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ARTICLE INFO ABSTRACT

Article history: Structural misassignments are often seen for compmd¢ural products, but thisan also be ¢

Received issue with seemingly simpler structures. In thipeyawe describe how, using'3N-labellec

Received in revised form analogue, we established that the Dimroth rearraegé can occur in imidazo[1,2-

Accepted a]pyrimidines and result in an incorrect regiocheahiassignment of such compoundiest

Available online studies supported a rearrangement mechanism imgphdldition of hydroxidéon followed by
ring opening. It was also observed that C(2) arg) G@bstituted regioisomecsuld be readil

Keywords: distinguished usingH NMR spectroscopy.

Dimroth rearrangement

Imidazo[1,2-a]pyrimidine 2009 Elsevier Ltd. All rights reserved

Azaheterocycle
Polyazaindolizine
Misassignment

1. Introduction of a Dimroth-type ring opening in the literature efatback to
. . ) _1888%it is not uncommon for incomplete data to be piled for

The imidazo[1,2-a]pyrimidine scaffold is an ememin ey analogues and regiochemical assignments made by
heterobicyclic scaffold of significant interesttime contemporary comparison (often erroneously) with existing literat data, as
medicinal chemistry literature. In recent yeargéhigave been an e use of more complicated and time-consuming Xstaglies

increasing number of reports of activity of thisass of 5 ynequivocally assign the regiochemistry is fegtly not
compound against various different targets (mGlug|us, D, carried out.

Lp-PLA,, TNF, PI3K, SUV39H2,IAP-BIR and DPP-#)and in
multiple therapeutic areas (AIDS, antiparasitic,i@oliferative,

autotaxine associated disease, Peyronie’s diseapinal H j \r\)_
muscular atrophy)’™ as well as their use as blue fluorescent I/N _N \/
light emitters® A more comprehensive list on the potential R, Y — Rj H\Nr/ Ro—
therapeutic areas can be found in a recent revievgyathetic SN \” |/ N
approaches for this scaffoldl. Furthermore, imidazo[1,2- OH_J) *\/ \)
a]pyrimidines are found in a number of commerciaiailable L

2

compound libraries, probably due to their privildge
physicochemical properties and their resemblancendtural
substrates such as purines.

Figure 1. Postulated mechanism of the Dimrothraegement under
basic conditions in the imidazo[1,2-a]pyrimidinegi

A feature of aza heterocycles such as imidazo[l,2-
alpyrimidines is that they can undergo the Dimroth
rearrangement when subjected to appropriate reactinditions.
This transformation is described as a translocatidntwo
heteroatoms in a heterocyclic system with or withehanges in
the ring structure, and it is an often undesireld seaction that
occurs, usually in basic media and as a resultezahto structure
misassignments for the products. Even though tis¢ finention

Many factors influence the propensity of aza-hatgctes to
undergo the Dimroth rearrangement. In general, dsorg ther
electron density of the fused 6-ring increases thte of
rearrangement. Thus, aza-substitution in the indfg2-
alpyridine system to give the corresponding imidazs
a]pyrimidine leads to more facile nucleophilic aktat position 5
(Figure 1), and the same is observed with electrahdrawing
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Scheme 1. Synthetic routes towards carboxylic derivatives of imidazo[1,2-a]pyrimidines. a. 1) @thromopyruvate, THF, rt,
2h, 2) EtOH, 95C, 1h b. ethyl bromopyruvate, EtOH, %5, 6h, 52% over two steps c. arylboronic acid, Pd(@A{o-Tol), CsF,
DME, 90°C, 20h, 22-75% d. Caglamine, MeOH, 76C, 1 h, 10-34% e. NaOH, EtOH, THF;®} 60°C, 3h, f. amine, HBTU, TEA,
MeCN, rt, 2h, 17-64% for 3a-e, 37-45% over two sfepda-e, g. arylboronic acid, Pd(dppf)K,COs, dioxane/HO, rt, 15 min, 73-

93% h. bromopyruvic acid, DMF, rt, 4d, 67-74%.

groups. As a result 2-phenylimidazo[1,2-a]pyridineesl not
undergo the rearrangement under alkaline conditibngvever,
the same ring system will undergo a rearrangementhe
presence of electron withdrawing substituents sugha anitro

group at C6 or C& The rate of rearrangement is dependent on

pH, with the product distribution usually dependemt the

substituent$>** Of the rearrangements that have been describe@pd R, R, R;

for the imidazo[1,2-a]pyrimidine cofé’*? the most common
occurrence was with the use of hydrol§t@ or haloformic
conditions>?*
can also take place in acidic conditions or with tpkectivation
in other aza-heterocycles and especially triazojmeckes,
although such transformations have not been obdemitn the

imidazo[1,2-a]pyrimidine system.

5b
Mechanistic aspects of the rearrangement have been

described, including some important kinetic and potational

calculations, which have been provided by Gueetetal.”

identifying the minimal characteristics of aza-metgcles to
undergo the Dimroth rearrangement. In this study ab#ors
recognise the possibilities of water addition byeotmechanisms
such as 1,4-addition or tautomerism, but conclindér data best
supports a mechanism involving nucleophilic attatkC5/ring

opening (as depicted in Figure 1).

Interestingly, in surveying the literature data tbis class of
heterocycle, we noted that there was surprisinglg lSupporting
evidence for the assigned structures, particularlyhe patent
literature where often more limited data are prodidin most
cases the authors assigned either of the two regiass based
on previous observations. Moreover, there were ®&atiy
discrepancies in the spectroscopic data even wheresame
regioisomer was claimed. Given the emergence ofdaidad in
multiple commercially available compound librariesnd the
increasing frequency with which these compounds anetioned
in the literature, it is crucial to be able to diguish between the
two possible regioisomeric products, as well as taratterize
the conditions that induce the rearrangement.

Table 1. Amide8a-e and5a-e produced via Routes A and B

in Scheme 1
/NYN O
x NJ>—4
R4 N-Rs3
Ry

as outlined above. The Dimroth rearrangemengb

Route Yield
3a 3-OMe N-morpholino A 33%
C 64%
3-Cl,4-Cl Me Et C 40%
3c 3-Ck Me Et C 17%
3d 3-OMe Me Et A 10%
C 49%
3e 3-OMe N-pyrrolydinyl A 63%
5a 3-OMe N-morpholino B 37% (from 2a)
3-Cl,4-Cl Me Et B 39% (from 2a)
3-Ckr Me Et B 39% (from 2a)
5d 3-OMe Me Et B 41% (from 2a)
5e 3-OMe N-pyrrolydinyl B 45% (from 2a)
2. Results and Discussion
We became interested in these ring systems whilst

investigating access to a range of imidazo[l,2+ajmdine
analogues substituted at C2 and C6. We initiallip¥eed a route
wherein the bicyclic core was formed by reaction -@n2no-5-
iodopyrimidine with ethyl bromopyruvate. A Suzuki cdan was
then followed by a direct conversion of este2sto the
corresponding amide3 (Scheme 1, Route A). A small series of
amide analogues was prepared using this methodp@amals3a,

3d, 3e Table 1). However, when an alternative route was
employed involving initial hydrolysis of estets followed by
amide coupling of the resultant carboxylic acti§Scheme 1,
Route B, compoundSa-e, Table 1) we noted that there was a
discrepancy in the analytical data of the proddotsned. For
example, the produca and5a were of the same mass, but their
NMR spectra and TLC retention factors differed digantly.

We suspected this may have been caused by a Dimroth
rearrangement of ester intermedi@s®e However, we needed to



unambiguously determine the regiochemistry withiadpicts3a
andb5a.

The reaction of 2-aminopyrimidines witkx-halocarbonyl
species to afford the C2 regioisomer as the kirgticluct is very
well precedented, and mixtures of isomers can usulad
obtained in different ratios by subsequent reaearent under
aqueous basic conditioh%>* Given that intermediatels and 2

and product8 were all obtained as a single regioisomer, and tha

each transformation in route A was conducted undbydnous

conditions, we initially tentatively assigned theustures as the

C2-substituted regioisomers. Regioisom@r could also be
accessed via a different route avoiding a basiorséipation step
wherein the imidazo[1,2-a]pyrimidine-2-carboxylic id& 7a-c
were synthesized directly from reaction of 2-aminapidines

3

. 8a * ="*NR: OEt
N._NH N _NH N 0
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Scheme 2. Synthetic routes for both tié-labelled and“N-

imidazo[1,2-a]pyrimidines. a. PhB(OK)Pd(OAc), KsPQy,
EG, 80°C, 2h, 90% b. ethyl bromopyruvate or bromopyruvic

6a-c with bromopyruvic acid. Amide coupling of carboxylic acid, DMF, rt, 4d, 18-41% c. Nigl, 1M NaOH, 150C,
acids 7a-c gave products3a-e each as a single regioisomer MW, 30 min, 61% d. PhB(OH) Pd(OAc), N&CO;,

(Scheme 1, Route C, Table 1).

In Route B we reasoned that the isomerization mase h

occurred either at the hydrolysis or the amide fdiom steps,
most plausibly at the ester hydrolysis step as phsceeded
under aqueous basic conditions. We therefore ieahat

H,O/EtOH, 45°C, 0.5 h, 80% €>NH,CIl, 1M NaOH, 150C,
MW, 30 min, 81%.

Thus, samples of““N-C2-substituted ethyl ester and the
corresponding carboxylic acid were prepared followangwo-

assignedta and5a as the C3 substituted regioisomers. Howeverstep protocol from 2-amino-5-iodopyrimidine. A Suizwkoss-

on comparing théH NMR data for3a, 4a and 5a with very
similar compounds in the literature assigned agdgfbisomers
we noticed a discrepancy (Supplementary Informatiable 2,

coupling with phenylboronic acid afforded 2-aminamyjidine
intermediate 6 and subsequent cyclisation with either ethyl
bromopyruvate or bromopyruvic acid gave the desiikd

Entries 1 and 3)! These compounds had been prepared usingubstituted imidazo[1,2-a]pyrimidine8a and 8b respectively.

basic hydrolysis conditions from the correspondatlgyl ester,
but no supporting evidence for the regiochemicaigmnent was
provided. However, their data was not in agreement sétreral
other literature sources reporting spectroscopta dar the C2
regioisomer where a significant deshielding effecthe shift of
H-5 is observed with electron withdrawing substituent€3°*>*
As these data were contradictory and there are nmhigaous
assignments for both regioisomers made possibl@ugfr
correlation with techniques such as X-ray crystatphy, we
decided to prepare a small array of unlabelled ‘BNdabelled
analogues both to use as mechanistic probes aattaimpt to
assign unambiguously the regiochemistry of eacha@@ C3
isomer (Scheme 2).

CH_ N
H

The *N-labelled counterpart8c and 8d were accessed via a
three-step procedure from 5-bromo-2-chloropyrimedimvolving
Suzuki cross-coupling, substitution at C2 usiigH,Cl under
mildly basic conditions and cyclisation with eithasthyl
bromopyruvate or bromopyruvic acid. To ensure thnt
rearrangement had occurred under these latter igract
conditions, samples @, 8a and8b were also prepared by this
route: analytical data was shown to be identical é8wh 2).
Formation of 3-carboxylic acidla as a single regioisomer was
achieved by subjecting ethyl es&a to the basic saponification
conditions described above (Scheme 3).

Figure 2. 2D NOESY spectra showing nOe correlatiorcompounds8b and1la.
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/E/ ﬂOEt

8a or 8c

l c

*N /
PhJ/v Ni\
Scheme 3. Products obtained from the ester deresia or
8c under different conditions. a. 5% NaOH, MeOBK 70

°C, 18h, 0% b. NaOH, EtOH, THF 8, 60°C, 6h, 51-55% c.
EtONa, EtOH, 95C, 20h, 26-29%.

Ph
11a *="N
11b *="5N

J/\/*Nﬁ
OH
O

2a *="N
12b *="5N

The regiochemistry withinlla was confirmed by full
assignment and NOESY correlations (Supporting Inféiong
As expected, there are NOE correlations between thetetons
of the pyrimidine ring and the phengttho protons {1a), while

Tetrahedron

(C-7: 150-152 ppm, C-5: 130-134 ppm, C-3: 115-1pthpand
C-2: 139-144 ppm). This strongly supports thatXiéR shift of

H-5 can be used to provide an initial indication which
regioisomer is produced, with further supportingdevice being
derived from more detailed NMR analysis, such as HSQC
correlations. A final confirmation with NOESY or HMBC walul

be required for unambiguous characterisation, bilgast in this
manner one would have a quick indication of whichriso to
expect.

Although others have performed kinetic and compaontetii
analyses to yield insights into the rearrangemeathanism, to
our knowledge, no isotopic labelling studies of iadd[1,2-
a]pyrimidines have been performed to support thepgsed
mechanism of the rearrangement. In order to estaimihether
the transformation observed was a result of the Dimro
rearrangement, we investigated the reaction “df-labelled
aminopyrimidines8c under basic conditions.

The ester8c was first subjected to the previously reported
Dimroth conditions ([a] 5% NaOH aqueous methanolic tsmiy
Scheme 3). Interestingly, we observed only limitedwersion to
the other isomer, some hydrolysis in the case efdster, but

in the case oBa there is a further correlation between H-5 and H-mainly decomposition. The use of THF as a co-sdltas been

3 (Figure 2). This was further corroborated By NMR, as
described below. It is also apparent that thereshiglding of H-
5 in 3-regioisomers and this was observed in al @halogues
synthesized (Supplementary Table 1). Interestirtbig effect

described as facilitating the rearrangement andinmizimg
decomposition in other substrafésTreatment of ester8a and
8c under these conditiongave the corresponding carboxylic
acids 1la and 11b in good yields (Scheme 3, [b]). The

was more pronounced when CR®@Ias used as a solvent (rather rearrangement was also observed upon treatmer@a ofvith

than MeOH-d, MeCN-d or DMSO-@) where the corresponding
increase in chemical shift was greater than 1 pmssiply due to
the presence of acid in CDCINo major differences were
observed in the shifts of the other two protonsmérest, H-7
and H-2 or H-3. Assignment of the pyrimidine protausild be
readily achieved from their coupling constant (B8 and it was

EtONa in EtOH allowing access to the respective 3-duibest
esters 12a-b). We further wanted to investigate if a
rearrangement takes place in this ring system eénptiesence of
acid or by photoactivation. No conversion was obskrvethe
presence of formic acid after 24 h or after irridim at 365 nm
(200 W) for 30 min for either 2- and 3-regioisoncegstersa or

also observed that tH&C chemical shifts were also diagnostic 11a.

H /N (o)
N/
o)
Lo\
8c
M‘J l o
,: o
5 240 ppm

99 9.8 97 9.6 95 9.4 93 92 9.1 90 89 88 87 86 8.5 84 8.3 82 8.1 80 7.9 78 7.7 76 7.5 74 73 72 74 7.0
2 (ppm)

/ H
/\
g7 ©°

188 ppm

m)

1

0 98 95 94 92 90 88 85 84 82 80 78 76 74 72 70
®

Figure 3.'H-">N HMBC correlations in compounds and12b (spectra optimised tq. = 2 Hz for8c and 5 Hz forl2b)
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Figure 4. Schematic representation of the litemtfindings. A. Imidazo[1,2-a]pyrimidines and subsses occurrence in the
literature and respective spectral data B. Pietchlaowing the regioisomeric subclasses of inter@stPie chart illustrating the
availability of structural characterization data 2r6- and 3,6-disubstituted imidazo[1,2-a]pyrimigBnD. Pie chart illustrating the

availability of'H-NMR data in carboxylic acid derivatives of 2,6- aBg-imidazo[1,2-a]pyrimidines and incidences ofreot or

incorrect regiochemical assignments.

Extensive NMR characterization verified the regiectistry
of all the™N-labelled compounds and showed that indeedte
atom initially occupying position 1 in analogwg was in
position 4 in analogueklb and12b after the rearrangement had
taken place. A decrease in chemical shift was obdefweN
from 239.9 and 241.1 ppm f&c and 8d respectively, to 188.5
and 187.7 ppm fot1b and 12b respectively, when thEN was
positioned at the ring junction within the bicycBgstem in the
two latter analogues, and consistent with the chére sg to
sp’ environments. Further confirmation came from the™N
HMBC correlations for8c and 12b (Figure 3). For8c all "Jy,
couplings constants of the labelled nitrogen wery genall (< 1
Hz), being unresolved in tH#l and the'H-coupled™N spectra.
As such, thé®N HMBC correlation intensities fac were very

sensitive to they, value chosen for the HMBC acquisition (5 or

2 Hz). This also meant correlations to unlabelecbgén centres
were of comparable intensity to those of the lablefigrogen in
the 5 Hz optimised HMBC in particular (NMR Supplementa
Material ). Forl2b, the J couplings of H2 and H5 were clearly

structures in the literature. We conducted a litema search in
Reaxys (December 2017, Figure 4): 9302 substances fand
containing the imidazo[1,2-a]pyrimidine core in B4Besearch
papers and 936 patents. It was thus confirmed hirais indeed a
ubiquitous scaffold. The quantity and quality oé ttiata used to
assign structure for these examples was analysdeétail, as it
was this that was of particular interest. We therraveed our
search down to 2,6- and 3,6-disubstituted analogbesause
these were the scaffolds of direct relevance tcsthdies we had
conducted. 1354 2,6-disubstituted imidazo[1,2-dipitines
derivatives were reported in 138 research paperd d6gatents.
Out of the 1354 compounds only 284 were reported With
NMR data (in 44 out of 138 research papers and 29b016
patents). Similar observations were noted for 3sbHutituted
imidazo[1,2-a]pyrimidines (355 reported compounds %5
research papers and 47 patents), where again oroyt78f 355
compounds hadH-NMR data reported (25 research papers and
19 patents). Of particular note was that the vasoritgjof these
documents did not unambiguously verify the struetwsing

resolved in the'H spectrum (3.0 and 1.3 Hz respectively) andfurther crystallographic or 2D-NMR data. Most tefjip, we

gave rise to the dominant correlations in the 5 piircised
HMBC.. Finally, the multiplicities of protons and rbans

were able to find a matched pair ® NMR and X-ray data in
only in one patent and a single research papesdRatiet al.”

neighboring™N also changed accordingly (NMR Supplementaryconfirmed their structure with X-ray in the totalnslyesis of

Material).

Having investigated the spectroscopic propertiesthafse
compounds, we next used this information to assesstheh
there were any other apparent misassignments ofmpound

oroidin and related alkaloids. However, in this cd®e authors
were interested only in one of the two regioisomersl a
spectroscopic data for the regioisomer was not geali Also, in
the patent application W0O2006071752he authors confirmed
the structure of their 2-substituted carboxylic déester
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derivatives using X-ray crystallography, but agaih NMR
data is provided only for the 2-regioisomer.

As the only available crystal structures were on @aylic
acid derivatives, and our synthetic efforts wereygting such
scaffolds, we focused our search on this type ofpmmd. It
was very concerning that out of 106 reported comgdsuim
Reaxys only 21 had associated NMR data. fHeNMR data
available is reported in Supplementary Table 2 (ementary
Information). There we looked for the characteristi® shifts to
assess the regiochemistry of the compounds. Evehisnsmall
sample, we observed that 12 (>50%) compounds haeaelly
misassigned structures across 7 documents. Thisfjrconfirms
that this is a very important issue that needsetdtought to the
attention of the scientific community.

3. Conclusion

internally calibrated with polyalanine, or a MicrossaGCT
instrument fitted with a Scientific Glass InstrumerB$X5
column (15 nx 0.25 mm) using amyl acetate as a lock mass. For
the UV irradiation experiments a UVP High-Intensity UV
Inspection Lamp Model B-100AP was used.

4.2. Ethyl 6-iodoimidazo[ 1,2-a] pyrimidine-2-carboxylate (1)

Ethyl bromopyruvate (1.51 mL, 10.86 mmol) was added
dropwise to a solution of 2-amino-4-iodopyrimidir@®80 g, 3.62
mmol) in dry THF (40 mL). The mixture was stirredrafor 2 h
after which it was filtered. This solid was then dised in
ethanol (20 mL) and refluxed for 1 h. The reactioixture was
cooled down, concentrated in vacuo and partitiobetiveen
CH,CI, (20 mL) and saturated aqueous NaHQ@0 mL). The
organic layer was dried (MgS} filtered and concentrated in
vacuo. Purification by flash column chromatograpfgjuent
30-40 °C petrol/EtOAc, 3:1 to 1:6) affordddas a white solid
(0.59 g, 52%): mp 209-211 °@; (cni?) 1721 (C=0);H NMR

In order to explore further an unexpected Dimroth(400 MHz, CDCY)8.77 (d,J = 2.0 Hz, 1H), 8.69 (d] = 2.0 Hz,

rearrangement observed whilst synthesizing someairoid.,2-
a]pyrimidine derivatives, we synthesized unlabelked *°N-
labelled analogues in order to unambiguously assiba
regiochemistry of the 2- and 3-substituted isonzerd elucidate
the reaction mechanism. These studies supporteareangement
mechanism involving addition of hydroxide ion falled by ring
opening Confirmation of structure with X-ray is the usual way
determine regioisomerism for most derivatives, fart mono-
substituted imidazo[1,2-a]pyrimidines on the imidl@zring, the

1H), 8.10 (s,1H), 4.45 (gl = 7.0 Hz, 2H), 1.42 (t) = 7.0 Hz,
3H); *C NMR (100 MHz, CDG)) 162.6, 157.0, 146.1, 138.3,
114.8, 75.6, 61.7, 14.5; HRMS (EBICHsO.Ns*1" [M+H]*
requires 317.9734; found 317.9725.

4.3. General Method A. Synthesis of ethyl 6-arylimidazo[ 1,2-
a] pyrimidine-2-carboxylate

Ethyl 6-iodoimidazo[1,2-a]pyrimidine-2-carboxylate(1 eq),
caesium fluoride (2.5 eq), arylphenylboronic acdeq), tri(o-

structure can be determined with a NOESY or an HMBColyl)phosphine (0.1 eq) and palladium acetate 50e@) were

experiment. In fact, the chemical shifts of theipydine ring

protons in conjunction with an HSQC can also serve &isst

indication, since the H-5 proton appears to be iSagmtly

deshielded in 3-substituted derivatives, due toptiesence of the
carbonyl substituent. However, final confirmation wéfther two

2D-NMR experiments or X-ray crystallography would oall

more confidence in the regiochemical assignments Tias
potentially far reaching consequences both in teofsimilar

effects with related ring systems, but also providesautionary
tale against relying directly on published data &tructural

assignments.

4, Experimental
4.1. General

All reactions involving moisture-sensitive reagentgere
carried out under a nitrogen or argon atmospheirgyusandard
vacuum line techniques and glassware that was flated dnd
cooled under nitrogen before use. Water was pdrifig an
Elix® UV-10 system. All other reagents were used gspbed
(analytical or HPLC grade) without prior purificatiorhin layer
chromatography was performed on aluminium platesecbaith
60 F254 silica. Flash column chromatography wasopaed
either on Kieselgel 60 silica on a glass columngpora Biotage
SP4 automated flash column chromatography platféfeiting
points were recorded on a EZ-Melt Automated MeltirgnP
Apparatus (EZ Melt) and are uncorrected. IR spettsae
recorded on a Bruker Tensor 27 FT-IR spectrometgelected
characteristic peaks are reported in"cmNMR spectra were
recorded on Bruker Avance lll spectrometers (at, 400 or 600
MHz) using the deuterated solvent stated and atniess
otherwise stated. The field was locked by extern@remcing to
the relevant deuteron resonance. Thg \Alue for the’H-N
HMBC acquisition was 5 Hz unless otherwise stated. Asteur
mass measurements were run on either a Bruker MiFoT

dissolved in 1,2-dimethoxyethane (0.1 M) and thetane was
evacuated and degassed. The reaction mixture wasdstt 90
°C for 20 h, after which it was diluted with GEl, and washed
with H,O. The organic layer was dried (Mg30Qfiltered and
concentrated in vacuo. The residue was purifieddshfcolumn
chromatography (eluent 30-40 °C petrol/EtOAc, 10:1116).

Representative spectra for cpalare given below.

4.3.1. Ethyl 6-(3-methoxyphenyl)imidazo[1,2-
a] pyrimidine-2-carboxylate (2a)

Yield: 75%. mp 207-208 °Cyma (cm™) 1722 (C=0);'H
NMR (400 MHz, CDC}) 8.90 (d,J = 2.5 Hz, 1H), 8.57 (dJ =
2.5 Hz, 1H), 8.18 (s, 1H), 7.44 (= 8.0 Hz, 1H), 7.14 (d) =
8.0 Hz, 1H), 7.08 (s, 1H), 7.01 (ddi= 8.0, 1.8 Hz, 1H), 4.47 (q,
J= 7.0 Hz, 2H), 3.88 (s, 3H), 1.45 (t= 7.0 Hz, 3H);*C NMR
(100 MHz, CDC}) 163.0, 160.6, 152.8, 147.6, 138.6, 134.9,
130.8, 130.5, 124.6, 119.5, 115.5, 114.4, 113.8,85.6, 14.5;
HRMS (ESI) CigH:10sNs" [M+H]" requires 298.1186; found
298.1183.

4.4, General Method B. Synthesis of amides via Route A

To a suspension dla (1 eq) in anhydrous MeOH (0.1 M),
CaCl (1 eq) and the appropriate amine (1 eq) were adaed
refluxed for 1 h. The solvent was then removed itugaand3a-e
were isolated after flash column chromatography efaiu
30-40 °C petrol/EtOAc, 4:1 to 1:1).

4.4.1. (6-(3-methoxyphenyl)imidazo[1,2-
a] pyrimidin-2-yl)(morpholino)methanone (3a)

Yield: 33%. mp 273-275C; 'H NMR (500 MHz, CDC)) ¢
8.86 (d,J = 2.5 Hz, 1H, H-7), 8.58 (dl = 2.5 Hz, 1H, H-5), 8.18
(s, 1H, H-3), 7.50 — 7.40 (m, 1H, H-5"), 7.15 (ddds 7.7, 1.8,
0.9 Hz, 1H, H-6"), 7.09 (1) = 2.1 Hz, 1H, H-2'), 7.01 (ddd] =
8.3, 2.6, 0.9 Hz, 1H, H-4’), 4.52 {@,= 4.8 Hz, 2H, H-2"), 3.89
(s, 3H, OCH), 3.86 — 3.77 (m, 6H, H-2" and H-3"J°C NMR
(125.5 MHz, CDCJ) § 162.3 (C=0), 160.6 (C-3’), 152.0 (C-7),
146.4 (C-9), 142.6 (C-2), 134.9 (C-1"), 130.8 (§:330.4 (C-5),



124.4 (C-6), 119.5 (C-6"), 115.8 (C-3), 114.3 (Q;413.2 (C-
2), 67.6 (C-3"), 67.1 (C-3"), 55.6 (OC| 47.5 (C-2"), 43.4 (C-
2”); HRMS (ESI) CigHioN,Os" ([M+H]™) requires 339.14572;
found 339.14506.

4.4.2. N-ethyl-6-(3-methoxyphenyl)-N-
methylimidazo[ 1,2-a] pyrimidine-2-carboxamide
(3d).

Yield: 10%. mp 178-186C; 'H NMR (500 MHz, CDC)) ¢
8.84 (t,J = 2.9Hz, 1H, H-7), 8.58 (dJ = 2.5Hz, 1H, H-5), 8.13
(s, 1H, H-3), 7.44 (app 1= 8.0 Hz, H-5’), 7.15 (dddJ = 7.6,
1.8, 0.9 Hz, 1H, H-6"), 7.08 (§ = 2.1 Hz, 1H, H-2"), 7.00 (ddd,
J = 8.3, 2.6, 0.9 Hz, 1H, H-4), 4.15 (¢, = 7.1 Hz, 1.1 H,
CH,CHzrotamer 1), 3.88 (s, 3H, @), 3.62 (9q,J= 7.2Hz, 0.9
H, CH,CHsrotamer 2), 3.59 (s, 1.3H, NG rotamer 1), 3.13 (s,
1.7H, NH; rotamer 2), 1.31 (tJ = 7.1 Hz, 1.7H, ChKCHa;,
rotamer 1), 1.26 (t) = 7.2 Hz, 1.3H, CKCH,, rotamer 2);°C
NMR (125.5 MHz, CDGJ) ¢ 163.6-163.2 (C=0), 160.5 (C-3)),
151.6-151.5 (C-7), 146.5-146.4 (C-9), 143.5-14F2}, 135.1
(C-1), 130.8 (C-5’), 130.4 (C-5), 124.2 (C-6), 149(C-6"),
115.1 (C-3), 114.2 (C-4’), 113.1 (C-2"), 55.6Q8,), 45.7-43.8
(CH,CH3), 36.5-34.1 (ICHj3), 14.3-12.2 (CHCH3); HRMS
(ESIN CiHN,O," ([M+H]") requires 311.15080; found
311.14994.

4.5, General Method C. Synthesis of amides via Route C

A solution of 7a-c (1 eq), HBTU (2.0 eq) and triethylamine
(1.5 eq) in acetonitrile (0.1 M) was stirred atat 5 min. Then
the amine (1.5 eq) was added and the resulting meixtvas
stirred at rt for further 2 h. The solvent was evapedin vacuo,
and the residue was dissolved in EtOAc and extractddwdter.
The organic layer was washed with brine, dried oveSSaand
concentrated in vacuo. Purification via flash column
chromatography (eluent 30-40 °C petrol/EtOAc, 3:1:R) gave
3a-e (Yields:17-64%)

4.5.1. (6-(3-methoxyphenyl)imidazo[1,2-
a] pyrimidin-2-yl)(morpholino)methanone (3a)
Yield: 64%. Same as the product obtained from Réute

4.5.2. N-ethyl-6-(3,4-dichlororophenyl)-N-
methylimidazo[ 1,2-a] pyrimidine-2-carboxamide
(3b).

Yield: 40%. mp 201-202C; 'H NMR (500 MHz, CDC)) ¢
8.79 (t,J= 2.9 Hz, 1H, H-7), 8.60 (dl = 2.5Hz, 1H, H-5), 8.16
(s, 1H, H-3), 7.69 (d) = 2.1 Hz, 1H, H-2), 7.61 (d] = 8.3 Hz,
1H, H-5), 7.43 (ddJ = 8.3, 2.2 Hz, 1H, H-6), 4.14 (= 7.0
Hz, 1.1H, ®&,CHs), 3.63 (q,J = 7.2Hz, 0.9H, H,CHz), 3.59 (s,
1.4H, NH,), 3.14 (s, 1.6H, NHj), 1.32 (t,J = 7.0 Hz, 1.6H,
CH,CHj), 1.26 (t,J = 7.1 Hz, 1.4H, CKHCH,); °C NMR (125.5
MHz, CDCkL) 6 163.3-163.0 (C=0), 150.6 (C-7), 146.3 (C-9),
144.0-143.8 (C-2), 134.1 (C-1’), 133.8 (C-2), 1BLC-5)),
130.6-130.5 (C-5%), 129.0 (C-2’), 126.4 (C-6’), 122122.1 (C-
6), 115.3-115.2 (C-3), 45.7-43.88H,CH,), 36.5-34.1 (ICH>),
14.3-12.2 (CHCH3); HRMS (ESI) CyeH1sCLN,O" ([M+H]")
requires 349.06229; found 349.06152.

4.5.3. N-ethyl-6-(3-trifluorophenyl)-N-
methylimidazo[ 1,2-a] pyrimidine-2-carboxamide
(3c).

Yield: 17%. mp 200C; H NMR (500 MHz, CDC)) ¢ 8.85
(dd,J= 3.7,2.5Hz, 1H, H-7), 8.66 (dJ = 2.6Hz, 1H, H-5), 8.18
(s, 1H, H-3), 7.83 (s, 1H, H-4"), 7.78 (A= 7.7 Hz, 1H, H-6"),
7.76-7.72 (m, 1H, H-2"), 7.68 (appx= 7.7 Hz, 1H, H-5"), 4.14
(q,J = 7.1Hz 1.1 H, H,CHzrotamer 1), 3.62 (q] = 7.2 Hz,
0.9 H, H,CHsrotamer 2), 3.59 (s, 1.3H, Ntz rotamer 1), 3.14
(s, 1.7H, NG5 rotamer 2), 1.32 (tJ = 7.1 Hz, 1.7H, ChKCHs;,

7
rotamer 1), 1.26 () = 7.1 Hz, 1.3H, ChCHs, rotamer 2)°C
NMR (125.5 MHz, CDCJ)) § 163.4-163.0 (C=0), 150.9-150.8
(C-7), 146.4-146.3 (C-9), 144.0-143.7 (C-2), 13(C71"), 132.2
(9, J = 32.6 Hz, C-3'), 130.8 (s, C-5), 130.5 (C-6'), 13035"),
125.8 (q,J = 4.0 Hz, C-2'), 124.0 (q] = 3.9 Hz, C-4"), 123.9 (g,
J= 272.6 HzCF;), 123.0 (dJ = 3.1 Hz, C-6), 115.3-115.2 (C-
3), 45.7-43.8 CH,CH,), 36.5-34.1 (ICH2), 14.3-12.2 (CHCHS.);
HRMS (ESI) Ci:HigFsN,O° ([M+H]) requires 349.12762;
found 349.12645.

4.5.4. N-ethyl-6-(3-methoxyphenyl)-N-
methylimidazo[ 1,2-a] pyrimidine-2-carboxamide
(3d).

Yield: 49%. Same as the product obtained from Réute

4.5.5. (6-(3-methoxyphenyl)imidazo[1,2-
a] pyrimidin-2-yl)(pyrrolidin-1-yl)methanone (3e).
Yield: 63%. mp 214-216C;'H NMR (500 MHz, CDC)) 6
8.84 (d,J = 2.5 Hz, 1H, H-7), 8.58 (dl = 2.5Hz, 1H, H-5), 8.20
(s, 1H, H-3), 7.43 (app & = 8.0 Hz, 1H, H-5"), 7.15 (ddd, =
7.6, 1.8, 0.9 Hz, 1H, H-6"), 7.08 (@,= 2.1 Hz, 1H, H-2), 7.00
(ddd,J = 8.3, 2.5, 0.9 Hz, 1H, H-4"), 4.25 &= 6.8 Hz, 2H, H-
2"), 3.88 (s, 3H, O@5), 3.71 (t,J = 6.9Hz 2H, H-2"), 2.00 (pd,
J=6.6, 1.1 Hz, 2H H-3"), 1.93 (pd,= 6.7, 1.2 Hz, 2H H-3);
¥C NMR (125.5 MHz, CDG) ¢ 161.8 (C=0), 160.5 (C-3"),
151.5 (C-7), 146.7 (C-9), 143.6 (C-2), 135.1 (C-130.8 (C-5"),
130.4 (C-5), 124.2 (C-6), 119.5 (C-6’), 114.9 (GC-R)4.2 (C-4"),
113.1 (C-2'), 55.6 (@H,), 49.2 (C-2"), 47.3 (C-2"), 26.8 (C-3"),
23.9 (C-3”); HRMS (ES) CigH;oN,O," ([M+H]") requires
323.15080; found 323.14988.

4.6. General method D. Synthesis of amides via Route B.

To a refluxing solution oRa-c (1 eq) in THF/EtOH (1:1, 0.15
M), 1M NaOH in HO (3 eq, 1:1) was added and the reaction
refluxed for 3 h. It was then cooled to rt, pH wasuatid to 8
(NaHCQ,)) and extracted with EtOAc. Then, the aqueous phase
was further acidified to pH 3 (1N HCI), and the whitegipitate
formed was collected, washed with,@&tto obtaincrude 4a-c.

The latter were converted to the respective amidiswiing the
procedure described in General Method C.

4.6.1. (6-(3-methoxyphenyl)imidazo[1,2-
a] pyrimidin-3-yl)(morpholino)methanone (5a).

Yield from 2a: 37%. mp 204-205C; ‘H NMR (500 MHz,
CDCly) 6 9.51 (d,J = 2.6 Hz, 1H, H-5), 8.93 (dl = 2.5Hz, 1H,
H-7), 8.05 (s, 1H, H-2), 7.46 — 7.39 (m, 1H, H-5'19(ddd,J =
7.7,1.8, 0.9 Hz, 1H, H-6"), 7.13 (dd= 2.5, 1.8 Hz, 1H, H-2"),
6.99 (dddJ= 8.2, 2.5, 0.9 Hz, 1H, H-4’), 3.93 — 3.89 (m, 4H, H-
2"), 3.88 (s, 3H, OE,), 3.80 (ddJ = 5.7, 4.0 Hz, 4H, H-3")*C
NMR (125.5 MHz, CDGJ)) § 160.5 (C-3'), 160.3 (C=0), 152.3
(C-7), 149.8 (C-9), 139.0 (C-2), 135.2 (C-1’), 1BEC-5), 130.7
(C-5"), 124.5 (C-6), 119.7 (C-6"), 116.0 (C-3), 124(C-4’),
113.2 (C-2"), 67.0 (C-3"), 55.6 (CHj), 44.4 (C-2"); HRMS
(ESIN  CigHioN,O5" ([M+H]") requires 339.14572; found
339.14502.

4.6.2. N-ethyl-6-(3,4-dichlororophenyl)-N-
methylimidazo[ 1,2-a] pyrimidine-3-carboxamide
(5b).

Yield from 2b: 39%. mp 105-106C; 'H NMR (500 MHz,
CDCly) 6 9.74 (s, 1H, H-5), 8.87 (d,= 2.6 Hz, 1H, H-5), 8.16
(s, 1H, H-2), 7.72 (d) = 2.2 Hz, 1H, H-2), 7.59 (d] = 8.3 Hz,
1H, H-5"), 7.47 (ddJ = 8.3, 2.2 Hz, 1H, H-6"), 3.71 (d,= 7.2
Hz, 2H, (H,CH), 3.29 (s, 3H, NE5), 1.34 (s, 3H, CKCH,); °C
NMR (125.5 MHz, CDGJ)) 6 160.9 (C=0), 151.2 (C-7), 149.5
(C-9), 139.4 (C-2), 134.0 (C-3), 133.9 (C-4"), 133C-5), 133.4
(C-17), 131.5 (C-5’), 129.1 (C-2), 126.5 (C-6),22.1 (C-6),
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117.0 (C-3), 44.3 QH,CHy), 35.8 (NCH.), 13.1 (CHCH.);
HRMS (ESI) CigHisCLN,O" ([M+H]") requires 349.06229;
found 349.06178.

4.6.3. N-ethyl-6-(3-trifluorophenyl)-N-
methylimidazo[ 1,2-a] pyrimidine-3-carboxamide
(5c).

Yield from 2c: 39%. mp 132-133C; 'H NMR (500 MHz,
CDCL) 6 9.77 (s, 1H, H-5), 8.98 (d,= 2.6 Hz, 1H, H-7), 8.17
(s, 1H, H-2), 7.86 (d) = 1.8 Hz, 1H, H-4’), 7.81 (dt] = 7.8, 1.4
Hz, 1H, H-6"), 7.72 (ddJ = 7.5, 1.6 Hz, 1H, H-2'), 7.65 (appa,
= 7.8 Hz, 1H, H-5"), 3.71 (q) = 7.2Hz, 2H, (H,CH,), 3.29 (s,
3H, NCH5), 1.35 (t,J = 7.4 Hz, 3H, CHCH,); °C NMR (125.5

MHz, CDCE) ¢ 161.0 (C=0), 151.5 (C-7), 149.5 (C-9), 139.3 (C-

2), 135.0 (C-1), 133.9 (s, C-5), 132.1 (= 32.5 Hz, C-3),
130.8 (C-6'), 130.1 (C-5'), 125.6 (d,= 3.8 Hz, C-2'), 124.2 (q,
J= 3.8 Hz, C-4), 124.1 (g = 272.6 Hz,CF;), 123.0 (C-6),
117.0 (C-3), 44.4 QH,CHs), 355 (NCHs), 13.1 (CHCHy):
HRMS (ESI) Ci:HigFsN,O ([M+H]) requires 349.12762;
found 349.12651.

4.6.4. N-ethyl-6-(3-methoxyphenyl)-N-
methylimidazo[ 1,2-a] pyrimidine-3-carboxamide
(5d).

Yield from 2a: 41%. mp 96-97°C; '"H NMR (500 MHz,
CDCly) 6 9.68 (s, 1H, H-5), 8.90 (d,= 2.6 Hz, 1H, H-7), 8.15
(s, 1H, H-2), 7.40 (app 1= 8.0 Hz, H-5’), 7.18 (dddJ = 7.6,
1.9, 0.9 Hz, 1H, H-6"), 7.12 (1 = 2.1 Hz, 1H, H-2’), 6.96 (ddd,
J=8.2,26, 0.9 Hz, 1H, H-4"), 3.86 (s, 3H, B¢, 3.68 (p,J =
7.3, 6.5 Hz, 2H, €,CHy), 3.26 (s, 3H, NE;), 1.32 (1,J = 7.1
Hz, 3H, CHCH,); *C NMR (125.5 MHz, CDG) § 161.0
(C=0), 160.4 (C-3"), 152.0 (C-7), 149.6 (C-9), 1390-2),
135.3 (C-1’), 133.5 (C-5), 130.6 (C-5), 124.2 (§;-619.7 (C-
6'), 116.8 (C-3), 114.1 (C-4), 113.1 (C-2'), 55(6CH,), 44.1
(CH,CHs), 35.3 (NCHy), 13.1 (CHCHZ); HRMS (ESI)
C1H1gNLO," ([M+H] ™) requires 311.15080; found 311.15001.

4.6.5. (6-(3-methoxyphenyl)imidazo[1,2-

a] pyrimidin-3-yl)(pyrrolidin-1-yl)methanone (5e).
Yield from 2a: 45%. mp 138-139C; H NMR (500 MHz,

CDCl;) 6 10.06 (dJ= 2.6 Hz, 1H, H-5), 8.94 (dl= 2.6 Hz, 1H,

H-7), 8.24 (s, 1H, H-2), 7.41 (appX~= 8.0Hz 1H, H-5"), 7.21

(ddd,J= 7.6, 1.8, 0.9 Hz, 1H, H-6"), 7.14 @= 2.1 Hz, 1H, H-

2), 6.98 (ddd,J = 8.3, 2.6, 0.9 Hz, 1H, H-4), 3.88 (s, 3H,

OCHb), 3.87-3.83 (m, 2H, H-2"), 3.78-3.70 (m, 2H, H-22),16-
1.96 (m, 4H, H-3");C NMR (125.5 MHz, CDG) & 160.5 (C-
3)), 159.8 (C=0), 152.2 (C-7), 149.5 (C-9), 139.62C 135.4
(C-1), 133.9 (C-5), 130.6 (C-5'), 124.3 (C-6), 189(C-6),
117.7 (C-3), 114.2 (C-4’), 113.1 (C-2), 55.6CH.), 48.7 (C-
2"), 47.1 (C-2"), 26.8 (C-3"), 24.1 (C-3"); HRMS (E9
CigH1N,O," (IM+H] ") requires 323.15080; found 323.15025.

4.7. 2-amino-5-phenylpyrimidine (6)

4.7.1. Method 1.

Based on a literature mettfd2-amino-5-iodopyrimidine
(2.00 g, 9.05 mmol), phenylboronic acid (1.66 mg.,5¥ mmol),
Pd(OAc) (20 mg, 0.09 mmol) and ;R0O,.7H,O (3.84 mg, 18.1
mmol) in ethylene glycol (36 mL) were heated at°80for 120
min. The reaction was then allowed to cool to rt, @ndas
added to brine, extracted with ,6t (3x50 mL), dried over

4.7.2. Method 2.

A solution of 1M aq NaOH (5.0 mL), 2-chloro-5-
phenylpyrimidine6 (100 mg, 0.53 mmol) and NBI (253 mg,
4.72 mmol) were added to a 10-20 mL vial, sealed witlrimp
cap and placed in a CEM Discover Lab Mate reacteroniave
cavity. After irradiation at 15FC for 30 min, the reaction
mixture was cooled to rt and the precipitate waeriit, and
washed with water to provide a white crystalline s¢b8 mg,
61%). mp 162-165C (lit. 158-159°C*), 'H NMR (400 MHz,
MeOH-d,) 6 8.53 (s, 2H), 7.28-7.56 (m, 5H).

4.8. 2-chloro-5-phenylpyrimidine (9).

Based on a literature methdd 5-bromo-2-chloropyrimidine
(2.00 mg, 5.17 mmol), phenylboronic acid (1.26 @,3% mmol),
Pd(OAc) (58 mg, 0.26 mmol) and MNaos (1.10 g, 10.34 mmol)
in H,O/EtOH (4:1, 50 mL) were heated at 45 for 30 min. The
reaction was then allowed to cool at rt, and it waseddo brine,
extracted with DCM (3x50 mL), dried over MO, and
concentrated in vacuo. Purification via flash column
chromatography (eluent GBI,) gave8 as a white solid (1.57 g,
80%). mp 132C (lit. 132°C* 131-133 °C¥), 'H NMR
(400 MHz, CDC}) 6 8.82 (s, 2H), 7.44-7.62 (m, 5H).

4.9. General Method E. Synthesis of 2-substituted 6-
arylimidazo[ 1,2-a] pyrimidines.

To a solution of6, 6a-c or 10 (1 eq) in DMF (0.1 M) the
appropriate bromo pyruvate reagent (2 eq) was adaedthe
reaction mixture was stirred under Ar at r.t. foraysl For the
ethyl ester derivatives, the reaction mixture wanthoured into
saturated NaHC§) extracted with CKCl,, washed with water,
and brine, dried over anhydrous MgS@nd concentratedn
vacuo. The esters were purified with flash column
chromatography (eluent 30-40 °C petrol/EtOAc, 3:11td),
followed by recrystallization from EtOH. For the acid
derivatives, the reaction mixture was poured intoursded
NaHCQ, adjusted to pH 8 and extracted with £LH. Then, the

aqueous phase was adjusted to pH 3 with conc. HCI and

extracted with iPrOH/CHGI(1:3 v/v), dried over N&O, and
concentratedn vacuo. The final products were obtained after
recrystallization with EtOH. Representative spectrecfls8a-d
follow.

4.9.1. ethyl 6-phenylimidazo[1,2-a] pyrimidine-2-
carboxylate (8a)

Yield: 47%. mp 234-238C, Vpax 1724 (CO) crif, 'H NMR
(500 MHz, DMSO#d) § 9.30 (d,J = 2.7 Hz, 1H), 9.06 (d) =
2.6 Hz, 1H), 8.46 (s, 1H), 7.81 — 7.77 (m, 2H), 7.60.54 (m,
2H), 7.51 — 7.46 (m, 1H), 4.35 (4,= 7.1 Hz, 2H), 1.34 () =
7.1 Hz, 3H);°C NMR (125.5 MHz, DMSQds) 6 13C NMR (126
MHz, DMSOQ)§ 162.4, 152.7, 146.9, 136.4, 133.4, 132.6, 129.4,
128.6, 126.8, 122.6, 116.8, 60.5, 14.2. HRMS (ESI
CisH1NzO," ([M+H] ™) requires 268.10805; found 268.10777.

4.9.2. 6-phenylimidazo[1,2-a] pyrimidine-2-
carboxylic acid (8b)

Yield 20%. mp 232-233C, Vina 3147 (OH), 1687 (CO) cih
'"H NMR (500 MHz, DMSO¢,) 6 13.01 (bs, 1H), 9.31 (dl =
2.6 Hz, 1H), 9.04 (dJ = 2.6 Hz, 1H), 8.40 (s, 1H), 7.82 — 7.77

N&SO, and concentrated in vacuo. Then NaOH (3.6 g) wagm, 2H), 7.60 — 7.54 (m, 2H), 7.51 — 7.46 (m, 1HE NMR

added and stirred for 2 h. The mixture was addeldritee and
extracted with EOD (3x100 mL) to gives as a light yellow solid
(1.40 g, 90%). mp 161-168 (lit. 158-159°C*), 'H NMR

(400 MHz, MeOH-d) & 8.53 (s, 2H), 7.56-7.49 (m, 2H), 7.47-

7.39 (m, 2H), 7.37-7.30 (m, 1H).

(125.5 MHz, DMSOs) § 163.8, 152.4, 146.8, 137.4, 133.5,
132.6, 129.3, 128.6, 126.8, 122.5, 116.5. HRMS TESI
CiH1N;0," (IM+H] ") requires 240.07675; found 240.07682.

4.9.3. ®*N-ethyl 6-phenylimidazo[1,2-a] pyrimidine-
2-carboxylate (8c)



Yield: 41%. mp 234-238C, Vinay 1712 (CO) crit, *H NMR
(500 MHz, DMSO¢l) 6 9.30 (d,J = 2.7 Hz, 1H), 9.06 (dJ =
2.6 Hz, 1H), 8.46 (s, 1H), 7.81 — 7.76 (m, 2H), 7.58.53 (m,
2H), 7.50 — 7.46 (m, 1H), 4.35 (4,= 7.1 Hz, 2H), 1.35 (1) =
7.1 Hz, 3H),”*C NMR (125.5 MHz, DMSQds) 6 162.9 (d,J =
7.7 Hz), 153.2 (dJ = 3.8 Hz), 147.3 (dJ) = 6.6 Hz), 136.9,
133.9, 133.1, 129.8, 129.1, 127.3, 123.1, 117.20,614.7,
N NMR (60 MHz, DMSOds) J 239.9. HRMS (ES)
CisH1N,"*NO," ([M+H]") requires 269.10509; found 269.10504.

4.9.4. *>N-6-phenylimidazo[1,2-a] pyrimidine-2-
carboxylic acid (8d)

Yield: 18%. mp 229-23IC, Via (film) 3147 (OH), 1687
(CO) cni, '"H NMR (500 MHz, DMSOd,) ¢ 13.02 (bs, 1H),
9.31 (d,J = 2.7 Hz, 1H), 9.04 (d) = 2.6 Hz, 1H), 8.40 (s, 1H),
7.81 — 7.76 (m, 2H), 7.59 — 7.53 (m, 2H), 7.51 — 76 1H),
*C NMR (125.5 MHz, DMSQdg) § 163.8 (d,J = 7.7 Hz), 152.4
(d,J= 4.3 Hz), 146.8 (dJ = 6.1 Hz), 137.3, 133.5, 132.6, 129.3,
128.6, 126.8, 122.5, 116.§?N NMR (60 MHz, DMSOsdg) J
241.1. HRMS (ES) CiHioN,NO,"  ([M+H]) requires
241.07379; found 241.07370.

4.10. 2-"*N-amino-5-phenyl pyrimidine (10)

A solution of 1M ag NaOH (5.0 mL), 2-chloro-5-
phenylpyrimidine6 (100 mg, 0.53 mmol) andNH,CI (257 mg,
4.72 mmol) were added to a 10-20 mL vial, sealed wittimp
cap and placed in a CEM Discover Lab Mate reacteroniave
cavity. After irradiation at 150C for 30 min, the reaction
mixture was cooled to rt and the precipitate waeriit, and
washed with water to provide a white crystalline s¢lid mg,
81%). mp 161-163C, Vi 3146 (NH) cm’, 'HNMR
(400 MHz, MeOH-¢, 9:1 mixtured 8.43 (s, 2H), 7.50-7.45 (m,
2H), 7.42-7.37 (m, 2H), 7.30-7.23 (m, 1H); 8.53 (s, ,2Hp7-
7.52 (m, 2H), 7.45-7.42 (m, 2H), 7.37-7.32 (m, 1H). HRM
(ESI)  CigHioN,N*  ([M+H]") requires 173.08396; found
173.08406.

4.11. 6-phenylimidazo[ 1,2-a] pyrimidine-3-carboxylic acid (11a).

Following a similar procedure to the first step ofn@ml
Method D, to a refluxing solution &a (100 mg) in THF/EtOH
(2/2 mL), 1M NaOH in HO (1.12 mL in 1.5 mL) was added and
the reaction refluxed for 3 h. It was then cooledtiopH was
adjusted to 8 (NaHC® and extracted with EtOAc. Then, the
aqueous phase was further acidified to pH 3 (1IN HQW, the
white precipitate formed was collected, washed withOEto
obtainl1la (49 mg, 55%). mp 225-22TC, Vi (film) 3286 (OH),
1692 (CO) crt, '"H NMR (500 MHz, DMSOds) ¢ 13.56 (bs,
1H), 9.68 (dJ = 2.5 Hz, 1H), 9.17 (d) = 2.6 Hz, 1H), 8.50 (s,
1H), 7.86 — 7.77 (m, 2H), 7.62 — 7.55 (m, 2H), 7.58.48 (m,
1H), ®C NMR (125.5 MHz, DMSQ4) § 161.1, 152.6, 149.1,
141.1, 133.3, 132.4, 129.5, 128.8, 127.2, 123.%.M1IHRMS
(ESIN  CigHioN3O,"  ([M+H]") requires 240.07675; found
240.07669.

4.12. ™N 6-phenylimidazo[ 1,2-a] pyrimidine-3-carboxylic acid
(11b).

Following a similar procedure to that for the pregiam of
11a, from 8c. Yield: 51%. mp 230-232C, Vi (film) 3286 (OH),
1686 (CO) crif, '"H NMR (500 MHz, DMSOd,) ¢ 13.44 (bs,
1H), 9.67 (m, 1H), 9.13 (d = 2.6 Hz, 1H), 8.43 (d) = 2.9 Hz,
1H), 7.85 — 7.77 (m, 2H), 7.63 — 7.55 (m, 2H), 7.58.47 (m,
1H), *C NMR (125.5 MHz, DMSQdg) 6 161.2 (d,J = 3.2 Hz),
152.0 (d,J = 4.2 Hz), 149.7 (dJ = 8.0 Hz), 142.2 (dJ =
5.1 Hz), 133.5, 132.2 (d) = 12.6 Hz), 129.4, 128.7, 127.1,
123.5, 115.0 (dJ = 16.3 Hz),"*N NMR (60 MHz, DMSOdg) &

9
188.5. HRMS (ES) C;sHioN,”NO," ([M+H]") requires
241.07379; found 241.07368.

4.13. ethyl 6-phenylimidazo[ 1,2-a] pyrimidine-3-carboxylate
(12a).

A degassed suspension8af (52 mg, 0.195 mmol) and EtONa
(132 mg, 1.95 mmol) in EtOH (2.0 mL) was heated dtxefor
18 h. It was then cooled to rt, added to NaHQ®O mL),
extracted with CKCl, (10 mL x 4), washed with water (10 mL),
and brine (10 mL), dried over Mg@Qand concentrateith vacuo.
Purification via flash column chromatography (elu8a-40 °C
petrol/EtOAc, 2:1-1:1), gavel2a as a white crystalline solid
(15 mg, 29%). mp 127-12€, vna (film) 1694 (CO) cr,
'"H NMR (500 MHz, DMSO#dg) § 9.59 (d,J = 2.6 Hz, 1H), 9.14
(d, J = 2.6 Hz, 1H), 8.46 (s, 1H), 7.83 — 7.76 (m, 2H), 7.60 —
7.54 (m, 2H), 7.52 — 7.46 (m, 1H), 4.39 {5 7.1 Hz, 2H), 1.36
(t, J = 7.1 Hz, 3H),C NMR (125.5 MHz, DMSQds) § 159.6,
152.3, 149.8, 142.3, 133.3, 132.2, 129.4, 128.7,.11,2123.7,
114.3, 60.6, 14.3. HRMS (ESICysH:1/N3O," ([M+H]™) requires
268.10805; found 268.10834.

4.14. ®N-ethyl 6-phenylimidazo] 1,2-a] pyrimidine-3-carboxylate
(12b).

Following a similar procedure to that for the pregiam of
12a, a degassed suspension 8f (62 mg, 0.231 mmol) and
EtONa (158 mg, 2.31mmol) in EtOH (2.0 mL) was heated at
reflux for 18 h. It was then cooled to rt, added NaHCQ,
(10 mL), extracted with C¥Cl, (10 mL x 4), washed with water
(10 mL), and brine (10 mL), dried over Mgg@nd concentrated
in vacuo. Purification via flash column chromatography &t
30-40 °C petrol/EtOAc, 2:»1:1), gave 12b as a white
crystalline solid (16 mg, 26%). mp 129-1%1, V., (film) 1693
(CO) cni*, '"H NMR (500 MHz, DMSO#d,) 6 9.61 (dd,J = 2.6,
1.4 Hz, 1H), 9.15 (dd) = 2.6, 0.9 Hz, 1H), 8.47 (d, = 2.8 Hz,
1H), 7.84 — 7.77 (m, 2H), 7.62 — 7.55 (m, 2H), 7.58.47 (m,
1H), 4.40 (qJ = 7.1 Hz, 2H), 1.37 () = 7.1 Hz, 3H)°C NMR
(125.5 MHz, DMSOdg) ¢ 160.1 (d,J = 2.9 Hz), 152.8 (dJ =
4.5 Hz), 150.28 (dJ = 8.5 Hz), 142.8 (dJ = 5.1 Hz), 133.8,
132.7 (d,J = 12.7 Hz), 129.9, 129.2, 127.6, 124.2, 114.7)(d,
17.3 Hz), 61.1, 14.7"°N NMR (60 MHz, DMSOds) § 187.7.
HRMS (ESI) CisHiN,NO," ([M+H]") requires 269.10509;
found 269.10472.
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