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 23 

Wheland intermediates are usually unstable compounds and only a few have been isolated at very low 24 

temperatures. During our work on tyrosine kinase inhibitors, we studied the bromination of 7 in order to 25 

obtain a dibromo substituted pyrido[2,3-d]pyrimidin-7(8H)-one which could be orthogonally decorated. 26 

Surprisingly, treatment of 7 with 3 equiv. of Br2 in acetic acid (AcOH) afforded 12, a captured room 27 

temperature stable Wheland bromination intermediate stabilized by the bromination of the imino tautomer 28 

of the amino group at C4 of the pyridopyrimidine skeleton. The structure was confirmed by crystal 29 

structure determination from powder X-ray diffraction data. Treatment of 12 with DMSO afforded the 30 

dibromo substituted compound 13 presenting a bromine atom at C6 and C5–C6 unsaturation. 13 was 31 

directly accessed by treating 7 with N-bromosuccinimide (NBS), a protocol extended to other compounds 32 

using NBS or N-iodosuccinimide (NIS) to afford 6-halo substituted systems. 26, bearing an iodine at C6 33 

and a p-bromophenylamino at C2, allows the orthogonal decoration of pyridopyrimidines. 34 

  35 



INTRODUCTION 36 

 37 

Pyrido[2,3-d]pyrimidin-7(8H)-ones are bicyclic heterocyclic compounds for which very interesting 38 

inhibitory activities have been described in the field of protein kinase inhibitors. Thus, compounds of 39 

general structure 1 (Fig. 1) have shown IC50 values in the range of μM to nM against platelet-derived 40 

growth factor receptor (PDFGR), fibroblast growth factor receptor (FGFR), epidermal growth factor 41 

receptor (EGFR), and proto-oncogene tyrosine-protein kinase (c-Src), particularly when R2 is an aryl 42 

group.1–8 However, most of these promising C4-unsubstituted compounds did not reach the market due 43 

to solubility and toxicity issues. 44 

In this context, our group has described in the past years several straightforward strategies for the 45 

synthesis of 4-amino and 4-oxo substituted pyrido[2,3-d]pyrimidin-7(8H)-ones 2 (R4 = NH2, OH) (Fig. 46 

1) with up to 5 diversity centres and two possible degrees of unsaturation in the pyridone ring.9–12 47 

Contrary to compounds 1, the presence of the 4-amino or 4-oxo substituents in such systems renders these 48 

compounds, in general, nontoxic for normal cells. Consequently, an adequate decoration of structures 2 49 

has allowed us to describe compounds with nM activities as breakpoint cluster region protein (BCR) 50 

kinase inhibitors for B lymphoid malignancies (3),13 discoidin domain-containing receptor 2 (DDR2) 51 

inhibitors for treatment of lung cancer (4),14 hepatitis C virus (HCV) inhibitors (5),15 and others (Fig. 1). 52 

A drawback of our synthetic methodologies is the fact that a de novo synthesis is needed each time a new 53 

pyrido[2,3-d]pyrimidin-7(8H)-one with a different set of substituents in R6 and at the para position of the 54 

phenylamino substituent at position C2 is needed. 55 

Consequently, we tried to obtain the dibromo substituted structure 6 (Fig. 1) which should allow 56 

the orthogonal decoration of the pyridopyrimidine nucleus. The present paper deals 57 

with the unexpected results obtained in such a study. 58 

  59 



RESULTS AND DISCUSSION  60 

 61 

First, we synthesized the unsubstituted pyridopyrimidine 7 by using the microwave assisted 62 

multicomponent reaction protocol previously described by our group.16,17 Thus a 2 : 1 : 1 molar mixture 63 

of methyl acrylate (8), malononitrile (9) and guanidine carbonate (10) in MeOH was heated at 140 °C 64 

under microwave irradiation in a sealed vial for 10 min to afford 7 in 51% yield (Scheme 1). The structure 65 

was confirmed on the basis of the spectral and analytical data (see the ESI†). It should be noted that this 66 

is the first time that we obtained a pyrido[2,3-d]pyrimidin-7(8H)-one not substituted in the pyridine ring. 67 

All other synthetic protocols developed by our group did not afford such kind of structure due to 68 

polymerization of the starting methyl acrylate. 69 

Once compound 7 was obtained, we started to study its bromination by using one equivalent of 70 

bromine in AcOH for 3 h at room temperature. The reaction afforded the p-bromo substituted derivative 71 

11 in 97% yield (Scheme 2). The structure was established on the basis of the spectral data, in particular 72 

the presence in the 1H-NMR spectrum of two doublets, of relative integral 2H each, at 7.83 and 7.31 ppm 73 

with the characteristic splitting pattern of a para substituted phenyl ring, clearly showing that bromination 74 

had taken place in such a position of the ring. 75 

Next, we decided to treat 7 with 2 equivalents of bromine to obtain the desired compound 6 (Fig. 76 

1), but in this case a complex mixture was obtained. Then, we increased the amount of Br2/AcOH to 3 77 

equivalents and an orange-red precipitate was abundantly formed for which we proposed structure 12 78 

(Scheme 2) on the basis of a signal at 44.2 ppm in the 13C NMR spectrum assignable to the C4a carbon 79 

of the pyridopyrimidine skeleton which undergoes a great upfield shift (from 85.9 ppm in 11) due to the 80 

presence of the bromine atom. 81 

The formation of 12 could be rationalized (Scheme 2) by the bromination of the monobromo 82 

derivative 11 at position C4a of the 2,4-diaminopyrimidine ring (the most favoured for SEAr in such kind 83 

of diamino substituted ring,18 which installs a bromine atom at the bridgehead carbon of the bicyclic 84 

system (the first one ever described to the best of our knowledge), to afford the corresponding Wheland 85 

intermediate (W1), perfectly referable to the one depicted for the bromination of aniline (W2). 86 

Contrary to W2, in the case of W1 the aromaticity cannot be recovered by losing a proton, so such 87 

a Wheland intermediate is captured by the formation of the rare N-bromoimino derivative 12. 88 

A literature search revealed that there is not a single example of the isolation of a Wheland 89 

intermediate of the bromination of a pyridopyrimidine or a pyrimidine. In fact, the isolation of Wheland 90 

intermediates is unusual and there are only a few examples of it, and only two correspond to 91 

halogenations.19–23 Consequently, the theoretical interest of the compound obtained impelled us to try 92 

to obtain a single crystal to carry out its structure determination but, as it is described later, such a 93 

compound evolved to a different structure, being impossible to obtain a suitable crystal. Thus, we collected 94 

the X-ray powder diffraction pattern at the MSPD beamline of the ALBA synchrotron24 and, surprisingly, 95 



the orange solid was not amorphous as expected but presented a microcrystalline structure as shown by 96 

the broad peaks obtained (Fig. 2). 97 

Despite the broad peaks and limited d-spacing available, a triclinic unit cell was indexed with 98 

DICVOL0625 and the obtained cell parameters were refined using DAjust software.26 A promising 99 

structure candidate was obtained with the directspace strategy TALP27 which underwent a final restrained 100 

Rietveld refinement with RIBOLS. The final unit cell parameters are: a = 8.757(1), b = 9.668(2), c = 101 

10.106(1) Å, α = 63.6 (4), β = 77.3(7) and γ = 82.0(7)°, V = 747(3) Å3, and space group P1ˉ. The 102 

crystallographic data for 12, refinement details, additional figures and the Rietveld plot are given in the 103 

ESI.†  104 

The solved structure confirmed the N-bromoimino structure 12 (Fig. 2), that is to say, the Wheland 105 

intermediate has been stabilized by the subsequent bromination of the imino tautomer of the amino group 106 

at C4 of the pyridopyrimidine skeleton. 107 

This structure was fully compatible with all the spectral data obtained for such an orange solid, 108 

particularly with the elemental analysis and HRMS spectrum (ESI-TOF) that presented a peak at m/z 109 

489.8497 [M + H]+ (calculated for C13H11Br3N5O, 489.8514). 110 

It is remarkable in the crystal structure of 12 that the formation of a stereocenter due to the 111 

introduction of the bromine atom at the C4a bridgehead carbon is reflected in the internal structure by the 112 

presence of the two enantiomers of 12 associated in a self-complementary ADAD-DADA quadruple 113 

hydrogen-bonding centrosymmetric motif, which is in turn associated with a second pair of enantiomers 114 

through a π–π interaction of the p-bromophenyl rings, thus forming a ribbon of pairs of enantiomers (see 115 

Fig. S4 in the ESI†). 116 

The N-bromoimino feature present in 12 is very rare; in fact the CvN–Br motif is present in 11 117 

crystalline structures included in the Cambridge Crystallographic Database, and only four of them are 118 

heterocyclic compounds.28–31 The one reported by Samadi et al.31 is the most referable to compound 12 119 

because it also contains an axial bromine atom. In any case, 12 is the first structure presenting the N-120 

bromimino feature on a pyrimidine ring system. 121 

During the characterization of compound 12, we realized that such a molecule evolves 122 

spontaneously to a new compound during the recording of its NMR spectrum in DMSO-d6. To accomplish 123 

a complete transformation, we heated 12 at 80 °C in DMSO under vacuum (50 mbar) to afford 6-bromo 124 

substituted pyrido[2,3-d]pyrimidine 13 in an almost quantitative yield (Fig. 3). The use of reduced 125 

pressure helps to complete the reaction by removing the HBr formed. The structure of 13 was confirmed 126 

by single-crystal X-ray diffraction of a 1 : 1 solvate with acetone, very slowly formed during the assays 127 

carried out to achieve a single crystal of 12 (see the ESI†). 128 

Our initial objective was to obtain the dibromo substituted structure 6 (Fig. 1) which should allow 129 

the orthogonal decoration of the pyridopyrimidine nucleus. The synthesis of 13 double accomplishes such 130 

an objective: the bromine atom is placed at position C6 of the pyridopyrimidine skeleton and, additionally, 131 



a double bond is introduced between C5 and C6, a step that normally is carried out by dehydrogenation 132 

of the C6 aryl substituted compound to achieve the required biological activity.10  133 

Once we had unequivocally established the structures of 12 and 13, we decided to test if such a 134 

behaviour was extensible to other 4-aminopyrido[2,3-d]pyrimidines (Fig. 3). Therefore, we synthesized 135 

compounds 14 (R2 = H), 15 (R2 = 4-fluorophenyl) and 16 (R2 = 4-chlorophenyl) by using the same 136 

protocol used for the synthesis of 7 starting from methyl acrylate 8, malononitrile 9 and the corresponding 137 

guanidine (guanidine carbonate for 14, N-fluorophenylguanidine nitrate for 15, and N-138 

chlorophenylguanidine carbonate for 16). The treatment of 14, 15 and 16 with, in these cases, 2 equiv. of 139 

bromine in acetic acid afforded the corresponding captured room temperature stable Wheland 140 

intermediates 17 (R2 = H), 18 (R2 = 4-fluorophenyl), and 19 (R2 = 4-chlorophenyl) which were 141 

transformed upon heating in DMSO to the corresponding 6-bromopyridopyrimidines 20 (R2 = H), 21 (R2 142 

= 4-fluorophenyl) and 22 (R2 = 4-chlorophenyl) in good yields. Consequently, this bromination and 143 

transposition protocol seems to be general for 2,4-diaminopyrido[2,3-d]pyrimidin-7 (8H)-ones, provided 144 

that the substituent R2 does not further react with bromine. 145 

A way to rationalize the formation of 13 is to consider 12 as a reagent capable of transferring two 146 

bromonium ions or bromine radicals to the α-carbonyl position, either intra- or intermolecularly, to afford 147 

an α,α-dibromo intermediate. 148 

The subsequent elimination of HBr, probably mediated by DMSO,32 would afford the 6-bromo 149 

substituted pyridopyrimidine 13. Such transformation would be similar to the protocol described by Zhang 150 

et al.33 for the preparation of 3-bromo-5,6-dihydropyridin-2(1H)-one starting from piperidin-2-one, in 151 

which they dibrominate the α-carbonyl position to subsequently eliminate HBr. 152 

Taking into account that, in our hands, 4-amino-pyrido[2,3-d]pyrimidin-7(8H)-ones have shown 153 

very promising anticancer activities when methylated at the N8 nitrogen, we prepared 24 (R2 = Ph), the 154 

8-methyl derivative of 7, in a high yield using MeI in NaH/DMSO (Fig. 3). The subsequent treatment of 155 

24 with 1 equiv. of NBS in DMSO afforded compound 25 (R2 = 4-bromophenyl), which upon treatment 156 

with 2 equiv. of NIS/DMSO yielded the orthogonally substituted 2-(p-bromophenyl) amino-6-iodo 157 

substituted compound 26 in 83% yield. 158 

The formation of 6-halopyridopyrimidines such as 20 (X = Br) or 23 (X = I) using NBS or NIS, 159 

which includes the introduction of C5–C6 unsaturation, can be explained considering two possible 160 

itineraries: (a) dihalogenation in α-carbonyl followed by loss of HX (a path already described in the case 161 

of NBS33) (Scheme 3, path A) or (b) monohalogenation in α-carbonyl followed by loss of HX and the 162 

subsequent halogenation in position C6 as described for similar cases with NBS34 or NIS35 (Scheme 3, 163 

path B). 164 

Path B in Scheme 3 is also supported by the bromination in our hands with NBS/DMSO in 70% 165 

yield of the C5–C6 unsaturated compound included in such a path, directly obtained by the 166 

dehydrogenation of compound 14 (Fig. 3) by heating at 175 °C for 3 days in the presence of 10% Pd(C) 167 

and decalin in around 40% yield (see the ESI†). In fact, there are other examples of multistep procedures 168 



(starting from pyrimidine aldehydes) that first construct a structure with a C5–C6 double bond that later 169 

is brominated or iodinated with bromine (or NBS) or iodine.36 170 

Finally, once the two dihalo substituted compounds 13 and 26 (Fig. 3) were obtained, we carried 171 

out a proof of concept of the orthogonality of the halogens present in both compounds using the Suzuki 172 

reaction protocol. 173 

In the case of the dibromo substituted compound 13, we were only able to find a set of reaction 174 

conditions using 1.4 equiv. of 3,4,5-trimethoxyphenyl boronic acid (2.5 equiv. of K2CO3, 13 mol% of 175 

Pd(PPh3)4, 80 °C, 19 h) which allowed a total consumption of the starting 13 and a selectivity of 78% of 176 

the C6-aryl monosubstituted product (Ar = 3,4,5-triMeOC6H2). 177 

The low solubility of the reaction product in the common solvents did not allow adequate 178 

purification of such a compound. In contrast, the use of the 8-methyl protected 6-iodo derivative 26 179 

allowed the regiospecific Suzuki coupling at position C6 with a wide range of arylboronic acids (Table 180 

1). 181 

The iodine and bromine atoms present in compound 26 can be sequentially substituted using 182 

Suzuki, Ullman and other protocols, as we have previously shown,13 to achieve potentially active tyrosine 183 

kinase inhibitors. As a proof of concept, we performed a cross coupling Suzuki reaction on compound 27e 184 

using p-tolylboronic acid to afford compound 28 (Fig. 4). 185 

Such orthogonal decoration of compound 26 allows a rapid and convenient approach to 186 

pyrido[2,3-d]pyrimidin-7(8H)-ones such as 3 without needing de novo synthesis (6 to 7 steps long) from 187 

an α,β-unsaturated ester bearing the aryl substituent for each combination of substituents.13 188 

  189 



CONCLUSIONS  190 

 191 

As a privileged scaffold, pyrido[2,3-d]pyrimidin-7(8H)-ones (2) are linked to a wide range of biological 192 

activities that have attracted the interest of the scientific community, as shown by an almost exponential 193 

increase in the number of references included in SciFinder in the last 10 years (more than 300 and a large 194 

number of them being patents).37 The reported synthetic methodologies are multistep protocols that need 195 

de novo synthesis when a new substituent is needed at position C6, the one particularly linked with the 196 

biological activity.37 197 

In the present paper, we have shown (Scheme 2) that in the bromination of compound 7 (easily 198 

accessible in one step by a multicomponent reaction, see Scheme 1), after the formation of the monobromo 199 

derivative 11, the second bromination occurs at C4a (the first bromine atom installed at a bridgehead 200 

carbon to the best of our knowledge) affording the corresponding Wheland intermediate (W1), which is 201 

captured by the formation of a rare N-bromoimino derivative 12. The precipitation of 12 as a 202 

microcrystalline powder led to such a compound with enough stability to determine its structure from the 203 

X-ray powder registered at the ALBA synchrotron; however, the treatment of 12 with DMSO converted 204 

such a compound to the dibromo substituted pyridopyrimidine 13. 205 

Although 13 already presented a certain degree of orthogonal reactivity between both bromo 206 

substituents, its low solubility forced us to use the 8-methyl protected monobromo substituted compound 207 

25 (cleavable protections can be also used) which allows the synthesis of the fully orthogonal 2-(p-208 

bromophenylamino)-6-iodo substituted compound 26 upon treatment with NIS. Such orthogonality has 209 

been tested by using different boronic acids and this protocol is currently being used in different projects 210 

in the field of tyrosine kinase inhibitors aimed at the synthesis of anticancer drugs. 211 

 212 

  213 



ACKNOWLEDGEMENTS 214 

 215 

The authors appreciate the financial support from the Spanish Ministerio de Ciencia, Innovación y 216 

Universidades Project RTI2018-096455-B-I00. R. Ondoño wants to thank IQS for a scholarship. ALBA 217 

synchrotron is acknowledged for the provision of beamtime (https://www.albasynchrotron.es). 218 

219 



NOTES AND REFERENCES 220 

 221 

1  J. M. Hamby, C. J. C. Connolly, M. C. Schroeder, R. T. Winters, H. D. H. Showalter, R. L. 222 

Panek, T. C. Major, B. Olsewski, M. J. Ryan, T. Dahring, G. H. Lu, J. Keiser, A. Amar, C. Shen, 223 

A. J. Kraker, V. Slintak, J. M. Nelson, D. W. Fry, L. Bradford, H. Hallak and A. M. Doherty, J. 224 

Med. Chem., 1997, 40, 2296–2303. 225 

2  S. R. Klutchko, J. M. Hamby, D. H. Boschelli, Z. Wu, A. J. Kraker, A. M. Amar, B. G. Hartl, C. 226 

Shen, W. D. Klohs, R. W. Steinkampf, D. L. Driscoll, J. M. Nelson, W. L. Elliott, B. J. Roberts, 227 

C. L. Stoner, P. W. Vincent, D. J. Dykes, R. L. Panek, G. H. Lu, T. C. Major, T. K. Dahring, H. 228 

Hallak, L. A. Bradford, H. D. H. Showalter and A. M. Doherty, J. Med. Chem., 1998, 41, 3276–229 

3292. 230 

3  D. H. Boschelli, Z. Wu, S. R. Klutchko, H. D. H. Showalter, J. M. Hamby, G. H. Lu, T. C. 231 

Major, T. K. Dahring, B. Batley, R. L. Panek, J. Keiser, B. G. Hartl, A. J. Kraker, W. D. Klohs, B. 232 

J. Roberts, S. Patmore, W. L. Elliott, R. Steinkampf, L. A. Bradford, H. Hallak and A. M. 233 

Doherty, J. Med. Chem., 1998, 41, 4365–4377. 234 

4  J. F. Dorsey, R. Jove, A. J. Kraker and J. Wu, Cancer Res., 2000, 60, 3127–3131. 235 

5  D. Wisniewski, C. L. Lambek, C. Liu, A. Strife, D. R. Veach, B. Nagar, M. A. Young, T. 236 

Schindler, W. G. Bornmann, J. R. Bertino, J. Kuriyan and B. Clarkson, Cancer Res., 2002, 62, 237 

4244–4255. 238 

6  M. Huang, J. F. Dorsey, P. K. Epling-Burnette, R. Nimmanapalli, T. H. Landowski, L. B. Mora, 239 

G. Niu, D. Sinibaldi, F. Bai, A. Kraker, H. Yu, L. Moscinski, S. Wei, J. Djeu, W. S. Dalton, K. 240 

Bhalla, T. P. Loughran, J. Wu and R. Jove, Oncogene, 2002, 21, 8804–8816. 241 

7  D. R. Huron, M. E. Gorre, A. J. Kraker, C. L. Sawyers, N. Rosen and M. M. Moasser, Clin. 242 

Cancer Res., 2003, 9, 1267–1273. 243 

8  N. C. Wolff, D. R. Veach, W. P. Tong, W. G. Bornmann, B. Clarkson and R. L. Ilaria, Blood, 244 

2005, 105, 3995–4003. 245 

9  B. Martinez-Teipel, J. Teixido, R. Pascual, M. Mora, J. Pujola, T. Fujimoto, J. I. Borrell and E. L. 246 

Michelotti, J. Comb. Chem., 2005, 7, 436–448. 247 

10  I. Perez-Pi, X. Berzosa, I. Galve, J. Teixido and J. I. Borrell, Heterocycles, 2010, 82, 581–591. 248 

11  I. Galve, R. Puig de la Bellacasa, D. Sanchez-Garcia, X. Batllori, J. Teixido and J. I. Borrell, Mol. 249 

Divers., 2012, 16, 639–649. 250 

12  M. Camarasa, C. Barnils, R. Puig de la Bellacasa, J. Teixido and J. I. Borrell, Mol. Divers., 2013, 251 

17, 525–536. 252 

13  R. Puig de la Bellacasa, G. Roue, P. Balsas, P. Perez-Galan, J. Teixido, D. Colomer and J. I. 253 

Borrell, Eur. J. Med. Chem., 2014, 86, 664–675. 254 



14  M. A. Molina, S. Garcia-Roman, J. I. Borrell, J. Teixidó, R. Estrada-Tejedor and R. Puig de la 255 

Bellacasa, (Pangaea Biotech SL and Institut Químic de Sarrià CETS Fundació Privada), Use of 4-256 

Amino-6-(2,6-Dichlorophenyl)-8-Methyl-2-(Phenylamino)-Pyrido[2,3-d]Pyrimidin-7(8H)-One in 257 

Formulations for Treatment of Solid Tumors, EP 20150382375, 2015. 258 

15  M. Camarasa, R. Puig de la Bellacasa, À. L. González, R. Ondoño, R. Estrada, S. Franco, R. 259 

Badia, J. Esté, M. Á. Martínez, J. Teixidó, B. Clotet and J. I. Borrell, Eur. J. Med. Chem., 2016, 260 

115, 463–483.  261 

16  N. Mont, J. Teixido, J. I. Borrell and C. O. Kappe, Tetrahedron Lett., 2003, 44, 5385–5387. 262 

17  N. Mont, J. Teixido and J. I. Borrell, Mol. Divers., 2009, 13, 39–45. 263 

18  S. Y. Wang, J. Org. Chem., 1959, 24, 11–13. 264 

19  P. Menzel and F. Effenberger, Angew. Chem., Int. Ed., 1972, 11, 922–923. 265 

20  R. Rathore, J. Hecht and J. K. Kochi, J. Am. Chem. Soc., 1998, 120, 13278–13279. 266 

21  C. Boga, E. Del Vecchio, L. Forlani, A. Mazzanti and P. E. Todesco, Angew. Chem., Int. Ed., 267 

2005, 44, 3285–3289. 268 

22  C. Boga, E. Del Vecchio, S. Tozzi, L. Forlani, M. Monari, G. Micheletti and N. Zanna, 269 

ARKIVOC, 2014, 2014, 51–66. 270 

23  G. Koleva, B. Galabov, J. Kong, H. F. Schaefer and P. von R. Schleyer, J. Am. Chem. Soc., 2011, 271 

133, 19094–19101. 272 

24  F. Fauth, I. Peral, C. Popescu and M. Knapp, Powder Diffr., 2013, 28, S360–S370. 273 

25  A. Boultif, D. Louër and IUCr, J. Appl. Crystallogr., 2004, 37, 724–731. 274 

26  O. Vallcorba, J. Rius, C. Frontera, I. Peral and C. Miravitlles, J. Appl. Crystallogr., 2012, 45, 275 

844–848. 276 

27  O. Vallcorba, J. Rius, C. Frontera, C. Miravitlles and IUCr, J. Appl. Crystallogr., 2012, 45, 1270–277 

1277. 278 

28  P. A. Greenwood, M. F. C. Ladd and D. C. Povey, J. Crystallogr. Spectrosc. Res., 1992, 22, 259–279 

263. 280 

29  J. P. Praly, D. Senni, R. Faure and G. Descotes, Tetrahedron, 1995, 51, 1697–1708. 281 

30  E. V. Tretyakov, A. S. Bogomyakov, E. Y. Fursova, G. V. Romanenko, V. N. Ikorskii and V. I. 282 

Ovcharenko, Russ. Chem. Bull., 2006, 55, 457–463. 283 

31  A. Samadi, D. Silva, M. Chioua, L. Infantes, E. Soriano and J. Marco-Contelles, Mol. Divers., 284 

2015, 19, 103–122. 285 

32  S. Song, X. Li, J. Wei, W. Wang, Y. Zhang, L. Ai, Y. Zhu, X. Shi, X. Zhang and N. Jiao, Nat. 286 

Catal., 2020, 3, 107–115. 287 

33  Y. Zhang, H. Ma, Y. Wu, Z. Wu, Z. Yao, W. Zhang, C. Zhuang and Z. Miao, Bioorg. Med. 288 

Chem. Lett., 2017, 27, 2308–2312. 289 



34  P. T. Le, H. Cheng, S. Ninkovic, M. Plewe, X. Huang, H. Wang, S. Bagrodia, S. Sun, D. R. 290 

Knighton, C. M. Lafleur Rogers, A. Pannifer, S. Greasley, D. Dalvie and E. Zhang, Bioorg. Med. 291 

Chem. Lett., 2012, 22, 5098–5103. 292 

35  N. Minakawa, K. Kuramoto, S. Hikishima and A. Matsuda, ARKIVOC, 2006, 2006, 326. 293 

36  R. J. Booth, E. M. Dobrusin, V. Josyula, D. J. McNamara and P. L. Toogood (Warner-Lambert 294 

Company), Preparation of pyrido[2,3-d]pyrimidine-2,7-diamine kinase inhibitors for treatment of 295 

proliferative disorders, WO 2001055147, 2001. 296 

37  G. Jubete, R. Puig de la Bellacasa, R. Estrada-Tejedor, J. Teixido and J. I. Borrell, Molecules, 297 

2019, 24, 4161. 298 

299 



Legends to figures 300 

 301 

Figure. 1 Biologically active pyrido[2,3-d]pyrimidin-7(8H)-ones 1–5 and dibromo substituted structure 302 

6. 303 

 304 

Scheme 1 Multicomponent synthesis of pyrido[2,3-d]pyrimidin-7(8H)-one 7. 305 

 306 

Scheme 2 Monobrominated compound 11 and capture of the Wheland intermediate W1 as the 307 

corresponding N-bromoimino derivative 12 and comparison of W1 with the Wheland intermediate of the 308 

aniline bromination W2. 309 

 310 

Figure 2. a) Powder diffraction pattern of 12 (0.95250 Å wavelength) and (b) crystal structure of 12 311 

showing the bromine atom at the C4a bridgehead carbon atom and the intermolecular hydrogen bonding 312 

in the selfassembled dimer. 313 

 314 

Figure 3. 6-Halo (X = Br and I) obtained using Br2 in AcOH or NBS/NIS in DMSO. 315 

 316 

Scheme 3 Rationalization of the formation of 20 and 23 using NBS or NIS in DMSO. 317 

 318 

Figure 4. Example of orthogonal decoration of compound 26. 319 

 320 

 321 
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FIGURE 2 346 
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SCHEME 3 355 
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FIGURE 4 361 
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Table 1 Synthesis of 6-aryl substituted pyridopyrimidines 27a–f 367 
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