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Abstract Pyrrolo[3,2-d|pyrimidin-4-ones are valuable structural motifs in many bioactive compounds and pharmaceuticals.
Such structures have received extensive attentions from synthetic community. Two general strategies have been developed for
the formation of the fused pyrimidine-pyrrole structure: one is to construct the pyrimidine ring from substituted pyrroles, and
the other is to construct the pyrrole ring from 5,6-functionalized pyrimidines. However, these methods have generally
required multiple synthetic steps and the use of starting materials with uncommon functional groups, and also suffered with
other drawbacks such as harsh reaction conditions and limited substrate scope. Thus, it is highly desirable to develop facile
and practical approaches for the construction of structural diversified pyrrolo[3,2-d]pyrimidin-4-ones. Very recently, we have
developed an alkyne-isocyanide [3+2] cycloaddition/Boulton-Katritzky rearrangement/ring expansion reaction for the
synthesis of 9-deazaguanines from 1,2,4-oxadiazole-derived propiolamides with isocyanides. Different from traditional
Boulton-Katritzky rearrangement (BKR), which is to form stable five-membered rings, the method provides a facile access to
fused heterocycles via forming an unstable BKR spirocyclic intermediate and followed by a spontaneous ring expansion via
acyl migration. In this work, to further expand the scope of this method, the [3+2] cycloaddition/BKR-ring expansion
reactions of isoxazole-derived propiolamides with isocyanides were developed. The reactions were performed with Cul as the
catalyst and Cs2COs as the base in toluene/N,N-dimethylformamide (DMF) (1 -3, V' : V) at room temperature for the
alkyne-isocyanide [3+2] cycloaddition and then at 110 ‘C for the BKR-ring expansion process. A variety of isoxazole-
derived propiolamides and isocyanides were well tolerated in the reactions and afforded the desired pyrrolo[3,2-
d]pyrimidin-4-one products in satisfactory yields. The control experiments were performed to elucidate the reaction process:
copper catalyst is used only for the alkyne-isocyanide [3+2] cycloaddition, but no necessary for the base-promoted
BKR-ring expansion process. Compared to the traditional methods for such skeletons, the approach features readily available
starting materials, broad substrate scope, short steps, and structural diversification.
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Figure 1 Examples of pyrrolo[3,2-d]pyrimidin-4-one-related bioactive compounds
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(a) Typical BKR: the formation of five-membered ring
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Figure 2 An alkyne-isocyanide [3+2] cycloaddition/BKR/ring expansion reaction for the construction of pyrrolo[3,2-d]pyrimidin-4-one derivatives
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Table 1 Optimization of reaction conditions for alkyne-isocyanide [3+2] cycloaddition/BKR/ring expansion reaction

\\ // /\CO Et Copper catalyst (10 mol%) / CO.Et +
- Base (2 equiv.), Solvent
CO,Et

rt. 2hthen 110 °C 3 h

2a
Entry  Catalyst Solvent (V' © V) Base Yield of 32%/% Yield of 4a%/%
1¢ Cul Tol/DMF (1 : 3) Cs2COs Trace 90
24 Cul Tol/DMF (1 : 3) Cs2C03 Trace 88
3 Cul Tol/DMEF (1 : 3) Cs:C0s 64 18
4 Cul Tol/DMF (1 : 3) Cs2COs 79 Trace
5/ Cul Tol/DMF (1 : 3) Cs2C03 74 Trace
6 CuBr Tol/DMF (1 : 3) Cs2COs 59 Trace
7 Cuw0 Tol/DMF (1 : 3) Cs2COs 46 Trace
8 Cul Tol Cs2C03 12 83
9 Cul DMF Cs2C03 67 Trace
10 Cul DMSO Cs2C03 61 Trace
11 Cul Tol/DMF (1 : 3) LiO'Bu 42 Trace
12 Cul Tol/DMF (1 : 3) NaOH 48 Trace

4Reagents and reaction conditions: 1a (0.2 mmol), 2a (0.21 mmol), copper catalyst (10 mol%), base (0.4 mmol), solvent (2 mL), at 25 ‘C for 2 h then 110 C for 3
h. ?Isolated yield. ¢ The reaction was performed at 25 “C for 5 h. ¢ The reaction was performed at 25 ‘C for 2 h then 80 “C for 3 h. ¢ The reaction was performed at
25 ‘C for2 hthen 100 ‘C for 3 h./The reaction was performed at 25 C for 2 h then 130 ‘C for 3 h.

I U EH(DMSO) AT AFIA3 2 B AR 54 3a, (H 117552 7 HoAh JURR BT IR B[ 52 mA, 45 R B LiO'Bu
SEBRARAE AR 2 SEURY) 1a 350k, HARICER HINaOH KA, FHURY) 1a 0%, Hisr=
JH 25 DMF IR &% (3K 1, Entries 9, 10). fi/F, & 3a P RIBMK(FE 1, Entries 11, 12).
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Figure 3 Substrate scope for alkyne-isocyanide [3+2] cycloaddition/BKR/ring expansion reaction
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