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Synthesis of 5-phenylpent-4-ynoic acid. Chromium trioxide (2.5 g, 25 mmol) was dissolved 

in water (7.5 mL), and concentrated sulfuric acid (2.5 mL) was added dropwise with careful 

stirring and cooling in an ice-water bath. From this solution (Jones reagent), 4 mL were added 

dropwise to a solution of pent-4-yn-1-ol (204 mg, 1.27 mmol) in acetone (20 mL) at 0ºC. 

Stirring was continued for 4 h at the same temperature, and then i-PrOH (5 mL) was added. 

The mixture was acidified with 1 M aqueous HCl to pH = 1 and extracted with CH2Cl2 (3 × 

20 mL). The combined organic layers were washed with water (20 mL), dried over anhydrous 

NaSO4 and filtered, and the filtrate concentrated in vacuo. Purification by flash column 

chromatography (7:3 Hexanes:EtOAc) provided 5-phenylpent-4-ynoic acid (121.1 mg, 58%) 

as white prisms; m.p. 96-99 °C (CHCl3) (Lit.1 103-107 ºC); 1H-NMR (CDCl3) δ 11.49 (s, 1H, 

COOH), 7.49-7.34 (m, 2H, Harom), 7.34-7.16 (m, 3H, Harom), 2.89-2.51 (m, 4H, CH2); 
13C-

NMR (CDCl3) δ 178.4 (COOH), 131.6, 128.2, 127.9 (Carom), 123.4 (qCarom), 87.6 (qC), 81.4 

(qC), 33.5 (CH2), 15.1 (CH2). 

 

 

 

Table S1.  Palladium-catalyzed formation of benzo[d]pyrrolooxazine-1,5-dione 4a. Initial 

experiments.a  

 

 

Entry solv. (0.1 M) [Pd] (10-2 mol%) Base  Additive T (ºC) t (h) 4a (%)b 

1 PhMe  Pd(OAc)2 - - 100 96 - 

2 MeOH  1  Et3N - 80 120 - 

3 DMF  PdCl2 Cs2CO3 - 120 120 - 

4 THF  Pd(PPh3)4  DBU BF3·O(C2H5)2 80 120 - 

5 H2O Pd(OAc)2 pyridine - 110 120 - 

6 DMA  1  KOtBu - 130 96 - 

7 DMSO Pd(OAc)2 DMAP BF3·O(C2H5)2 120 96 - 

8 MeCN 1  Cs2CO3 - 90 120 - 

9 CH2Cl2 Pd(OAc)2 LiOH  70 96 - 

9 CH2Cl2 1  DIPEA  60 96 <5 

10 THF  Pd(PPh3)4  Et3N BF3·O(C2H5)2 80 120 - 

11 MeOH  Pd(PPh3)4  NaOH  100 120 - 

12 DMF  PdCl2 KOH3 - 120 96 - 

13 CHCl3 (0.1) 1 (10-2) Cs2CO3 - 60 96 - 

14 CH2Cl2 Pd(OAc)2 Et3N  70 96 <5 

15 CHCl3 (0.1) 1 (10-2) Et3N - 60 96 14 

16 CH2Cl2 (0.1) 1 (10-2) Et3N - 60 96 <5 
 

a Reaction conditions: 2a (0.2 mmol), 3a (0.2 mmol), base (2 mol%), additive (10-2 mol%). b Isolated yields. 
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Benzopyrrolooxazine dione 4a. Structure factor table 
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Benzopyridothiadiazinone dioxide 4g. Structure factor table  

 

 



S5 

Benzopyridooxazine dione 4e. Structure factor table  
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Table S2. Reaction of methylene lactone 7 with anthranilic acid 3a 

 

 
 

Entry 1 (mol%) Et3N (mol%) FeBr3 (mol%) T (ºC) t (h) 4a (%)a 

1 1 (10-2) 2 - 50 24 - 

2 1 (10-2) 2 - 120 96 14 

3 1 (10-2) - - 120 96 7 

4 - 2 10-2 80 96 - 

5 - 2 10-2 120 96 <5 

6 - - 10-2 120 96 - 

7c 1 (10-4) 10-2
 10-4 120 96 8 

8d 1 (10-4) 2 10-4 120 96 10 

9e 1 (10-2) 2 10-2 120 96 90 
 

a Isolated yields.  

 

 

 

 

Figure S1. Transient species and catalysts detected by ESI-mass spectrometry 
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ESI-MS analysis 

 

Pd(II) complex A (M+) 

 

 
 

 

 

 

 

 

 

 

 
Pd(II) complex B  (MH+) 
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Intermediate C1 (M+) 

 

 
 

 

 

 

 

 

 
Fe complex C2 (MH+) 
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Pd(II) complex C3 (M+) 
 

 
 

 

 

 

 

 

 

 

 

 

 
Intermediate D1 (M+) 
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Pd(II) complex D2 (M+) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fe complex D3 (MH+) 
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Intermediate E1 (M+) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
Pd(II) complex E2 (M+) 

 

 



S12 

Fe complex E3 (MH+) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Intermediate F1 (M+) 

 

 



S13 

Fe complex F2 (M+) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Et3NH (MH+) 
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Pd(II) complex 1 (MH+) 
 

 
 

 

 

 

 

 

 

 

 

 

 
Pd(II) complex 1' (M+) 
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NMR Spectra 

 

3a-methyl-3,3a-dihydro-5H-benzo[d]pyrrolo[2,1-b][1,3]oxazine-1,5(2H)-dione (4a) 
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2-hexyl-3a-methyl-3,3a-dihydro-1H-benzo[d]pyrrolo[2,1-b][1,3]oxazine-1,5(2H)-dione (4b) 
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6a-methyl-5H-benzo[4,5][1,3]oxazino[2,3-a]isoindole-5,11(6aH)-dione (6c) 
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4a-methyl-2,3,4,4a-tetrahydro-1H,6H-benzo[d]pyrido[2,1-b][1,3]oxazine-1,6-dione (4d) 
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3a-benzyl-3,3a-dihydro-5H-benzo[d]pyrrolo[2,1-b][1,3]oxazine-1,5(2H)-dione (4e) 
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3a-methyl-2,3,3a,4-tetrahydro-1H-benzo[e]pyrrolo[2,1-c][1,2,4]thiadiazin-1-one 5,5-dioxide 

(4f) 
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6a-methyl-6a,7,8,9-tetrahydrobenzo[e]pyrido[2,1-c][1,2,4]thiadiazin-10(6H)-one 5,5-dioxide 

(4g) 
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3a-benzyl-2,3,3a,4-tetrahydro-1H-benzo[e]pyrrolo[2,1-c][1,2,4]thiadiazin-1-one 5,5-dioxide 

(4h) 
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3a-methyl-3,3a,4,9-tetrahydropyrrolo[2,1-b]quinazolin-1(2H)-one (6a) 
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4b-methyl-5,10-dihydroisoindolo[1,2-b]quinazolin-12(4bH)-one (6b) 
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5a-methyl-5,5a,6,7,8,11-hexahydro-9H-pyrido[2,1-b]quinazolin-9-one (6c) 
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3a-benzyl-3,3a,4,9-tetrahydropyrrolo[2,1-b]quinazolin-1(2H)-one (6d) 
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3a-methyl-2,3,3a,4-tetrahydro-1H-benzo[d]pyrrolo[1,2-a]imidazol-1-one (6e) 
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8a-methyl-7,8,8a,9-tetrahydro-6H-pyrrolo[1',2':1,2]imidazo[4,5-b]pyridin-6-one (6g)  
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