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1 INTRODUCTION

This chapter reviews bicyclic systems containing- fared six fused rings with one ring junction
nitrogen atom and two extra heteroatoms the sixmembered ring. The heteroatoms are mainly
nitrogen, but a number of oxygen, sulfuyoron and phosphorufave also been described in the
literature. This chapter is an update of the previous related book chaptEr§?] therefore will be
concentated on the literature appeared starting from 20080 other general review on this topic
exists,howeverthe history and the use in medicinal chemistry of fnarolo[2,1f][1,2 4]triazine
core has been recelyt treated in a digst, [3] and their pharmawological activities, structural
modifications and structur@ctivity relationship (SAR) have been reportdd with a particular
attention on their action over fibroblast growth factor receptors (FGFRS). Moreover
[1,2,4kriazines condensed with fiv@embered heterocyclesr with bicyclic sgtems and their use
as anticancecompounds have been overviewg6)
Among the plethora of ring system fitting within the criteria of this chapter, the most studied are
undoubtedly the regioisomeric pyrrolotriazia€l-6), both fully conjugated and nonconjugated, and
related benzo derivative@Figure 1) The other known systems are listed with references provided
and include pyrrolo-fused 1,2,4benzothiadiazine§a-c, which structures were assigned by COSY,
HMBC andHSQC NMR analysis, IR and mass measurement, and unambiguously confirmed by single
crystal X-ray analysis [7] chiral 2,3,3a,4etrahydro-1H-pyrrolo[2,1-c][1,2,4]benzothiadiazine 5,5
dioxides8a (518986 and 8b, that make the object of owrolumn stoppediow multidimensional
HPLC studies for the determination of hydrolysis and enantiomerization rate congi@inf3] [10]
the achiral8b was also synthesized by thermal cyclization under solvent free ttonsj starting
from chloroacylaminobenzenesulfonamglgl1] (R and § enantiomers of Zhloro-9-(furan-3-yl)-
2,3,3,4-tetrahydro-1H-benzo[e]pyrrolo[2,1c][1,2,4]thiadiazine 5,5lioxide 8c was synthesized for
its pharmacological activity and chemical stabilityf12] chiral 2,3,5,&etrahydro-
[1,2,4]thiadizino[6,5,4hilindole 1,kdioxides 9ab, of which the reactivity behaviour towards
NaBHCN was studied;13] 3-vinylhexahydre?H-pyrrolo[1,2-b][1,2,6]thiadiazine 1,4ioxide10, that
was synthesized via intramolecular amination catalysed by @adbd mealloradicalcatalyst from
the correspondingN-allylic sulfamoyl azide and which structure was unambiguously confirmed by
single crystalX-ray analysis;[14] trans-2H-pyrrolo[1,2b][1,2,6]thiadiazine 1,Mioxide 11 were
prepared by Paatalysedcarboaminatbn reaction of 2allyl and 2,5diallyl pyrrolidinyl sulfamides
via a stereoselectivanti-aminopalladation pathwayf15] a library of 160 members of isoindoline
thiadiazinaned 2, obtained via a sequence including a domino Hez&kMichael sequence, folloged

C C o]l 8]}v Al3Z % E (}Garbonyldighidazdale (COR6] sequence optimized by
a combination of microwave heating and continudley organic synthesis17] 2,3,3,4-
tetrahydro-1H-pyrrolo[1',2":4,5][1,3,4]oxadiazino[2;8]isoindo}10(5aH)-ones 13a-g which structure
was unambiguously confirmed by single crystaiay analysis;[18] diethyl-7-methyldihydro4H-
pyrrolo[2,1-d][1,3,5]dioxazine5,6(H)-dicarboxylate 14 was accidentally synthesized as single
diastereomer from diethylaminomahate, crotonaldehyde andofmaldehyde under secondary
amine catalysisf19] oxadiazine sall5 was synthesized by a two step procedure involving a €o(ll)
[20] or Ni(ll} [21] catalysedcross coupling of -Benzamidopyridine -bxide with terminal alkyne,
followed by oxidation;bicyclic and tricyclic azperoxides 16 and 17 were obtained via a
photooxygenation key stepf22] mescl,3,50xadiazinesl8 were obtained by electrochemical
decarboxylative oxidation ofN-acylaminoacids;[23] pyrrolo[2,1-d][1,2,5]o0xadiazines 19 were
synthesized by (3+3)ycloaddition ofN-vinylpyrroles and nitroneq24] psycotripine20, an alkaloid
isolated fromPsychotria piliferdeaves, which structure was confirmed by mono and bidimensional



NMR experiments, high resolution ESE Mnd by comparison of calculated and experimental ECD;
[25] the enantioselective total synthesis of)-{erengganensine 21 was accomplished by a key
E}ICIE][+ & oC3] v v3]}e o 3]A § @ and @ @malGotaE $yhthesis]ipvolving

a photoredox catalytic nitrogecentered radical cascade reaction has also been reporf2d|
Heterocycles  containing  phosphorus as  heteroatom  such  a&H-pyrrolo[1,2
c][1,3,2]oxazaphosphorined2 have also been describef28] Manganese (lll) complex&s3 have

been described as potent orally active peroxynitrite scavend@& Systems containing a boron
atom, of general formul24 are having great successyié judgeby the number of publications that

has literally exploded in the last 10 yearsdded, about one hundred articles and patents can be
counted in the 2008018 period covered by this chapter. The most described systems are BODIPYs
and derivatives, which are widely used in different fields of application: in materials science as dyes
and fluorescent organic pigmentq30] in catalysis[31] in analytical chemistry such as fluorescent
probes,[32] andin biology as labéng molecules to probe proteiprotein interactions [33] Finally
heterocycles of general formulzb have also been synthesizd84]

Since no systematic studies of experimental structural as well as theoretical methods exist for those
compounds, a little space is devoted to this topitie synthesis and the chemical reactivity of
pyrrolotriazines 1-6) will be deeply described itead.
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2 THEORETICAL METHODS

Systematic studies, falling within the scope of this chapter, do not exist. The only two exceptions rely
on the prediction of biological properties for drug discovery. Quantum meich&calculationgan

be used to explain the inhibition provided by heteroaromatic rings containing nitrogen atoms
towards Cytochrome P450435] In particular the complexatiorenergies of Fe(lllheme in its
doublet and sext state with a set of heterosomatic ringshas been calculated. For pyrrolo[1,2
c][1,2,3]triazine (2) the & = 2.2 kcal/mol for Fe(lll) in doublet state afel= 4.3 Kcal/mol in sextet



state if Fe(lll) is complexed on the nitrogen in the 2 position. If Fe(lll) is linked to the nitrogen in
position 3 the & =-2.1 kcal/mol for Fe(lll) in doublet state ardt =4.1 Kcal/mol in sextet state.
These energies do not represent a risk of P450s inhibition since the barrier is BElow4.5
kcal/mol for Fe(lll) in doublet stateThe hydrogerbond acceptor ability of pyrrolo[1;2
c][1,2,3triazine @) has also been callaied using the Gaussian09 prograf@6] To do so two
guantum descriptors have been investigated, tAg(H), viich is the energy change afhydrogen
atom after complexation, relative to a 4dond complex property; and th¥,, that is the local
minimum electrostatic potential value on the hydrogdiond accepting sites, relative to alidnd
acceptor site property. For pyrrolo[:d[1,2,3triazine @) 4(H)= 70.1 kJ/mgland V, =-184.1
kJ/mol for the nitrogen in position 2; instead for the nitrogen ospion 3 4&(H) = 71.4 kJ/mol, and
Vmin =-225.5 kJ/mol, indicating that the nitrogen sites afective Hbond acceptor sites.

3 EXPERIMENTAL STRUCTURAL METHODS
3.1 X-RayStudies
No systematic studies of this type have been undertaken. The structfissnte compounds listed
in Figure 2 have been confirmed by single cryxtaly analysis. Heterodiquinanes containing triazine
26 [37] and 27 [38] have been isolated fromhe photochemical reaction of -fhethoxy-3-[1-
(methoxyimino) ethyiN-phenytl,2,diydocinnoline  1,2dicarboximide  with  diethyl 1,3
acetonedicarboxylate. Their structure and stereochemistry were determined-tay diffraction.
The structure and the relative stereochemistry of compo@8d were unambiguously confirmed by
single crystalXray diffraction [39] Compound29 was synthesized ads diastereomer (96:4) via a
domino cyclohydrocarbonylation/addition sequendd0] The ORTEP plot afiolecule 30 is also
represented[41], in the same manner the structure of compou3d was determined B X-ray
crystallographic analysis and the synthesis of this compound Is descrili&ché@me 28[42] The
absolute stereochemistry assignmeat compound32 [43] as well as the onef the Ghucleoside
Hepatitis C virus inhibiter GS6620 33 and GS5734 34, adenosine analogws have been
determined byX-ray analysis[44] [45]
A serie of molecukewas cacrystallized with tle enzyme active site and the stgl structures are
reported (Figure 2) The one of compound35 co-crystallizedwith the Met kinase domia was
obtained in order to understand the binding mode of the pyrrolo triazine in the enzyme ATP binding
site. [46] The key binding interactions have been pointed:aiie N1of the pyrroldriazine core
donates aH to the Met1160, the terminal Nibn the piperidine ring creates an ionic interaction
Al§8Z 8Z @& <] p }( *%iiodU §Z VEE o0 (OP}E]V § %Z vGCo E]JVP ]e
with Phel223and finallythe acyluea carbonyl is implicated intd bond with the backbone NH of
Asp1222 X-ray structures of compound86ae co-complexed with unphosphorylatedsi6r A E
solved skelding light on the nature of the binding interactions between these molecules and the
enzyme.Three key Fbondsare idertified in comnon for the four molecules: onébetween the C6

uj E }vCo v 8Z D $ iid E ] p U -R suBshitptio}, Gvhighz is arn
hydroxamate or amidebetween the carbonyl and the NH with the residues Aspl168 and Glu71
respectivelyFor36a-b [47] and BMS 5829436e [48] Aspl168 forns an extra Fbond with the N3of
the pyrrolotriazine, while foB6c[49] the pyrrolotriazine core interacts via the N1 with the Leu 171
residue.Finally for 36d [50] an enhanced hydrophobic interaction due to the phenyl ring on the C6
ketone is thoughto be responsible of an improved enzyme activiy X-ray co-crystal structure of
compound 37ac complexed with the IGER kinase domain was solved revealthg hydrogen
bond donor-acceptordonor triad across the amingyrazole substituento the Glu1050,Leu1051



and Met1052 residues(Figure 2)[51] [52] Compounds38, 39 and 40 have been cocrystallized as
complex with MAP4K4. The three moleculaedhe folded Ploop and create thredwydrogen bonds

with Glu106 and Cys108. Compound dd 25bring a 4-pyridine which allows better interaction
with Lys54, otherwise the phenyl group of 16 in the 6 position of the pyrrolotriazine as well as the
pyrazole on the same position of compound 25 fit a partially hydrophobic pocket formed by the
residues Phel07, Cys188d Val31[53]
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3.2NMR Studies

The structure and the relative stereochemistry of compou@a-c were confirmed by NOESY

(Figure 3):39] Detailedassignements of théH and™C signals of Nocarsine44, isolated from a soil

sample collected in Chinsayere unambiguously accomplished by NMR technigues including COSY,
HSQC, ROESY and HNIHGQure 3)[54] dZ EDZ <% 3$E}* }%] % E}% ES] « }( =« A E
pyrrolo[1,2d][1,2,4]triazirones 42 and tthiones 43 were investigatedIn particular it was put in



evidence the influence of various substituents on the triazine ringtsnand *GNMR chemical
shiftgFigure 3)[55]
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3.3Mass Spectrometry Studies
Therehave been no systematic studies on the use of mass spectroscopy in the serie of systems
falling within this chapter.

4 THERMODINAMIC ASPECTS

No thermodynamic studies have been systematically undertaken for this class of compounds.

5 REACTIVITY OF FULONILUGATED RINGS

The pyrrolo triazines can be described as a-fiveu & -efectron rich heterocycle fused with a
sixu u E -electron poor one. For this reasgib canbe consideed that the expeced reactivity
of the pyrrole rings towards electrophilic reagents vilb the nucleophilic agents react preferentially
with the sixmembered ring.

5.1 Electrophilic Attack at Carbon

As expectegthe pyrrole ring undergoes electrophilic attack to the carbon ato@rdy one study has
been reported on the electrophilicsubstitution reaction at €@ atom on the tricyclic
§Z] v}€T[UI[W 0 U fdy (i 4 8( F16)idué 44. Regioselectiverbmination of thepyrrole
ring with excess of NBS in the presencef& gave product5 (Scheme 1)56]

s
NBS (3
m\(o <1005 (290 m\(
N
)% _NH
N 44

87% )\ NH
45 N’

Scheme 1

5.2 Nucleophilic Attack at Carbon

Due to the nature of the sbu u & -etectron deficient triazine ring, these systems undergo
nucleophilic attack at carbon atoms. The only example reported describes the nucleophilic
substitution reacion of 8CFH(LE }€T[ U T[ W 0 Ui %2 @|EaGEHreald €vith Bodium ethoxide to
deliver the ethoxy derivativd7 in 57% yieldScheme 2)57]
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5.3 Other reactions

Compound44 undergoes PaatalysedSuziki coupling with different arylboronic acids to yield9C
substituted compound€l8 (Scheme B The sequence bromination/Suzuki coupling was performed
in one pot. p6|

IS s Br 1. 2-methyl-2-butene g Ar
N TN NBS (3 eq) 2. ArB(OH),, K,CO3 $ \
O KCOz2eq) |\ _{/ N0 | PdCl,(dppf)20 mol% /
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~ .NH
44 )\N/ 87% 45 )QN,NH 40-53% 48 )%N/NH

Scheme 3

Starting from intermediate49 a library of substuted pyrrolo[2,1f][1,2,4]triazines51 has been
synthesized.The Suzuki coupling on the-Tpositionhas been performedvith ortho-substituted
arylboronic acid in the presence of Pd(OAdp give compound$0 and then the oxidation of the
sulphide to slfoxide with m-CPBA followed by the coupling with the suitathing under MW
irradiation, deliveredthe desired compoundS1. These latter can be obtained as well reversing the
two steps described aboy&chemed). [58]

1. m-CPBA, CH,Cl,
2. R'NH,, DIPEA
NMP, MW

Br Pd(OAC),
49 PPhs

R=OMe, CONH, SO,Me, NHSO,Me, NMeSOzMe
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By ry Ay LS00
QL “CLNO“OMX \ @m i

Schemet

2,4-dichloropyrrolo[2,1][1,2,4]triazine52 underwent PdcatalysedSuzuki then Buchwald coupling
reactions on the position @ and G2 respectively. Compoun®2 was thus treated with 4
trifluoromethoxyphenylboronic acid in the presence of Pd{(&} to yield 53, followed by reaction
with methyl 4aminobenzoate in the presence of Pd(Q4r)d BINAP under MW irradiation, kead
to compound54 (Scheme 5)59]
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The Suzuki coupling has been also usedfulactionalize the & position of thepyrrolo[2,1-
f][1,2,4]triazine skeleton, as an example see compodbtigure 2.

6 REACTIVITY OF NONCONJUGATED RINGS

Undoubtedly the most studied systems fitting within the criteria of this chapter are bicycles
contaning one or two oxo groups in the sixembered ring, and their equilibrium forms containing

the corresponding hydroxyl group. The reactivity of the cycle can be compared to the one of cyclic
amides, therefore they react with nucleophiles

6.1 Nucleophiliattack at Carbon

The majoriy of references deal with the nucleophilic attack at the carbonyl group resulting in
substitution rather than ring opening. Most of the reactions consisthia transformation of the
pyrrolo[2,1f][1,2,4]triazir(one)s into thefully aromatic € and/or G4 chlorinated derivatives
followed by nucleophilic substitution of the chloroimidates with alcohols or amines to deliver the
corresponding ethers or aminesSubstitution of the position € has been treated for only two
examples, depicted in schem@. In the first casehe hydroxyl group in @2 positionof compound55

was transformed into the corresponding triflate before substitution with the appropriate anitine
give 56 (eq a) [43] [60] In the second example both positionr2Cand &4 of compound52 were
modified by displacemeénof Cl beforeon position &, with 5-cyclopropyd3-aminopyrazole,to
deliver57 and thenon G2 with a §-proline derivativesto lead to compound$8 (eq. . [51]
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Scheme 6

Most of the examples deal with the substitution of the4Qoosition, by transformation of the
pyrrolo[2,1f][1,2,4]triazinone59 into the heteroaryl chlorides0 upon treatment with POG| then
reaction with different amines such ascyclopropy-3-aminopyrazole §1] [52], m-anisidines [46]
[47] [48] [49] [50] [61], morpholine [62], 1-(3-fluorobenzyl}1Hindazol5-amine [63] and finally 4
aminopyridine[53] to give the corresponding amin€d-65. The substitutionof 60 with 2-fluoro-4-



nitrophenol [46] or with 2-fluoro-4-amingphenol derivatives [64] can dternatively lead to the
corresponding ethey66-67 (Schemey).
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Schemer

Treatment of pyrrolo[2,3f][1,2,4]triazinone68 with PO, followed byreduction with NaBH and
reoxidationwith DDQgave thearomatic triazineé59 (Schemes). [65]
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> A ee}v[e (E foowed by Salkylation with 2bromo-N-substituted acetamidesgave
compounds72[66] while thionation of furc€ET[UT[W 8 U i « 94[C, ZA{EIR D} & TH)-Dnes 71 with
P.Syielded compound33[67] (Scheme).
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6.2 Electrophilt attack at Nitrogen

Direct N-alkylation of cyclic amide nitrogeof thieno or furo€T[UT[W 0 U i « 9[C ZMHEIDRF €T U T
8(7"H)-ones 71 and 72 with 2-bromo-N-substituted acetamides [66] or with alkyl halides[67]
respectivelyjead to compound§4and75 (Schemel0)
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7 REACTIVITY OF SUBSTITUENTS ATTACHED TO RING CARBON ATOMS

Several functional groups have been introduced on the different positions of the pyrrolotriazine
core. The substitution of position € and G7 of the pyrrolo[2,1f][1,2,4]triazine 76 has been
explored by conversion of the cyano grolefore into carboxylic acjcand theninto amidesto give

77, while the thioether was before oxidized to sulfone and then replaced with antimegeliver
compounds78 (Scheme 1).[68]

1. KOH, H,0, reflux SN 1. m-CPBA, CH,Cl, =T "N
=" >N 2. POCl; 100 °C \ N. //L _ 2.R'NH, iPr,EtN \ N\N/)\N,R1
\ N\ Pz - H
N N™ "S™  3./Pr,EtN O\ 4 O\
76 R, ;NHZ (g? 77 fg? 8
—
N N~\ R=CHF,, CF3 Cl,CN N

' @ Q

Scheme 11

Compound 80 has been synthesized by reaction of-ndethyt4-(methylthio) pyrrolo[2,1-
f][1,2,4]triazine79 with: i) NBSfollowed by addition of 4amino piperidine derivative; ii) akation of
the G4 thiomethyl ether withm-CPBA followed baddition of anilines (Scheni). [69]

F

S
h NBS 2 \CN HN Cl

"X\ Boc-4-amino piperidine
\ X
N\N/) ii) m-CPBA C N
79 3-Cl,4-F-aniline N\N/ 80

Schemel2



The majority of the references deal with the-6Cand C7 substitution of the pyrrolo[2,1
f][1,2,4]triazines.The G6 position of compounds1 is frequently substituted with an ester that
undergoes saponification to carboxylic a¢@mpounds82). This latter is generally coupled with
amines giving the corresponding amid&ssuch as for exampl@éb [47], 36¢[49], BMS582949 Be
[48], and 67a[64]. (Schemé€l3, eq. a) Alternatively a sequence including Curtius rearrangemémt
the presence of diphenylphosphoryl azide (DP&#) reaction of the isocyanate intermediate with
alcohols, yields a serie of carbama@&ésuch as for instanc84a[47], and BMS599626 84b [63]
(Schemel3, eq. b). Another example consists in the preparation of ketor8son one hand by
reduction of the ester directly to aldehyde, followed by addition tbe appropriate organo
magnesium bromideand oxidation or on the other hand by conversion of the ester into acyl chloride
followed by FriedeCrafts acylation as an example se85a [50] (Schemel3, eq. c). Finally
hydrazides 86 can be obtained from estsby known procedures and transformedianoxadiazole
ring 87 by treatment with 2chloroacetyl chloride followed by heating in neat PO&#e compound
87a[61] (Schemel3, eq. d).Only one example has been reported on the synthesis of catlien
labeled pyrrolo[2,1f][1,2,4]triazines88 prepared from the carboxylic acid in presence GiJJCHOTf
through G[*'C]methylationto give compound8a(Schemel3, eq. e)[70]
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Schemel3

Several analogues of compourifa modified on the G6 position have been obtainedyb
transformation of the ethyl ester group into alcohol by Grignard reaction followeBdwreyeVilliger
rearrangementto give the intermediate67b. Further decoration of th&>6 positionrelies basically
on theO-alkylationand brings to molecule&7ce (Schemeld). [64]

R-X N Y X
EtO,C

HO =
1. MeMgCI : : R' OH
)/ \ 78\ o 1. epichlorohydrine | o-X
| | \

N 2. R'R?NH 67d N
67a NN NS 676 X N‘Nﬂ

o

E H H 1. ethylene oxm\ O-R®
L, e L
O O 3 \ 67e
X= 3. R°ONH,.HCI )\_/ N\N/
Schemel4

Concerning thdunctionalization of theG7 position the majority of the examples deal with the
synthesis of @ucleosides. The common strategy is to react the bramimdo derivative89a-b with
the ribonolactone90in order to obtain the hemiketal intermediat@l (Schemelb). [71] This latter
undergoes differenteaction to introduce severaroups such ate CNgroup, for the most popular
compoundsn terms of biological activitgeeGS6620 33 and GS5734 34, figure 2

NH,
ESS SN
NH, BnO 1,2-Bis(chlorodi NN, S
<N o) methylsilyl)ethane g o) N
\ ) . 1O NaH, BulLi O1H
- _ =
N‘N/ BnO' B R =R
X OBn BnO OBn
X=Br, |
89a-b 90 91

Schemel5

it }AEC v -diflebixlyribosyl @ucleosides93a-c have also been synthesized by Hégse
coupling between glyc@®?2 and the Ziodo pyrrolo[2,1-f][1,2,4]triazine89% (Scheméel6). [72]

PhsAs

Schemel6



Two examples concenfe Salkylation ofthe pyrrolo[1,2d][1,2,4]triazine94. Compound<96 were
obtained in one step by reaction with-¢hloro acetamide derivatives or via a two steps procedure
involving the reaction with chloroacetic actd deliver the intermediated5 followed by amidation
with different amines in the presence df,N-carbonylimidazole (CDI) in globally lower yields
(Schemel?).[73]

Schemel7

FUEIE€T[UT[W 0O U NI A{EI&EIR B (V) itbidne 97 can cyclize upon reaction with hydrazine
to deliver the triazinetriazinone98 (Schemel8). [67]

Schemel8

8 RING SYNTHESES CLASSIFIED BY NUMBER OF RINGNARAGHS

COMPONENT

8.1 Pyrrolo[1,2b][1,2,4]triazine
6-(2-methoxyphenyh8-(2-oxoindolin3-ylidene)2,8-dihydropyrrolo[1,2b][1,2,4]triazin3(4H)-one

102 was synthesized in three steps starting frori2dxofuran3(2H}ylidene)indolin2-one 99. The
reactionwith hydrazine hydrate in refluxing pyridine in the presence of P@e in 53% yid the
corresponding hydrazin&00 that was in turn alkylated with chloroacetylchloride yield 64% of
101. The cyclization to deliver the dihydropyrrolo[Hh1,2,4]triazinone skeleton was achieved in
presence of ammonium acetate in acidic conditi¢#8% yield(Schemel9).[74]

Schemel9

8.2 Pyrrolo[1,2c][1,2,3]triazine



This chss of compounds wdke less studiedintil 2009 whena group of scientists have generated a

virtual exploratory heterocyclic libragf anall aromatic ring systemsseful for thedevelopment of

novel synthetic protein ligand§z5] This list includepyrrolo[1,2c][1,2,3]triazinesvhich is an under

or not yet explored class of heterocyclek 2014the synthesis 0of% C E&] }€T[UT[W AU *% C E &
c][1,2,3]benzotriazined.06 was describedind involves the intramolecular cyclization of diazonium
intermediates105 generated in situ from anilines04. These latterwere synthesized by Chichibabin

type reaction starting from commerciallyailable 3methylpyridine and zaminobenzonitrilesto

give anilinesl03, followed by transformations on the-Rosition of the pyrrole ring in order to block

the spontaneous cyclizimn of the diazonium on this gsition delivering the pyrroloonoline
skeleton(Scheme?0). [76]

Scheme0

0«< 0 §c¢Hzption of 2ndolo aniline 107 with tert-butyl nitrite gave pyrrolo[1,2
c][1,2,3]benzotriazinesl08 in 40% yield.tert-butyl nitrite plays the dual role of N source and
oxidant. (Schem@&l). [77]

Scheme 2

8.3 Pyrrolo[2,1f][1,2,4]triazine

Together with pyrrolo[2,1-d][1,2,4]triazines this is undoubtedly the most studied class of
heterocycles falling within the scope of this chapter.

The synthesis of pyrrolo[2f][1,2,4]triazines bringing>2 carbonlinked proline isosters such as
pyrrolidin(on)e, cyclopentane and simple acydias been achieved starting frothe common1-
amino-1H-pyrrole-2-carboxamidel09. A coupling reaction with the appropriate proline isostere in
the presence ofl-ethyl-3-(3-dimethylaminopropyl)carbodiimidgEDQ delivered the intermediate
110 that undergoes cyclizatigrupon treatment with refluxing ethanolic KOH solutiprio give
compound111 (Scheme2?2). [52] Exampes of biologically relevant compounds prepared with this
methodolog/ are compound87b-.



Scheme22

Pyrrolo[2,1-f][1,2,4]triazine 115 substituted in &€ and C7 positionshave been synthesizestarting
from methyl2-pyrrole carboxylatel12. Treament of 112 with chloramine followed byhe addition
of benzoylisothiocyanate yielded 65%1df3, which cyclizes int68 upon basic hydrolysigfter the
modifications in theG4 and CG7 positions, discussed abovethe paragrapk 5.3 2 and 6.1,2he
oxidation of the sulphide to sulfoxide wim-CPBAgave 114. Follow the hydrolysisstepto lead to
115 in 77% vyield Scheme23). The development of a scalable process has also been established
starting from 116 which was converted into the dibrominatetl7 in the presence of 5/8imethy}
1,3-dibromohydantoine (DBH) in 87% yiellhe halogermetal exchange in the presence of the
<v} Z TaurB GrignaE followed by quenching with DMF selectively gau8 in 81% yield. Suzuki
coupling with only 0.5 mol% of Pd catalyst in aqueous EtOH fe&veThe cglization to obtain the
pyrrolo[2,1f][1,2,4]triazine corell5 takes placeafter treatment with NaHMDSand addition of
phenyl chloroformate by the action of a Lewis acid, namebc(OT§ followed by addition of
ammonium carbonate§cheme23). [65]

Scheme&23



A kg scalesynthesisof functionalized pyrrolotriazinel24, as intermediate building block in the
synthesis oBMS 690514125 [46] [47] [61] and analogues, as potent anticancer agertas been
established [78] Bromohydrazone intermediatd 20 was obtained in 550 Kg over five batches by
condensation of commercially available bromoacetal and-iGfizazine in the presence of;PQ.
The following alkylation in the presence of acetic acid delivered ithermediate 121 which
undergoes cyclization to pyrrofE22 in acidic conditionsptTsOH) in 78% yield over two steps. The
deprotection of the Cbz group was achieved in standard 10% Pd/C acahHitions. For stability
reasons the amined 23 was recovered as methylsulformatsalt in 80% yield over two stepAcid
catalysed annulation af23 with formamidine acetate provided the key pyrotdiazine esterl24 in
92% yield Scheme?4).

Scheme?4

4-(2- E C 0 %o C @ Hpwidla[1,Rf][1,2,4)-triazine 129 was synthesized following scheme 8.3 5
Sarting from 2-chloro-3-nitropyridine 126 the 1H-pyrrolo[3,2b]pyridine skeletorl27 was formedin
three stepsin 43% overall yield. The hydrazine function was installed by treatmentalitiramine
and intermediate128 was submitted to annulation in the presence of ethyingthoxybenzimidate
hydrochloride in refluxing ethantd deliver129in only 26% yieldScheme 25)62].

Scheme25

The synthesis of substitule pyrrolo[2,tf]triazin-4(3H)-ones 137 has been achievedfrom
intermediate 131 or the unsymmetricall34. The synthesis ofL31 is depicted in deeme 26, eq. g
andrelies on the addition of Grignard reagent on then2thylpyrrole4-carboxylatel30, followed

by reduction with lithium aluminium hydride. Thegrghesis of unsymmetrical34, bearing three
different substituentson the G3 of the pyrrole unit is described in cheme 26, eq. b. 2-
methylbutanal 132 was simitted to Wittig reaction in the presence ofhe appropriate
phosphorane, follow the addition of ethyl nitroacetate, reduction of the nitro group and
intramolecular cyclisation to get the pyrrole rid@3.The alkaline hydrolysis and decarboxylation
gave 134. Gacylation with triphosgene followed bgddition of different amines resulted in the
amides 135. N-aminationto give136 was achieved with chloroamine and finally the cyclization step



to obtain the pyrrolotriazine cor&37 was carried out with arylaldehydes in the presence paad
activated clarcoal DarcekKB.[79]

Scheme26

2-substituted pyrrolo[2,3][1,2,4]triazin4(3H)-ones 141-142 have been synthesized by pot, atpm
step economic and six bond forming reaction. The reactiorpyfolo carboxamides138 with
substituted 4oxo-4H-chromene3-carbaldehyde139 is catalysedby Cu(ll) i DMSO to deliver
intermediate 140 which reacts with benzamidines or hydrazinesgige the final compoundsl41-
142respectively(Scheme27).[41]

Scheme7

A variant to this reaction relies aopper(ll) promotedannulation ofpyrrolo carboxamide438 with

different aldehydes and acetal® yield compoundd443as shown in schem8, eq. a [80] With the
same strategy more complex pyrrolo[Z][1,2,4]triazines fused to isoquinolines44 were also
obtainedwhen using-ethynylbenzaldehydederivatives144(Scheme8,eq.b).[42]



Scheme28

Pyrrolotriazine @wcleosides with increased aftiepatitis Cvirus (HCV)activities were synthesized
following a linea route starting from ribosidd45. After protection of the different hydroxy groups
the activatedtrichloroacetimidate 146 was obtained Addition of the pyrrole in the presence of
BR-EtO deliveredan anomeric mixture of the pyrrolenucleosids 147, which were submitted to
reaction withchlorosulfonyl isocyanate to give thpgrrolonitrile nucleosidel48. N-amination of the
desired t-anomer, to deliver149, followed by ring closure with formamidine acetatgelded the
adenosine analogu@la [71d] Alternativelyring closure byondensation with guanidine carbonate
after deprotectiondelivered the 2,&diamino-pyrrolotriazine nucleosie 91b. Finally intermediate
148was alsadecorated with a F atom on the@sition of the pyrrole rindpefore proeeding to the
N-aminationthat allowed the synthesis of the intermediab0. This lastunderwent ring closure
anddeprotection to give compund 91c(Scheme29). [71cd]

Scheme 29



G7 substitutedpyrrolo[2,1-f][1,2,4]triazine 76 was obtained from 3-(methylsulfanyhl,2,4triazine
151 by treatment with tetracyanoethylene oxideto yield 83% o0f152 followed by [2+3]
cycloaddition with phenyl vinyl sulfoxid&cheme 30)68]

Scheme30

Reaction of ethyl 2isocyanoacetate and acetaldehyde in the presence 0f1,8
diazabicyclo[5.4.0Junde@é-ene (DBY gavethe substituted pyrrée skeleton153 which undergoes
then N-alkylationin the presence of chloramine to git&4. Itsreaction with formamide allowed the
synthesis ofG5 and @& aibstituted dihydropyrrolo[2,f][1,2,4]triazinone corel55 (Scheme3l).
[64]

Scheme31l

8.4 Pyrrolo[1,2c][1,2,4]triazine

The synthesis o1,3-diphenyl6,7,8,8&-tetrahydropyrrolo[2,1c]-1,2,4triazine-4(1H)-thione 157 has
been reported starting from sulfanyl derivatives of pyrrolidinium s&88, in the presencef cesium
carbonate via an intramolecular cyclizatig@chemes2). [81]

Scheme32

Indole[1,2¢][1,2,4]triazines161 were obtained by a three steps procedure inxing the reaction of
substituted indole derivatives158 with 2-nitrophenyl halides159 in the presence of cesium
carbonate,and reduction of the nitro group into amine operated by @Gnto yield 160. Modified
intramolecular Sandmeyer reaction in the presencéeof-butylnitrite gave the desired61 (Scheme
33).[82]



Schemes3.

2,8dihydropyrrolo[2,1c][1,2,4]triazin3(4H)-ones 164ab have been obtained by transformation of
2(3H)-furanones162 via opening of the lactone and formation of the lactam ri® in the presence

of glycine in acidic conditions. The carboxylic acid was then used for the construction of the
triazinone ring by treatment with hydrazine upon activation in the presence of,38&€leme34).

[83]

Scheme34

Indole [1,2,4triazin-dione 167 has been synthesized starting from isalracetyl chloridel65 by
reactionwith hydrazine hydrate in refluxing benzene to yield 88% of the corresponding hydrazide
166. Thecyclization into indoldriazine was achieved by refluxing ineéic anhydride in 68% yield
(Schemesb). [84]

Scheme35

0¢< 0o SE} C o]bk-pyfolo had 2indolo anilines 168-169 with tert-butyl nitrite gave
benzok]pyrrolo[2,1-c][1,2,4]benzotriazine 170 and 171 respectively,in good yields. Tert-butyl
nitrite plays the dual role of N source and oxidgi®cheme36). [85][77]



Scheme36

8.5 Pyrrolo[1,2a][1,3,5]triazine

Triazinane dioned72 have been synthesized by a four component reactt(4CR) involving a
phosphonate, different nitriles, aldehydes and isocyanailse ring-closing metathesis (RCM) or
cycloaddition reaction such as intramolecular Diglder (IMDA)f intermediates172 delivered the
bicyclic skeletonof nonconjugated pyrrolo[1,2-a][1,3,5]triazines. With those methodologies
compoundsl73and28a-c were respetively obtained (Scheme?).[39]

Scheme37

The reactivity oN-amidinothioureal74 towards o-phtalaldehydel75 have been studied86] The
condensation of the amino group onto the aldehyde gave the azomethine intermetli@eThe
attack of the azomethine N atom on the second carbonyl group gave the tyéhehich undergoes
1,3-hydride shift to deliver the adduct78. Further cytization yielded the isoindolo triazine scaffold
179. (Schemess).

Scheme38



Direct arylation of [1,3,5]triazin@,4(1H, 3H)-dione 180 with mesitylenepromoted by AlGlfollowed
by oxidation in mild conditions yielded3,10-dimethy}1,10b-dihydro[1,3,5]triazing[2,1-a]isoindole
2,4,6(H)-trione 182 via the intermediatel81 (Schemed9). [87]

Scheme 9
8.6 Pyrrolo[1,2d][1,2,4]triazine

In general the 1,2,4triazin-6-one skeletonhas been condructed by two main strategiesthe

C o} }v ve 3]}lamippcarbohydrazides with troestersor the cyclisation ofN-thioacy} r-
aminoesters with hydrazines.
Concerning the first route three examples have been described in the period coverekisby t
chapter. 4-phenyl6,7,8,8-tetrahydropyrrolo[1,2d][1,2,4]triazirl(2H)-one 184 was obtained in
75% yield by reaction of proline hydrazid&3 with triethyl orthobenzoate in the presence g
TsOH. Partial racemisation occurred and this can be expldipegheketo-enol tautomerism of the
bicyclic [1,2,4]triazif6-one product (Schem40). [88]

Schemet0

Thieno- 185 and furopyrrole skeleton 186 undergo reaction with hydrazineto deliver the
corresponding hydrazoneB37 which were further cyclizeih the presence of orthoester® the
tricyclic thieno70 [66] and furo€ T[UT[W 0 U i « 9[C, ZA{EIdnRehesr' L [57] [67]. Alternatively,
the acetylation of thefuro-pyrrole unit 186 followed by thionationyielded the N-thioacyt r-
aminoesters188 which undergoesyclization upon treatment with hydrazine give 71 as well
(Schemetl).

Schemetl



Othertwo examples otyclisation ofN-thioacyt r-aminoesters with hydrazinesre describedelow.
5-methyoxicarbonyldesoxythiovasicinod89 was reactedvith hydrazide monohydrate to yield 94%
of heterocyclel90 (Schemet2). [89]

Schemed?2

The heterocyclization of hydrazide1l91 by heating in EtOH in the presee of
potassium(ethoxycarbonothioyl)sulphidieliveredthe pyrrolo[1,2d][1,2,4]triazine94 in 92% yield
(Schemet3). [73]

Schemet3

Beyond these methods, more recently new routesaitcessthe pyrrolo[1,2d][1,2,4]triazine core

have been developed.

1H,4H-pyrrolo[1,2d][1,2,4]triazines194ac A E } § ]v C €0«=i<e C 0o} ]S8]1}v &
diethyl azodicarboxylate (DEADJith azafulvenium methides193 in situ generatedfrom
pyrrolo[1,2c]thiazoles192under MW iradiation(Schemet4). [90] [91]

Schemet4

AzadiketopiperazinegazaDKFS have been synthesized starting from afipeptides 199. These
latter are obtained by reaction of diphenylhydrazoh®5 activated byp-nitrophenyl chloroformate
196 and subsequent couplingf the resultingl97 with proline methyl ester. After alkylation of the
benzophenone semicarbazone adipeptide 198 with alkyl bromides in the presence tBuOK, the
N-terminal deprotection of the azadipeptides 199 in HCI/THF vyielded the cyclic aza
diketopiperazine200a-c (Schemetb). [92]



Schemet5

AzaDKR 200 have been also synthesized thanks to soluti@md solidphase strategies via
semicarbazide key intermediates 201 and 202 Concerning the solutiephase approact{Scheme
46, eqg. 3 two steps are involved in the formation of the targefazaalkylGlyPro] derivatives:
couplingof proline ester with Bocarbazates, in the presence of bis(trichloromethyl)carbonat€{BT
as activation reagento deliver the semicarbazid@®1, concomitant deprotection of the Boc group
and cyclizatiorin the presence of Amberlist 15 resiihe soligphase strategy rés on the use of
WangPS resinn order to have accesto 200a and 200d-l. Followingthe same sequence as in
solutionphase, thesemicarbazidentermediate 202 is obtained and readily submitted tdeavage
and cyclization by treatent with TFA/HO (95/5) Echeme46, eq. B. [93] Comparison of the three
methods reveal thatat least forazaDKP200g, the first methodology[92] is more powerful(84%)
than the soid-phase approackeq. b78%)and that the route a gave the less good yields (eqg. a 55%).

Schemet6

Another approach to this clasf molecules consists in theaction of Lproline derivativesctivated
with BTC, with allyl or homoallydbutyl carbazate, and cyclizatiasf the intermediate203in the
presence of TFAThe pyrrolo[1,2d][1,2,4]triazine core204 was thus further subnitted to Rh(l}
catalysed cyclohydrocarbonylatipiy applyinga 5 bar pressure mixture of #£O gas in the
presence of Rh(C@yrac and BiPhePhos under acidic catalysimditions (pyridinium p-
toluenesulfonate PPTS) in THF (Schefife The obtained 205 was then decorated in acidic
conditions(canforsulfonic aid CSA) in MeOH as nucleophile to giempound29in 59% vyield asis
diastereomer(96:4), as unambiguously establishedXssay analysis.[40]



Schemet?

HexahydrelH-benzo[g][1,2,4]triazino[5,4;8dindolizines 209ad were obiined via a two steps
procedure involving a 1 8ipolar cycloaddition between in situ generated azomethine ylides derived
from isoquinolinium bromides206 and phenylethylene dipolarophilef07, followed by a
heterocyclization of the cycloaddition adduc68 upon treatment with hydrazinegScheme48).

[94]

Schemet8

The synthesis ofywrolo[1,2-d][1,2,4]triazinr1-one 212 was achieved by addition of prolineetyl
ester onto the nitrile imin€211 generatedin sity, from the corresponding hydrazonoyl chlorig&Q.

In the presence oftrimethylaming the transient amidrazone ester undergoes intramolecular
cyclization to deliveB4% 0f212 (Scheme49). [95]

Schemet9

By the same strategy, starg from hydrazonoyl chloride®13, flavonoyl pyrrolo[1,21][1,2,4]triazin
1-ones214were obtained (Schemg&Q). [96]



Schemes0

Pyrrolotriazinone®16ab can also be obtained by cyclization osbtibstituted pyrrole215ab in the
presence of hydrazine in 97% and 24% yield respectively (S&Bni@7]

Schemeb1

The formal (3+3kycloaddition of azomethine imine®18 with N-vinylpyrroles217, catalysedby
AgOC(O)GRs Lewis acideads to the formation of pyrazolo[1-&pyrrolo[1,2-d][1,2,4]triazines219
(Schemes2). [24]

Schemée?2

9 RING SYNTHESIS BY TRANSFORMATION OF ANOTHER RING
Photochemical reaction of urazol220 and 1,3acetonedicarboxylate gave a mixture tiree
products,26, 27 and 221 (Schemes3). [37]

Scheme 53

10 IMPORTANT COMPOUNDS AND APPLICATIONS

All the compounds described inighchapter exhibited a panel of different biological activities.
Among the heterocycles which fall within the scope of this chaptedoubtedlythe pyrrolo[2,1-
f][1,2,4]triazine skeleton is a privileged fragment that constitute the core of several phatrteal
candidatesexhibiting anticancer and anitaiflammatory activities[98]



This scaffold makes the object of a recent reviews which explore its history and use in medicinal
chemistry.[3] Remarkably theoriginal therapeutic use of thisucleousas aGnucleoside antviral

agent is still and again of actuality, since recently the therapeutic effica@86f 34against Ebola

virus has been provedd9]

In the period covered by this book chaptarplethora of @tents have been deposited about the
prepamation of pyrrolo[1,2f][1,2,4]triazinesand their use as kinase inhibitofsr the treatment of
cancer and proliferative disordegs for treating virus infectiond100]

Another class of biologically relevant compound are molecules contaittieg pyrrolo[l,2-
d][1,2,4]triazine core, which have been evaluated for their activities as potBfoassociated
protein kinase(ROCK) inhibitor$101] antiproliferative[102] and anticancer agent$§1 03] potassium

ion channe[104] and aceylcholinesterase inhibitorg105]

Somepyrrolo[1,2-b][1,2,4]triazines have been evaluated as protein kinases moduldii6]

WCE] }€T1[UT[W oA 280tz diipaih€d Uiihibit topoisomerase | activity, which is
unprecedented for compounds bearing the trazine cdrepaticular these compounds exhibit high
cytotoxic activity against around 60 human tumor cell lines, with a particular efficacy against
leukemia cell lines and they are also useful in treating dlefigactory patients[76]
Finallyseveralpyrrolo[1,2-a][1,3,5]triazines & (( 3]A e §Z & %o US§] P vse (1E
W EIl]ve}v[e [1O7]s X
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