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Functionalized 1,2-oxzines1 are known to exhibit various 
pharmacological properties, such as antibacterial activity,2 
acetylcholine아erase inhibitory activity/ protein tyrosine 
phosphatase inhibitory activity.4 They also occur as a key 
structural subunit in biologically active natural products?

However, there have been only limited methods fbr the 
synthesis of cyclopenta[[ 1,2]oxazines and their derivatives. 
Linn and Sharkey6 reported the fir아 practical synthesis of 
cyclopenta[ [ 1,2]oxazine by use ofbenzoylated cyclopentadi­
ene. Lloyd and co-workers7 also reported the synthesis of 
cyclopenta[<^][l ,2]oxazine by reaction of diaroylcyclopentadi­
enes with hydroxylamine. The reaction of benzonitrile oxide 
with fulvene was known to yield both 1:1 and 2 :1 adducts.8

Herein, we report the fir아 example of a facile and 
convenient synthesis of various cyclopenta[[ 1,2]oxazmes 
starting from chlorooxime and folvene through [6+4] cyclo­
addition. In an effort to pursue of PTP1B inhibitors,9 a 
convenient synthesis of functionalized cyclopenta[<f] [ 1 >2]- 
oxazine derivatives was required. Fulvenes were obtained 
from the reaction of dimethyl sulfate salt of dimethylamides 
3 and cyclopentadienyl sodium as cited.10

Howe and co-workers11 reported a convenient synthesis of 

chlorooximes by the use of iV-chlorosuccinimide in DMF in 
place of chlorine, avoiding the use ofhazardous chlorine and 
ring chlorination as side reactions with benzaldoximes that 
contain electron-donating substituents. Based on this effi­
cient synthetic methodology for chlorooximes 2, we could 
achieve a facile synthesis of various cyclopenta[<f] [ 1 >2]- 
oxazines 5 by the cyclocondensation of 2 with fulvene 4 in 
the presence of triethylamine (eq. 1). The introduction of 
alkyl or aromatic substituents at 1-position could be accom­
plished by the use of substituted fulvenes or chlorooximes as 
given in Table 1. Diethyl ether was the solvent of choice 
over dichloromethane (41% yield, 5a) for cycloaddition and 
all of the reaction afforded the corresponding cyclopenta[J]- 
[l,2]oxazines in moderate yields. The relatively low yields 
for 5c, 5i, and 51 were presumably due to the deprotection of 
protective group, r-butyl or acetyl group. Cycloadditions of 
chlorooxime with fulvene are affected by the steric factor of 
the substituents (5o・5r), as the introduction of substituent 
(R1) lowered the reaction yield.

This method was then applied to substituted fulvenes 6,12 
in situ generated from the corresponding cyclopentadiene, 
and 1013 as shown in Scheme 1. As can be seen, carbometh-

(1)

Scheme 1. Reagents and conditions: i) 60 °C; ii) 2 (R = COaMe), NEt3； iii) 11 (R4 = Me) NEts/ether.
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Table 1. Cycloaddition of chlorooximes and fulvenes

5a - 5r

No R1 R2 Yield (%)

5a H -CO2M6 65
5b H -CO2Et 80
5c H -CO2But 42

5d H ＜》OMe

Br

58

5e H -H^^-OCH2CO2Et

Br

Br

58

5f Me —타

Br

Br

77

5g Me ＜〉OMe 74

5h H T^》-OCH2CO2 타 67

5i H —^^-OCH2CO2But 45

5j H T(》OCH(CO2Et)2

COzMe

52

5k H -H^FOCH2CO2Me

OAc

57

51 H —《S~CO2Me

O

51

5m H 62

5n Me —^^-OCH2CO2Et 52

5o 4-MeOPh 一^》OTBDMS 42

5p 4-EtOPh —^^OCH2CO2Et 45

5q 4-PhOPh —^》0아切。2曰 48

5r Ph —^^-0＜汩2（：。2 타 47

oxy group is readily introduced, although with low regio­
selectivity, to cyclopenta[J] [ 1,2]oxazine skeleton 7. The 
other possible isomers were also isolated and identified (8, 
13%; 9, 13%). Compound 12 was also prepared from the 
corresponding substrate 10 in low yield.

Regioselective introduction of bromine to parent cyclo- 
penta[J] [1,2] oxazines was easily accomplished by the treat­
ment of 5d with bromine in carbon tetrachloride to afford 7- 
bromocyclopenta[^] [ 1,2]oxazine 13 in moderate yield 
(Scheme 2).

For the derivatization of the parent cyclopenta[^] [ 1 ＞2]- 
oxazines, Mitsunobu reaction was applied to 14, the 
demethylated product of 5d, to afford the alkylated product 
15 in moderate yield. The successful utilization of cyclo­

Scheme 2

addition of chlorooximes and ^A^dimethylaminofolvene to 
construct various cyclopenta[＜/| [ 1,2]oxazines in this reaction 
provides a convenient approach to the useful structural 
derivatives of cyclopenta[J] [1,2] oxazine. Ongoing studies 
are being directed toward the further elaboration of cyclo- 
penta[J] [ 1,2]-oxazine derivatives, extending the scope of 
parent compound to improve the corresponding biological 
activities.

Experimental Section

Cyclopenta[rf][l,2]oxazine-4-carboxylic acid methyl 
ester (5a). To a 아irred solution of cyclopenta-2,4-dienyl- 
idenmethyl dimethylamine (6.7 g, 55 mmol) and chloro­
hydroxyiminoyl acetic acid methyl ester (6 g, 55 mmol) in 
ether was added dropwise triethylamine (7.6 mL, 55 mmol) 
at 0 °C. The reaction mixture was stirred for 3 h at room 
temperature, and poured into water. The resulting mixture 
was extracted with ethyl acetate and organic layer was dried 
over MgSO4 and concentrated under reduced pressure. The 
residue was purified by column chromatography to afford 5a 
as yellow solid (6.3 g, 65%): 0 NMR (300 MHz, CDCh) 8 
8.99 어, J= 1.2 Hz, 1H), 7.42 (m, 2H), 7.10 어d, J= 3.6,1.8 
Hz, 1H), 4.15 (s, 3H); MS m/e (relative intensity) 177 (100, 
M，132 (28), 104 (50).

Likewise the following compounds were prepared.
Cyclopenta[rf|[l,2]oxazine-4-carboxylic acid ethyl ester 

(5b). IR (KBr) 1727, 1626 cm-; 0 NMR (300 MHz, 
CDC13) 89.00 (d, J= L2 Hz, 1H), 7.45 (m, 2H), 7.12 (dd, J 
=4.1, 1.2 Hz, 1H), 4.56 (q, J= 7.3 Hz, 2H), 1.50 (t, J= 7.3 
Hz, 3H); MS m/e (relative intensity) 191 (M*, 100), 119 
(52), 118 (60).

Cyclopenta[rf|[l,2]oxazine-4-carboxylic acid 龙/사＞utyl 
ester (5c). 0 NMR (300 MHz, CDC13) 88.99 (d, J= L2 
Hz, 1H), 7.39 (m, 2H), 7.09 (dd, J= 3.4, L2 Hz, 1H), 1.75 
(s, 9H); MS m/e (relative intensity) 219 (M*, 1), 176 (0.3), 
118(2.9), 57(100).

4-(4-Methoxyphenyl)cyclopenta[rf][l,2]oxazine (5d).
NMR(CDCh) 89.01 (d?J= L2 Hz, 1H), 7.44-7.25 (m, 4H), 
7.15 (m, 2H), 7.07 (dd, J= 4.4, 1.2 Hz, 1H), 4.84 (s, 3H); 
MS m/e (relative intensity) 225 (50, M*), 182 (24), 154 (15).

(2,6-Dibromo-4-cyclopenta[rf][l,2]oxazin-4-yl-phenoxy)- 
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acetic acid ethyl ester (5e). IR (KBr) 1713, 1465 cm"1;
NMR (300 MHz, CDC13) 59.1 (d, J=12Hz, 1H)? 8.25 (s, 
2H), 739 (m, 1H)? 6.98 (m, 1H)? 4.64 (s, 2H), 437 (q, J = 
7.2 Hz, 2H), 138 (t, J= 7.2 Hz, 3H).

[2,6-Dibromo-4-(l-methyl cyclopentaM [l,2]oxazin-4- 
yl)phenoxy] acetic acid ethyl ester (5f).NMR (300 
MHz, CDCI3) 58.06 (s, 2H), 731 (m, 1H)? 7.13 (dd, J= 4.4, 
L2 Hz, 1H),6.9O (dd?J=3A L2 Hz, 1H)? 4.69 (s,2H),4.35 
(q, J= 7.1 Hz, 2H), 2.85 (s, 3H), 136 (t, J= 7.1 Hz, 3H); MS 
m/e (relative intensity) 471 (M+, 57), 454 (50), 382 (100), 
288(15), 117(37).

4-(3-Bromo-4-methoxyphenyl)-l-methylcyclopenta[4/]- 
[l,2]oxazine (5g). JH NMR (300 MHz, CDCI3) 5 8.10 (s, 
1H)? 7.81 (m, 2H), 7.08 (m, 2H), 6.90 (dd, J= 2.8, L0 Hz, 
1H)? 3.98 (s, 3H), 2.84 (s, 3H); MS m/e (relative intensity) 
320 (M+, 14), 302 (100), 208 (16), 152 (17), 63 (49).

(4-Cyclopenta[4/][l,2]oxazin-4-yl-phenoxy) acetic acid 
ethyl ester (5h). IR (KBr) 1752, 1621, 1607, 1513, 1409 
cm"; 0 WR (300 MHz, CDCI3) 58.99 (d, J= L2 Hz, 
1H)? 7.86 (d, J= 8.7 Hz, 2H), 737 (dd, J= 4.5,2.7 Hz, 2H), 
7.12 (m, 3H), 6.99 (m, 1H)? 4.75 (s, 2H), 4.24 (q, J= 7.1 Hz, 
2H), 138 (t, J= 7.1 Hz, 3H); MS m/e (relative intensity) 297 
(60, M，210 (100).

(4-Cyclopenta[4/][l,2]oxazin-4-yl-phenoxy)acetic acid 
仞시血tyl ester (5i). IR (KBr) 1732, 1621 cm"1; JH NMR 
(300 MHz, CDCI3) 58.99 (d, J= L2 Hz, 1H)? 7.82 (d, J = 
8.7 Hz, 2H), 7.25 (dd, J= 4.8, 3.0 Hz, 1H)? 7.07 (m, 3H), 
6.95 (d, J= L2 Hz, 1H)? 5.20 (s, 2H), L42 (s, 9H); MS m/e 
(relative intensity) 269 (M+-57? 13), 210 (17), 166 (16).

2-(4-CyclopentaM[l,2]oxazin-4-yl-phenoxy)malonic  
acid diethyl ester (5j). JH NMR (300 MHz, CDCI3) 59.00 
(s, 1H)? 733 (m, 7H), 530 (s, 1H)? 435 (m, 4H), 133 (m, 
6H); MS m/e (relative intensity) 370 (M+, 21), 224 (15), 210 
(100),182(12).

(2-Cyclopem  히 Q][L2]oxazm-4-yJ5-methoxycarbsiyJ 
methoxyphenoxy)acetic acid methyl ester (5k). JH NMR 
(300 MHz, CDCI3) 5 8.99 (s, 1H)? 7.57 (s, 1H)? 732 (m, 
2H), 7.04 (m, 1H)? 6.78 (m, 1H)? 6.58 (m, 1H)? 4.78 (s, 2H), 
4.58 (s, 2H), 3.84 (s, 3H), 3.75 (s, 3H).

2- Acetoxy-5-cyclopenta[4/][l,2]oxazin-4-ylbenzoic acid 
methyl ester (51). JH NMR (300 MHz, CdCl3) 59.03 (d, J= 
L6 Hz, 1H)? 8.59 (d, J= 23 Hz, 1H)? 8.12 (dd, J= 8.5, 2.4 
Hz, 1H)? 732 (d, J= 8.5 Hz, 1H)? 7.14 (dd, J= 4.4, L2 Hz, 
1H)? 6.99 (dd?J=2A L2 Hz, 1H),3.91 (s, 3H), 241 (s, 3H).

3- (4-Cyclopenta[4/][l,2]oxazin-4-yl-phenoxy)dihydro- 
furan-2-one (5m). JH NMR (300 MHz, CDC13) 59.00 (d, J 
=L2 Hz, 1H)? 7.82 (m, 2H), 733 (m, 1H)? 7.21 (m, 2H), 
7.17 (m, 1H)? 6.96 (m, 1H)? 5.06 (t, J= 7.7 Hz, 1H)? 4.49 (m, 
2H), 2.66 (m, 2H); MS m/e (relative intensity) 296 (M+? 13), 
210 (59), 154 (43), 63 (41), 41 (100).

[4-(l-Methylcyclopenta[4/][l^]oxazin4-yl)phenoxy]acetic 
acid ethyl ester (5n). IR (KBr) 3077, 3014, 1713 cm"1; JH 
NMR (300 MHz, CDC13) 57.83 (m, 2H), 7.25 (m, 2H), 7.09 
(m, 2H), 6.88 (m, 1H)? 4.69 (s, 2H), 4.30 (q, J= 7.2 Hz, 2H), 
2.81 (s, 3H), 135 (t? J = 7 Hz, 3H); MS m/z (relative 
intensity) 373 (M+, 46), 296 (100), 268 (45), 209 (36).

4- [4-(/e/t-Butyldimethylsilanyloxy)phenyl]-l-(4-methoxy- 

benzyl)cyclopenta[4/| [1,2] oxazine (5o). JH NMR (300 
MHz, CDCI3) 57.76 (d, J= 8.6 Hz, 2H), 732 (m, 3H), 7.01 
(m, 7H), 437 (s, 2H), 3.78 (s, 3H), L03 (s, 9H), 0.29 (s, 6H); 
MS m/z (relative intensity) 445 (M+, 23), 325 (22), 252 (7), 
135 (13),121 (22), 73 (25).

{4-[l-(4-EthoxybeHzyl)cyc">pem 히
phenoxyjacetic acid ethyl ester (5p). IR (KBr) 2976,1736, 
1606 cm"; 0 mm (300 MHz, CDCI3) 57.81 (d, J= 8.6 
Hz, 2H), 732 (m, 4H), 7.10 (m, 2H), 6.911 (m, 3H), 4.88 (s, 
2H), 437 (m, 6H), 131 (m, 4H); MS m/z (relative intensity) 
373 (M+, 17), 296 (100), 268 (27), 107 (28).

{4-[l-(4-Benzyloxyphenyl)cyclopenta[4/][l,2]oxazin-4- 
yl]phenoxy} acetic acid ethyl ester (5q). JH NMR (300 
MHz, CDCI3) 58.12 (d, J= 7.2 Hz, 2H), 7.87 (d, J= 7.2 Hz, 
2H), 731 (m, 12H)? 5.18 (s, 2H), 4.69 (s, 2H), 4.29 (q, J = 
7.2 Hz, 2H), 126 (t, 3H); MS m/z (relative intensity) 465 
(M+? 98), 388 (59), 360 (27), 207 (15), 91 (100).

[4-(l-PhenylcyclopentaM[l^]oxazin-4-yl)phenoxy]acetic 
acid ethyl ester (5r). JH NMR (300 MHz, CDCI3) 58.13 
(m, 2H), 7.89 (d, J= 8.8 Hz, 2H), 7.59 (m, 2H), 7.07 (d, J= 
8.8 Hz, 2H), 4.72 (s, 2H), 433 (q, J= 7.2 Hz, 2H), L29 (t, J 
=7.2 Hz, 3H); MS m/z (relative intensity) 373 (M+, 100), 
286 (77), 258 (18), 207 (220,139 (250, 77 (30).

6- Methoxycarbonylmethylcyclopenta[4/][l,2]oxazine-4- 
carboxylic acid methyl ester (7). To a stirred solution of 
methyl 2?4-cyclopentadienyl-1 -acetate (3.4 g, 10 mmol), 
T^^dimethylformamide dimethyl acetal (L19 g? 10 mmol) 
was stirred at 60 °C for 1 hr. To a reaction mixture was added 
dichloromethane (50 mL) and methyl chlorooximido acetate 
(138 g? 19 mmol). The resulting mixture was stirred at room 
temperature for 1 h, and poured into water (30 mL), and 
extracted with ethyl acetate (70 mL). The organic layer was 
dried over MgSO4 and concentrated under reduced pressure. 
The residue was purified by column chromatography to 
afford 7 (L04 g, 41%): mp 93-94 °C; 0 NMR (300 MHz, 
CDCI3) 5 8.91 (s, 1H)? 733 (s, 1H)? 6.95 (s, 1H)? 4.05 (s, 
3H), 3.82 (s, 2H), 3.72 (s, 3H); 13C NMR (CDCI3) 5170.9, 
1623, 154.3, 146.5, 144丄 122.5, 119.6, 114.2, HL% 53Q 
52Q 35.9; IR (KBr, cm"1) 3391, 1721, 1196, 1175, 1145, 
1090; MS m/z (relative intensity) 249 (M+, 66), 248 (2), 191 
(41), 190 (25), 147 (23), 146 (99), 59 (100).

8 (0.32 g, 13% in yield): JH NMR (300 MHz, CDC13) 5 
8.87 (s, 1H)? 7.23 (d, J= 4.6 Hz, 1H)? 7.03 (d, J= 4.6 Hz, 
1H)? 401 (s, 3H), 3.96 (s, 2H), 3.66 (s, 3H); 13C NMR 
(CDCI3) 5 171A 163丄 154.6, 149丄 138.9, 124丄 123.6, 
115A 107丄 53.4, 52.0,344

9 (032 g, 13% in yield); mp, 90-92 °C; 0 NMR (300 
MHz, CDCI3) 59.02 (s, 1H)? 7.26 (d, J= 2.5 Hz, 1H)? 7.22 
(d, J= 2.5 Hz, 1H)? 4.02 (s, 3H), 3.80 (s, 2H), 3.66 (s, 3H); 
13C NMR (CDCI3) 5 171A 1622 155.0, 146.8, 1362 
1223,12L4, 117.9,11L5? 52.9, 52.0,332

7- Formylcyclopenta[4/][l,2]oxazine-4-carboxylic acid 
methyl ester (12). To a stirred solution of l-fdrmyl-6- 
dimethylaminofulvene (3.4 g, 0.028 mmol) in dichloro­
methane (50 mL) was added methyl chlorooximido acetate 
(3.85 g, 0.028 mmol) and triethylamine (2.8 g, 0.028 mmol). 
The reaction mixture was stirred at room temperature for 13 
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h, The resulting mixture was poured into ice water and 
extracted with ethyl acetate. The organic layer was dried 
over MgSCU and concentrated under reduced pressure. The 
residue was purified by column chromatography to afford 12 
(0.63 g, 11%): mp. 139 °C; NMR (300 MHz, CDC13) S 
10.10 (s, 1H)? 9.73 (d, J= L2 Hz, 1H)? 8.02 (d, J= 33 Hz, 
1H)? 7.43 (dd, J= 3.3, L2 Hz, 2H), 4.58 (q, J= 7.4 Hz, 2H), 
L50 (t, J= 7.4 Hz, 3H); 13C NMR (300 MHz, CDCI3) S 
186 丄 1613,159.8,148.7,1453,127.9,119.8,1183,117.3,  
63 丄 141; MS m/z (relative intensity) 219 (M+, 49), 146 
(33), 119(55), 118(100),91 (21), 90 (79).

7-Bromo-4-(4-methoxyphenyl)cyclopenta[4/][l,2]oxazine 
(13). To a solution of 4-(4-methoxyphenyl)cyclopenta[rf]- 
[l?2]oxazine 5d (100 mg, 035 mmol) in carbon tetrachloride 
(3 mL) was added bromine (62 mg, 039 mmol) at room 
temperature. The reaction mixture was stirred for 1 h at the 
same temperature. The resulting mixture was poured into 
water (10 mL) and extracted with ethyl acetate (20 mL). The 
organic layer was dried over MgSQ and concentrated under 
reduced pressure. The residue was purified by column 
chromatography to afford 13 (102 mg, 65%): NMR (300 
MHz, CDCI3) S8.98 (s, 1H)? 7.82 (m, 2H), 7.28 (m, 1H)? 
7.15 (m, 2H), 6.82 (m, 1H)? 126 (q, J= 7.1 Hz, 3H); MS 
m/e (relative intensity) 305 (M+, 61), 303 (59), 290 (34), 288 
(28),196 (25).

4-Cyclopenta[4/][l,2]oxazin-4-ylphenol (14). To a stirred 
solution of 4-(4-methoxyphenyl)cyclopenta[rf] [ 1 ?2]oxazine 
5d (2.2 g, 9.79 mmol) in dichlomethane (5 mL) was added 
boron tribromide in dichloromethane (14 mL of 1 M 
solution, 14 mmol) dropwise at -78 °C and stirred for 13 h at 
room temperature. The resulting mixture was poured into 
water, and extracted with dichloromethane. The organic 
layer was dried over MgSCS and concentrated under reduced 
pressure. The residue was purified by column chromato­
graphy to afford 14 (L7 g, 55%):NMR (300 MHz, 
CdCl3) S9.01 (s, 1H)? 7.36-7.25 (m, 3H), 7.10 (dd, J= 4.6, 
L2 Hz, 1H)? 6.97-6.86 (m, 2H), 6.68-6.64 (m, 1H)? 6.19 
(brs? 1H); MS m/e (relative intensity) 211 (M+, 10), 182 (26), 
154 (8),127 (5).

(s)-2-(4-Cyclopenta[4/][l,2]oxazin-4-yl-phenoxy)-3-phenyl 
propionic acid methyl ester (15). To a stirred solution of 4- 
cyclopenta[</][ 1 ?2]oxazin-4-yl-phenol 13 (300 mg, 138 
mmol), (J?)-2-hydroxy-3-phenyl propionic acid methyl ester 
(298 mg, L68 mmol), triphenylphosphine (726 mg 2.76 
mmol) in tetrahydrofuran (5 mL) was added dropwise 
diisopropylazodicarboxylate (492 mg, 2.76 mmol) at 0 °C 
and stirred for 12 h at room temperature. The resulting 

mixture was poured into water, and extracted with dichloro­
methane. The organic layer was dried over MgSCU and 
concentrated under reduced pressure. The residue was puri­
fied by column chromatography to afford 15 (246 mg, 76%):

NMR (300 MHz, CdCl3) S9.02 (d, J= 1.4 Hz, 1H)? 741­
7.22 (m, 9H), 7.09-7.06 (m, 2H), 6.58-6.56 (m, 1H)? 4.81 (t, 
J= 6A Hz, 1H)? 3.70 (s, 3H), 3.25 (d, J= 6.6 Hz, 2H).
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