz IH NMR (CDCI3) 0: 7.37 (d, IH,

J=8.9, Ar), 6.75 (dd, J=8.9, J=2.6, Ar), 6.55 (d, J=2.6, IH, Ar), 3.8 (s, CH3), 3.3 (s, 3H,

CH3) ; 75.40 BC NMR (CDCI3) d: 161.7 (s), 140.14 (s), 135.28 (3), 129.20 (d), 110.19

(d), 104.92 (d), 57.80 (g), 36.82 (g), 35.13 (g). Thc compound decomposed slowly at

room tcmperaturc, thercfore no satisfactory elemental analysis was obtained. Anal. calcd

forCIOH12N402: C, 54.54; H, 5.49; N, 25.44. Found: C, 53.6; H, 5.30; N, 23.91

1.Methyl·IH·6·rnethoxybenzotriazole (11) The brown oil resulted l'rom the

dccomposition of solid 10 (250 mg) al'ter two weeks, was purified on silica gel (50%

hcxanc in cthyl acctatc) to givc 11 (150 mg) as a yellow crystalline residue; m. p. 84° C;

200 MHz lH NMR (CDCI3) 0: 7.88 (d,IH, J=8.8, Ar), 7.00 (d, IH, J=8.8, Ar), 6.76 (s,

1H, Ar), 4.2 (s, 3H, OMe), 3.9 (s, 3H, NMe); EIMS m/z 163 (M+, 51), 135 (M+-N2'

26),120 (M+-CH3N2, 100)

1.Methyl.IH.5·rnethoxybenzotriazole (13e). The NMR solution (3mL, 0.75 M)
,-;c..:.::<

of 13 was puriIied on silica gd (50% ethyl acetate in hexane) to give bcnzotriazole 13e as

a white crystaiIine residue (300 mg) , rn.p 1250 C. 200 MHz lH NMR (CDCI3) 0: 7.36 (d,

ovcrJap of d and s, 2H, J=8.8, Ar), 7.15 (d, IH, J=8.8, Ar), 4.2 (s, 3H, OMe), 3.8 (s,

NMe). Anal. calcd for CgH9N30; C , 58.88; H 5.76; N, 25.75 . Found: C, 58.42; H, 5.47;

N, 25.50.

UV Analysis.- A 0.3 ml aliguot of a 2*1O-5M solution of the tetrazepinone was added to

cells containing 2.5 ml of water at different pHs. The mixture was stirred and the UV

absorbance was read at room temperature at 374 nm for 6a, 366 nrn for 6b, 395 nm for

6e, 398 nm for 6d, 408 nm for 6e. The percentage of diazourea was calculated by the

following eguation: [(Absorbance at the desired pHlAbsorbance at pH 1)]*100. (JoIe

assurncd that at pH 1 the concc11lation of the diazourea is maximal).
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General procedure for the alkaline decomposition of 6a, 6c·e.

A solution of the tetrazepinones ({U M) in saturated aqueous sodium earhonate

was stirred for 25 hrs. The resulting hrown solution was eXlraeted with methy!ene

dichloride and the aqueous phase neutralized and evaporated under redueed pressure. The

resulting solid residue was reexlracted with methanol. The methylene dichloride and

methanol extracts were combined and purified on silica gel with the appropriale solvenl

system (in general 5% hexane in ethyl acetate).

1·Methyl·1H·benzotriazole (13a).

From the decomposition of 6a (500 mg); purification on a silica gel coJumn (5% hexane

in ethyl acetate) gave 13a as a hrown ail (60 mg); 200 MHz IH NMR (CDCI3) 0:R.2 (d,

1H, 1=8, Ar), 7.8·7.4 (m, 3H, Ar), 4.25 (s, 3H, CH3); EIMS m/z 133 (M+, 58), 105 (M+·

28,1(0); HRMS, calcd forC7H7N3 (M+) :133.06399. Found: 133.06590.

N·Phenyl.N,N'·dimethylurea (14a): From the decomposition of 6a (500 mg);

purification on a silica gel column (5% hexane in ethyi acctate) gave 14a as a crystalline

solid (250 mg); m. p. 68 oC; 200 MHz IH NMR (CDCI3) 0: 7.45·7.1 (overlap of m ,5H,

Ar), 4.23 (br s, CONHCH3), 3.2 (s, 3H, ArN(CH3)CO), 2.7 (d, 3H, 1=4.7, CONHCH3);

EIMS mlz 164 (M+, 43), 106 (M+-CH3NHCO, 1(0).77 (M+-CH3NCONHCH3); HRMS

calcd. for C9H12N20 (M+): 164.09495. Found: 164.09530. Anal. calcd for C9H12N20: C,

65.83; H, 7.37; N, 17'()6. Found: C,65.59; H, 7.75; N,17.17

S·Methoxybenzotriazole: From the decomposition of 6c (100 mg); the purification of the

mixture on a silica gel eolumn (35% hexane in ethy! acetate) gave a white solid (35 mg).
"

The 1H NMR and the mass spectrum were identical to those of 13c previously isolated

from the decompositon of 6c in ehloroform.
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N-p-Methoxyphcnyl)-N, N'-dimcthylurca (l4c) From the deeomposition of 6a (100

mg); purification on a 5ilica gel column (35% hexane in ethyl aeetate) gave I4c as a

hrown oil (30 mg); 200 MHz tH NMR (CDCI3) 8: 7.05 (d, lH, J=9, Ar), 6.9 (d, !H. J=9,

Ar), 3.X (5, 3H. OCH3), 3.2 (5, 3H,ArN(CH3)CO), 2.7 (d, 3H. J=5, CONHCH3); EIMS

III/Z 194 (M+, ?H), 137 (M+-CH3NCO, 49). 122 (M+-CH3NCONH, 100); HRMS calcd.

for C IQH t4N20 (M+) :194.10552. Found: 194.10502

N-(4-Chlorophcnyl)-N,N'-dimethylurea (l4d) From the deeomposition of 6d (100 mg);

purilication on a 5ilica gel column gave I4d as a brown oil (50 mg); 200 MHz IH NMR

(CDCI3) 8:7.3 (d, lH, J=6.6, Ar). 7.1 (d. IH, J=6.6, Ar). 3.2 (s. 3H, ArN(CH3)CO). 2.7

(d, 3H, J=5, CONHCH3); EIMS m/z : 198 (M+. 70). 141 (M+-CH3NCO, 100); HRMS

ealcd for C9H Il N20C1 (M+): 198.05599. Found: 198.05440

2-Hydroxy-6-chlorobenzimidazole (lSd) From the deeomposition of 6a (100 mg);

purilication on a 5ilica gel (5% hexane in ethyl acetalc) eolumn gave ISd as a white

powder (9 mg); m. p. 2400 C (dee); IH NMR CDCI3 8: 9.85 (s, !H. NHCO). 7.15 (overlap

of d of 5, 2H. Ar), 6.85 (d. 1H, J=5. Ar), 3.4 (5. 3H, CH3); EIMS m/z 182 (M+. 55) , 153

(M+-CH3N.44) lOS (M+-77, 100); HRMS calcd for CgH7N2CIO (M+) :182.02469 .

Found: 1X2.0211 0

2-Hydroxy-6-nitrobenzimidazole (lSe) From the deeomposition of 6e (100 mg); the

yellow prccipitate that formed wa5 filtered and dried under vacuum at room temperature

(yicld: 80 mg) . The same rcsult was observed when it wa5 stirred in ethanol. aqueous

clhanol, methylamine (40%) or in water at neutral pH; m. p. 2600 C (dee.); 200 MHz

(CDCI3) 8: 9.2 (5. !H. NH). 8.1 (d. J=8, Ar), 7.9 (s, IH, Ar). 7.1 (d. IH. J=8, Ar), 3.5 (s.

}H. CH3); EIMSm/z 193 (M+, 100), 147 (M+-N02. 55); HRMS ealcd for CgH7N303
'i(

(~,II+): 193.04874; Found: 193.04730. (Compound ISe was also 5ynthesized by treating 3e
"
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with triphogene (0.33 eq) in the presence of triethylamine (leq) . The resulting compound

was identical to ISe.)

15N NMR study.- A solution of 4b or 4c (500mg ) in 3 mL of 2N HCI was maiIllained al

ooC and Iml of a 30% solution of NaN02/Na15N02 was added dropwisc. Mlcr 20 min

the solution was transferred 10 a 10 mm NMR tube and analyzcd al a probe lemperalure or

o"e.
X-ray Crystallography.- Crystals of compound 6e were obtained from slow evaporation

of rnelhylene dichloride.

Crystal data.- C9H9N40, M = 216.24. Orthorombic, 11.= 8.0120 (8), b =10.962 (9), e =

11.9290 (10) , V=1048.5 A3 (16) (by !cast-squares relinement on dilTractomeler angles for

26 aUlOmatieally centred rellections) spacc group P2 1/n, Z=4, Dx =1.491 g cm-3. Slnall

yellow needles. Crystal dimensions: O.25xO.20xO.20 mm, Il(Cu-Ka)=O.IO mm- I

Data Collection and Processing.- Enraf-Nonius CAD4 (00-26) mode, scan speed 4 deg

min-l, Cu-Ka: radiation, temperature: 25 oC; 2797 retlections measured 560 were unique

giving 552 with 1>20'(1). The intensities of thrcc represenlative rel1ections dropped by

0.45% throughout data collection indicating crysIal and cleetronic slabilily (decay

correction was applied). The data were correeted for Lorentz and polarizalion elTccls.

Structure Analysis and Refinement.- All non-hydrogen atom positions from direct
,.-"-.

methods27, using the NRC VAX28 system of crystal solving programs. All hydrogen-alom

positions from a Fourier difference map. All positional and thermal parameters

(anisotropie) and an extinction parameter were refinedby full-matrix least square. Final R

and Rw were 0.033, and 0.022 for 552 observed rellections and 154 variable paramelers.
1

The weighting seheme w=4Fo2/s2(Fo2) obtained from counting statistics gave salisfaclory
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agreement analyses. The max~1'!1um and minimum peaks on the final difference Fourier

map corresponded Lo 0.11 and -0.14 eA-3, respectivcly. Neutral atom scatteIing factors

were Laken l'rom Cromer and Waber29.30. Anomalous dispersion effects were included in

Feale: the values for l>C and M" were those of Cromer30. Figures were drawn with

ORTEPIl23.
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Chapter5

General overview

The increasing interest in the chemistty of antiviral and antitumour compounds bas

stimulated the design of severa! nucleoside analogs. Diazepinone nucleoside XI has been

found ta be a patent inhibitor of cytidine deaminase. In light of this result, we thought it of

interest ta ~vestigate the stability of benzotetrazepinones containing a cyclopentyl and

hydroxypropyl substituent at N-S. The latter are known carbohydrate mimics.

:Z~OH
HOrO~

HHH
XI
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• ABSTRACT: The sl'oUlesis of 3-melhl'l.S-(3'-hl'droxl'-n-propl'l)-J,f-l.2.3.S·hcozolctrazepin·4-(5:'0-

ones Sa. b and 3-melhl'l-S-cl'clopentl'l.J_"f-1.2.3.S-tetrazepin-4-(5'0-oncs l1a. h arc dcscrihcd.

Tetrazepinoncs Sa and lIa wcr~ round to he very unstable lU mOITI lcmpcraturc whcrcas thcir nitratcd

derivatives Sb-llb \Vere more slahle under U,e sarne conditions.The major compounds isolmed l'rom lhcir

deeomposition \Vere henzotriazolf derivatives 6 and 12a. h. Thc benzOletrazepinones as wcll as lhc

benzoUiazoles \Vere charactcrized hl' the ISN NMR of thcir lahellcd central nitrogcn and high rcsolntion

mass spectroscopl'.

INTRODUCTION

Recently. we described the synthesis of hi- and tricyclic tetl'azepinones 1

(R1=R2=H) and 21, which were found to be stable at room temperature. In a second

report2, we studied the effect of varying substituents at the benzene ring on the stahility of

the 1,2,3,5-tetrazepin-4-one moiety in bi-cyclic systems of type 1. We have shown in the

latter study that the stability of benzo-I,2,3,5-tetrazepinones incrcased with increasing

eleetron withdrawing eharacter of the substituents on the aromatie ring. Tetrazepinones

containing electron donating group at the phenyl ring showed marked tendency 10

decompose ta benzolriazole derivatives by loosing a molecule of melhyl isoeyanate . The

desire ta synthesize nucleoside analogs bearing tetrazepinone as a base prompted us to

verify the stability of systems bearing cyclic or acyclic substituents at N5. Thus, the

synthesis of 5 and 11 were attempted.

•

1 2

R1)g{N"'=N

O \ 3
N-Me

R2 N~
• 1 0

Me
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• This study is of more general interest because of the increasing development of

novcl nucleoside analogs8-13. il is now known that analogs in which the sugar moiety is

replaccd by aliphalie alcohols, carbocyclic systems9, 2-hydroxyethoxymethyl grouplO, can

hc pOlent antiviral drugs. It was also shown that analogs bearing modified bases such as

imidazo[4,5-eJ[ 1,4]diazcpincll or 6-amino-5-nitro-pyrimidineI2

hiological aClivity.

RESULTS AND DISCUSSION

exhibit interesting

The synthesis of compound Sa proceeded according to Scheme 1. 2-Chloro-

nitrobenzenc 3 was rcactcd with 3-aminopropanol to give 4a, which was catalytically

rcduccd lO 4b. The latter compound was treated with methyl isocyanate to give urea 4c.

The amine function of 4c was diazOlizcd with [5% 15N] NaN02 in order to provide the

corrcsponding diazonium salt spccifically labelled at N2. The labelling of N2 in triazene

and nitroso derivatives by the use of Nal5N02 is now weil documented3-7.

•

~N02_

~CI
3

a R'=N0 2
b R'=NH2
c R'=NH
d R'=NH~
e R'=NH 2

R"=H
RII=H
R"=CONHMe
R"=H
R"=CONHMe

-
X=H
X=H
X=H
X=N0 2
X=N0 2

Scheme 1

rA(N""'NAA \-Me
X HO N~

V'-J
5

a X=H
b X=N0 2
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• Adjustment of the pH to 8, followed by multiple extractions gave Sa as a clear oil in

28% yield (crude). This oil staned effervescing after a short period on drying at room

temperature. Satisfactory 13e, IH and 15N NMR could he obtained wilh freshly

prepared samples.

(

1:

i 1 1 1 Iii l , j , j j l J • 1 J • j j S • , • i J 1 i i ; 1 i Iii j III 1 1 .~ i i 1 1 l , i ,

8 6 .. 2 /,_. 0 PPM

Fig. 1..1H NMR spectrum of freshly prepared telrazepinone 5 in eDC!3' (peaks al 5.2 and 2.2 ppm are
due te methylene dichloride and acelone).

In the IH NMR (Fig. 1), the N3-methyl group appeared as a singlet at 3.3 ppm

and the e1H2 appeared as a triplet at 3.9 ppm. The 13e shifts of the tetrazepinone ring

were quite similar to those reported for compound 11 (Table 1). In tetrazepinone S, the

carbonyl appeared at 160.34 ppm and the N3-methyl group at 38.10 ppm whereas the

same groups were at 162.00 and 38.00 ppm in 1. The structure of 5 was further

ascertained by 15N NMR spectroscopy that showed the resonance of the N2 label at

75 ppm as a broad quanet. The stability of Sa was sufficient to allow the observation of

the resonances of NI, N3 and N5 at the natura! abundance leve!. Peaks were observed at

45.13 ppm for NI, -197.30 ppm for N3 and at -267 ppm for N5. The assignment was

based on literature values1,2,4.
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Table l' .- Comparison between the 13C NMR parameters
oftetrazepinones Sa and 11a with those ofl (Rl=R2=H)1

1 5a 11a

162.00 160.34 160.07

142.30 143.90 143.67

138.50 138.26 140.15

132.00 132.50 132.00

128.00 128.30 127.70

124.50 126.14 126.00

121.00 122.51 123.50

38.00 38.10 ;37.80 .'

The decomposition of Sa in solution was observed by the appearance of an

additional peak al aiOund -5 ppm in its 15N NMR spectrum (ovemight) (Fig. 2b) . The

same result was observed if the solution was kept dry at room temperature ovemight. We

now know that this peak corresponds ta N2 in benzotriazo1e derivatives1,z. The solution

was then purified and the major decomposition product was found ta be benzotriazole 6a.

ln ils lH NMR spectrum, the C1Hz appeared as a triplet at 4.8 ppm. The absence of a

singlel at 3.3 ppm, confirmcd the disappearance of the MeNCO moiety. The structure of

the benzotriazole 6a was further contirmed by high reso1ution mass spectrometry.

These results show that tetrazepinone 5a is an unstab1e compound that at room

temperature readily decomposes to a benzotriazole derivative.

• The N·5 suhstituent l3e shifls are notlisted
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100 0 1 "iO~

bi", Il! ;'IIP..r~it 1 d
~"1"T""'T j i 1 1 l 'ï""f'T"'T""T""':0 r'T""!°!""':';

~:!:l 0 -:::':

Fig. 2.- al ISN mm of freshly prepared tetrazepinone Sa in CDCI3 (dccoupled)

b. ISNMR of Sa after standing (dry) at room temPl':I'ature ovemighL (Another peak
appeared in the ·5 ppm region, indicating formation of benzotriazole derivative 6).

In a previous study, it was found that a nitro group at the benzene ring stabilizes

the tetrazepinone ring systems. We therefore synthesized Sb, expecting enhanced

stability of the tetrazepinone ring system. Thus, 4.nitro-l,2-phenylenediarnine was

treated with 3·bromopropanol to give 4d which was carbamoylated with methyl

isocyanate to provide 4e. The diazotization of the latter aminourea followed by

adjustment of the pH to 6 and extraction with methylene dichloride gave tetrazepinone

Sb as a pale yellow oil, which was stable at room temperature. Its structure was

conf=ed by ISN NMR which showed a quartet (1=2.8 Hz) at around 78 ppm for the

central nitrogen and by high resolution mass spectroscopy. Besides the molecular ion

[28D,(MH+. 67%)], fragments due to loss of nitrogen [252 (MH+·29, 100%)] and methyl

isocyanate [223 (MH+·57, 67%)] were observed. These results show that the

incorporation of a nitro group to the benzene ring exened an imponant stabilizing effect.

In contrast ta Sa, tetrazepinone Sb could he kept at room temperalUre for 5 days without

decomposing .

107

,



•
i

©:N~ ©:NHBOC

NH2 NH2
13 14

• R=H
b R=N02

8ch.m. 2

11

(

We then attempted the synthesis of system lia hearing a more bulky group

(Scheme 2). Thus, a large excess of o-phenylenediamine was refluxed wilh cyclopentyl

bromide overnight to give 7a. Since the direct reaction of diamine 7a with methyl

isocyanate afforded a complex mixture of compounds, an adaptation of the previously

reported methodology for the selective carbamoylation of aromatic diamine l •Z was

applied. Thus, diamine 7a was condensed with di-ten-butyl-dicarbonate to provide 8,

the structure of which was conf1IDled by condensing a large excess of 0-

•

. phenylenediamine 13 with di-tert-butyl dicarbonate and treating the resulting urethane

14 with cyclopentylbromide under basic condition. Since the compound synthesized by

this method was found to he identical to 8, we proceeded further by treating il with

methyl isocyanate to forro 9 which was hydrolyzed in acidic aqueous methanol to give

urea 10a . Diazotization of the latter with NalSNOz and adjusliDent of the pH of the

mixture to 8 followed by multiple extraction gave lia as a pale brown oil.
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The structure of lla was assigned by 1H, l3e, 15N NMR and mass spectroscopy.

In the proton NMR, the methyl group appeared as a singlet at 3.3 ppm, if the

tetrazepinone was unlabelled at N2, or as a doublet (3JNH=2.8 Hz) if N2 was 99%

enriched. H'-l appeared as a quintet at 4.12 ppm. The 13e parameters of the

benzotetrazepinone ring in lla are sunilar to those of 1 and are given in Table 1. The

presence of the N2N1Me moiety of the tetrazepinone ring system was also confumed by

the appearance of a quartet (3JNH=2.8 Hz) at 74 ppm (Fig. 3a, b) in the 15N NMR

spectrum . In the mass spectrum, in addition to the molecular ion [246, (M+(15N),

7.2%)], a fragment due to the loss of nitrogen [217 (M+-28), 34.7] was observed as weIl

as a strong peak due to loss of methyl isocyanate [189, (M+-57), 100%].

After standing at room temperature overnight, the 15N NMR of the N2 labelled

lla showed the appearance of a peak at around -5 ppm which indicates the formation of

a benzotriazole derivative (Fig 4a). Purification of the mixture gave benzotriazole 12a.

In its 1H NMR, the H-l' appeared as a quintet at 5.2 ppm. The absence of the methyl

singlet at 3.3 ppm confumed the disappearance of the methyl isocyanate moiety. The

benzotriazole structure as well as the 15N shift of its N2 label were confumed by the

independent preparation of benzotriazole 12a from the siInple diazotization of diamine

7a with 15N enriched sodium nitrite (Fig. 4 b).

We then attempted to stabilize the ring system lla by introducing a nitro group at

the benzene moiety as described earlier. Thus, 4-nitro-l,2-phenylenediarnine was

treated with cyclopentyl bromide to give 7b, which was carbamoylated with methyl

isocyanate te form lOb. The diazotization of the latter aminourea with Na15NOz

followed by adjustmeilt of the pH to 6 and extraction with methylene dichloride

gave llb as a pale yellow oil which after 5 days at room temperature was completely

convened to nitrobenzotriazole Ub. The structure of the tetrazepinone llb was
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confmned on the basis of its ISN NMR spectrum, which showed a quartet (J=2.8 Hz) at

around 83 ppm for the labelled central nitrogen. In the mass spectrum, besides me

molecular ion [291, (MW (ISN), 78%)], a fragment due to the loss of nitrogen [262

(M+-29), 75%] was observed as weil as a strong peak due to loss of methyl isocyanate

[234, (M+-57), 100%]. The IH NMR of benwtriazole 12b showed the quintet for H·I

at 5.4 ppm (the shiÎt of H-!' was at 4.2 ppm in the spectrum of the parent tetrazepinone

llb). The structure of 12b was further confirmed by high resolution mass spectrometty.

~
7!5 704 73

b)

,50 '00 o -!l0 ..soo

•

Fig. 3.· a.. ISN NMR of freshly prepared 11a (coupled)
b.1SN NMR of freshly prepared tetrdZepinone 11a in CDC13 (decoupled)

The order of stability of the 4 tetrazepinones in this series seems to be the

following : Sb>llb>Sa>lia. The preferred decomposition pathway for these

tetrazepinones was the loss of the methyl isocyanate moiety to give a ring contraction

producl. This decomposition palhway has already been reported for benwletrazepinones

bearing electron donating groups al the benzene ring. It is important to notice that while

letrazepinones Sa lia and b were relatively unstable at room temperature.
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1 (RJ=R2=H) and 1 (RJ=N02' R2=H) which contain a methyl group at N5 \Vcre ~tah1c

• under the same condition!. Also, tetrazcpinoncs 2 in which N5 i~ involvcù in a cyclic

system are more stable than Sa, lIa and b. It appear~ that largc ~ub\ituent~ at thc 5

position destabilize the tetrazepinone ring ~y~tcm.

a) 1
: l' li 4 0 l' 1 1 1

, , , 1 1 •• i , •• ; i •• ; , i • "li' • j 1 i' i' i 1 i' •• i' 1

100 100 0 -100

b)

>OC .00 • -'00

Fig.4.· a.. 15N NMR speetrum of lIa after standing (dry) al room lemperalure ovemighl.
(AnoÙ1er peak appeared in the -5 ppm region. indicaling Ù1e formation of
benzotriazole 12a)

b.!5N NMR of independenUy synthesized 12.

Tetrazepinones are rare examples of molecules bearing a triazenc chain which ùo

not seem to be stabilized by n-1t deJocalization. X-ray crystallography re~ull~ have ~hown

that the N2N3 linkage in tetrazepinones 1 (R]=H, R2=N02) and 2 (X=CH2) have a

remarkable single bond character (1.45 À)" . This may account for their po~sible tenùency

LO exist as an acyc1ic diazourea of type 16. In tetrazepinones containing hulky suhstituenL~

at the 5-position, the cyclic-acyclic equilibrium may lie towarù the formation of the

acyclic form since the Jatter would offer a higher ùegree of freeùom LO lhe suhstituent or a

higher torsionaJ angle between the N5-R2 moiety anù the aromatic ring. The zwitterion

of type 16 could also be in equilibrium with 17 which coulù collapse to a henzotriazoie

derivative as indicated in Scheme 3, This would account for the fact that the

-~

• "]n N, N'·dimeÙ1ylhydrazine the NN bnnd distance is ].45 AI4
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tetrazepinones hearing large substituents at N5 are prone to deeompose to benzotriazoles

by loosing a moJecule of methyJ isocyanate.

Scheme 3

The stabilizing effeet exhibited by the nitro group is based on the fact that it may

disfavour the ring opening via an N2N3 bond breaking by destabilizing the developing

positive charge on N1. il should be remembered that in contrast to the nitro group. a

suhstituent para 10 the triazene chain was foun.:! to destahilize the 1,2,3,5-tetrazepinone

ring system by promoting rapid conversion to benzotl;azole derivative.2

EXPERIMENTAL

Melting points were measured on a Gallenkamp black and are uneorreeted. Thin

layer and Ilash chromalOgraphy were performed on silica gel 60 F254 aluminum plates and

Merck SiJica Gel 60 (230-400 mesh) respectively. lH NMR spectra were recorded on a

Varian XL-200 at 200 MHz. 13C NMR spectra were obtained at 75.40 MHz on a Varian

XL-300. Ali IH NMR spectra were run in CDCl3 or DMSO and chemical shifts are

reported downlield from TMS (J values are i:. Hz). Mass spectra were recorded on a

Kratos MS25RFA or aIl HP5984A. Ali eompounds were shawn ta be homogeneous by

TLC and high-field NMR, or 10 haveapurity of > 95% by elemental analysis.

Ali sampies wcrc dried il! vacuo at room temperature before elemental analysis
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AIl samples were dried in vacuo at room temperature before elemental analysis

lSN NMR spectra were taken at 30.40 MHz on a Varian XL-3oo and chemical

shifts are reported upfield from nitromethane, which was used as external standard. The

9QO pulse width was 18 ILs and the pulse interval was set at 3s. The temperature of the

probe was around 200 C. Spectra were obtained after 100 scans for the 1SN enriched

compounds when sample concentrations were around 0.10 M in CDCI3 (gated coupled)

and after about 9000 scans for natural àbundance spectra at concentrations around 0.5 M.

AIl reactions were monitored by thin layer chromatography (TI.,C).

N·(3·Hydroxypropyl)·2·nitroaniline (4a).

A solution of 2-chloronitrobenzene (2g, 12.7 mmol) in 3-aminopropanol (10 mL) was

heated to 18{)O C for 5 min after which it was cooled and concentrated under vacuum.

The resulting dark-red residue was purified on silicagel to give 2g (81%) of 4a as a red

oil. 200 MHz, lB. NMR (CDCI3) 8: 8.14 (overlap of 5 and d, 2H, 1=8.6, Ar, NH), 7.36 (t, •

1H, 1=8.6, Ar), 6.7 (d, 1H, 1=8.6, Ar), 6.62 (t, lH, 1=8.6, Ar) 3.8 (t, 2H, 1=6,

NCH2CH2CHÛ' 3.42 ci, 2H, 1=6, NCH2CH2CH2) 1.97 (quintet, 2H, 1=6,

NCH2CH2CHÛ' 1.68 (br s, 1H, OH); CIMS (iso-butane) mlz (relative intensity) 197

(MH+, 100) 151 (MH+·N02' Il)

N.(2·Phenylamino).N·(3·hydroxypropyl).N'·methylurea (4c).

Amine 4a (1.5g) was reduced with 10% Pd-C (500 mg) in methanol (10 mL) to give

4b as a violet oil in quantitative yield. 200 MHz 1H NMR 8: 6.8-6.5 (m, 4H, Ar), 3.8 (t,

2H, 1=6, NCH2CH2CHÛ, 3.26 (overlap of t and s, 4H, 1=6, NCH2CH2CH2' NHÛ, 1.9

(overlap of quintet and s, 2H, NCH2CH2CH2, OH). (N-alkyl phenylenediamines darken

when expoSt'4 to light. They must be used immediateley after their isolation). To a

solution or~amine 4b (lg, 6mmol) was added 0.4 mL (1eq) of methy1 isocyanate. The
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• solution was kept overnight, concentrated under vacuum and purified on a sillca gel

column (5% methanol in methylene dichloride) to give urea 4c (lg , 75%) as a white

powder, m. p. 1180 C. 200 MHz 1H NMR (CDCI3) ô: 7.2 (t, IH, J=8.8, Ar), 7.0 (d, IH,

J=8.8, Ar), 6.8 (t, 2H, Ar), 4.4 (br s, 2H, NHz), 3.9 (br m, 2H, NCHZCHzCHz), 3.65 (br

m , 2H, NHzCHzCHzCHz), 2.7 (d, IH J=6, CONHCH3 ) 1.6 (br m, 3H,

NCHZCHZCHz, OH); EIMS rn/z 223 (M+, 42). 166 (M+-57, 15), 121 (M+-102, 1(0);

Anal cale. for C1IH17N30Z.0.5HzO: C, 56.80; H 7.76; N 18.01. Found: C 57.18;H 7.60,

N,17.87.

/;.:~--:;;=::::::::::~'-
/~~ ,.

(

•

3·Metbyl·S·(3-bydroxypropyl)·1,2,3~·benzotetrazepine·4·one (Sa).

Urea 4c (lg, 5.55mmol) was dissolved in 2N HCI (20 mL) and diazotized with 2mL of

aqueous 20% [5% lSN] NaNOZ' After 30 min, the solution was extracted three limes

with methylene dichloride, after which its pH was adjusted to 8. The aqueous layer was

extracted six times with three 50 mL portions of methylene chloride. The solvent was

evaporated to give 300 mg (28%, crude) of Sa as a clear oil. The resulting compound

started effervescing on standing. It was consequently kept in solution for subsequent

analysis. 200 MHz lH NMR (CDCI3) ô: 7.36 (d, 2H, J=8, Ar), 7.2 (overlap of d and t,

2H, Ar) 3.9 (t, 2H, J=7, NCHzCHZCHz), 3.5 (br t, 2H, NCHzCHZCHz), 3.3 (s, 3H,

N=NNCH3), 2.65 (br s, IH, OH), 1.75 (quintet, 2H, J=7, NCHZCHZCHz); 75.4 MHz

l3CNMR (CDC13) 160.34 (s), 143.90 (s), 138.26 (s), 132.50 (d), 128.30 (d), 126.14 (d),

122.51 (d), 60.58 (t), 45.80 (t), 38.01 (t), 32.24 (t); 30.4 MHz (CDCI3) ô: 68.5 (N2

label), 45.1 (NI), -197.7 (N3), -277.6 (N5). (A peak at -5.2 ppm was also observed due

to formation of benzotriazole 6)

1.(3'.Hydroxypropyl).]H·benzotriazole (6).·

The dark ch1oroform solution of Sa (250 mg) which resulted from the NMR experiment

(overnight at room temperature) was evaporated and the resulting dark oily residue
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purified on a silica gel column (5% hexanc in cthyl acctalc) 10 give ISO mg of 6; 200 MHz

1H NMR (CDC13) li: 8.00 (d, J=8, 1H, Ar), 7.6 (d, 1H, J=8, Ar), 7.4 (t, 1H, J=8, Ar), 7,3

(t, IH, Ar), 4.8 (t, 2H. J=7, HOCHzCHzCHz') , 3.6 (br t, 2H, HOCHzCHzCH2-), 3.05 (br

s, IH. OH), 2.2 (quintet, 2H, J=7, HOCHzCHzCHz'); 30.4 MHz 15N NMR (CDCl,) li: '

5.2 (N2); EIMS m/z 177 (M+, 12.7),91 (M+-HOCHZCHCHZ ,NZ)' 1(0); HRMS exact

mass caled for C9HllN30 (M+): 177.09021. Found: 177.09080

N·(3'·Hydroxypropyl)·5·nitro·l,2 phenylenediamine (4d).

A solution of 4-nitro-I,2-phenylenediaminc (2g, 12.7 mmol) and 3-bromopropanol in 25

mL of al: 1 methanol/dimethylformamide mixture was hcated at rellux ovcrnighl. The

solvents were evaporated under vacuo and the rcsulting dark-rcd residuc chromatographed

on silica gel (30% hcxane in ethyl acetate) to give 4d (1 g, 36%) as a l'cd powder, m. p.

89° C; 200 MHz IH NMR (CDC13) ô: 7.66 (dd, IH, J=8.7, J=2.46 Ar), 7.44 (d, 11-1,

J=2.46, Ar), 6.64 (d, IH, J=8.7, Ar), 3.85 (l, 2H, J=6.02, NCHZCHZCHZOH), 3.6-3.3 (hl'

s, 4H, NHz, NH, OH), 3.30 (t, 2H, J=6.02, NCHZCHZCHZOH), 1.9 (quintel, 2H, J=6.02,

NCHZCHZCHZOH).

N.(5·Nitro·2.aminophenyl)·N·(3·hydroxypropyl).N'·methylurea (4e)

A solution of 4d (400 mg, 1.9 mmol) and methyl iSQcyanatc (0.12, 1 eq) in acclOnitrile

(20 mL) was kept overnight, concentratcd under vacuo and dilulCd wilh walcr (10 mL).

The precipilate that formed was filtered 10 givc 4e (400 mg, 78%) as a ycllow powdcr

wich was dried under vacuum at room temperature, m. p. 135-137 oC ; 200 MHz 1H NMR

(CDCI3) li: 8.1 (dd, !H, J=2.47, J=9, Ar), 7.9 (d, IH, J=2.47, Ar), 6.9 (d, IH, ]=\), Ar),

4.25 (br s, 1H, CONHCH3), 3.8 (overlap of m, 4H. CH2CH2CH20H), 2.7 (ovcrlap of d

and s, 5H, CONHCH3, NH2), 1.8 ( br m, 3H, OH, CH2); EIMS m/z 268 (M+, 20.6), 211

(M+-MeNCO, 19.1), 166 (M+-I02, 100) Anal. cale. for CllHI6,N404.H20: C 46.15; H

6.29; N, 19.58. Found C, 46.59; H, 6.08; N, 20.24

115

,



•

•

3-Methyl-s-(3' -hydroxypropyl)-7-nitro-3H -1,2,3,5-benzotetrazepine-4(sH)

-one (Sb).

As dcscrihed for Sa; from 4e (400 mg) in 2N HCl (10 mL): yellow ail, 300mg (72%) ;

200 MHz IH NMR (CDCI3) 0: 8.10 (overlap of s and d, IH, 1=8.85, Ar), 7.98 (d, !H,

1=8.85, Ar), 4.0 (t, 2H, 1=6, CH2CH2CH20H), 3.6 (hr m, 2H, CH2CH2CH20H), 3.4 (s,

3H, N=NNCH3), 2.19 (hr s, OH, D20 exchangeable), 1.8 (quintet, 1=6.00,

CH2CH2CH20H); 75.4 MHz (CDCI3) 0: 158.02 (s), 148.57 (s), 145.99 (s), 138 (s) 128

(d), 119.4 (d) 117.01 (d), 59.20 (t), 44.77 (t) 36.90 (q), 30.81 (t); 30.4 MHz ISN NMR

(CDCI3) 0: 78.8 (q, 1=2.8, q); CIMS (NH3) m/z 280 (MW, 67.3 ) 252 (MW-28, 100),

223 (MW-57, 66.64); HRMS calcd for C11H1404Ns (MW) 280.10458. Found:

280.10459

1-N-(Cyclopentyl)-2-phenylenediamine (7a).

a-Phcnylene diamine (5 g, 46.2 mmol) cyclopentyl bromide (1 mL, 9.4 mmol) and 10

mL of a saturaled sodium carbonate solution as a suspension in methanol ( 25 mL) was

heatcd at rellux for 20 hrs. Water was added and the brown mixture extracted with

methylenc dichloridc. The solvent was concentrated under vacuum and the resulting ail

chromatographed on silica gel (30% hexane in ethyl acetate) 10 give 7 (lg ,60%) as a

brown ail; 200 MHz IH NMR (CDCI3) 0: 6.85-6.20 (m, 4H, Ar), 3.80 (quintet, IH,

1=4.52, H-I'), 3.40 (hr s, 3H, NH, NH,), 2.1-1.4 (m, 8H, CH,s); CIMS (isa-butane) m/z- -
176 (MW, 1(0).

1-(N-Cyclopentyl)-2-(N-tert-butylcarbamoyl)-phenylenediamine (8)

MethodA

A solution of I-N-(cyclopentyl)-2-phenylenediamine (500 mg, 2.8 mmol) and di-tert

butyl-dicarbonate (589 mg, leq) in methylene dichloride (20 mL) was heated at reflux
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• for 1 hr under nitrogen. Evaporation under reduced pressure followed by purilicalÏon on

silica gel (50% ethyl acetate in hexane) gave 8 (700 mg . 89%) as a white powder. m.p.

91° C. 200 MHz lH NMR (CDCI3) d: 7.4-6.6 (m. 4H. Ar), 6.2 (s, IH, NHCOOlBlI), 3.8

(br m, 2H, H-I '),2.2-1.4 (m, 21H, CH2' tBu);

Method B

A solulÏon of o-phenylenediamine (4 g, 37 mmol) and di-tcrt-butyl-dicarbonale (2.5 g, 0.33

eq) in tetrahydrofuran (20 mL) was heated at reOux for 1 hl' under nitrogen. Evaporation
\:

under reduccd pressure fol1owed by purification on silica gel (50% ethyl acetale in hexane)

gave 8 (1.9 g, 76 %) as a white crystalline residue, m. p. 98° C, 200 MHz lH NMR

CDCI3 d:7.4-6.6 (m, 4H, Ar), 6.2 (s, !H, NHCOOtBlI), 3.8 (hr s, 2H, NH2), 1.4 (s, 9H,

tBu). A mixture of urethane 14 (lg, 4.78 mmol), cyelopentyl hromide (0.5 mL, 1 eg),

40% aqueous sodium carbonate (2 mL) and methanol (20 mL) was hcated at rcOux for .3

days. The solvents were evaporatcd, water (10 mL) was added and the resulting mixture

extracted with methylene dichloride. The white oil resulting l'rom the evaporalÏon of lhe

methylcne dichloride was purified on a silica gel column (50% hexane in cthyl acelate)

to give 400 mg (30%) of a white crystal1inc residue the melting point and 1H NMR of

which were identical to those of 8.

N-Cyclopentyl-N-methyIcarboxamide-(N-Iert-butylcarbamoyl)-l ,2-phenylenediamine

(9)

A solution of 8 (600 mg, Icq) and methyl isocyanate (0.14 mL, Icq) in methylenc

dichloride (25mL) was kept ovcrnight and the solvent was evaporated to give a white

residue in quantitative yield, m. p. 110° C. 200 MHz lH NMR (CDCI3) li: 8.23 (d, IH,

,

J=8.1, Ar), 7.45 (m, IH, Ar), 7.1 (m, 2H, Ar), 6.82 (s, IH, NHCOOtBu) 4.8 (m, IH, H

1'),4.00 (br s, IH, CONHCH3) 2.70 (d, 3H, J=4.7, CONHCH3), 2,()]-1.40 (ovcrlap of s

• and m, 21H, cyc1opentyl, t-Bu); 75.4 MHz 13C NMR (CDCI3) li: 158.51, 153.03, 138.40,
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13 1.37, 130.19, 126.48, 123.574, 119.95, 81.54, 58.31, 30.54, 28.85, 28.64, 27.81, 22.95,

22.81. CIMS (NH3) mlz334 (MW, 1(0), 233 (MW-NHCOOtBu, 72.5),

1·(N·Cyclopentyl·N.methylcarboxamide).1,2·phenylene diamine (10a)

A solution of III (400 mg) in a 5: 1 mixture of methanol and 2N aqueous HCI was stirred

overnight. Dilution with water and neutralization with 5% sodium carbonate gave 10a as

a pale yellow solid in quantitative yield, m.p. 100° C. 200 MHz lH NMR CDCI3 li: 8.2 (t,

IH, J=7.2, Ar), 7.02 (d, IH, J=7.2 , Ar), 6.70 (overlap of t and d, 2H, Ar) 4.8 ( br

quintet, !H, HI'), 4.20 (br q, H, CONHMe), 3.8 (br s, 2H, NH2), 2.70 (d, 3H, J=4.7,

CONHCH3), 2.1-1.10 (overlap of m, 8H, cyc1opentyl); EIMS mlz 233 (M+, 100), 175

(M+-57,40)

3·Methyl.S·cyclopentyl·3H.1 ,2,3,S·benzotetrazepin.4·(SH).one (11 a)

To a solution of urea 6c (150 mg, 0.85 mmol) in 2N HCI (5 mL) was added dropwise at 0°

C 6% aqueous Nal5N02 ( 1 mL) . The mixture was stirred for an additionallO min,

after which it was extracted twice with methylene chIoride. The pH of the aqueous

solution was adjusted to 8 with aqueous sodium carbonate al'ter which il was extracted.

Evaporation of the mixture gave lIa (60 mg , 29%) as a pale brown oil; 200 MHz lH

NMR (CDCI3) li: 7.40-7.10 (overlap of m, 4H, Ar), 4.13 (quintet, IR J=8, H-I') , 3.33 (s,

3H, NNNCH3)' 2.4-1.5 (overlap of m, 8H, cyc10pentyl CH2); 75.4 MHz l3C NMR

(CDCI3) li: 160.08 (s), 143.67 (s), 140.15 (s), 131.90 (d), 127.69 (d), 126.00 (d), 123.50

(d), 63.54 (d), 37.70 (q), 32.48 (d), 32.28 (t), 32.20 (d), 26.57 (t); 30.4 MHz 15N NMR

(CDCI3) li: 73.81 (q, J=2.8, N2); CIMS (lSt>-butane) mlz 246 (MW(15N), 7), 217 (MW-

15N=N, 35),189 (MW-MeNCO, 1(0)
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]-Cyclopentyl-IH-benzotriazole (l2a).

AI'ter standing at room temperature overnighl. tetrazepinone lla was found to he

eompletely eonverted to ]Za; 200 MHz 1H NMR (COCI3) ù: 8.04 (d. 1=8. 1H. Ar). 7.6-

7.25 (overlap of m, 3H, Ar), 5.2 (quintet, IH. 1=7, H-l'), 2.4-1.6 (overlap of m, 8H.

eyc10pentyl CH2) ; 30.4 MHz 15N NMR (COCI,) ù: -5.n (N2); EIMS m/z (l'dative

intensity) 188 [M+(15N), 67] ,91 (M+- 97, 100); HRMS exact mass ealed for C11H13N3

[M+ (14N)]: 188.10797. Found: 188.1086

5-Nitro-]-(N-Cyclopentyl)-] ,Z-phenylenediamine (7b)

As deseribed for 7a. From 4-nitro-I,2-phenylene diamine (2g, n.OB mmoI.:) and

eyc10pentyl bromide (1.3 mL ) and saturated sodium carbonate (10 mL) in methanol (50

mL) overnight (red oil, yield: 500 mg, 17 %); 200 MHz IH NMR (CDCI3) d: 7.65 (dd,

IH, J=8.4, Ar), 7.52 (s, !H, Ar), 6.65 (d, !H, 1=8.4, Ar), 4.9 (br, 2H, NH2. 020

exehangeable), 3.8 (br quintet, 1H, H-I 'l, 3.1 (br s, 1H, NH, 0 20 exehangeable) 2.2-1.23

(br, 8H , eyc1opentyl).

N-Cyclopentyl-N-(5-Nitro-Z-aminophenyl-N'-methylurea (lOb)

As deseribed for IOa; From 7b (500 mg, 2.2 mmol) and melhyl isoeyanale (1 mL) in

chloroform (10 mL); The precipitate that formed was 1ïllered Lo give lOb (350 mg, 56.2

%) as a yellow powder; m. p. 2090 C (dee); Yield: 350 mg, 56.2%; 200 MHz IH NMR

(OMSO) d: 7.9 (d, IH, 1=9, Ar), 7.6 (s, IH, Ar), 6.8 (d, IH, 1=9, Ar), 6.6 (s, 2H, NH2,

0 20 exchangeable), 5.6 (br q, 1H, CONHCH3), 4.6 (br qujntet, 1H, H-I 'l, 2.45 (br s, 3H,
C

CONHCH3), 1.9-1.1 (m, 8H, cyc1opentyl); EIMS m/z 278 (M+, 100),221 (M+-MeNCO,

58.2). Anal. cale. for CgH13N303.0.5H20: C, 54.3, H, 6.62, N 19.51. Found: C, 53.83; H

6.58; N 19.52.
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• 3-Methyl-7-nitro-5-cyclopentyl-3H-] ,2,3,5-benzotetrazepin-4(SH)-one (11b)

As describcd for Sa; from lOb (169 mg); the tetrazepinone llb was obtained a, a ycllow

oil (100 mg, 56%); 200 MHz IH NMR (CDCI3) 8: 8.1 (overlap of d and s, 2H, Ar), 7.5

(d, J=8.3, 2H, Ar), 4.25 (quintct, 1H, J=6, H-I '), 3.4 (s, 3H, N=NNCH3) 2.2-1.5 (m, 8H,

cyclopentyl) 75.4 MHz (CDCI3) 8 : 158.2 (s), 148.6 (s), 146.5 (s) 139.9 (s) 127.83 (d),

119.8 (d), 118.4 (d), 62.66 (d), (d) 36.95 (q), 31.20 (t), 25.57 (t); 30.4 MHz 15N NMR

(CDCI3) 8: 83.3 (q, J=2.8, N2); CIMS (NH2) m/z 291 (MW(15N), 78), 262 (MW-

N=15N), 75), 234 (MW-MeNCO, 100);

l-Cyclopentyl-5-nitro-l H-benzotriazole (l2b).

From the complete decomposition of llb artel' 5 days at room temperature in the solid:

200 MHz IH NMR (CDCI3) 8: 8.6 (s, 1H, Ar) 8.2 (overlap of d, 2H, Ar), 5.2 (quintet,

J=6.76, H-1) , 2.4 (m, 4H, CH2s), 2.0 (over1ap of m, 4H, CH2 eyc1openty1); EIMS ml:;

(relative intensity) 233 (M+(15N), 30), 175 (M+-cyc1opentyl, 28); HRMS exact mass calcd

for CIlH1202N4 (M+(14N)): 232.09603. Found: 232.09627
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Chapter 6

General overview

The finding that eleetron-withdrawing groups stabilize the 1,2,3,5-tetrazepinone ring

syslem has encouraged lhe development of tetrazepinone fused with pyrimidine and

pyridine rings, since lhe laller ring systems are known to be electron-deficient wilh respeet

lo benzene.

AllempL~ to synlhesize pyridimidine fused tetrazepinone failed beeause it was not

possible lo synthesize lhe urea precursors. However, the formation of N-(3-amino-2

pyIidyl)-N'-alkylurea was successfully achieved.

H H
1 1

(Q(N'('Me
N NHMe

XII

In eonlrasllo N-melhyl-l,2-phenylene diamine, the reaction of 2,3-diaminopyridine

Xl gave XlI, selectively carbamoylated at the amino group. We then adapted previously

descIibed melhodology which consisred of protecting the primary amine group. We chose a
~.

carbobenzyloxy group because il was easy to remove by catalytic hydrogenation. This

gcneral method had allowed lhe synthesis of tetrazepinones containing a methyl group, a 4'

hydroxybulyl or a cis-cyc1opentyl carbinol group at the 5-position.
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• ABSTRACT: The cyclizalion of N-(2-amino-3-pyridyl)-N, N'-dimelhylurea 3e by diazotization failed

10 producc 3,5·dimeOlyl-3Jf-pyrido-[2,3-f]-I,2.3.5-1etrazepin-4-(3JO-one 4. whereas lhal of N-(3-amino-2-

pyridyl)-N.N'-dirnelhyl urea 9 gave 3.5-dimelhyl-3Jf-pyrido-[3.2-fj-1.2.3.5-lelrazepin-4-(3JO-one 10. This

finding allowed Ole synlhesis of 4'-hydroxybulyl-pyridolelf'dZepinone 15 and ± cis-4-eyclopemylcarbinol-

pyridolClrazepioone 22.

INTRODUCTION.

Rcccntly, WC rcported the synthesis and stability of bicyclic benzo-I,2,3,5

tctrazcpinones bcaring substituents at the benzene ring1•2. We have shown that their

stability increases with increasing elcctron-withdrawing character of these substiluents.

Sincc the pyridine ring, due to ils ring nitrogen, is electron-withdrawing, il was predicted

that its fusion with the 1,2,3,5-tctrazepinone system would give rise to bicyclic compounds

• the stability of which would be similar to that of the bicyclic systems la, b.

Wc now report the synthcsis and 15N NMR of bi-cyclic pyridotetrazepinones.

Wc also report the synthesis of nucleoside analogs 13 and 18 bearing pyrido-1,2,3,5

tctrazepinones as bases. Il is now known that base and sugar modified nucleoside analogs

can show intcrcsting antiviral activity3-8.

•
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• RESULTS AND DISCUSSION.

We fust atlempted the synthesis of pyridotetrazepinone 4 in which the triazene.

chain is attached to the 2-position of the pyridine ring . Treatment of a large excess of

2,3-diaminopyridine 2 with ethyl chloroformate under basic condition gave the

monocarbamate 3a which was reduced with lithium aluminium hydride to 2-amino-3

methylamino pyridine 3b. Treatment of this amine with methyl isocyanate gave urea 3c,

the diazotization of which, followed by neutralization, gave a complex mixture. The 15N

NMR spectrum of the crude mixture showed two peaks at around 180 and 170 ppm

indicating the formation of nitroso species, one of which may he similar to 5 which was

isolated from the allempted diazotization of N-(2-amino-3-pyridyl)-N'-melhyl urea 3d.

The nitroso group of 5 was at 184 ppm. The chemical shifts of the nitrogen in nitroso

compounds is known to he in the 180-190 ppm range (downfield from nitrome

thane).9-n

The formation of tetrazepinones results from a relatively stable 2-diazonium

aryl urea intermediate1,2. It appeared that under acidic conditions, the ureido moiety of

ureas 3c and d was more reactive towards the nitrosylating agent.

•

rfr'NH

2~ erX

K •
~ANH2 ~~NH2

2 3. X:NHCOOEI
b hNHMo
• X=NMoCONHMo
d XcNHCONHMo

5. X=NHCONMoNO.HCI

8chlml 1

4
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• We then allempted the synthesis of pyridotetrazepinone 10 in which the triazene

moiety of the lCtrazepinone would he at the 3-position of the pyridine ring. The

preparation of 10 proeeeded according lO Scheme 2. 2-Chloro-3-nitropyridine 6 was

~HCOOBn

N ~CH3

R
8

• R=H
b R=CONHCH3

9

Scheme 2

treatcd with aqueous methylamine to givc N-methylamine 7a which was reduced to 7b.

Since the reaction of 7b with methyJ isocymate gave a compound selectively

carbamoylaled at the primary amine function, it was decided to protect the latter with a

carbobenzyloxy group by treating it with benzyl chloroformate. Treatment of the resulting

urethane Sa with methyl isocyanate provided urea Sb. The amino group was then.

deprolected by calalytic hydrogenation to give9. Diazotization of this compound with

[6% 15N] NaN02 and adjustment of the pH to 6 gave the selectively labelled

tetrazepinone 10 as a white powder the elemental composition of which was confirmed by

microanalysis and high resolution mass spectometry. Its 15N NMR will be discussed

bclow.

The synthesis of tetrazepinone 15 proceeded according to Scheme 3. 2-

Chloro-3-nitropyridine 6 was reacted with 4-aminobutanol to give the aminoalcohollla.

The hydroxyl function was protected with a tetrahydropyranyl group 10 give lIb. The
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• nitro group in lib was then reduced to amine 12a and ilS benzyloxycarbamate derivative

,. 12b was then treated with methyl isocyanate to give 13. C3talytic hydrogenation using

10% Pd-C catalyst gave the urea 14 . This urea was diazotized with [6% lSN] NaN02

in 2N HCI. Neutralization of the reaction mixture gave 15 that could be analyzed by lSN

NMR and Iùgh resolution mass spectroscopy.

~N02 ©XXQA ..t: . 0
RO N N - N N~H
~ THPO~

" '2
• R=H • R.NH2
b R=THP b R.NHCOOBn

(

5ch.mo 3

We then applied the methodology described above to the synthesis of 22, the

structure of which is similar to th'!t of carbocyclic nucleoside analogs l2.13, Amine 16

was prepared according to a modification of the methodology described by Daluge and

Vince12• Thus, ±.2-azabicyclo[2.2.1]-hept-S-en-3-one12 was methanolized under acidic

condition to give the amino-ester 16 as an ammonium salt. This compound could alse be

obtained by hydrolyzing ± 2-azabicyclo[2.2.l]-hept-S-en-3-one to an amine aeid which

could he esterified by the Chan's method14. The amino-ester 16 was reduced with

lithium aluminium hydride at -6QO C to give ± amino alcohol 17. This route is an

alternative.to the rather lengthy synthesis reported by Daluge and Vincel2.

•
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U
H2

16 R=COOMe
17 R=CH20H

•

(

•

cgc::: cgc:::
- R0'(j - THP0'(j

18 19
IR=H IR=H
b R=THP b R=COOBn

+
rÇ)fN::::N lQXNH2 (Ç5fNHCOOBnQ 'N,CH

3 Q ° QfI
.-/". N N)l.N,CH3 N NA N...

CH3

HO~.s 0 THP01/"-l 1 THP01/"-l 1

\......J - L.J H -- L.J H

22 21 20

8ch.m. 4

Amine 17 was refluxed with 2-chloro-3-nitropyridine 6 to provide 18a, the

aIcohol function of which was protected as its tetrahydropyranyl ether 18b. The nitro

group and the double bond were simultaneously reduced by catalytic hydrogenation to

give 19a. Urea 21 was obtained as described for 8 and 11. Thus, the diamino pyridine

19a was treated with benzyl chloroformate under basic condition to give urethane 19b,

which was converted to urea 20 by reaction with methyl isocyanate. The carbobenzyloxy

group of the laner compound was removed by catalytic hydrogenation to give 21 which

was diazotized with [99% ISN] NaN02 to give tetrazepinone 22.

The structures of the tetrazepinones in this series were further conflrmed by 1H

NMR, 13e NMR, ISN NMR and high resolution mass spectroscopy. In the 1H NMR

spectra, the N3 methyl groups of 10 and IS appeared as a singlet and that of 22 showed

up as a doublet (coupled with 1SN) at around 3.4 ppm. In the 13e NMR spectra, the N3

methyl groups appeared at around 38 ppm. In the mass spectra of ID, 13 and 22, the

molecular ions and strong MH+-N2 peaks were observed.

128



•

(

We were able to run the natural abundance \5N NMR spectra of tetrazepinones 10

and 15 (Fig. 1) which showed peaks at-85 ppm for the pyridine ring nitrogen, at 38 ppm

for NI and -194 ppm for N·3. The assignment was based on Iiterature values\,\\,\5. N5

was more shielded in 10 (263 ppm) than in 15 (251 ppm). This is due to the ~ effect

which is known to be deshielding for the nitrogen nucleus\3. The \5N labelled N2 in

10, 15 and 22 showed up as a quanet (3J=2.7 Hz) at &round 74 ppm (Fig. 2). This

.coupling between the methyl proton and the central nitrogen conf1I'lIled the presence of

the CH3NNN moiety \,2.

N-2

N·l N·3

. 1
N·S

, :' . :1
-~ • i , • ,~ .-; 1

C .~, -~:o ·l!~ -2:0 -l'C PP"

N·2

b)

,

ID

N-7

• ..
N·l

.... -&10

N-3 N·S

-

•

Fig \••)\5 NMR speçlnlm of 10 in CDCI3

b)\5N NMR speçtrum of 15 in CDCI3

,..,.-rF"'7"'T"l""'TT"""'T"'....,..,.....'?T"'T~·rrri 1 i i i i

71 ." ,.

Fig. 2. \5N NMR speclnlm of Ille N2.1abeI of 22
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Wc wcrc ablc ta run thc natural abundancc 15N NMR spectra of tetrazepinones 10

• and 15 (Fig. la, b) which showed peaks at-85 ppm for the pyridine ring nitrogen N-7, at

38 ppm for N-I and -194 ppm for N-3. The assignment was based on Iilerature

valucs l,11,15. N5 was morc shic1ded in 10 (-263 ppm) than in 15 (-251 ppm). This is due

ta thc ~ cffect which is known ta be deshielding for the nitrogen nue1eus 13. The 15N

lahcllcd N2 in 10, 15 and 22 showcd up as a quartet (3J=2.7 Hz) al around 74 ppm (Fig.

2). This coupling between the methyl proton and the central nitrogen confirmed the

presence of the CH3NNN moictyl,2 .

1 N.2

1 N·l

==~.~W~.=~=~~N~j7~;==~~'.--!!:~j~~==~N~::
I~J :00 ~c -~e -~QO -l~ ~i!OO -eo ??~

N·2

"

N·1

o

N·7

-100 -'50

N·3

-.......

N·S

•

Fig 1. a)15 NMR speclrUm of 10 in CDCI3' (The alom numbering corresponds to thal of

Ule ORTEP view, p.l30)
b)I5N NMR speclrUm of 15 in CDCl3

r-TT"'rrT"1-rT"'-r-~-r~"""T"'rïTT'T'T"'T"""

76 75 74

Fig. 2. 15N NMR speclrUm of the N2-label of 22
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Fig. 3 ORTEP view23 of me crystallographically delermined molecular structure for compound 10
(50% probability ellipsoidl. For clarity arbitrary mermal parameters wcrc assigned 10 UIC
hydrogen atoms.

Fig. 4. Slereoview of the contenls of me unit ccU of crystals of 10.

,

The conformation of 10 in the solid was determined by X-ray crystallography

(Fig. 3, 4). Bond angles around N3 were 107.70 (5) (Table 2) for N2-N3-CI and around

1160 (5) for both N2-N3-C2 and CI-N3-C2. The torsion angle between the pyridine ring

(CIO-CIl) and the diazo linkage NI=N2 was 145.80 (7), showing a marked deviation of

N2 from coplanarity with the benzene ring. The bond distance between N2-N3 (1.450 (7)

Â) (Table 1) suggests a single bond character of this linkage, and the pyramidal

orientation of bonding about N3 indicates an sp3 character of the latter nitrogen. Thesc

results are similar to those observed for the nitrobenzotetrazepinone 1 (R=N02)2 except

• for the torsion angle between the diazo linkage (Nl=N2) and the aromatic ring which

130,,-
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• was slightly higher in HI (141.50 in nitrobenzotetrazepinone 1; 145.80 in 10). These results

also eonfirm that the triazene chain in tetrazepinones is only weakly eonjugated with the

aromatie ring or that the lone pair of N3 is only deloealized to a minor extent.

It is interesting to notice that, in eontrast to their benzotetrazepinones eongenors,

the pyridotetrazepinones eontaining large groups at the 5-position were not prone to be

eonverted to their eorresponding triazoles by loosing their methyl isocyanate moiety.

Table 1. Non-bydrogen bond length (À) for 10

O(4)-C(4) 1.212(6) C(6)·C(I1) 1.386(7)
N(I)-N(2) 1.239(6) C(8)-C(9) 1.387(8)
N(I)-C(ll) 1.426(7) C(9)-C(l0) 1.373(8)
N(2)-N(3) 1.450(7) C(lO)-C(l1) 1.391(7)
N(3)-C(3') 1.479(7) C(3')-H(3'A) 0.99(5)
N(3)·C(4) 1.406(7) N(7)-C(8) 1.336(7)
N(5)-C(4) 1.376(7) N(7)·C(6) 1.334(7)
N(5)-C(5') 1.474(6) N(5)-C(6) 1.413(7)

• Table 2. Non.hydrogen bond angles (0) for 10

'-1
N(2)-N(3)·C(3') 107.7(4) N(2)-N(l)-C(11) 122.5(5)
N(2)-N(3)-C(4) 116.6(5) N(5)-C(6)-N(7) 115.7(4)
C(3')-N(3)-C(4) 113.1(4) N(5)-C(6)-C(l1) 122.1(5)
C(4)-N(5)-C(5') 116.0(4) N(7)-C(6)-C(ll) 121.9(5)
C(4)-N(5)-C(6) 121.9(5) N(7)-C(8)-C(9) 124.3(5)
C(5')-N(5)-C(6) 119.2(4) O(4)-C(4)-N(3) 122.2(5)
N(l)-C(ll)-C(6) 125.2(5) N(1)-r!(2)-N(3) 118.6(4)
O(4)-C(4)-N(5) 121.8(5) N(l)-C(ll)-C(lO) 115.2(5)
N(3)-C(4)-N(5) 116.0(4) C(6)-C(11)-C(10) 119.1(5)
C(6)·N(7)-C(8) 117.9(4) C(8)-C(9)-C(l0) 117.0(5)
O(4)-C(4)-N(3) 122.2(5) N(l)·C(ll)-C(lO) 115.2(5)
N(3)-C(4)-N(5) 116.0(4) C(6)-C(11)-C(l0) 119.1(5)
C(9)-C(ll)·C(l1) 119.6(5) N(l)-C(l1)-C(6) 125.2(5)

(No pyridotriazole peak was observed in the spectrum of 15 whieh was run ovemight at

room temperature). Since this mode of decomposition may occur via a diazonium

intermediate of type 23 , the eleetron deficieney of N5 in pyridotetrazepinones may

• retard the cyclization to benzotriazole. AIso, the electron-withdrawing effect of the
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• pyridine ring would destabilize a positive charge development on NI and consequently

retard the formation of the diazonium species of type 23. This study conclusively shows

that a pyridine moiety exerts a stabilizing effect on the 1,2,3,5-tetrazepinone ring

system.

(

23

Tetrazepinone 10 was found to show interesting antitumour activity against a

variety of human cancer cell lines. Detailed biological evaluation of tetrazepinones will

be reported elsewhere.

EXPERIMENTAL

Melting points were measured on a Gallenkamp block and are uncorrected. Thin

layer and flash chromatography were performed on silica gel 60 F2S4 aluminum plates

and Merck Silica Gel 60 (230-400 mesh) respectively. 1H NMR spectra were recorded

on a Varian XL-2oo at 200 MHz. 13C NMR spectra were obtained at 75.40 MHz on a
"

Varian XL-3oo. Ali 1H NMR spectra were run in CDC13 or in DMSO-d6 and chemical

shifts are reported downfield from TMS. J values Me in Hz. Low and high resolution

mass spectra were recorded on a Kratos MS25RFA, HP5984A, or an LKB9000

spectromeler. Ali compounds were shown to be homogeneous by TLC and high-field

NMR, or te have a purity of >95% by elemental analysis.

1SN NMR spectra were taken at 30.40 I\.rnz on a Varian XL-3oo and chemical

shifts are reported upfield from nitromethane, which was used as external standard. The

9QO pulse width was 18 J.1s and the pulse interval was set al 3s. The temperature of the
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probe was around 200 C for the natural abundance spectra. Spectra were obtained after

100 seans for the 15N enriched compounds when sample concentration were around 0.10

M in CDCl3 (gated coupled) and after about 9000 scans for natural abundance spectra at

concentrations around 0.5 M.

AlI reactions were monitored by thin layer chromatography (TLC).

2.Amino-3·(ethoxycarbonylamino)·pyridine (3a)

To a solution of 2,3-diaminopyridine (3 g, 27 mmol) in tetrahydrofuran (THF) (100

mL) was added dropwise 1mL (0.33 eq) of ethyl chloroformate. The solution was stirred

for 30 min and 40% aqueous sodium carbonate (8 mL) was added. When the gas

evolution ceased (after 40 min) the mixture was fùtered and the THF evaporated. Water

(25 mL) was added and the resulting brown mixture extracted with methylene

dichloride. The organic layer was concentrated under vacuo and chromatographed on a

sillca gel column (5% methanol in ethyl acetate) to give 1.2 g (66%) of a clear oil that

solidified on standing, m. p. 780 C. 200 MHz 1H NMR (CDCl3) 8: 7.85 (d, 1H, J=8 ,

H-6), 7.fiJ (d, lH, J=4 , H-4), 6.80 (s, 1H, NHCOO), 6.65 (dd, 1H, J= 4, J=8 , H-5),

4.75 (br s, 2H, NH2), 4.20 (q, 2H, J=8 ,CH2CH3), 1.25 (t, 3H, J=8, CH2CH3).

3·(N.metbyl).2,3·diaminopyridine (3b).

A solution of 38 (lg, 5.52 mmo1) in THF (10 mL) was added dropwise to a suspension

of lithium aluminium hydride (0.8 g) in 10 mL of the same solvenL The temperarure was

kept at around 450 C during the addition and the mixture was stirred for 6 hrs at room

lemperature. The excess of lithium aluminium hydride was quenched with the dropwise

addition of 10% aqueous sodium bydroxide (l0 mL) at 00 C and the saUd residue thal

formed was filtered. The solvents were evaporated and water (20 mL) was added to give

1 cloud)' solution which was extraeted with methylene dichloride. The organic layer was
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• separated, dried over magnesium sulfate and evaporated under vacuo to give 3b (300

mg, 46%) as a clear oil, n.C (20% methanol in ethyl acetate), Rf=OA. 200 MHz IH

NMR (CDCI3) li: 7.56 (d, IH, J=4, H-6), 6.73 (m, 2H, H-4, H-5), 4.19 (br, 2H, NH2),

3.30 (br, IR, NHCH3), 2.81 (d, 3H, J= 5.2, NHCH3)

(

•

N.(2·amïno·3·pyridyl)·N,N'.dimethylurea (3e).

To a solution of 3-N-methyl-2,3-diaminopyridine 3b (300 mg, 2.5 mmol) in methylene

diclùoride (20 mL) was ~ded dropwise methyl isocyanate (0.2 mL, leq). The mixture

was kept for 16 hrs and the solvent was evaporated to give 3c as a white soUd in

quantitative yield, m. p. 10Q0 C. IR (CDCI3) v (cm-l): 3400 (NH, NH2), 3000 (CH),

1662 (C=O); 200 MHz IH NMR (CDCI3) li: 7.97 (d, IH, J=4.5, H-6), 7.28 (d, !H,

J=7.62, H-4), 6.63 (dd, IR, J=4.5, J=7.6, H-5), 5.08 (br s, 2R, NH2), 4.01 (br q, IR,

CONHCH3), 3.1 (s, 3R, PyrNCH3CO), 2.68 (d, 3R, J=4.7, CO NHCH3); 75.3 MHz

13C NMR. (CDC13) li: 159.11 (s), 157.58 (s), 149.24 (d), 138.42 (d), 123.98 (s), 115.73

(d), 36.68 (q), 28.84 (d); CIMS (iso-butane) mlz (relative intensity) 181 (MW, 1(0), 149

(MH+-32, 25), 124 (MH+-57, 47).

N·(2·amino-3·pyridyl)·N'·methyl·N'.nitrosourea (5). To a solution of 2,3

diaminopyridine 3b (1 g, 2.5 mmol) in nIF (20 mL) was added dropwise methyl

isocyanate (0.6 mL, leq) . The precipitate that formed after 30 min was filterc{\ to give

3d as a white powder in quantitative yield, m. p. 1200 C. 200 MHz IH NMR (CDC13) li:

7.67 (overlap of d and s, 3H, H-il, H-4, PyrNHCO), 6.63 (dd, IR, J=4.5, J=7.6, H-6),

6.01 (br q, IH, CONHCH3), 5.65 (br s, 2H, NH2), 2.68 (d, 3H, J=4.7. CONHCH3);

Urea3d (500 mg) was dissolved in a concentrated HCI (5 mL) and [6%15NNaNOz .(200

mg in 2 mL of water) was added dropwise. The white precipitate tbat formed was
;:. --'
filtered and dried under vacuum at room temperature (sOOmg, 81%): white powder, ID. p.

8oo (dec). The Cree base could he obtained by redissolving the powder in 5% sodium
't,\\...

"\.~:<:~".
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carbonate, fol1owed by extraction. The 1H NMR was run immediately after evaporating

the solvent. 200 MHz IH NMR (CDCI3) B: 8.1 (d, J=8, H-6), 7.7 (d, 1H, J=8, H-4), 6.8

(dd, J=S, J=8, H-S ), 4.7 (brs, 2H, NHz), 3.3 (s, 3H, ONNCH3); 30.4 MHz 15N NMR

(S.HCI in 020) B: 184 (N2 label). Anal. caled for C7HgN50CI. 0.SH20: C, 34.93; H,

4.99; N, 29.1. Found: C, 35.01; H, 4.99; N, 28.82

2-(N.methylamino).3.nitro-pyridine (7a).

A suspension of 2-chloro-3-nitro-pyridine (2.4 g) in 40% aqueous methylamine (20 mL)

was heated 10 7ffJ C until all solids dissolved. The solution was kept at room

temperature for 30 min and the yellow crystals that formed (2g, 88%) were filte~,ed and

dried under vacuum, m. p. SffJ C. 200 MHz IH NMR (CDCI3) B: 8,4 (overlap of d and s,

2H, H-4, H-6), 8.2 (br s, 1H, NHCH3), 6.63 (dd, J=4.S, J=8.2, H-S), 3.2 (d, 1H, J=S.01,

NHCH3)

2.(N.methylamino)·3·(N·benzyloxycarbonYlamino)·pyridine (Sa).

A solution of 2-(N-methylamino)-3-nitro-pyridine 7a (1.8g) and 10% Pd-C (500 mg) in

methanol (25 mL) was hydrogenated at 2 atm . The catalyst was filtered and the solvent

evaporated to give 7b as a brown oil in quantiiative yield. 200 MHz IH NMR (CDCI3)

B: 7.7 (d, lB, J=S, H·6), 6.81 (d, lH, J=7.3, H-4), 6.5 (dd, J=S, J=7.3, H-S), 4.1 (br s,

1H, HNCH3), 3.2 (br s, 2H, NH:e).>,3.0 (s, 3H, NHCH3)' To a stirred solution of 2-N-

methyl-2,3-diamino pyridine (1.6 g, 13 mmol), 40 % aqueous sodium carbonate (5 mL)

was added dropwise benzyl chloroformate (1 mL) . The mixture was stirred for 30 min

and extracted with water (4()"llII-)' The organic layer was separated and dried over

magnesium sulfate and evaporated 10 give Sa as a brown oil, which was sufficienùy pure

to he use<! for further reactions. 200 MHz IH NMR (CDCI3) B: 8.01 (d, 1H, J=S.O, H-

5), '-7.4 (overlap of s, 6H, Ar, H-4), 6.57 (dd, 1H, J=S, J=7.6, H-S), 6.2 (s, 1H,

NHCOOBn)",S.17 (s,2H, CH2Ar), 2.95 (d, 3H, J=4.6, NHCH3»
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• 2·(N,N'.dimethyl ureido)·3·(N·benzyloxycarbonylamino)·pyridine (Sb).

A solution of the carbamate 8a (1.6 g, 6.2 mmol) in methylcne dichloridc (25 mL) \Vas

treated with mcthyl isocyanatc (0.3 mL) at room temperature. The mixture \Vas kepl

overnight and evaporated under reduccd pressure. Thc resulting cieal' oil was purilïed on

a silica gel column (5% methanol in mcthylene dichloride) to give Sb (1.6 g, 82.5%) as a

white powder, m. p. 145-147° C. 200 MHz tH NMR (CDCI3) 0: 8.4 (d, IH, J=8.2, H-5).

8.1 (d. IH, J=4.7, H-6), 7.4 (br s, 6H, Ar, NHCOOBn), 7.2 (dd, IH. J=4.7, J=8, H-5), 5.2

(s, 2H. OCH2Ar), 4.6 (br s, IH, CONHCH3), 3.2 (s. 3H, PyrN(CH3)CO), 2.70 (d, 3H.

J=4.8, CONHCH3). Anal. calcd for Ct6H1sN403 : C, 61.13; H, 5.77; N, 17.33. Found: C.

61.53; H, 5.83; N, 18.06

•
':.

•

N·(3·amino.2·pyridyl).N,N'.dimethylurea (9).

Vrea 8b (1.2 g) was dissolved in methanol (20 mL) containing 10% Pd-C (200 mg) . The

mixture was kept under hydrogen for 4 hrs at 3 atm. Thc catalyst was fillcred and lhc

solvent evaporated to give 9 as a clear oil in quantitative yield. IR (CDCI3) v (cm-'):

3400 (NH, NH2), 1659 (C=O); 200 MHz tH NMR (CDCI3) 0: 7.93 (d, IH, J=4, H-6),

7.09 (overlap of d, !H, H-4, H-5),'k7 (br s, IH, CONHCH3), 3.9 (br s, 2H, NH2), 3.2 (s.

3H, PyrN(CH3)CO-), 2.7 (d, 3H, J=4.8, IH, CONHCH3); 75.3 MHz l3C NMR (CDCI3) 0:

159.19 (s), 143.04 (s), 140.31 (s), 140.02 (d), 125.61 (d), 125.24 (d), 35.41 (g), 28.80 (g);

CIMS (iso-butane) mlz 181 (MW, 83), 124 (MW-57, 100)

3,5·Dimethyl·pyrido·3H·l,2,3,5·tetrazepin.4(SH)·one (l0).

Vœa 9 (1 g, 3.9 mmol) was dissolved in 2N HCI (15 mL) and 27% [6% 15N] NaN02

(10 mL) was added dropwise at 0° C. After 30 min, the solution was extracted three times

"
with 25 mL portions of methylene dichloride. The aqueous layer was removed and iL~ ~H

adjusted to 6 with sodium carbonate, after which it was reextracted three times with 25

mL portions of methylene dichloride. The solvent was dried ovcr anhydrous

r
"
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potassium carbonate and evaporated to give 10 (780 mg, 74.2 %) as a wbite powder:

needles from chloroform, m. p. 90° C. IR v (cm-1): 3027 (CH), 1701.33 (C=O); 200 MHz

IH NMR (CDCI3) 0: 8.4 (d, !H, J=4.73, H-6), 7.8 (d, !H, J=8, H-4), 7.2 (dd, !H, J=4.7,

J=8, H-5), 3.4 (s, 3H, N=NNCH3), 3.3 (s, 3H, N(CH3)CO); 75.4 MHz (CDCI3) 0: 160.15

(s), 151.70 (d), 149.6 (s), 137.3 (s), 137.2 (d), 120.8 (d), 38.3 (q), 34.5 (q); 30.4 MHz ISN

NMR (CDCI3) 0: 72.3 (N-2 label), 39.1 (N-I), -85 (N-9), -194 (N-3), -263 (N-5); CIMS

(NH3) m/z 192 (MH+, 88),:)64 (MH+-Nz, 100), 135 (MH+-MeNCO, 3). HRMS exact

mass calcd. for CgHIONSO (MH+): 192.08853; Found: 192.08850; Anal. calcd for

CgH9NSO: C, 50.26; H, 4.71; N 36.65. Found: C, 50.41, H, 4.62; N, 36.46.

2-N-[1 '(4'-hydroxybutyl]~3-nitro-2-aminopyridine (lIa).

To a solution of 2-chloro-3-nitropyridine (5 g, 31.6 mmol) in methanol (10 mL) were

added 4-aminobutanol (2 mL), sodium bicarbonate (3.3 g) and water (10 mL). The

mixture was hcated at ret1ux overnight and the solvents evaporated to give a dark residue.

Methylene dichloride (20 mL) was added and the insoluble solids fihered. The filtrate was
, '

concentrated under reduced pressure and chromatographed on silica gel to give lIa (4.1

g , 60.2 %) as a yellow oil. 200 MHz lH NMR (CDCI3) 0: 8.6 (d, J=4.76, H-6), 8.18

(overlap of d and hr s, 2H, NH), 7.44 (dd, J",4.76, J=8, H-5), 3.6 (overlap of t, 4H,

C.?izOH, C.?izNH), 2;4 (br s, IH, OH), 1.7 (overlap of m, 4H, CHzCHz); Anal. calcd for

C9H13N303: C, 51.17; H, 6.20; N, 19.90. Found: C,50.85; H, 6.35; N, 19.64.

'~\

2'lN-l'-(4'-tetrahydropyranyloxy)butyl]-2,3-diaminopyridine (12a).
<~:::::.....

To a solution of lIa (4g, 18.6 mmol) in methylene dichloride (100 mL) was added 3,4-

2Jf-dihydropyrane (2mL) and a catalytic amount of p-toluene sulfonic acid (85 mg). The

mcthylene dichloride solution was kept overnight and washed with 5 % aqueous sodium

carbonate, dried and evaporated to give 12a,as a yellow oil which was sufficiently pure to

be used for further steps; 200 MHz lH NMR' (CDCI3) 0:7.68 (d, IH, J=4, H-6), 6.8 (d, IH,
(-.
if......... -"-.
, "'"l,
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• J=4, H-6), 6.8 (d, IH, J=6, H-4), 6.49 (dd, J=6, J=4, H-5), 4.56 (s, IH, OCHO), 3.66-3.3

(m, 6H, CHlOs, CHlN), 1.8-1.4 (br m, 10H, CH2s)

A solution of llb (4.5 g) and 10% Pd-C (100 mg) in methanol was hydrogenated at 2

atm for 1 br. The eatalyst was filtered and the solvent evaporated to give 12b as a brown

oil . 200 MHz (CDCI3) 8: 7.69 (d, IH, J=5.3, H-6), 6.83 (dd, J=5.3, J=7.3, H·4), 6.51

(dd, J=5.3, J=7.3, H-5), 4.5 (lH, OCHO), 3.8-3.2 (overlap of m, 4H, CHlO, CH2N), 1.8

1.2 (overlap of m, 4H, CHls, NHz).

(

•

N-(3.benzyloxycarbonylarnino.2·pyridyl)·N'-[1'·(4'-tetrahydropyranyloxy)butyl]·

N'·rnethylurea (13).

Amine 12a (2 g, 7.49 mmol) was treated with benzyl chloroformate (0.6 mL. leq) in

methylene dichloride (15 mL). Saturated aqueous sodium bicarbonate was added and the

mixture stirred at room temperature for 1 br. The methylene dichloride layer was dried

over magnesium sulfate and evaporated to give 12b as a pure brown oil (TI..C, 30%

hexane in ethyl aeetale, Rf=O.2) which was immediately redissolved in pyridine (15

mL) and treated overnight with methyl isocyanate (1.2 mL). The pyridine was

azeotroped with toluene and the resulting dark residue cbromatographed on siliea gel

(5% methanol in methylene dielùoride) to give 13 (2 g, 62 %) as a brown powder, m. p...•

62 oC. 200 MHz IH NMR CDCl3 8: 8.45 (d, IH, J=8.0, H-6), 8.20 (d, IH, J=4.74, H-4),

7.37 (s, 5H, Ar), 7.26 (overlap of d and s, lH, J=8.2, H-5, NHCOOBn), 5.18 (s, 2H,

CHl , Ar), 4.7 (s, IR, OCHO) ,4.48 (br q. IR, CONHCH3), 3.66 (m, 4H, CH2N, CHlO),

3.4 (m, 2H, CH20). 2.7 (d, 3H, J=5, 3H, CONHCH3), 1.8-1.4 (overlap of m, 10H,

CH2S). Anal ealcd for Cz4H32N40S : C, 63.14; H, 7.07; N, 12.27. Found: C 62.87, H,

7.04. N 12.44
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A solution of urea 13 (1.5 g) and 10% Pd-C (250 mg) in methanùl (10 mL) was

hydrogenated at 2 atm for 1 hr, The solution was JïJtered and evaporated lU give 14 as a

c1ear oil in quantitative yield. 200 MHz IH NMR (CDCI3) 8: 7.9 (d, !H, J=5, H-5), 7.08

(overlap of d, 2H, H-4, H-6 ),4.6 (br q, IH, CH3NHCO), 4.49 (s, IH, OCHO), 3.96 (br

s, 2H, NH2), 3.69 (overlap of m, 4H, CH2), 3.4 (m, 2H, CH2), 2.71 (d, 3H, J=4.7 Hz,
l'

CONHCH3), 1.5 (overlap of m, JOH, CH2) ; 75.3 MHz l3C NMR (CdCI3) 8: 158.74 ,

143, 140, 140.23, 125.39, 125.23, 100. JO, 68.5, 63,7, 54.73, 47.92, 32.19, 28.74, 28.37,

27.11, 26.78, 20.93; CIMS m/z 323 (MW, 23), 239 (MW-dihydropyran, 100), 182

(MW-dihyropyran-MeNCO,22.3).

3-Methyl-5-[1 '-(4' -hydroxybutyI)]-3H-pyrido-l,2,3,5-tetrazepin-4(SH)-one (15).

Urea 14 (700 mg, 2.1 mmol) was dissolved in 2N HCI (15 mL) and [6% iSN] Na1SN02

was added dropwise at 0° C. The solution wa$ extracted three times wilh 25 mL ponion$

of methylene dichloride. The aqueous layer was separated and its pH adjusted to 8 with

sodium carbonate, after which il was reextracted three times with 25 mL portions of

methylene diehloride. The solvent was evaporated and the resu1ting brown oil was

purified on a siliea gel column (5% hexane in ethyl acetate) to give 15 as a clear oil (300

mg , 74.1 %) ; v (cm-i): 3400 (OH), 3000 (CH), 1696 (C=O); 200 MHz IH NMR

(CDCI3) 8: 8.4 (d; J=4.73, H-6), 7.8 (d, J=8, H-4), 7.2 (dd, 1H, J=4.7, J=8, H-5) 4.0 (t.

2H, J=6.92, -CH2CH2N), 3.6 (t, 2H, J=6.92, CH2CH20) , 3.4 (s, 3H, N=NNCH3), 1.8

(quintet, 3H, J=6.46, CH2' OH), 1.6 (m, 2H, CH2); 75.4 MHz l3C NMR (CDCI3) 8:

.• 159.37 (s), 151.74 (d), 148.89 (s), 138.13 (s\ 137.47 (d), 121.1 (d), 63.38 (t), 46.80 (t),

38.39 (q), 29.98 (t), 24.50 (t); 30.4 MHz lsN NMR (CDCI3) 8: 73.5 (q, J=2.8, N-2 lahel),

38.6 (N-I), -85 (N-9), -194 (N·3), -250.8 (N-5); CIMS (NH3) m/z 250 (MW 35.61),222,

(MW-N2, 100), 193 (MW-MeNCO, 8); HRMS caled for CllHlSNS02 (MH+):

250.13034. Found: 250.1 3040. "
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C±)Cis·l·amino·4 ·hydroxyrnetbyl.cyclopent·2·ene (17)•
•,l,

A solution of ± 2·azabieyelo[2.2.l]hept-5-en-3-one (2g) in dry methanol (20 mL)

ssaturated' with dry HCI at OOC was kept overnight at room temperature under nitrogen.

Evaporation of the solvent gave Ihe aminoester 16 as an oil in quantitative yield. IH

NMR data identieal to published values.

To a suspension of the aminoesler hydrochloride (lg, 5.6 =01) in dry THF (50

mL) was added lithium aluminium hydride (400 mg in 10 ml of THF) at -800 C. The

temperaroreof the mixture was then brought 10 room lemperature and il was stirred for 5

brs. The exeess of lithium aluminiumliydride was quenehed with 10 % aqueous sodium

hydroxiâea'1d the solution was fl1lered. Evaporalion of the solvents gave 17 (0.5g, 83%)

as a pale bro'NT\ ail whieh was suffieiently pure la he Ut~ for further steps. 200 MHz IH

NMR (CDCh) B: 5.78 (s, 2H, HC=CH), 3.96 (dd, lH, J=2, J=7, H-l), 3.55 (d, J=3.4,
/..

CH20H),2.86 (m, lH, H·4), 2.65 (br s, 2H, NHz), 2.87 (m, IH. CHH'), 1.37-1.30 (m,
l' '
I!

lH,CM).

C±) cis.[4.[(3.nitro-2.pyridyl].amino].2.cyclop~ntenyl]carbinol (l8lij;'

Ta a solutil>n of amine 17 (1.5g, 4.48 mmol) in tetrahydrofuran (25 mL) was added, 2

ehloro-3·nitro-pyridine (0.j3g) and pyridine (G.6cmL) . This mixture was heated at

reflux overnight. The solvents were evaporated and the residue ehromatographed on a

sillea gel column {30% hexane in ethyl aeetate) to give l8a as a yellow oil (500 mg,

46%) that solidified on standing, m. p. 850 C. 200 MHz IH NMR (CDCI3) li:, 8,42 (d,

2H, J=6.56, H·6, H-4), 6.6 (dd,elH, J=4, J=6.56, , H·5), 5.92 (s, 2H, HC=CH), 5.45 (m,

lH, H·I) 3.69 (t, 2H, J=5, CH20H), 2.92(01, lH, H'-4) 2.8 (m, IH, CHH), 1.6 (m, IH,

CHH'). CIMS mJz 236 (MH+, 81.2) 204 (MH+. 32, 81.9), 140 (MH+'96, 100) ~'Anal.

caled for CUHlSN303: C, 56.1l;H, 5.52; N, 17.85. Found C. 56.43; H, 5.60, N, 18.56; c.
~
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WCis·3·tetrahydropyranyloxymethyl·N·(3.amino~2·pyridyl)-cyclopentylamine

(19a).

Compound 18b was prepared as described for llb. From 18a (400 mg) 3,4-2H

dihydropyrane (2 mL), p-toluene sulfonic acid (25 mg) in methylene dichloride (10 mL)

overnight. The solvent was evaporated to give 18b as a yellow oil in quantitative yield.

200 MHz IH NMR (CDCl3) 8: 8.43 (overlap of d, J=6.33, H-6, H-4), 8.22 (br s, IH,

PyrNH), 6.65 (dd, J=4, J=7.5, H-6), 6.1-5.8 (m, 2H, HC=CH), 5.4 (m, IH, H-I '),4.6 (s,

IH, OCRO), 3.8-3.3 (m, 4H, CH20s), 3.0 (br m, IR, H'-4), 2.8 (m, CHH'), 1.8-1.4

(overlap of m, 6H, CH2l

Compound 18b (500 mg) was dissolved in methanol (20 mL) and hydrogenated in the

presence of 10 % Pd-C (125 mg) at 3 atm. The catalyst was filtered and the solvent was

evaporated to give 19a (400 mg) as a brown solid, m. p. 980 C. 200 MHz IH NMR

(CDCI3) 8: 7.71 (d, IH, J=5.08, H-6), 6.77 (dd, J=7.3, H-4), 6.41 (dd, J=5.08, J=7.3, H

5),4.6 (s, IH, OCRO), 4.25 (overlap of m and br s, 2H, NH, H-l' D20 exchangeable),

3.8-3.3 (m, 4H, CH20S), 3.15 (br s, 2H, NH2, D20 exchangeable), 2.45-1.01 (m, 12H,

CH2l. Anal caled for CI~23N302: C 65.95, H 8.65, N 14.42; Found C 66.10, H 8.63, N

14.44

WCis-4·tetrahydropyranyloxymethyl.N·(3.benzyloxycarbonylamino-2·pyridyl)·

cyclopentylamine (20)

As described for lld. Amine 19a (372 mg, 1.2 mmol) was lreated with benzyl

chloroformate (0.16 mL, leq) and 40% aqueous sodium carbonate (5 mL) as a

suspension in methylene dichloride. The mixture was stÎlTed for 30 min and the

meth)'lene dichloride layer was washed with water (20 mL), dried over magnesium

sulfate and evaporated to give 19b as a pure ail in quantitative yield, TLC (30% hexane

in ethyl acetate), Rf=O.7. 200 MHz IH NMR (CDCl3) 8: 7.82 (overlap of d and s, 2H,
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• 1=5.6, H-6, NHCOOBn), 7.05-7.41 (overlap of m, 6H, Ar, H-4), 6.6 (dd, lH, 1=5.6,

1=7.6, H-5), 5.2 (s, 2H, CHiAr), 4.5 (s, lH, HCHO), 4.4 (br m, lH, H-I'), 3.8-3.3 (m,

4H, CH20S), 2.45-1.2 (br m, l3H, CHV

A solution of 19b (400 mg, 0.9 mmol) in pyridine (10 mL) and methyl isocyanate (0.1

mL, 2eq) was kept civernight. The pyridine was azeotroped with toluene and the resulting

brown residue was purified on a silica gel column (5% methanol in methylene ,>
//'

dichloride to give 20 (420 mg) as a white powder, m.p. 900 C. 200 MHz (CDJ~13rô:/
/<,;/ /~

8.6 (d, lH, 1=7, H-4), 8.2 (s, lH, 1=4, H-6), 7.2 (overlap of m, 6H, H,S,'M, 5.2 (s, 2H,
/:~;-'

CH2Ar),4.7 (m, lH, H-l'), 4.4 (s, lH, OCHO), 4.02-3.1 (~,~~il'fCH20s, CH), 2.7 (d,
._~-:i

3H, CONHCH3), 2.2-1.0 (br s, 13H, CH2s). Anal caled for C:Wi34N40S: C, 64.71; H,

7.10; N, 11.61. Found: C,64.85; H, 7.18; N, 11.71.

(

•

N·[WCis.4'.tetrahydropyranyloxyrnethyl.l'·cyclopentyl)]·N.(3·amino-2.pyridyl)

N'·methylurea (21)

Urea 20 (420 mg) in methanol W3S hydrogenated in the presence of 10% Pd-C (100 mg)

and the solution was fùtered and evaporated to give 21 as clear oil in quantitative yield.

IR (CDC13) v (cm- l ) :3400 (NH2' NH), 3000 (CH), 1636 (C--o); 200 MHz tH NMR

(CDC13l S: 7.9 (d, IR, 1=4, H-6), 7.05 (overlap of d and t, 2H, H-4, H-5), 4.7 (overlap of

s and m, 2H, NH, H-l'), 4.05-3.25 (overlap of m, 6H, CH20s, NHV' 2.7 (d, 3H, 1=5,

CONHCH3), 2.4-1.4 (br m, l3H, CH2s)

Cis-4'.[3,5.Dimethyl.pyrido-(3H).I,2,3,S·tetrazepin.4·(SH)-one.S·yl]·

cyc1opentylcarbinol (22).

Urea 21 (300 mg, 3.9 mmol) was dissolved in 2N HCI (10 mL) and diazotized with

[99%] Na1SNÜ2 at 00 C. The solution was extracted three limes with 25 mL portions of

methylene dichloride. The aqueous layer was separated and its pH adjusted to 8 with
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• sodium carbonate, after which it was reextracted three rimes with 25 mL portions of

methylene dichloride. The solvent was evaporated and the resulting brown oil was

purified on a silica gel column (5% hexane in ethyl acetate) to give 22 as a clear oil (135

mg, 63 %); IR (CDCI3) v (cm-I) : 3400 (OH), 3000 (Qi), 1696 (CO); 200 MHz IH

NMR (CDC13) 8.4 (d, 1=4.73, H-6), 7.8 (d, 1=8, H-4), 7.2 (dd, IH, 1=4.7, 1=8, H·5),

4.45 (quintet, IH, 1=5, H-l), 3.8 (m, 2H, CH20H), 3.4 (cl, 1=2.8, 3H, Qi3N1SN), 2.4

1.2 (overlap of m, 8R, CH2s, OH); 75.4 MHz l3C NMR (CDCI3) S: 159.56 (s), 151.32

(d), 149.6 (s), 138.46 (s), 136.80 (d) 121.33 (d), 120.8 (d), 68.46 (t), 61.42 (d), 42.22 (d)

38.127 (q), 34.2 (t); 30.47 (t), 28.77 (1); 30.4 MHz ISN NMR CDCi3 S: 72.3 (q,

31NH=2.8, N-2 label); CIMS (NH3) mlz 277 (MH+(ISN), 9), 248 (MH+_lSN2' 95.0),

220 (MH+-MeNCO, 79.5), 150 (MH+·127, 1(0). This compound could not be obtained

with a ~gh degree of purity. Anal. cale. for Cl3HI6 NsÛ2: C, 56.7; H, 6.18 ; N, 25.45.

Found: C, 57.06; H, 6.63; N, 22.63

(

X-ray Crystallography.- Crystals of compound Se were obtained from slow

evaporation of methylene chloride.

Crystal data.- CgH9NSO, M = 191.19. Onhorombic, a = 3.8868 (11), b = 12.2820

(24), c = 18.549 (3) , V",885.5. A3 (3) (by least-squares refinement on diffractometer

angles for 25 reflections with 29 angle in the range of 20-250 angle) space group ni/n,

Z=4, Dca1c =1.434 mg .m-3• Small coloriess needles. Crystal dimensions:

O.45xO.1OxO.05 mm.

•

.','
,/'

J{/
Data Col1ection and Processing.- Rigaku AFC6S diffractometer;' 9/29 scan mode

graphite monochromator, Mo-Ka radiation, temperature: 25 OC; 871 reflections

measured 575 were unique giving 449 n:flections with 1>2a(I). No correction was

made for absorbtion.
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Structure Analysis and Relinement.- AlI non-hydrogen atom positions from direct

methods, using the TEXSAN crystallographic software package of Molecular

Corporation. AlI hydrogen-atom positions from a Fourier difference map. AlI positional

and thermal parameters (anisotropic) and an extinction parameter were refined by full

matrix least square. Final R and Rw were 0.037, and 0.036 for 449 observed reflections

and 93 variable parameters. The weighting scheme w=4F02/s2(F02) obtained from

counting statistics gave satisfactory agreement analyses. The maximum and minimum

peaks on the final difference Fourier map corresponded to 0.15 and -0.17 eA-3,

respectively. Neutral atom scattering factors were taken from Cromer and Waber20.

Anomalous dispersion effects were included in Fcalc; .the values for M and M' were

those of Cromer22. Figures were drawn with ORTEPII23.
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• GENERAL CONCLUSION

,.
The lïnding that tetrazepinones arc subject to rapid acid catalyzed hydrolysis

accounts for the failure of . their attempted synthesis (chapter 2) by the spontaneous

cyc1ization of the diazonium uréas VI at acidic pHs. We found that the concentration of

the acyc1ic diazonium ureas alkylated at N-I incrèased with increasing acidity of the

•

medium. This means that at acidic pHs, diazonium ureas unsubstituted at N,l do not tend. ,\.:

to form tetrazepinones. Consequently, they cyclize to stable benzotriazoles of type VII a~

outlined below. The alkylation of NI stabilizes the diazonium urea,~noughto allow the
\-.
" ,

adjustmcnt of the pH of the solution and since at neutral or basic pHs, the eq)iilibrium VI-

VIII lies toward the formation of the tetrazepinones, the latter could be isolated by

extraction with an organic solvent or by simple filtration when they appeared as

precipitales.

1

VII

The conformation of tetrazepinones in the solid was found to present four

fundamental stru~~~;àLfe_atures as confirmed by their X-ray structures: (a) planarity of
_.C;:;;.,

'::..-::" ,;,

N5CO moiety (b) pyramidargeq(ii~Lry",8f N3 (e) deviation of the N=N linkage from the

• plane of the aromatic ring (d) single bond charaeter of the N2N3 linkage.
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In solution, the pyramidal geometry of N3 was indirectly infcrred l'rom 15N

NMR which showed that n-1t delocalization in thetriazcnc chain of tctrazepinones occurs

to a much lesser extenuhan in open-chain aryltriazcncs which possess a planar NI=N2N3

linkage. We explained this observation by the fact that the elcctronwithdrawing dfect of

the carbonyl may decrease the availability of the lone pair of N3 for conjugation with the

diazo linkage.

We have 'seen throughout this work that bulky substituents at the 5-position and

electl'oI1-donating groups at the benzene ring destabilize the 1,2,3,5-tet1'azepinone l'ing
/. ...... ", . .

system. Conversely, when fused with a phenyl ring containing an electl'On-withdrawing
~; <'-_.. /1.,

group or a pyrièlli{(~ri::g?lêWazcpinones were found to be stable. More importantly, we
/. ' "

could confer stability to a 5-hydroxypropylbenzotetrazepinone by il1troducing a nitro

group para to the diazo linkage. We also observed that the incorporation of N5 Lü a third,',
, 1

ring (tricycÜ: systems) gave rise to the formation of stable telrazepinones.

Although the mechanism of the decomposition of tetrazepinones was not

rigorously studieà; we believe that their conversion to benzotriazole occurred via the

acyclic diazonium urea intermediate. The existence of tetrazepinones as acyclic diazonium

ureas may be favoured by electl'Ondonating groups that can stabilize the diazonium ion by

resonance conjugation or by bulky substituents since in this form, the ureido moiety is free

to adopt the least sterically hindered conformations, e. g. conformations with a rcasonahle

torsion angle between the substituent and the phenyl ring. Wc found by X-ray

crystallography that the torsion angle between the NI-H bond and the plane of the

aromatic ring in N-(2-aminophenyl)-N'-methylurea is 58.92°. For a stable NI

cyclopentylurea, for instance, this angle possibly needs to be higher. The preferential

existence of tetrazepinones, containing electrondonating or bulky groups, as acyclic

148
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diazonium urea accounts for their instability since the latter form may be prone to

decompose to benzotriazole derivatives by losing a molecule of methyl isocyanate.

Obviously, this destabilizing effect was not observed for tricyclic systems in which the

N5 substituent is locked in a ring.

The cyclization of the diazonium urea zwilterion seems to be controlled by the

reactivity of NI. The tetrazepinone bearing a methoxy group para to NI substantially

aULOdecomposes to benzotriazole in solution. Pyridotetrazepinones in which NI is

electrondelicient did not seem LO be prone to decompose to their corresponding triazoles.

The decomposilion of the benzotetrazepinones in alkaline solution gave

benzotriazoles and dediazoniated products which may derive fom the diazonium urea that

still cxist at a low concentration at basic pHs. In polar solvents, nitrobenzotetrazepinones

decomposc moslly via the breaking of the C4N3 bond. The fact tha~ this compound loses

a CH3NN moiety is an indirect proof that it is possibly an alkylating agent.

Bi- and tricyclic tctrazepinones were round to be antilumour active and the activily

scemcd LO parallcl their stability.

Ali thcsc results lead LO the final conclusion that the future development of

tetrazepinones should be directed toward the synthesis of polycyclic or electron- deficient

systems such as imidazo- orpyrazolotetrazepinolles. This is based on the facr rhat

rricyclic and e/ectl'On-deflcient terrazepinones are stable mo/ecu/es. (',

149



• CONTRIBUTION TO KNOWLEDGE

1. We have described the preferred conformations of N-(2-aminophenyl)-N'-methylureas

in DMSO and shown that their diazotization gives benzotriazole derivatives of type I.

2. We have shown that the diazotization of N-(2-aminophenyl)-N'-dialkylurea gives

tetrazepinones n following the neutralization of the reaction mixture.

3. We have synthesized tricyclic system m and shown its conformation in the solid by

X-ray diffraction.

4. The tetrazepinones were shown to be in equilibrium with their diazonium urea

precursor. The equilibrium lies toward the formation of tetrazepinones at neutral or basic

pHs.

5. We have shown' that the stability of bicyclic tetrazepinones n increases with

increasing electronwithdrawing character of the substituents at the aromatic ring:

6. We have identified benzotriazoles IV, ureas V and benzimidazolcs VI as

decomposition products of benzotetrazepinones in base.

•

IV V

III

~~~ C VI

7. We have shown that bulky substituents at N5 favoul'" the conversion of

• benzotetrazepinones to their corresponding benzotriazoles.
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8. We have synthesized and determined the X-ray structure of pyrido-tetrazepinones VIT

and developed synthetic methods for the synthesis of nucleoside mimics containing

pyridotetrazepinone as a base.

9. Bicyc!ic benzo- and pyridotetrazepinones, tricyc!ic tetrazepinones of type n were

found, to show interesting antitumour activity against human cancer cell !ines as

summarized in the appendix section (pp. 172 and 181).

'.
,

•
ii
.\

j) ;.

151



•

•
.. "', n_'

\ ....
'-_."

•

~ rMiJ:. CfM' fR, xx~ ~ <lU/l(ù w,~ F" ~~~ dam& fa,

~ d fa,~ rk t'~pht. k~~~

<lU/l(ù w,~. h~ à, ~~ d ~~, œ<lU/l(ù

~ au, rr'~ URWI~~~ t'~ pht. ~ ~ ~ pb
~ d ~ pb r ~~ ~ pb~ fOOI!' t'~
~. (;'Ili env ~ !>M'Uv CfM' fR, ~, F" ~~~ rk
t'~ pht, <lU/l(ù W, rk = F~ fR, ~ rk wnIitn.Jk fOOI!' t'fwnr.anuj;,.

J~ l1ai fb, XXtiv~ wilt fWAMJ &wn, mwJ,.J ~~~ im,

fb,~ rvnd~ ; fk,'~. ~ JwrrVJ, wilt fWAMJ ~J:V".A'v

CIi7lf~~. Ybnk iG-" b~ rvnd b~,
~wilt fWAMJ ..~ iG- fb, umU QI~ UJVrukw. G1lt fb,~. ~

rniid inwi.6ifk., rvnd fb, rrwd~~ CWJ ~1Mv fb, rrwd~~

b"Wii~. Jrv l1ai ~J ~~~~.. fb, ~, fb,

Jwmid. wJl fWAMJ~ fb, ~ ; QI wnI.vrwll*' fb, umU.

(B~ r~-Cfawk

,
l'

)

152

/i
.1
li



•

•

;.:- .

APPENDICES

.,~.,. '",

'. ~' ...
~'. ,

'-'
~,
--,;

(-.

153

- ··o,;~::.::·'



•

. (.:
- -. -------_.

APPENDIXL·

STRUCTUREOF N.(2-AMINOPHENYL).N'.METHYLUREAa,b
Bertrand J. Jean-Claude, James F. Br:'ten and George Just

Depanment of Chemistry,
McGill University,

Montreal, PQ, Canada IDA 2K6

• This paper was accepted for publication in Acta Crystal/ogr. C
b The X-ray structure was determined by Dr James F.,Britten
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AIISTRACT:

CR"IIN30; M,.=165.19 monocHnic; P21/n; a=1O.3997 (14), b=4.6395 (12), c=18.2211 (11) Â,

11=100.994 (7)0; V=86R.0 (2) 112; 7..=4; D,=1.2271 Mg/m3; CuKa (À=1.54178 Â); grapbite

/IIollochromalor; Jl=6.82 cm- I; 1'(000)=352: T=293K; 1471 unique reOections; R=0.054; Rw=0.045

for R87 reOecliolls wiLb 1>2cr(l). The ureido moiety is approximately planar and makes a dihedral

angle of 5R.92° (16) wiLb lile lea~t square plane of lile aromatic ring. The structure showed mat Lbe

carbollyl is oriented toward Lbe amino group and Lbe distance between Lbe ureido oxygen 0(2) and

N(4) was 2.975 (4) Â.

INTRODUCTION

An NMR study on the conformation of N-(o-aminophenyl)-N'-alkylureas has

slÎmulated interest in determining the geometry of the tille compound in the salid

Stale. NOE diffcrcnce spcctroscopy results (Jean-Claude and Just, 1992) confirmed

the existence in dimethyl sulfoxide (DMSO) of conformations in which the two

protons of the ureido moiety are oriented trans·trans as to the carbonyl. This paper

deals with the crystal structure of one of the members of this class of aromatic urea,

the N'-(2-phenylamino)-N-methylurea.

EXPERIMENTAL·

The tille compound was prepared according to the method described by Jean

Claude and Just (1991). Ils recrystallizalÎon l'rom slow evaporation of methanol gave

coulourless needles, m. p. \7UoC, one of which (O.50xO.lOxO.14mm3) was used for

data collection at 2930 K using the roI28 scanning mode. Data were collected on a

• This sectioll has becn wriuen by Dr James F. Britten
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Rigaku AFC6S diffractomcter with graphile monochromated CuKa radiation; 1561

reflections (+h, min 0, max 10; +k, min 0, max 5; ±1, min -20, max +20) were

collected with 30 <28<1200 . Three standard rcl1ections indicaled cryslal and

electronic stability; 25 cenlercd rcl1eclions (61.60 <28<80") were used lO delermine

the unit ccli. Th!': data were reduced to 1471 unique rel1eelions (Rint=O.097) wilh

Lorentz polarization and absorption (azimuthal scan: transmission range 0.93-1.(0)

corrections applied; 887 reflections were considered ohserved (1)20"(1)). The space

group was determined to be P21/n.

The structure was solved by direct methods. The program SIR88 (Burla,

Camalli, Cascarano, Giacovazzo, Polidari, Spagna and Vilerbo, 1989) revealed ail

non-hydrogen atoms, whieh were refined anisotropieally using the Texsan (1985)

software package. Hydrogen atoms were found from a difj(~rence map synlhesis, and

were refined isotropically. The final cycle of full matrix, least-squares relïnement,

minimizing LW CFo-Fc)2 with a 6: 1 rel1ection to parameter ratio, showed a

maximum shiftlerror of 0.11. Maximum peak on a final differcnce map was +0.19

e/Â3 , R=0.054, Rw=0.045, and S=2.40 with weights based on counting statistics.

Scallering factors were taken from Cromer and Waber (1974) and anomalous

dispersion corrections for the non-hydrogen atoms were l'rom Cromer (1974).

DISCUSSION

The final atomic coordinates and equivalent isotropie lemperature factors are

given in Table 1*. The bond distances and angles are listed in Tahle 2 . The

structure and labelling of the title compound are shown in Fig. l, and a stereo

packing diagram is given in Fig. 2.
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The ureido moiety is planar (x2=3.696). The plane of the aromatie ring is

delïned by atoms C(I), C(2), C(3), C(4) C(5), C(6) and makes a dihedral angle of

58.920 (16) with the plane of the ureido system. This geometry suggests that the

Jonc pair on NI is presumab1y deloealizedmain1y through the N(I)-C(2') bond of

the! urcido group. Il would eonsequently be le.ss eonjugated to the ûïumatic ring

(N(I)-C(I)[1.4I4 (6) A], N(I)-C(2')[1.356 (6) Al).

The distance bctwcen N(4) and C(2') is 2.975 (4) A and the bond angles

around N(4) are C(2)-N(4)-H [113.19°], H(I)-N(4)-H [111.90°]. These values

indicate a pyramidal geometry for N(4).

In the erysta11attiee (Fig. 2), the ureido moiety of one mo1eeu1e is oriented anti

parallcl as la that of another mo1ecu1e, and the intermo1ecular distances 0(2')-N(3)

and 0(2') -N(I) arc 3.009 (5) A and 2.855 (5) A respeclively.

The gcometry of the tille compound in the soUd is simi1ar to that of one of iL~

major conformations in solution, as confirmed by NMR spectroscopy resu1ts (B. 1.

Jean-Claude and G. Just, 1992).

*Complctc tables of anisotropie thermal pararnclcrs, bond distances and angles involving H-atoms. torsion
angles and structure factors have becn dcpositcd \Vith the Bristish Library Document Supply Centre as
Supplemcntary Publication No. SUI' 00000 (00 pp.). Copies may be obtained tbrougb The Executive
Sc(:rctury. Intcmational Union of Crystallography. 5 Abbey Square, Chester CHI 2HU, England
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Fig.1. OR'ŒP plO! ponnson. 1976) of N·(2.aminophenyl)·N'·methylurea wim 50% probability

eUipsoid. Hydrogen :dOms were given an arbiuary radius for clarity.

Fig.2. Srueo ORTEP plot (Johnson. 1976) of the unil ecU viewed clown the b axis wim 0. paraIIellO the

bollom of the page. Hydrogens have becn omiu.ed for clarilY.
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• Table S·l.l. Anisotropie Thermal Paramett:~

,

"TOK 011 022 033 012 013 023
0(2') 0.071 (2) 0.025(2) 0.050(2) -0.001 (2) 0.001(2) -0.003(2)M(l) 0.07213) 0.021(2) 0.OU(2) 0.001 (21 0.OOf(2) -0.003(2)M(3) O.OU (3) 0.027(2) 0.OU(2) O.OOC(2) 0.014 (2) -0.003(2)M(C) O.OU (2) 0.OC7(2) 0.057(3) O.OOC(2) 0.015(2) 0.001 (2)C(l) o.OUI3I 0.033(2) 0.OCO(2) -0.00((2) 0.001(2) -0.003 (2)C(2) 0.04012) O.03C(3) O.OU (2) -0.001(2) 0.00112) -0.002 (2)C(3) 0.051 (3) 0.OCC(31 0.052(3) -0.000(3) 0.00C(2) 0.003(3)C(C) o.OI2(C) O.O"(C) 0.042(3) -0.011 (3) 0.012(3) 0.00C(3)C(5) 0.063(3) 0.072(C) 0.053(3) -0.007 (31 0.02C (3) -0.010 (3)CUl o.on (3) 0.05213) 0.055(3) -0.00113) 0.011(2) -0.011 (3)C (2') O. Oct (3) 0.03212) 0.OC2121 0.002(2) 0.01112) -0.001(21C(C' ) o .U2 IC) 0.060 (C) ,0.044 (3) 0.013(3) 0.003(3) -,0.005 (3)

1/.1'.

Table S·U. Bond Angles (0) Involvi~~ the Hydrogen atoms
,

etOlt • to. .to• 111''') le ato. • to. .to• An91e• CU) M(l) Il (7) llC.n C(C) C(5) Il (5) 12'.16

C(2' ) MUI ,11(7) , 111.01 CUl C(51 1115) 113.ct

C(2') M(3) Il (1) 111.12 CU) CCC) Il (C) 115.27

C(C' ) M(3) Il (1) llC.U Cm C(C) IIU' 12C.21

C(2) M(C) Il (1) 113.30 1113) C (C') 1111) 11C.31
~ .-.

113.U 11(3) C(C' ) HUO) 11C.3CC(2) HW H (2)

H(l) M(C' 11(2) 111. '0 11(3) CU'I 11(11) 115.23

C(2) C,!=) 11(3) 120.U al') CU') M(10) '1.75

CCCI cm .(3) lU.SC 1111) CU') Il (11) 107.3C

C(3) CW • (C) 115.20 auo) CU') 11(11) 101.2'
" .-

12C. "C(5) CCC) H (C)

"



• Table 8-1.3. Intennolecular Contacts

ato. .to. di.tance ADe(") • tom .to• di.tance ADe(")

0(2' ) B(8) 2.202 54501 C(4) B(10) 3.182 4

0(2' ) B(7) 2.410 54501 C(4) B(4) 3.314 75603

0(2') B(5) 2.696 '4502 C(4) BIf) 3.320 54504

0(2') 8 (6) 3.031 '4502 C(4) BIf) 3.366 4

0(2' ) 8(11) 3.170 75503 C(4) B(5) 3.584 75603

N(l) B(1) 3.22' 5'501 C(5) B(4) 3.22' 75603

N(l) B(6) 3.336 64502 C(5) B(8) 3.450 64502

N(l) B(2) 3.461 56501 C(5) B(6) 3.502 64502

N(3) B(5) 3.057 '5502 C(6) B(6) 2.855 '4502

N(3) B(l1) 3.217 75503 Cl') B(3) 3.528 56501

N(4) B(2) 2.268 75502 C(2') B(l1) 3.220 75503

N(4) B(3) 3.0U 75502 C(2' ) B(6) 3.30' '4502

N(4) B(7) 3.117 54501 C(2') B(8) 3.362 54501c. N(4) B(10) 3.2U 75503 C(2') B(5) 3.365 '4502

N(4) B(2) 3.3st 74502 C(2') B(7) 3.512 54501

N(4) B(l1) 3.550 75503 C(2' ) B(5) 3.572 65502

N(4) B(l) 3.560 75502 C(4') B(3) 3.00' 4..04

C(l) B(6) 3.016 '4502 C(4') B(l) 3.155 75503

C(l) B(2) 3.491 75502 C(4' ) B(l1) 3.351 75503
1

CUI B(,3) 3.546 56501 B(l) B(10) 2.648 75503

C(l) B(7) 3.57.' 54501 B(l) 8(7) 2.769 "54501

C(2) B(2) 2.'33 75502 B(l) B(l1) 2.787 75503

C(2) B(7) 3.122 54501 B(l) B(2) 2.851 75502

C(3) B(10) 2.192 4 B(l) B(3) 3.037 75502

C(3) B(') 3.198 54504 B(l) 8(8) 3.501 54501

cm B(2) 3."4 75502 B(2) B(2) 2.525 75502
0(2') N(3) 2.855(5) 54501 N(4) N(4) ·J.130(5) 75502 - ..
0(2' ) . N(l) 3.00'(5) 54501 N(4) N(4) 3.130(5) 74502
0(2' ) C(2' ) 3.406 (5) -..S4501 N(4) C(2) 3.582(') 74502..
0(2') C(5) 3.479(') '4502 C(3) C(6) 3.U6(6) 54501
N(l) " (4) 3.545(') 56501

•'"::::;
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APPENDIX D. SUPPLEMENTARY DATA FOR THE X·RAy STRUCTURE OF
3.METHYL.6,7.DIHYDRO·l,2,3,5.TETRAZEPlNO[7,6,5,ij)·QUlNOLlN.4(3H).ONEd

/'

d The X-ray SlnIctw'" was determined by Dr James F. Brillen
,
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Table S-2.1. positlonal parameters for the structure of 14 (chapter 3)

,

atom x y z B (eq)

0(4 ) 0.118(1) 0.3758 (6) 0.6848(9) 5.3(4)
N(5) 0.370 (1) 0.3321(6) 0.842(1) 3.2(4)
N(3) 0.337(1) 0.4116(6) 0.602 (1) 3.8 (4)
N(2) 0.439(1) 0.3437 (8) 0.549(1) 5.0(6)
N (1) 0.574(1) 0.3226 (8) 0.641(1) 4.9(6)
C (l' ) 0.300(1) 0.2929 (8) 0.963(1) 4.3 (6)
C (2' ) 0.334 (1) 0.3619(9) 1.097 (1) 4.9 (6)
C(3') 0.513(1) 0.3776(8) 1.173(1) 4.3(6)
C (4' ) 0.611(1) 0.3765 (8) 1.062(1) 3.5(5)
C (5' ) 0.777(2) 0.3971 (9) 1.117(1) 4.9 (6)
C (6' ) 0.871 (1) 0.395 (1) 1.017(2) 6.3 (8)

• C (7') 0.801 (2) 0.370 (1) 0.863(2) 5.2(7)
C (8' ) 0.634 (1) 0.3527 (8) 0.799(1) 3.6(5)
C (9' ) 0.536(1) 0.3557(7) 0.899 (1) 3.1 (5)
C(4) 0.265(2) 0.3706 (8) 0.713(1) 3.4(5)
C(3) 0.222 (2) 0.455 (1) 0.464(2) 5.6(8)
H (4) 0.1851 0.2843 0.9167 5.2
H(5) 0.3505 0.2354 1. 0013 5.2
H (6) 0.2831 0.4187 1. 0566 5.9
H(7) 0.2906 0.3387 1.1750 5.9
H (8) 0.5262 0.4367 1.2230 5.1
H (9) 0.5539 0.3311 1.2502 5.1
H (10) 0.8275 0.4126 1.2257 5.9
H(ll) 0.9843,- 0.4116 1. 0566 7.7
H (12) 0.8681 0.3642 0.7978 6.2
H (1) 0.16(1) 0.505 (5) 0.51(1) 5(2)
H(2) 0.28 (1) 0.494 (6) 0 •. 42(1) 5(2)
H (3) . 0.15(1) 0.420 (5) C:40 (1) 5 (2)

•
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Table 8-2.3 Anisotropie Thermal Parameters

011 U22 033 11'12 013 023

0(4) 0.042(5) 0.111 (8) 0.049(5) -0.007 (6) 0.017(4) 0.002(5)
N (5) 0.042(6) 0.055(7) 0.028(5) -0.009(6) 0.01.7 (5) -0.001(5)
N(3) 0.051(6) 0.060(7) 0.039(6) 0.007(6) 0.023(5) 0.007(5)
N(2) 0.082(9) 0.077(9) 0.044 (7) -0.006(8) 0.042(7) -0.010 (0)
N(l) 0.067(8) 0.073(8) 0.066(9) -0.001(7) O. 050 (7,) -0.004(7)
C (l' ) 0.07 (1) 0.053(8) 0.055(8) -0.012(7) 0.037 (7) 0.008(7)
C (2') 0.063 (9) 0.09(1) 0.044(7) -0.02 (1) O. 033 (7b -CtiÏÔ'6 (8)
C (3') 0.071(9) 0.06(1) 0.030 (6) 0.002(8) 0.019 (5) '<",9. 004 (7)
C (4') 0.043(7) 0.034 (7) 0.057(8) 0.001(6) 0.n7('1) ·,;~'0.009(6)
C(S') 0.054(8) 0.07 (1) 0.063(9) 0.000(8) 0.014 (7)",' 0.006(8)
C (6' ) 0.030(7) 0.11 (1) 0.10(1) 0.001(8) 0.016(8) 0.02(1)
C (7') 0.06(1) 0.06(1) 0.10(1) 0.009(8) 0.054 (9) 0.01(1)
C (8' ) 0.046(8) 0.036(7) 0.063(9) 0.006(6) 0.031 (7) 0.003(6)
C (9' ) 0.043(7) 0.033(7) 0.047(7) 0.000(6) 0.022 (6) 0.008(6)
C (4) 0.062(8) 0.044(8) 0.030(7) -0.010(8) O. 024 (6) -0.009(6)
C (3) 0.09 (1) 0.08(1) 0.05(1) 0.00 (1) 0.025(9) -0.003(9)• H(4) 0.0662
B(5) 0.0662
B (6) 0.0744
B(7) 0.0744
B(8) 0.0647
H(9) O. 0647
B (10) 0.0750
H(l1) 0~0970

H (12) 0.0787
H (1) 0.06(2)
H (2) 0.06(2)
B (3) 0.06(2)

•
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Table S-2.4. Torsion Angles (0)

(1) (2) (3) (4 ) angle (1) (2) (3) (4) angle

0(4) C (4) N (5) C (l' ) -1 (2) N (1) C(8')C(9')C(4') 173 (l)

0(4) C (4) N (5) C (9' ) -156 (1) C(1')N(5) C(9')C(4') -24 (1)

0(4) C (4) N (3) N (2) -126(1) C(1')N(5) C(9')C(B') 151(1)

0(4) C (4) N (3) C (3) -1 (2) C (l' ) C (2' ) C (3' ) C (4' ) 36 (1)

N (5) t~(1')C(2')C(3') -60 (1) C(2')C(1')N(5) C (9' ) 55 (1)

N (5) C: (9' ) C (4' ) C (3' ) -3 (2) C(2')C(1')N(5) C (4) -102(1)

• N (5) çi~"'-lC(4')C(5') 17B(1) C(2' )C(3' )C(~' )C(5') 175(1)

N (5) C(9' )C(B' )N(l) -3(2) C(2')C(3' )C(4' )C(9') -4 (2)

N (5) C(9' )C(B' )C(7') -175 (1) C(3')C(4')C(5')C(6') 179(1)

N (5) C (4) N (3) N (2) 56 (1) C (3' 1C (4') C (9') C (B') -17B (1)

N (5) C (4) N (3) C (3) -17B(1) C (4' ) C (5' ) C (6' ).C (7' ) -2 (2)

N (3) N (2) N (1) C (B' ) 6 (2) C(4')C(9')N(5) C(4) 131 (1)

N (3) C (4) N (5) C (l' ) 177.2(9) C(4')C(9')C(B')C(7') 0(2)

N (3) C (4) N(5) C (9' ) 22 (2) C(5')C(4')C(9')C(B') 3 (2)
~"

N (2) N (1) C(B')C!7')" -145 (l) C (5' IC(6' )C(7' )C(B') 5 (2)

N (2) N (1) C(B')C(9') <'2 (2) C (6') C (5') C (4') C (9') -2 (2)

N (1) N (21 N (3) C (4) -75 (1) C{6')C(7' )C(B' )C(9') -4 (2)

N (11 N (2) N (3) C (3) 156 (1) C(B')C(9')N(5) C(4) -53 (2)

N (l) C(B')C(7')C(6') -177 (1)

•
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Table 8·2.5. Least square planes

-------------- Plane number 1 ---------------

,

-------------- Plane number '. 2 ---------------

Mean deviation from plane ill 0.0265 angatroms
Chi-squared: 83.9•

Atome D~fining Plane
C (4' )
C(5')
C (6' )
C (7' )
C (8' )
C (9' )
C (3' )
N(5)
N·(l)

Additional Atomll
C (l' )
C (2' )
N (2)
C (4)
N(3)

Atoms Defining Plane
N(5)
C (9' )
C (8' )
N (1)

Additional Ato~1l

N(2)
N (3)
C(4)

oilltance
0.0045
0.0025

-0.0152
0.0155

-0.0424
-0.0491

0.0438
-0.0077

0.0580

Dilltance
0.6417

-0.0689
-0.5392
-0.8688
-1.5243

Dilltance
-0.0035
0.0101

-0.0113
0.0054

Oistance
-0.6452
-1.6057
-0.9247

esd
0.0109
0.0126
0.0152
0.0130
0.0110
0.0104
0.0115
0.0088
0.0108

elld
0.0087
0.0104
0.0110
0.0108

•

Mean deviation from plane is 0.0076 anglltromll
Chi-squared: 2.4

Dihedrai angles between least-squar~s planes
plane plane angle

2 1 3.51
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APPEND~ DI. ADDITlONAL DATA FOR THE X·RAy STRUCTURE OF 3,5·
DIMETHYL.3H.7·NITRO·3H.BENZQ.l,1,3,5·TETRAZEPIN-4(SH).ONEB

AND SUPPLEMENTARY MATERIAL FOR CHAPTER 4

·ncX·ray ll:l1IClure was delmllined by Dr Rosi Hynes
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Table 8-3.3 Torsion Angles (0)

c 5 N 1 N 2 N 3 -1. 0 ( 3) N 2 N 1 C 5 C 4 -46.2 ( 4)
N 2 N 1 C 5 C 6 141. 5 ( 8) N 1 N 2 N 3 C 1 -157.9( 7)
N 1 N 2 N 3 C 2 73.7 ( 5) N 2 N 3 C 2 o 1 122.5 ( 7)
N 2 N 3 C 2 .,,,~ 4 -59.3 ( 5) C 1 N 3 C 2 o 1 -2.7 ( 3)
C 1 N 3 C 2 H 4 175.5( 8) C 3 N 4 C 2 o 1 1. 6 ( 3)
C 3 N 4 C 2 N 3 -176.6( 7) C 4 N 4 C 2 o 1 158.5( 8)
C 4 N 4 C 2 N 3 -19.7 ( 3) C 2 N 4 C 4 C 5 50.0( 5)
C 2 N 4 C 4 C 9 -135.3( 7) C 3 N 4 C 4 C 5 -153.9( 7)
C 3 N 4 C 4 C 9 . 20.8 ( 4) o 2 N 5 C 8 C 7 174.4 ( 8)
o 2 N 5 C 8 C 9 -7.8 ( 3) o 3 N 5 C 8 C 7 -6.3( 4)
o 3 N 5 C 8 C 9 171.5 ( 8) N 4 C 4 C 5 N 1 4.9( 3)
N 4 C 4 C 5 C 6 176.8( 8) C 9 C 4 C 5 N 1 -169.8( 8)
C 9 C 4 C 5 C 6 2.1 ( 3) N 4 C 4 C 9 C 8 -177.9( 7)

( ~ 5" C 4 C 9 C 8 -3.2 ( 4) N 1 C 5 C 6 C 7 174.1( 8)
C 4 C 5 C 6 C 7 1.5 ( 4) C 5 C 6 C 7 C 8 -3.7 ( 4)
C 6 C 7 C 8 N 5 -179.8( 8) C 6 C 7 C 8 C 9 2.6( 4)
N 5 C 8 C 9 C 4 -176.9( 7) C 7 C 8 C 9 C 4 D.8( 4)

•
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Fig S-3.1 Variation of diawnium ureaitelr3Zepinone ratio when methoxybenzotetrazepinone ~a and 6c
are dissolved in water al different pHs
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Fig S-3.2 Variation ofdiazonium urealte1Tll2epinone ratio when melhoxybenzotetrazepinone 6d 31ld 6e
. are diss:>lved in water al differenl pHs . .'
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N·2 N·I

j J;
i ,, .. 1•

Id
, 1-

N·3 N·S

" i II • i st , ,~ ., 1.1
i 0 , 1 , 0 , i , 0 1.... -110 - .......

Fig S-3.3 NalUraJ abundance 15N NMR specb'Um of 6d

"i~.ij t '!' '~iY i ,IF \., i'" \, l ' ~I *'! •
-œ .. .. -JOlI __

•
N·3

Fig S-3.4 15N NMR specb'Um of 6c specifically Iabelled at N4 in 2N Hel. Expansion
of the N-3 doublet al 305 ppm is shown above the speclI'UID
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APPENDIX IV. SUPPLEMENTARY MATERIAL FOR CRAPTER 6 AND ADDITIONAL DATA
FOR THE X.RAY STRUCTURE OF

3,5·DIMETHYL-PYRIDO[2,3j.l,2,3,S.TETRAZEPIN-4(SH)·ONE'

,

l'
"

11 The X.ray structure was dClCiminc:l i;y Dr Rosi Hynes
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Table S·4.1. positionaJ parameters for the structure ortO (chapter 5)

0.98465(18) 3.96(20)
1.14729(23) 3.8 ( 3)
1.08097 (22) 3.9 ( 3)
1.04574(22) 2.97(23)
1.10647 (21). 2.74 (23)
1.21933(22)' 3.6 ( 3)
0.9747 .( 3) 4.1 ( 3)
1.0416 (3) 3.4 ( 3)
1.1024 (3) 3.8 (:3)
1.1723 (3) 2.8 ( 3)
1.2836 (3) 4.1 ( 3)
1.3051 (3) 4.0 ( 4)
1.2583 (3) 3.6 ( 3)
1.1900 (3) 2.8 ( 3)
0.985 (3) 4.9 (14)
0.948 (3)J:' 6.2 (17)
0.950 ,Jc=3);;:',-_","~.5 (19) "
1.0583 "i~3) '5.3 (14) /'
1.0882 (24) 5.1 (Hf'
1.1486 (19) 2.5 (10)
1.3183 (24) 4.4 (14)
1.3594 (25) 4.6 (13)
1.2729 (20) 2.3 (10)

(

x

o 4 0.16209
N 1 0.1288 (16)
N 2 0.1644 (16)
N 3 0.3628 (14)
N 5 0.1327 (14)
N 7 0.3641 (16)
C 3' 0.4735 (21)
C 4 0.2097 (19)
C 5' -0.0006 (21)
C 6 0.2700 (17)
C 8 0.4818 (22)
C 9 0.5062 (19)

"e\o 0 .3826 (20)
Cll 0.2730 (17)
J.i3'A 0.578 (16)

'. H3'S 0.249 (14)
H3'C 0.624 (20)
H5'A -0.156 (17)
H5"i>~",,_ 0.205 (16)
HS'C '-0.081 (15)
H8 0.563 (14)
H9 0.605 (15)
Hl0 0.370 (13)

y

0.6566 (3)
0.8867(3)
O. 8!'07 (3)
0.8060(3)
0.6537(3)
0.6155(3)
0.8482(5)
0.7025(4)
0.5415(4)
0.6921(4)
0.6477(4)
0.7556(5)
0.8329(4)
0.8017 (4)
0.920 (4)
0.869 (4)
0.783 (5)
0.530 (4)
0.501 (4)
0.519 (3)
0.589 (4)
0.776 (4)
0.909 (3)

z Beq

'.', ,.

Beq is the mean of the principal axes of the thermal e1ipsoid for
atoms refined, anisotropica11y. For hydrogens, Beq • Biso.
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Table 5·4.2 Anisotropie Thermal Parameters

ull u22 u33 u12 u13 u23

o 4 7.4(3) 4.30 (23) 3.30(20) -0.7(3) -1.1 (3) -0.71(19)
N 1 6.8 (4) 3.0 ( 3) 4.5 ( 3) -0.5(3) -1.6(3) -0.68(24)'c
N 2 7.3(4) 3.0 ( 3) 4.4 ( 3) -0.4(3) -0.9(3) 0.23(23)
N 3 4.8(4) 2.96(25) 3.50(25) -0.6(3) -0.2(3) -0.01(23)
N 5 4.5(4) 2.67(23) 3.23(25) -1. 2 (3) o.0 (3) 0.00 (21) ~,

N 7 6.9(5) 3.4 ( 3) , 3.21(23) 0.4(3) -0.4(3) 0.54 (24)
C 3' 6.7(6) 4.5 ( 4) 4.4 ( 4) -0.4(4) -0.2(4) 1.7 ( 3)

dC 4 4.9 (5) 3.7 '( 3) 4.2 ( 3) -0.1(4) -1.2(4) 0.3 ( 3)
C 5' 6.6(6) 3.4 ( 3) 4.4 ( 3) -2.3(4) 1.0(4) 0.0 ( 3)
C 6 4.6 (5) 2.8 ( 3) 3.1 ( 3) 0.::1. (4) 0.0 (3) -0.1 ( 3)
C 8 7.9 (6) 3.8 ( 4) 3.8 ( 3) 0.4(4) -1.5(4) 0.9 ( 3)
C 9 6.5(6) 5.2 ( 4) 3.5 ( 3) -0.3(5) -0.3(4), 0.5 ( 3)
C10 6.4(5) 3.7 ( 3) 3.7 ( 3) -0.3(4) 1.3(4) -1.6 ( 3)
Cll 4.6 (5) 3.0 ( 3) 3.1 ( 3) 0.4 (4) 0.5(3) -0.2 ( 3)
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Table 8·4.3. Bond distances (Â)md Angles (0) involving all atoms

O(4)-C(4)
N(1)-N(2)
N (1) -C (11)
N(2)-N(3)
N(3)-C(3')
N(3)-C(4)
N(5)-C(4)
S(5)-C(5')
N(5) -C(6)
N(7)-C(6)
N (7) -C (B)
C(3')-H(3'A)
C(3')-H(3'B)

.1.212(6}
1.239(6)
1.426(7)
1. 450 (7)
1.479(7)
1.406(7)
1.376(7)
1.474 (6)
1.413(7)
1. 33~ (7)
1.336(7)
0.99(5)
1.03 (5)

C (3') -H (3'C)
C(5')-H(5'A)
C(5')-H(5'B)
C(5')-H(5'C)
C(6) -C(l1)
C(B)-C(9)
C(B)-H(B)
C (9) -C (10)
C(9)-H(9)
C (10) -C (11)
C (10) -H (10)

1.10(6)
1. 03 (5)
0.98 (6)
0.95(4)

i\386 (7)
\. "38" (8)
J.". O? (5)
1.373(B)
1.11(5)
1.391 (7)
0.98 (4)

•

N(2)-N(1)-C(11)
N (1) -N (2) -N (3)
N (2) -N (3) -C (3')
N (2) -N (3) -C (4)
C(3')-N(3)-C(4)
C(4)-N(5)-C(5')
C (4) -N (5) -C(6)
C(5')-N(5)-C(6)
C (6) -N (7) -C (B)
N(3)-C(3')-H(3'A)
N(3)-C(3')-H(3'B)
N(3)-C(3')-H(3'C)
H(3'A)-C(3')-H(3'B)
H(3'A)-C(3')-H(3'C)
H(3'B)-C(3')-H(3'C)
0(4) -C (4) -N (3)
0(4) -C (4) -N (5)
N(3)-C(4)-N(5)
N(5)-C(5')-H(5'A)
N(5)-C(5')-H(5'B)
N(5)-C(5')-H(5'C)

122.5(5)
llB.6(4)
107.7(4)
116.6(5)
113.1 (4)
116.0(4)
121.9(5)
119.2(4)
117.9(4)
105(3)
105(3)
105(3)
102(4)
120(5)
115 (4)
122.2(5)
121.8(5)
116.0(4)
112 (3)
101(3)
110.1 (25)

H(5'A)-C(5')-H(5'B)
H(5'A)-C(5')-H(5'C)
H(5'B)-C(5')-H(5'C)
N(5)-C(6)-N(7)
N (5) -C (6) -C (11)
N(7)-C(S)-C(11)
N (7) -C (B) -C (9)
N(7)-C(B)-H(B)
C (9) -C (B) -H (B)
C (B) -C (9) -C (10)
C (8) -C (9) -H (9)
C (10) -C (9) -H (9)
C (9) -C (10) -C (11)
C (9) -C (10) -H (10)
C(11)-C(10)-H(10)
N(1)-C(1l)-C(6)
N (1) -C (11) -C (10)
C (6) -C (11) -C (10)

101(4)
11B (5)
::'10 (4)
115.7(4)
122.1(5)
121.9(5)
124.3(5)
117(3)
11B (3)
117.0(5)
120.2(23)
122.7(23;'
119.6(5)
120.4(24)
120.0(24)
125.2(5)
115.2(5)
119.1(5)
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Table 8-4.4. Torsion Angles (O} .

Cll N 1 N 2 N 3 -O.6( 3) N 2 N 1 Cll C 6 -42.8 ( 4)
N 2 N 1 Cll C1O; 145.8 ( 7) N 1 N 2 N 3 C 3' -159.7 ( 7)
N 1 N 2 N 3 C 4 72.0 ( Si N 2 N 3 C 4 0 4 122.5( 6)
N 2 : 1)1 3 C 4 N 5 -60.7( 4) C 3' N 3 C 4 o ~.--:" -3.2 ( 3)
C 3' :N 3 C 4 N 5 173.6( 7,) C 5' N 5 C 4 0 4 1.8( 3)
C 5' N 5 C 4 N 3 -175.0( 7) C 6 N 5 C 4 0 4 162.3( 7)
C 6 N 5 C 4 N 3 . -14.5( 3) C 4 N 5 C 6 N 7 -140.4 ( 6)
C 4 N 5 C 6 Cll 46.2 ( 4) C 5' N 5 C 6 N 7 '19.5 ( 3)
C 5' N 5 C 6 Cll -153.9( 6) C 8 N 7 C 6 N 5 -177.2( 7)
C 8 N 7 C 6 Cll -3.8( 4) C 6 N 7 C 8 C 9 1. 4 ( 3)
N 5 C 6 Cll N 1 3.0( 3) N 5 C 6 Cll C1O' 174.1( 7)
N 7 C 6 Cll N 1 -170.0( 7) N 7 C 6 Cll C10 1.1 ( 3)
N 7 C 8 C 9 C10 3.7 ( 3) C 8 C 9 C10 cn -6.3 ( 4)
C 9 C10 Cll N 1 176.1 ( 7\' ' C 9 C10 Cll C 6 4.2 ( 3)",C 6' N 1 N 2 N 3 -l.O( 3) N 2 N 1 'C 6' C l' -46.2(' 4)N 2 N 1 C 6' C 5' 141. 5 ( 8) N 1 N 2 N 3 C 3 -157.9 ( 7)N 1 N 2 N 3 C 4 73.7 ( 5) N 2 N 3 C 4 o 4 122.5 ( 7)N 2 N 3 C 4 N 5 -59.3( 5) C 3 N 3 C 4 o 4 -2.7 ( 3)C 3 N 3 C 4 N 5 175.5( 8) e 5 N 5 e 4 o 4 1.6( 3)e 5 N 5 e 4 N 3 -176.6( 7) e l' N 5 e 4 o 4 158.5( 8)e l' N 5 e 4 N 3 -19.7( 3} e 4 N 5 e 'l' e 2' -135.3( 7)C 4 N 5 e l' e 6' 50.0 ( 5) e 5 N 5 e 'l' e 2' 20.8( 4)e 5 N 5 e l' e 6' -153.9( 7) 0 6 N 6 e 3' e 2' -7.8 ( 3)o 6 N 6 C 3' e 4' 174.4( 8) o 6' N 6 e 3' e 2' 17l.5( 8)o 6' N 6 e 3' e 4' -6.3( 4) N 5 e l' e 2' e 3' -177.9( 7)e 6' e l' e 2' e 3' -3.2 ( 4) N 5 C l' e 6' N 1 4.9 ( 3)N 5 e l' e 6' e 5' 176.8( 8} e 2' e l' e 6' N 1 -169.8 ( 8)C 2' e l' e 6' e 5' 2.1( 3) e l' e 2' e 3' N 6 -176.9.( 7)e l' e 2' e 3' e 4' 0.8 ( 4) N 6 e 3' e 4' e 5' -179.8( 8)e 2' e 3' e 4' e 5' 2.6 ( 4) e 3' e 4' e 5' e 6' -3.7 ( 4)C 4' e 5' e 6' N 1 174.1 ( 8) e 4' C 5' e 6' e l' 1.5 ( 4)
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Table S·4.5.-Comparîson between the cytotoxicity of CCNU and Tetrazcpinonc 10

against human cancer cells (lCso.llM)

,

CCNU 10

A549 239.6 1000

A427 213.17 31.8

A498 87 77.6

LOX 14.4 24.8

OVCAR3 69.1 31.6

• PC·3 48,5 43.8

SF126 13.8 43
'~

UMSCC·21A 100 98.9

SW260 28.8 28.1

IMR90 1000 1000

CDD19LU 691 461.6

".
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