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The Chemistry of Heterocyclic Compounds

The chemistry of heterocyclic compounds is one of the most complex
branches of organic chemistry. It is equally interesting for its theoretical
implications, for the diversity of its synthetic procedures, and for the
physiological and industrial significance of heterocyclic compounds.

A field of such importance and intrinsic difficulty should be made as
readily accessible as possible, and the lack of a modern detailed and compre-
hensive presentation of heterocyclic chemistry is therefore keenly felt. It is
the intention of the present series to fill this gap by expert presentations of
the various branches of heterocyclic chemistry. The subdivisions have been
designed to cover the field in its entirety by monographs which reflect the
importance and the interrelations of the various compounds, and accommo-
date the specific interests of the authors.
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Preface

This book is intended as a critical review of pyrimidine chemistry with
emphasis on practical rather than theoretical aspects. The literature from the
earliest times to 1960 is used to furnish examples illustrating syntheses,
physical properties, and reactions, but no attempt is made to include all
relevant data. The tables interspersed with the text serve to multiply and
diversify these examples, but are likewise not intended as complete cata-
logues. In general, if a simple example suffices to make a point, examples
involving more highly substituted pyrimidines are omitted. The more
biological aspects of pyrimidine chemistry, such as the nucleic acids or the
structural requirements for activity in barbiturates, are treated quite briefly,
in particular as adequate reviews by workers in such fields exist.

The tables grouped in the Appendix give ready access to the literature
and melting points of known simple pyrimidines. All such compounds
described up to the end of 1957 are included, and they are supplemented by
a selection of important or interesting members described thereafter until
mid-1960.

The world-wide appeal of pyrimidine chemistry may be judged by the
following approximate analysis of the origins of the twenty two hundred
references used in the book:

United States of America  36.5%,
Germany {East and West) 22.79%,
British Commonwealth 19.4%,

Japan 8.0%,
France and Switzerland 3.0%
Italy and Spain 2.6%
Russia 2.2%
Netherlands and Belgium 1.5%
Eastern Europe 1.3%,
China 1.3%
Austria 1.1%,

Scandinavia and Others 0.4%,

It will be realised that the present-day output of pyrimidine papers is
very different to the above, which covers the last 140 years, The United States
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b4 Preface

remains the centre of gravity, but the output of Japan, China, and Eastern
Europe has risen considerably and mainly at the expense of Germany.

Many kind people have helped me enormously during the years of
writing. My friend and former colleague, Dr. S. F. Mason, wrote a learned
essay on pyrimidine spectra for Chapter XIII, a task which would have been
quite beyond me. Professor Adrien Albert carefully read the entire text, and
made numerous helpful suggestions from his wide knowledge and experience
in heterocyclic work. Dr. J. P. English and Dr. J. H. Clark of American
Cyanamid Company, loaned me a fine card index covering the earlier
pyrimidine literature. Dr. 5. Matsuura helped me with Japanese papers.
Dr. J. F. W. McOmie sent me much unpublished material, and Dr. H.
Mautner, Dr. H. B. Vickery, Dr. J. Stanék, Dr. D. I. Magrath, Dr. R. F.
Evans, Dr. E. Spinner, and Dr. N. W. Jacobsen helped in other ways. The
National Academy of Sciences (Dr. H. L. Dryden) kindly gave me Johnson's
photograph. Mr. J. Harper, Mr. B. T. England, and Mrs. D. McLeod assisted
nobly with the references and in other ways. Miss P. L. Baetons typed most
of the manuscript and among the others who helped in various ways are
Miss M. Bell, Mrs. H. Edmonston, who drew the curves, Mrs. S. M. Schenk,
Mr. H. Satrapa, Mr. F. V. Robinson, Mrs. E. M. Lee, and Miss S. Green.
Professor F. Bergel, F. R. S., generously provided facilities for me at the
Chester Beatty Institute, London, at the proof stage. To these, to the un-
named others, and in particular to my wife for her help and remarkable
patience, I offer my gratitude and thanks.

The Australian National University, Canberra D. J. Brown



Contents

Chapter 1. Introduction to the Pyrimidines .................co0vintsn
| = 31 o3 P
2. Nomenelature .. ...ttt it i s
3. The Unique Basis of Pyrimidine Chemistry ......... ... . ...

A. The "Active” 2-, 4-,and 6-Positions.........cooenvvnanan.n,
B. The “Aromatic” 5-Position. .....coovvviiiieririeieinannans
C. The Effect of Electron-releasing Groups ...........c.c.uvnes
D. The Effect of Electron-withdrawing Groups ................
E. Tautomeric GIOuPS .. .viviirririinirenrorenencranonrennns
. General Summary of Pyrimidine Chemistry ....................
A. Electrophilic Substitution ........ .ttt
{1} Nitration and Nitrosation..........coveveirieirirnennn.

(2) Diazo Coupling .......cciiiiiiiiii ittt

(3) Halogenation .........covveiineinriinnnensenrnnnssscnns

(4) Sulphonation .......coiiiiiiiiiiiii it

(5) Attack by Chloroform orChloral............. .. ovunttt,

(6) Other Electrophilic Attacks........coocivnininrrinnranes

B. Direct Nucleophilic Substitution .................. ... ...
C. Nucleophilic Metatheses ........... .o viiiriiiriinine,
(1) Replacement of Halogens . .............covvnn... N

{a) By Amino and Substituted-amino Groups ............

(b} By Methoxy and Similar Groups .......cecoivenenonn.

(c} By Hydroxy Groups .........cvevivererinnnes e

(d} By Methylthio and Related Groups ..................

(e) By Mercapto GIoups .......ocevinrnrirnnenenracnss

(f} By Sulpho and Thiocyanato Groups..................

(2} Replacement of Methoxy, Methylthio, and Methylsulphonyl

L e o

D. Other Metatheses.......c.oviiiiiiiiiiiiiin i .
(1) Hydroxy- to Chloro-pyrimidines...............covvvuuns

(2) Hydroxy- to Mercapto-pyrimidines ...........c0vnuvne.

{3} Mercapto- to Hydroxy-pyrimidines ....................

(4) Mercapto- to Amino-pyrimidines. .......... ... 0o n.n ..

(5} Amino- to Hydroxy-pyrimidines...................ovvne

(6) Amino- to Chloro-pyrimidines .. ..........coiiv it

{7) Replacements of Quaternary Amino Groups..............

XI

L0000~ U W=

P bt bt e bk b ot et et ok bk ot bt et ot et
O b b e G0 00 0 NI N et et e e DD

15
16
16
16
17
17
17
18
18



X1

HEOOW P

Contents

E. Addition ReactiOns . ocvetennrnrenrnonrococsoonennnerarnn
(I} Quaternization ....--v .ot iiieiirrnneereosnernneanss
(2) Formation of N-Oxides...............ccccnviiineinnn..
(3) Addition of Hypobromous Acid ........................
(4) Addition of Water .. ........ i iiiirinne i inennrnnnn.
(5) Addition of Grignard Reagents and Lithium Alkyls ......

. Oxidative Reactions ........... ... c.vvrrerinnariiirnnn

. Reductive Reactions .......... ... coiiiiiiiinninrnnnens
(1) Nuclear Reduction..........cooiiiiiiiiiiiannrinnenns
(2} Reductive Removal of Groups..........ovvevvnnnnnnn..
(3) Reductive Modification of Groups .........cc0vvivannns.

H. The Modification of Substituents ..........................

(1) AMINO GroUPS . . oo v et ian s iiie i nntecnrcanrennnnns
(2) Hydroxy Groups. ..o cove it onnn e rrenasnnnnnns
(3) Mercapto GIOUPS .. ..vivrinnninrnerennacensonennnnnnn,
(4) Methyl GIOUDPS .t vvvivunrnneransrsrasrersnnannssnannns
I. A Free Radical Reaction .................coiiiiunnennnnnn

QT

S £ » - S
.DipoleMoments .......c.coiiiiiiiiiiiiiiiiiii i

. Polarography .......... . i i i i i e
Solubility and Melting Point ..........cioiiiiiaenine e,

Chapter II. The Principal Synthetic Method ........................

L WA —

.General Scope..............ts e e
.Useof f-Dialdehydes. ... ....oviiiiiiiiiiiiiiiiniiieainnann
. Use of g-Aldehydo Ketones .. .....cooiiiiiriiiiienneninnaness
.Use of B-Diketones .........c.iveiieiionnnnerenincancanrens
. Use of f-Aldehydo Esters.........ccooiiiiiainianinenrrnensss

A. Aldehydo Esters with Thioureas ............covvieiiiinnn,
B. The Davidson—Baudisch Synthesis .............o0iives,
C. The Use of a-Ethoxymethylene Esters......................

.Useof -Keto Esters........cocviiirratinaiiiernroernnsnnnnnn

A. Keto Esters with Thioureas ............ccciiviienennnnnn.
B. Keto Esters with Amidines ............c..ciiiiertenaarnas
C. Keto Esterswith Guanidines ..........covivvinrenneerarees
D. Keto Esters with Urea and Derivatives ...........cc00vve.nn

. Use of §-Diesters (Malonic Esters) ..........coviiiiiiinnnnann.

A. Malonic Esters and Amidines................c... oo o
B. Malonic Esters with Urea and its Alkyl Denvatwes Cereiraeas
C. Malonic Esters with Thiourea and Derivatives ..............
D. Malonic Esters with Guanidine and its Alkyl Derivatives......

. Use of §-Aldehydo Nitriles ...........c.coiiveiiiivininnnn

A, Aldehydo Nitriles with Ureas ..............cco00ivuiannt,
B. Aldehydo Nitriles with Thioureas ........................0,

20



Contents

C. Aldehydo Nitriles with Amidines ................. .. ...,
D. The Whitehead Synthesis of Cytosine Derivatives............
E. Aldehydo Nitriles with Guanidine...............cooiinic .
9. Useof g-Keto Nitriles .........cooiiiiiiiiiiiiiiiina,
10. Use of f-Ester Nitriles ..........coiiiiiiniieriiiniiiiinnan.
A. Ester Nitriles with Amidines .............. ...,
B. Ester Nitriles with Urea and Alkyl Ureas ..................
C. Ester Nitriles with Thioureas.............. Ceean e
D. Ester Nitriles with Guanidines .................. ... 00a.
11. Use of f-Dinitriles (Malononitriles}........ccoievvinneiennnn..
Chapter IIl. Other Methods of Primary Synthesis .............. Peaean
I. General Remarks ......c.oiiiiiiiiiiiiiirninrnnniannrecnnss
2. Syntheses Involving Preformed Amino-methylene Groups........
A. Aminomethylene Derivatives with Isocyanates ..............
B. Aminomethylene Derivatives with Imino-ethers or Imidoyl
Chlorides .......ciiiiiiirninernrirnnriareranannennras
C. Aminomethylene Derivatives with Thicamides ..............
D. Use of Acylated Aminomethylene Derivatives ..............

E. The Shaw Synthesis from Aminomethyleneacylurethanes

3. Syntheses Involving an Aminomethylene Group Formed Iz Situw. . . .
A. B-Dinitriles or f-Ester Nitriles with Amidines................
B. Formamide with Compounds Containing an Active Methylene

GIOUD v vvvvnnvriraee ittt etannseassonsnarnnsnnnnne
C. Formamide with g-Dicarbonyl and Related Compounds ......
D. The Frankland and Kolbe Synthesis from Nitriles and Alkali
' v

4. Syntheses from Malondiamides and Malondiamidine ............
A. Malondiamides with Esters: The Remfry—Hull Synthesis ....
B. Malondiamides with Amides ...............coovvieniinnn,
C. Malondiamides with Oxalyl Chloride and Carbonic Acid Deriva-

tives ..ot iiiieien. ettt
D. The Use of Malondiamidine ........... ..o,

5. Other Syntheses of Pyrimidines .......c. ..o ueiieeitiinnnn..s

. Ethoxymethyleneacetic Acid to Uracil Denvatlves ..........

. Maleic Diamide to Uracil ............ ... vvviiiaine,

. The Alkylamidine—-Acetic Anhydride Synthesis ..............

. Amidines with afi-Unsaturated Ketones ....................

. Synthesis of Pyrimidines from Other Ring Systems ..........

(1} Pyrimidines from Hydantoins .............covinniinn,
(2) Pyrimidines from Isg-oxazoles and Thiazines ............
(8) Pyrimidines from Hydroxyiminopyrroles ................
(4) Pyrimidines from Quinazolines and Purines..............
(5) Pyrimidines from Pteridines ................. ..oy

6. Formation of Pyrimidine Ring in Fused Heterocycles ..........
A. Quinazolines from Benzene Derivatives .......c....oviininen
B. Purines from Glyoxalines ..............coiiiiiiinnnn.n

HFoowe



Xiv Contents

C. Thiazolo[5:4-d]pyrimidines from Thiazoles .................. 108
D. Pteridines from Pyrazines ..............ccoiiiiieneinann,, 108
E. Pyridopyrimidines from Pyridines ........................ 109
F. Pyrazolopyrimidines from Pyrazoles..............cocoiun.,. 110
Chapter IV. Pyrimidine and Its C-Alkyl and C-Aryl Derivatives........ 116
1. Pyrimidine (Unsubstituted) ......... ..o, 116
A. Preparation of Pyrimidine .......................... ..., 116
B. Properties of Pyrimidine. .............. .. ... 0o, 117
C. Reactions of Pyrimidine............... ... ... 0., 118
2. C-Alkyl- and C-Aryl-pyrimidines.................... ... 0., 119
A. Preparation of Alkylpyrimidines ....................... ... 119
{1} Direct Syntheses of Alkylpyrimidines.................... 119
(2) Alkylpyrimidines from Alkylchloropyrimidines .......... 120

(3) Alkylpyrimidines from their Carboxy, Mercapto and Other
Derivatives ... vt it i i e e e 120
(4) Interconversion of Alkyl Groups in Pyrimidines .......... 122
{5) Direct Introduction of Alkyl Groups .................... 123
(6) Ethynylpyrimidines ......... ... ..o i, 124
B, Properties of Alkylpyrimidines ............. ... .. .o .. 124
C. Reactions of Alkyl- and Aryl-pyrimidines .................. 124
(1) Methyl- to Styryl-pyrimidines.............. .. coooal. 125
(2) Chloral with Methylpyrimidines ........................ 126

(3} Permanganate Oxidation of Alkyl- to Carboxy-pyrimidines:
Removal of Alkyl Groups......... .o, 126
(4) Other Oxidations of Alkylpyrimidines; N-Oxides.......... 128
(5} Halogenation of Alkylpyrimidines ................,..... 130
(6} Claisen Reactions of Methylpyrimidines.................. 131
(7} Mannich Reactions of Methylpyrimidines ................ 132
(8) Other Reactions of Alkyl- and Aryl-pyrimidines .......... 134
Chapter V. Nitro-, Nitroso-, and Arylazo-pyrimidines ................ 138
1. The Nitropyrimidines ........... ... . ittt 138
A. Preparation of Nitropyrimidines .......................... 138
(1} Nitropyrimidines by Direct Synthesis.................... 139
(2) Nitropyrimidines by Nitration...............ccvvnue... 139
(3} Nitropyrimidines by Indirect Syntheses.................. 142
B. Reactions of Nitropyrimidines: Reduction ........ e 143
2. Nitrosopyrimidines ..........ciiiiiiiiiiiiiiiiiiiiiiiaa 146
A. Preparation of Nitrosopyrimidines .................... ... 147
(1} Nitrosopyrimidines by Nitrosation...................... 148
(2} Nitrosopyrimidines by Direct Synthesis.................. 149
B. Reactions of Nitrosopyrimidines .................. ... ..., 149
(1} Reduction of Nitrosopyrimidines..........., e 149
(2} Other Reactions of Nitrosopyrimidines .................. 151
C. 4-Nitrosopyrimidines ................... e 151

3. The Arylazopyrimidines .......... ..ottt e 152



Contents XV

A. Preparation of Arylazopyrimidines ........... ... Ll 152
(1) Direct Synthesis of 5-Arylazopyrimidines ................ 152
(2) Arylazopyrimidines by Coupling ........................ 153
{3) Other Preparations of Arylazopyrimidines .............. 155
B. The Reduction of Arylazopyrimidines ...................... 156
Chapter VI. Halogenopyrimidines . ................................. 162
1. The Preparation of 2-, 4-, and 6-Halogenopyrimidines .......... 162
A. Phosphoryl Chloride on 2-, 4-, and 6-Hydroxypyrimidines .... 162
(1) Simple Cases ......uriiiniiiiriiiironrerenccnnnnnenas 162
(2) In the Presence of Nitro Groups.......c.ovevarennnnnn. 163
(3) In the Presence of Amino Groups ............covennn... 163
(4) In the Presence of Other Groups........voevvrnenevrnan. 164

B. The Use of Phosphorus Pentachloride to Produce Chloropyrim-
JAIDES 4t vttt i i s e 165
C. Other Ways of Preparing 2- 4-, and 6-Chloropyrimidines .... 166
D. The Preparation of 2-, 4-, and 6-Bromopyrimidines .. ........ 167
E. The Preparation of 2-, 4-, and 6-Iodopyrimidines ............ 168
2. The Preparation of 5-Halogenopyrimidines .................... 168
A. 5-Halogenopyrimidines by Direct Halogenation.............. 169
(1} 5-Halogenation of Alkylpyrimidines .................... 169
(2} 5-Halogenation of Amino- or Hydroxy-pyrimidines ...... 169
(3} 5-Halogenation of Aminohydroxypyrimidines ............ 170
{4} 5-Halogenation of Mercapto- or Alkylthio-pyrimidines .... 170
{5) 5-Halogenation of Miscellaneous Pyrimidines ............ 171
{6) 5,5-Dihalogenation of Pyrimidines ...................... 172
(a) Barbituric Acid Derivatives .......... ..o, 172
(b} Uracil, Cytosine, and Derivatives.................... 172
B. 5-Halogenopyrimidines by Direct Synthesis ................ 174
C. Other Methods of Preparing 5-Halogenopyrimidines.......... 175
3. The Preparation of Extranuclear Halogenopyrimidines .......... 176
A. By Direct Halogenation ..........coivvvinniiiin i, 176
B. From the Corresponding Hydroxyalkylpyrimidine............ 178
C. From the Corresponding Alkyloxyalkylpyrimidine............ 179
D. By Direct Synthesis.........c..cociiiaii i 179
E.ByOtherMeans .........coeveunns, e 180
4. Properties of Halogenopyrimidines.......... e 181
5. Reactions of 2-, 4-, and 6-Halogenopyrimidines ................ 183
A. Removal of 2-, 4-,and 6-Halogens .............coinvinnn.n. 183
(I} In the Presence of Only Alkyl Groups .................. 183
(2) In the Presence of Amino Groups ........covvuvnvuran.. 184
{3) In the Presence of Other Groups,..... Ceeeeiaaa e 185

{4} Indirect Removal of 2-, 4-, and 6-Chloro Substituents ..., 187

B. Replacement of 2-, 4-, and 6-Halogens by Amino Groups .... 187
(1) Amination of Halogeno- and Alkyl-halogenopyrimidines .. 188

(a) With One Active Halogen ...........covviiviiinn.n. 188

(b} With Two or More Active Halogens.................. 188



XVi Contents

(2) Amination of Halogenonitropyrimidines ................

(a} Aminations of Monochloronitro Derivatives .........,

(b) Aminations of 2,4-Dichloronitro Derivatives ....... ...

(¢) Aminations of 4,6-Dichloronitro Derivatives .. ... .....

(d} Aminations of Trichloro-5-nitropyrimidine ..... ... .. ..

(3) Amination of 5-Aminochloropyrimidines ................

{(4) Amination of Chloro-(hydroxy-, alkoxy-, or oxo-)pyrimi-

6 5 .21

(5) Amination of Chloro-alkylthiopyrimidines ..............

(6) Amination of Chloropyrimidines Substituted by Other

6 13 o

C. Replacement of 2-, 4-, and 6-Chloro by Hydrazmo Hydroxy-

amino, Azido, and Related Groups ................ ... ...,

D. Replacement of 2-, 4-, and 6-Halogens by Alkoxy Groups .. ..
E. Replacement of 2-, 4-, and 6-Halogens by Hydroxy Groups

F. Replacement of 2-, 4-, and 6-Chloro by Alkylthio Groups

G. Replacement of 2-, 4-, and 6-Halogens by Mercapto Groups ..

H. Replacement of 2-, 4-, and 6-Chloro by Sulpho, Thiocyanato,

Isothiocyanato, and Isocyanato Groups ....................

I. Replacement of 2-, 4-, or 6-Chloro by Other Groups..........

6. Reactions of 5-Halogenopyrimidines ..................... ... ..

A. Amination of 5-Bromopyrimidine Derivatives .............,

B. Other Reactions of 5-Halogenopyrimidine Derivatives ... ... ..

C. Reactions of 5,5-Dihalogeno and Related Pyrimidines .. ... ...

7. Reactions of Extranuclear Halogenopyrimidines.............. ..

A. Replacement by an Alkoxy, Hydroxy, or Acetoxy Group ....

B. Replacement by Other Groups ............... ... ... ..

Chapter VII. Hydroxy- and Alkoxy-pyrimidines.. .. ..................
1. Preparation of 2-, 4-, and 6-Hydroxypyrimidines ............ ..

A. By the Principal Synthesis..................... ... ...

B. By Other Primary Syntheses................. ... ... .. ...,

C. By Hydrolysis of Halogenopyrimidines ....................

D. From Aminopyrimidines.................... ... ... ... . ...

(1) Simple Examples .......... ... i i

(2} In the Presence of Other Gronps. . ......................

E. From Alkoxypyrimidines ............ ... .. ... ... .. ... ..
F. From Mercaptopyrimidines and Related Derivatives ........
(1} By S-Alkylation and Hydrolysis of the Alkylthiopyrimi-
dife .. e e

(2} By Oxidation to Sulphinic or Sulphonic Acid and Hydroly—

Y L

(3) By S-Alkylation, Oxidation to Sulphone, and Hydroly-

5 L

G. By Reductive Cleavage of Benzyloxypyrimidines ............
2. Preparation of 5-Hydroxypyrimidines ........................
A. Miscellaneous Useful Methods .............. ... ... ... ..

193
193
193
195
196
196

197
198

199

199
201
203
205
205

207
208
210
210
211
213
214
214
215

227
227
227
228
228
229
229
231
232
233

233

234



Contents XVII

B. Through Primary Primary Synthesis of a 5-“Protected’-hydr-

oxypyrimidine ......... .. i i eiieie i e 238

C. By Persulphate Oxidation ..................veiiiiiaai., 241

3. Preparation of Extranuclear Hydroxypyrimidines .............. 241
A By Direct Synthesis....ooiniiiiiiirirrrnsaneiiiesnnerainas 242
B. From Amino Derivatives ........c.ciieiviniiiiiiinn. 242
C. From Halogeno Derivatives .........cvviviivnennnnnnenns. 243
D. By Reduction of Esters .......ooviiiriieiinriarnencennes 243
E. By the Action of Formaldehyde .................cciehe, 243
F. From Pyrimidine Aldehydes .............coovviviiennen, 244
G. By Other Means ......cceeieveieanrronnsoascronnnsas caa. 244

4, Preparation of Alkoxy- and Aryloxy-pyrimidines .............. 245
A. By the Principal Synthesis............ooiiiien i 245
B. From Halogenopyrimidines ............cocviivniinnn. 246
C. ByOther Means ........coieiiiiiinnivenanennsennnnsens 247

5. Properties and Structure of Hydroxy- and Alkoxy-pyrimidines .. 249
6. Reactions of Hydroxypyrimidines ..........ccviviiiiieinan,., 250
A. Conversion into Halogenopyrimidines ...........coveiiian.. 250
B. Conversion into Mercaptopyrimidines ...........ccovcvvueun.. 251
C. Other Reactions of Hydroxypyrimidines ., ................... 252

7. Reactions of Alkoxy- and Aryloxy-pyrimidines ................ 254
A. Hydrolysis to Hydroxypyrimidines ........... ... cvvents, 254
B. Conversion into Halogeno Derivatives.......... e 254
C. Amination of Alkoxypyrimidines ..............cvivii, 255
D. Rearrangement of Alkoxypyrimidines ..............0ovvuitn 256

8. Some Naturally Occurring Hydroxypyrimidines ................ 256
A. Uracil; 2,4-Dihydroxypyrimidine .......oioviiviiieinan., 256
B. Thymine; 2,4-Dihydroxy-5-methylpyrimidine .............. 258
C. Divicine; 2,4-Diamino-5,6-dihydroxypyrimidine ..........., 259
9. The Alloxan Group of Pyrimidines............. ...t 260
A ANOXAM st i i it e e i e 260
B. Alloxantin......... ...t et 262
C. Dialuric Acid and Isodialuric Acid ..........covviiunnnnnns 262
D. Murexide and Purpuric Acid .. .. .ooii i iiii i 263
Chapter VIII, Sulphur-containing Pyrimidines ...................... 272
1. The Mercaptopyrimidines .........ciiiiiiiiiiiinannennan.. 272
A. Preparation of 2-, 4-, and 6- Mercaptopyrlmldmes ............ 272
(1) By the Principal Synthesis .................. ... ... 272

(2) By Other Primary Syntheses ...........ccociviiina., 273

(3) From Chloropyrimidines ..........ociiiiiienininan.os, 273

(4) From Hydroxypyrimidines ............covivivniivann.. 274

{5) From Alkylthiopyrimidines .........coiviiiirieinnen.. 274

(6) From Thiocyanatopyrimidines..............c.ovnvvinn.. 275

{(7) From Aminopyrimidines ............cc.coiivieiinann. 275

{(8) By Direct Introduction..........oviiiiiiainnrannnsoen. 276

B. Preparation of 3-mercaptopyrimidines......... e 276



XVIII Contents

Preparation of Extranuclear Mercaptopyrimidines ..........

. Reactions of 2-, 4-, and 6-Mercaptopyrimidines..............
(1) Removal of Mercapto Groups ..............ccovuuun....
(2) Alkylation of Mercaptopyrimidines. .........c..v.vvuuan.
(3) Mercapto- to Hydroxy-pyrimidines......................
(4) Mercapto- to Chloro-pyrimidines.................. ceeees
(5) Mercapto- to Amino-pyrimidines............... .0 eu.,..
{6) Acylation of Mercaptopyrimidines ......................
(7) Oxidation of Mercaptopyrimidines ......................
E. Reactions of 5- and Extranuclear-Mercaptopyrimidines ....,.
2. The Thioethers: Alkylthio- and Arylthio-pyrimidines............
A. Preparation of 2-, 4-, and 6-Alkylthiopyrimidines............
(1) By the Principal Synthesis ...............co0iiiioe,

(2) By Alkylation of Mercaptopyrimidines ..................

(3) From Chloropyrimidines ..............ciiiiieivennnnnn

B. Preparation of 5-Alkylthiopyrimidines......................
C. Reactions of Alkylthiopyrimidines ........................
(1) Reductive Removal of Alkylthio Groups ................

(2) Alkylthio- to Hydroxy-pyrimidines...........coovvvenn..

(3) Amination of Alkylthiopyrimidines......................

(4) Alkylthio- to Mercapto-pyrimidines ....................

(5) Oxidation of Alkylthiopyrimidines......................

3. Dipyrimidinyl Disulphides and Sulphides......................
A Preparation .....oveuiiiriniiiriiiiiiiriiiii i,
B. Reactions ...coveivriiiin i iinieiiiiriiriniinsaraonanes
4. Pyrimidine Sulphonic Acids and Related Compounds............
A, Preparation ................ e e e
B. REaCtiONS .. ivvtetntn ittt etinttecietianasansensns
5. Alkylsulphonylpyrimidines ........... oo i,
A. Preparation .......uuiiiiiriiiiiiii it
B. ReaCHIONS t vt et ninrcriieas i inriienre e senrenns
6. Thiouracil and Homologues . ... ... ciiiiiiiiiiieninnnennn,

oo

Chapter IX. The Aminopyrimidines ............. .. ..o,
1. Preparation of 2-, 4-, and 6-Aminopyrimidines..................
. By the Principal Synthesis.......... ..ottt
By Other Primary Syntheses.............oiiiiiinaan, ..
. By Direct Amination ........ccoiiiiiiiiiiiiiiiiiininoes,
. From Chloropyrimidines............cooiiiii i,
From Mercapto- and Alkylthio-pyrimidines ................
From Alkoxypyrimidines ............ ... . oot
. From Thiocyanatopyrimidines ..............coeiviiiiinnn,
.By OtherMethods ...........cooo i,
Secondary and Tertiary Aminopyrimidines by Alkylation ....
2. Preparation of 5-Aminopyrimidines .................... Ceens
A By Primary Synthesis. ... ... o il e
B. By Reduction of 5-Nitro-, Nitroso-, or Arylazo-pyrimidines

FHQOEREYOW R



Contents XIX

C. From 5-Halogenopyrimidines..........ccovveneiiiiiann., 314
D, From 5-Carbamoylpyrimidines ...........cooviiiii, L, 314
E. Secondary 5-Aminopyrimidines by Alkylation .............. 315
3. Preparation of Extranuclear Aminopyrimidines ................ 316
A, By ReductionofaNitrile ..........cciiviiviiiiiiinn e 316
B. From Amides and Hydrazides by Hofmann and Curtius Re-
T2 L0 317
C. By the Mannich Reaction ............oivriirniinnnnrennnes 318
D. By Primary Synthesis. . ......ooviii i iiniinasinsasons 318
E.ByOther Routes .......oviiiviiinniriinrnesininnencesnns 319
4. Properties of Aminopyrimidines ...... ... civniiiiiiei i 320
5. Reactions of Aminopyrimidines ..........cvvviiinineacrionas 321
A. Replacement of Amino by Hydroxy Groups ................ 321
B. Replacement of Amino by Chloro Substituents .............. 321
C. Formation of Anils (Schiff's Bases). .. .....ccovinevennnnn.n. 321
D. Acyl Derivatives of Aminopyrimidines .................... 324
(IJAcetylation .. ...oiiitiiii i i i i e 324
(2) Formylation .........covviiiiiinirininnneiiinnannnns 325
(3) Benzoylation and Other Acylations .................... 327
(4) Other Ways of Preparing Acylaminopyrimidines.......... 328
(5) Deacylation of Acylaminopyrimidines .................. 329
(6) Arylsulphonamidopyrimidines...............c.ovviuns 329
E. Diazotization .......oiniiiiiiiininiinniiiiiaianan, 331
F. Bicyclic Heterocycles from Aminopyrimidines .............. 333
G. Other Reactions ........cvveiiiiiriiinninnerniarensenanes 335
6. Urethanes (Alkoxycarbonylaminopyrimidines).................. 336
7. Ureidopyrimidines ... ..ii.iiiiiiniiiiiiiin i iiinanaaea 339
8. Other Substituted-amino-pyrimidines .............. ... .00, 341
A, NitToamines .. c.ovvvvrenrirrrrrarneernrenrorssenenseseens 341
B, Cyanoamines. . v o.vuveerrurerinrrarncansrnesnsernerenrnns 343
C. Sulphoamines .......c.ivivrieriinnrerenrririniaenrronsns 343
D, Chlorcamines ........... et area s . 343
E. Guanidinopyrimidines. ..........c.cceiininiiniiiiianaeenn 344
F. Hydroxyamines ........c.cievvimnirirennnrncrnnnnennnss 344
G. Trimethylpyrimidinylammonium Chlorides.................. 345
9. Some Naturally Occurring Aminopyrimidines ................ .. 345
A. Cytosine; 4-Amino-2-hydroxypyrimidine.................... 346
B. 5-Methylcytosine .....ovvvvniiieiiiinirerineneecnrnnnss 347
C. 5-Hydroxymethylcytosine .......covveiiiiiianiinnnennen. 347
Chapter X. The N-Alkylated Pyrimidines and Pyrimidine-N-Oxides.... 356
1. The Oxopyrimidines .......oivvinvieinnninrnrancennnsas cevs.. 357
A. Preparation of Oxopyrimidines............ovvieiiiiien s, 357
(1} By the Principal Synthesis ..............c..0ciiiinnnn 357
(2) By Other Primary Syntheses .......................... 358
{3) By Alkylation of Hydroxypyrimidines .................. 359

(a) Cases with One Hydroxy Group ........c..covvunn... 359



XX Contents

(b} Cases with Two Hydroxy Groups .................. 360
(c} Cases with Three Hydroxy Groups .................. 362
(d) In the Presence of Nitro Groups .................... 363
(e} In the Presence of Amino Groups.............covuuen 364
(f} In the Presence of Alkylthio Groups ................ 368
(g) In the Presence of Other Groups .................... 369
{(4) By Rearrangement of Alkoxypyrimidines................ 371
(5) By Hydrolysis of Iminopyrimidines .................... 373
B. Properties and Reactions of Oxopyrimidines ................ 375
2. The Iminopyrimidines ..........ciiii i ieannn.. 377
A. Preparation of Iminopyrimidines .......................... 377
B. Reactions of Iminopyrimidines ............. ... ivenn., 379
3. The N-Methylated Thiopyrimidines .......................... 381
4. The Pyrimidine-N-Oxides. .........oiiiiiiiiiiiiiii ., 382
A, Preparation of Pyrimidine-N-Oxides.................... ... 382
B. Reactions of Pyrimidine-N-Oxides ...........cccivviiinnn, 383
Chapter XI. The Pyrimidine Carboxylic Acids and Related Derivatives.. 389
1. The Carboxypyrimidines ........... ... .. it 389
A. Preparation of Carboxypyrimidines ........................ 389
(I) By Primary Synthesis ...........ociiiieiiiiniiinnnn., 389
{2) By Hydrolysis of Esters, Amides, and Nitriles............ 390
(3) By Oxidation of Methyl-, Styryl-, Formyl-, Hydroxymethyl-,
and Acetyl-pyrimidines............coiiiiiiiiii i, 391
(4) By Other Methods .. ....vvinn ittt ininancinaannnns 392
B. Reactions of Carboxypyrimidines.................. ..., 393
(1) Decarboxylation. . ...ooo i iiiii it i i s 393
(2) Esterification ....... ... 0. i e 393
(3) Formation of AcidChlorides. .........cciiiiiniiane e 394
(4) Other Reactlons .. ..o vviiiniiiianririiinnennanaens 395
2. Alkoxycarbonylpyrimidines (Pyrimidine Esters} ................ 395
A. Preparationof Esters .........oooiiiiiinniin i 395
B. Reactionsof Esters ........ ... v iiiiiiiiiiiiinnn, 396
3. Carbamoylpyrimidines (Amides) and Related Compounds (Hy-
drazidesand Azides) .........cciiiiiiiie ittt e 397
A. Preparationof Amides.........cciiiiiiiiiii i 397
(1) From Esters and Acid Chlorides . .........coviiviniinnns 397
{2) By Primary Synthesis .......coiiiivneiairnerennanoens 398
{3} By Controlled Hydrolysis of Nitriles ............... cee.. 398
(4) By Other Means .. ....covuiiiiiiereesnrnennnnnsnsannes 399
B. Reactions of Amides .................coial, e ... 400
C. Preparation and Reactions of Hydrazides and Azides ........ 400
4, Pyrimidine Nitriles ........ciiiiiiiiiiiianiiininaaninisnnns 401
A. Preparation of Cyanopyrimidines ............... e 401
(1) By Primary Synthesis ..........cciviiiriiininininness 401
(2 By Dehydration of Amides ...............coo0viivnnnn, 404

(3) By Other MeanS. ... . ..o iinenrrrrnereresenanencnns 404



Contents XXI

B. Reactions of Cyanopyrimidines.............cooociiineanns. 405
5. Pyrimidine Aldehydes and Their Acetals ...................... 406
A. Preparation of Formylpyrimidines ........................ 406
(1) By the Principal Synthesis ...... et 406
{(2) By Direct and Indirect C-Formylation .................. 408
(3) From Cyanopyrimidines .............cccviiivernnennn.. 410
{4} By Oxidative Processes. .......c.oveveneeennanarcrsrenas 411
(5) By Other Means........coviiiniiiunirnnsnarnnnnnnarss 412
B. Reactions of Formylpyrimidines .......................... 413
{1} Oxidationand Reduction .........c..h iiiieiinenninnn, 413
(2) Formation of the Usual Aldehyde Derivatives............ 413
{3) Other Reactions .. .....coivtrinirinnreeernenraennnnnsn 414
6. Pyrimidine Ketones and Derivatives .. .............coivnnnnn, 415
A. Preparation of C-Acylpyrimidines....................00o0t 415
B. Reactions of C-Acylpyrimidines ...............coviivnnn.. 417

7. The Isocyanato-, Thiocyanato-, and Isothiocyanato-pyrimidine
Family.....c...o.0 ... b eiraaaataeereaaie ey 418
A. Isocyanatopyrimidines ..........ciiiiiiiiiiiiiiiee s, . 418
B. Thiocyanatopyrimidines ........c.ovviiiiiiniinnn e, 419
C. Isothiocyanatopyrimidines..............oiiiiininiane, 421
8. Orotic Acid: Biosynthesis of Pyrimidines .. .................... 422
Chapter XII. The Reduced Pyrimidines................ .o, 430
1. Preparation of Dihydropyrimidines. ............ccomviii s, 431
A. By a Modified Principal Synthesis ,........................ 431
B. From an Aminopropane Derivative and an Isocyanate........ 434
C. From an Isocyanatopropane Derivative and an Amine........ 436
D. From an Aminopropane Derivative and O-Methylurea........ 438
E. Syntheses Involving Amide Intermediates .................. 438
F. The Biginelli Reaction.......cooiiiiiiiiiiinnie e, 440
G. Other Syntheses .......oeviriiiiiriiasseenierecarananan 442
H. By Reduction of Pyrimidines............c..iiiviivnnnnn 442
2. Preparation of Tetrahydropyrimidines ........................ 445
A. From l,3-Diaminopropane or Derivative.................... 445
B. From Carbonyl Compounds and Ammonia or Amines ........ 448
C. From 1,3-Dihalogenopropane Derivatives .................. 449
D. By Reduction of Pyrimidines or Dihydropyrimidines ........ 450
3. Preparation of Hexahydropyrimidines ...................c00t. 452
4. Reactions of Reduced Pyrimidines..............ciiiivinas 454
A. Reductions ... .vvrvriitinninininr e 454
B. Oxidations......... et r e e 455
C. Nitrosation and Nitration .........c.coiiiiiiiian i, 435
D. N-Acylation .......ccocvvnvnunans. e, 456
E. Halogenation .............c..co00oen e rener e 457
F. Metatheses of Mercapto and Hydroxy Derivatives .......... 457
G. N-Alkylation ............ Creiearaaian et 458
H. Other Reactions ...... e eaeieaaaiier it 459



XX1I Contents

Chapter XIII. The Ionization and Absorption Spectra of Pyrimidines. ...
1. Tonization of Pyrimidines. ........ . i i i,
A. The pKyof Pyrimidine ............. ... ... .0 iiuuiae,,
B. The Acidic pK, Values of Pyrimidines . .....................
C. The Basic pK, Values of Pyrimidines ......................
D. The pK, Values of Aminc-Hydroxy and Related Pyrimidines. .

2. The Absorption Spectra of the Pyrimidines (By S. F.Mason)......
A. Ultraviolet Spectra: Experimental Studies ................,.
B. Ultraviolet Spectra: Theoretical Studies ....................
C. Infrared Spectra of Substituted Pyrimidines ................
D. The Vibrations of the Pyrimidine Nucleus ..................



TABLE I
TABLE II

TABLE I

TAEBLE IV

TABLE V
TABLE VI

TABLE VII

TABLE VIII

TABLE IX
TABLE X

TABLE XI

TABLE XII

TABLE XIII

TABLE XIV

TABLE XV

TABLE XVI

TABLE XVII

TABLE XVIII

TABLE XIX

Tables Integrated with the Text

Trivial Names of Pyrimidines...............cooiint,
Additional Examples of the Use of Aldehydo Esters in the
Principal Synthesis .....oviiiiiiiii it i s
Additional Examples of the Use of Keto Esters in the
Principal Synthesis ..........cii it iann
Additional Examples of the Use of Malonic Esters in the
Principal Synthesis ......coviiiiiiiii i,
Typical Examples of the Whitehead Synthesis ..........
Additional Examples of the Condensation of Amino-
methylene Derivatives with Imino Ethers ..............
Examples of Pyrimidine Synthesis from g-Dicarbonyl (or
Equivalent) Compounds and Formamide................
Some Alkyl- and Aryl-pyrimidines Produced by Dehalo-
2311 o 122
Melting Points of Simple Chloropyrimidines ............
Rate Constants of the Reaction of Chloropyrimidines with
Piperidine and Morpholine .............cviiiiian,
Some Dechlorinations of Amine-chloropyrimidines by
Hydrogenation .. ...vveininnivniiiniiieesienerssnares
Solubility in Water and Melting Point of Simple Hydroxy-
PYTIMIGINES .. ...t i i i e
Some Raney-nickel Desulphurizations ..................
Melting Points of Aminopyrimidines........ Cerererenaes
Comparison of Melting Points of Simple 2-, 4-, and 6-Hy-
droxy, Oxo, and Alkoxy Derivatives ..................
The pK, Values of Some Pyrimidines in Water ..........
Electronic Absorption Spectra of Neutral, Anionic, and
Cationic Forms of Some Non-tautomeric Pyrimidines in
Ethanol, Cyclohexane, and Aqueous Solution............
Electronic Absorption Spectra of Neutral, Cationic, Anionic
and Zwitterionic Forms of Some Tautomeric Pyrimidines
and of their Methyl Derivatives of Fixed Structures in
Ethanol, Cyclohexane and in Aqueous Solution ..........
Frequencies of the Bands Observed in the Infrared Absorp-
tion and Raman Emission Spectra of Pyrimidine, and their
Assignment to the Active Vibrations of the Molecule ......

XXIIE

40

86
94

121
182

182
186
249
279
320
375
472

491

492



The Appendix

Systemic Tables of Simple Pyrimidines

Introduction

Pyrimidines Excluded from the Tables
Terms Used in Tables

TABLE XX
TABLE XXI
TABLE XXII
TABLE XXIII
TABLE XX1V
TABLE XXV
TABLE XXVI
TABLE XXVII
TABLE XXVI1II
TABLE XXIX
TABLE XXX
TABLE XXXI
TABLE XXXII
TABLE XXXIII

TABLE XXXV
TABLE XXXV
TABLE XXXVI
TABLE XXXVII
TABLE XXXVII
TABLE XXXIX
TABLE XL
TABLE XLI
TABLE XL1I
TABLE XLIII
TABLE XLIV
TABLE X1V
TABLE XLVI
TABLE XLVII
TABLE XLVIII
TABLE XLIX
TABLE L
TABLE LI

Alkyl and Aryl Pyrimidines
Aminopyrimidines
Carboxypyrimidines . . .. .. ...t e
Halogenopyrimidines
Nitropyrimidines
Oxypyrimidines without C- or N-Alkyl Groups ..........
Oxypyrimidines with C-, but without N-, Alkyl Groups. . ..
Oxypyrimidines with N-Alkyl Groups
Sulphonylpyrimidines
Thiopyrimidines
Amino-Carboxypyrimidines

Amino-Halogenopyrimidines
Amino-Nitropyrimidines
Amino-Oxypyrimidines without Ny, or Ni-, Substitu-
ents
Amino-Oxypyrimidines with N)-, or N¢)-, Alkyl Groups
Amino-Sulphonylpyrimidines .. ...... ..., ... . il
Amino-Thiopyrimidines
Amino-Oxypyrimidines with other Functional Groups . ...
Amino-Thiopyrimidines with other Functional Groups . ...
Amino-Oxy-Thiopyrimidines
Aminopyrimidines with Two Minor Functional Groups. . ..
Carboxy-Halogenopyrimidines
Carboxy-Oxypyrimidines
Carboxy-Sulphonylpyrimidines
Carboxy-Thiopyrimidines

Halogeno-Nitropyrimidines
Halogeno-Oxypyrimidines

Halogeno-Sulphonylpyrimidines
Halogeno-Thiopyrimidines
Nitro-Oxypyrimidines
Nitro-Sulphonylpyrimidines
Nitro-Thiopyrimidines .. ....... ...t iiiien.

..........................

................................

................................

....................................

..........................

..............................

............................

..........................

............................

................................

..........................

501
501
502
303
505
516
518
521
521
522
530
335
536
537
539
545

547
561
566
567
573
581
585
588
589
590
598
599
600
600
604
605
606
608
608



Tables XXV

TABLE LII Oxy-Sulphonylpyrimidines . ... ... 608
TABLE LI Oxy-Thiopyrimidines ............... ..o, 609
TABLE LIV Oxy-Thiopyrimidines with other Functional Groups ...... 616
TABLE LV Oxypyrimidines with Two Minor Functional Groups. ..... 621
TABLE LVI Thiopyrimidines with Two Minor Functional Groups ...... 623
General Listof References ......... ... ... .. ... .o, 624
Index ... . e 677






CHAPTER I
Introduction to the Pyrimidines

1. History

In 1818 Gaspare Brugnatellil:2 isolated the first pyrimidine deriva-
tive, alloxan, by oxidation of uric acid with nitric acid. A few years
later his experiments were put on a sound basis and extended to other
derivatives by Wohler and Liebig in their outstanding paper: Unter-
suchungen iiber die Natur der Harnsdure.® In 1848 Frankland and
Kolbe* carried out the first primary synthesis of a pyrimidine by the
action of metallic potassium on propionitrile. It later proved® to be
4-amino-2,6-diethyl-5-methylpyrimidine (I). The next landmark in
pyrimidine chemistry was the synthesis by Grimaux,*-® in 1878 of
barbituric acid from malonic acid and urea. This was the first example
of what has become the principal pyrimidine synthesis. But it was not
until 1884 that Pinner® made his first pyrimidine derivative. The
following year!® he recognized pyrimidine as an hexagonal brother of
benzene, pyridine, and triazine, and he named the new ring system with
the words: ‘“‘Die neue von der Grundsubstanz, C,H N, sich herleitende
Verbindungsklasse méchte ich als Pyrimidin bezeichnen”. Three years
later an attempt was made by Widmann!! to systematize the nomen-
clature of nitrogen heterocycles, and “miazine’’ was suggested in place
of pyrimidine. Although this name did enjoy a limited vogue, by 1905
von Meyer!? was able to say, “Die von O. Widmann statt Pyrimidin
vorgeschlagene Bezeichnung Miazin hat, so viele Vorziige sie bietet,
keinen Eingang gefunden”, The parent compound (I} was first isolated
by Gabriel and Colman!? in 1899.

The beginnings of pyrimidine chemistry have been reviewed very
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2 Chapter 1

appropriately by T. B. Johnson,** who, during forty years of work in
the pyrimidine field, nobly and almost alone bridged the gap between
two great periods of pyrimidine history. The first of these embraced
the classical contributions of Robert Behrend,!® Siegmund Gabriel, 6,17
Emil Fischer,’® Wilhelm Traube! and Ernst von Meyer,2® and was
stimulated to some extent by the isolation of thymine, uracil, and
cytosine from biological material, and by the advent of the barbiturates.
The second period was even more biologically based. It arose from
vitamin B; in the late thirties, and was amply nourished thereafter
by resurgence of interest in the nucleic acid field, by the discovery of
sulphadiazine, by the immensely useful anti-thyrotoxicotic activity
of the alkyl thiouracils, and by the searches for more effective anti-
malarials (e.g. “Daraprim’’), oral diuretics (e.g. “Amisometradine”),
and other drugs. Further, the new interest in folic acid and the simple
pteridines as well as the renewed interest in purines, greatly stimulated
research in the chemistry of their pyrimidine intermediates. To forecast
the future trends would indeed be bold.

The recent discovery by Professor M. Calvin®%# that the soluble
fraction from a meteorite contained a nitrogeneous heterocycle, which
from spectra might well be cytosine, is fascinating. The observation
has already been confirmed in other meteorites,® and if the presence
of cytosine (or other nucleic acid constituents) can be conclusively
proven, the finding must rank as one of the most significant in history.

The best review of the older literature of pyrimidines (to 1920)
is in the text-book of Meyer and Jacobson.? Similar types of review
have been written by Johnson and Harn® (1933) and by Johnson#®
(1938). More concise reviews have appeared from Lythgoe® in 1949,
from Kenner?® in 1950, from Brown® and Wiley® in 1953, and from
Bendich3®2 in 1955. The fullest treatment to date has come from Kenner
and Todd® in 1957, covering the literature to several years before
publication. An excellent sixty-page review of pyrimidines has been
written by Ramage and Landquist,* and the best idea of the place
of pyrimidines in heterocyclic chemistry can be gained from Albert.%5

* Treat Baldwin Johnson was born in Bethany, Connecticut, in 1875, In
1898 he published from Yale his first paper with Henry L. Wheeler from whom
he acquired an interest in pyrimidines. He finally contributed about 180 papers
on this subject alone, and an equal number on related topics. Despite the oc-
casional error in his voluminous writings, this “kindly, simple-mannered man®’
exerted a profound influence on the course of pyrimidine chemistry.® The
dedication of this book is a small tribute to a great chemist and teacher.



