Ring Expansion Reactions of

Aromatic Heterocycles

Balu Dherange

April 30, 2020



[y Ly 0y Ly

N
H H
1H-pyrrole pyrazole imidazole 1,2,4-triazole 1,2,3-triazole
pK,: 6.9 pK,: 9.3
N N
NZ N_ ~ ”\ 7 7 N_ ~ I\ J
N N N N
pyridine pyridazine pyrimidine pyrazine 1,2,4-triazine 1,3,5-triazine

pK,: 5.2



N
CD\ \, C[ \
H O\/f«; N>

H H

s 1H-indazole benzimidazole
N N N
Y ) O OO *
P~ N N
= N Z N N
quinoline quinoxaline phthalazine quinazoline cinnoline

pK,: 4.92



Synthesis of Pyridine/Quinoline

1. Carbene
1A. Halocarbene
1B. Allenylidene
1C. Ylide

2. Cleavage/Reassembly



1A. Synthesis of Pyridine/Quinoline using Halocarbenes
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1A. Synthesis of Pyridine/Quinoline using Halocarbenes
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1B. Synthesis of Pyridine/Quinoline using Allenylidene
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1B. Synthesis of Pyridine/Quinoline using Allenylidene carbene
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1C. Synthesis of Pyridine/Quinoline using Ylide
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1D. Synthesis of Pyridine/Quinoline by Cleavage/Reassembly
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1D. Synthesis of Pyridine/Quinoline by Cleavage/Reassembly
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Methods for synthesis of 1,2,3-triazine
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Methods for synthesis of 1,2,4-triazole
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Methods for synthesis of benzo|c
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Methods for synthesis of benzo|clpyridazine

1. NaOH
2. NaNO,

1. NaOH O
2.10% Pd/C 3. SnCl,, HCI OH
O 3. NaNO, o)
4. SnCl,, HCI OH ” = N
> X
© m XX XX, 80%

N e
H N . Lora-Tamayo, M.; Marco, B.; Sender, C.,
XX XX, 58% Org. Prep. Proced. Int. 1978, 10, 298

@) OH :
Stolle-Becker synthesis
CO,Na ©\)\C02Na 0 CO,H
NH, NH %o NaOH OH
XX N

2 . N
XX \ water, A _N
N= 75-85% N
XX _\ph XX

R. L. Zey, J. Heterocycl. Chem. 1972, 9, 1177.
Stolle, R. and Becker, W., Ber., 1924, 57, 1123.




Methods for synthesis of
Pyrimidines/Quinazoline



1A. Synthesis of Pyrimidines/Quinazoline by N-N insertion
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1B. Synthesis of Pyrimidines/Quinazoline by C-N Insertion

Ph
Ph Ph
Ph XN
e

Ph H Ph Ph”™ "N~ "Ph

415
Conditions Yield (%) Ref
(PhS);N, CH,Cl,, reflux, 2h 32 [565]
2,4-(0,N),CcH;SNH,, Pb(OAc),, CH,Cl,, rt, 40 min 48 [566]

J. Chem. Soc. Perkin 1, 1973, 1037



1B. Synthesis of Pyrimidines/Quinazoline by C-N Insertion
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1B. Synthesis of Pyrimidines/Quinazoline by C-N Insertion
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1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly
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1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly
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1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly
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1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly
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1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly
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(c) 3b (1 equiv) and DDQ (2 equiv) in toluene at 80°C for 2 h.

(d) O3, then Me,S, and then K,CO3/MeOH.

(e) Pinnick oxidation, then Ac;O for 1 h at 130°C.

(f) 6 (0.2 mmol) in EtOH (0.5 mL) + 25% NHz solution (0.5 mL) for 9 h were used.

Chem 2019, 5, 1883-1891



1A. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly
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1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly

Scheme 233 Pyrimidin-4(3H)-ones by Deoxygenation and Rearrangement of
5-(Acylamino)isoxazoles[>68-570]
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Ph H Me Raney Ni 86 238-240 [>68]
Me Me H Raney Ni 67 204-205 [569]
Me Me Bu Raney Ni 74 120-121 [569]

Ph H CO,Et PtO, 78 176-181 [570]




1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly

Scheme 234 Pyrimidin-4(3H)-ones by Rearrangement of Isoxazoles571)
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1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly

Scheme 235 Pyrimidin-5-ols by Rearrangement of 5-Acyloxazoles in the Presence of
Ammonial572-574]
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R R? Yield (%) mp(°C)orbp (°C/Torr)  Ref
H Me 88 138 [572]
Me Me 92 152-154 [572]
Ph Me 91 152-153 [572]
H CH,OMe 36 55-57 [573]

H  CHOBn 61 155/0.1 1574]




1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly

Scheme 236 Ethyl 2-Amino-5-(benzoylamino)-6-ethoxypyrimidin-4-acetate by Ring
Enlargement of a 4-Acyloxazolel57¢!
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1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly

Scheme 248 2-(Acylamino)pyrimidines by Hydrogenation of 3-[(3-Oxoprop-1-
enyl)amino)]-1,2,4-oxadiazoles!>*’!
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R' = R? = Me, Ph; R3 = Me, Ph, OEt; R* = Me, Ph, OH



1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly

Scheme 251 2,6-Diphenylpyrimidines from 3,5-Diphenyl-1,2,4-dithiazol-1-ium
Perchlorate and 3-Iminoalkanenitriles!®°]
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OEt 86 [601]

Me 71 [601]




1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly

Scheme 249 Pyrimidin-2-amine 1-Oxides and 2-(Hydroxyamino)pyrimidines from
5-Methyl-1,2,4-oxadiazol-3-amine and -Diketones(>%!
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Me Me 92 0 (599]
Me CF; 50 12 [599]

CFy CF, 21 39 (599]




1C. Synthesis of Pyrimidines/Quinazoline by Cleavage/Assembly

Scheme 250 2,6-Diphenylpyrimidines from 3,5-Diphenyl-1,2,4-dithiazol-1-ium
Perchlorate and Amides!®!
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