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The bisallenes 1 possessing a phenylsulfonyl or n-butyl substituent at the internal position of allene moieties 
could be smoothly transformed to the bicyclo[5.2.0] or bicyclo[6.2.0] derivatives 2 in moderate to excellent yields 
with good regioselectivity upon refluxing in toluene. This [2＋2]-cycloaddition reaction shows an interesting sub-
stituent effect as unveiled by comparing with the results of unsubstituted substrates. However, further attention 
should be paid to the control of the regioselectivity of the [2＋2]-cycloaddition involving different C＝C bonds. 
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Introduction 

Cyclobutanes are found as basic structural elements 
in many biologically active natural products.1 Their 
syntheses and applications as synthetic intermediates 
have flourished in recent years.2 As one of the reliable 
preparative methods, the [2＋2] reactions of two allene 
moieties have been extensively studied for the construc-
tion of different cyclobutanes with different regioselec-
tivities.3 During our further explorations of the chemis-
try of bisallene,4,5 we have observed the controllable [2
＋2]-reaction of bisallenes, delivering the two different 
types of cyclobutane derivatives depending on the re-
gioselectivity (Eq. 1).4e   

 

On the other hand, we have also disclosed the switch 
of the cyclometallation pathway of bisallenes when ter-
minal substituents R1 were installed with a different 
catalyst, indicating that the terminal substituent(s) may 

have some influence on the reaction (Scheme 1).4a-4c As 
a part of further study, we envisioned to install a func-
tional group at the internal position of allene moieties to 
learn their effect on the [2＋2]-cycloaddition reaction. 

Results and discussion 

This study commenced with bisallene 1a possessing 
a phenylsulfonyl group6 at the internal 3-position of one 
allene moiety. It is found that the reaction of bisallene 
1a, under the catalysis of 2.5 mol% [RhCl(CO)2]2 in 
CH3CN under reflux, afforded no major product as 
judged from TLC analysis, along with 1a being recov-
ered in 12% yield (Scheme 2). We then turned to ex-
plore other reaction conditions. It is interesting to ob-
serve that the reaction of 1a afforded the bicyclo [5.2.0] 
derivative 2a in 89% yield, together with the insepara-
ble regioisomer 2a' (2a∶2a'≥97∶3) when it was sim-
ply heated in toluene under reflux (conditions A). As a 
comparison, the [2＋2]-cycloaddition of non-subtituted 
bisallene 3 in toluene under reflux for 103 h afforded 
the cyclobutane derivative 5a in only 11% yield, with 3 
being recovered in 72% yield. Meanwhile the reaction 
of bisallene 4 with the n-butyl group installed instead of 
the phenylsufonyl group provided the expected bicyclic 
product 5b and regioisomer 5b' in a ratio of 88.5∶11.5, 
however, the reaction is much slower. These results 
obviously indicate that the substituent group (phenylsul-
fonyl or butyl group) here plays an important role in this 
[2＋2] cycloaddition reaction.7 
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Scheme 1 

 

Scheme 2 

 

 
The substrate scope of the reaction of 1,5-bisallenes 

with a phenylsulfonyl substituent affording bicyclo- 
[5.2.0] derivatives was then explored (Scheme 3). The 
substrate 1b possessing two methyl substituents at the 
terminal position of allene moiety smoothly transformed 
to cyclobutane derivative 2b in 90% yield under condi-
tions A. The substrate 1c with an extra methyl group at 
the vicinal position of the allene moiety afforded the 
bicyclic product 2c in 71% yield. The structure of this 
product was unambiguously established by X-ray dif-
fraction studies (Figure 1).8 The N-tethered 1,5-bisal- 
lenes 1d and 1e afforded the expected bicyclo[5.2.0] 
products 2d and 2e in good yields, together with iso-
meric bicyclo[3.2.0] products 2d' and 2e' as determined 
by 1H NMR analysis. 

Furthermore, the reactions of 1,6-bisallenes 1f—1h 
afforded the corresponding bicyclo[6.2.0] derivatives 
2f—2h in moderate to good yields under conditions A 
(Scheme 4). It should be noted that the formation of 
8-membered ring is not easy.9,10 Here the structure of 2h 
was also unambiguously established by X-ray diffrac-
tion studies (Figure 2).11 Again, the N-tether substrate 1i  

 

Figure 1  ORTEP representation of 2c. 

with two methyl groups installed at the terminal position 
of allene moiety afforded the bicyclic products 2i and 
2i' in a combined yield of 76%, with a ratio of 2i/2i' 
being ≥92∶8. 



Lu & MaFULL PAPER 
 

 
1602 www.cjc.wiley-vch.de © 2010 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Chin. J. Chem. 2010, 28, 1600—1606 

Scheme 3  The substrate scope of the cycloaddition of 
1,5-bisallene 1 

 

We further compared these results with the reactions 
of 1,6-bisallene without a phenylsulfonyl group. When 
non-substituted bisallene 6 was heated in toluene under 
reflux for 4.5 d, the bicyclic product 7 was isolated in 
only 14% yield and starting material 6 was recovered in  

 

Figure 2  ORTEP representation of 2h. 

66% yield (Eq. 2). 

 

This [2＋2]-cycloaddtion reaction may involve bi-
radical intermediates12 (Scheme 5). Simply heating bis-
allene 1 forms a carbon-carbon bond between two cen-
ter carbon atoms affording the biradical intermediate 
M1, which would lead to the formation of bicylic prod-
uct 2 via intramolecular radical coupling. The formation 
of regioisomer 2' obviously could be attributed to the 
formation of intermediate M2. 

Conclusion 

In conclusion, we report here a [2＋2]-cycloaddition 
reaction of bisallenes which is mediated by the presence 
of substituent(s), affording bicyclo[5.2.0] derivatives or 

 

Scheme 4  The substrate scope of the cycloaddtion of 1,6-bisallene 1 
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Scheme 5 

 

bicyclo[6.2.0] derivatives in moderate to excellent 
yields with good regioselectivities. The substituent ef-
fect observed here may further be applied to the synthe-
sis of other bicyclic compounds with a four-membered 
ring. Due to the presence of a conjugated 1,3-diene unit, 
further elaboration may be conducted to construct more 
complicated skeleton. Further studies in this area in-
cluding the real role of the substituent in this type of 
reaction and the complete control of the regioselectivity 
of the [2＋2]-cycloadditions are being pursued in this 
laboratory. 

Experimental section 

4,4-Bis(methoxycarbonyl)-2-(phenylsulfonyl)-bi- 
cyclo[5.2.0]nona-1,6-diene (2a)  

 

Typical procedure: To a Schlenk tube were added 
bisallene 1a (37.6 mg, 0.1 mmol) and toluene (2 mL) 
under argon. The resulting mixture was heated under 
reflux for 32 h. Then the reaction mixture was cooled to 
r.t. and evaporated to afford the residue, which was pu-
rified by flash chromatography (eluent: petroleum ether/ 
ethyl acetate＝4∶1) on silica gel to afford 33.3 mg 
(89%) of pure 2a (the ratio of 2a to 2a' was determined 
by 1H NMR analysis of the crude product before separa-
tion): Liquid; 1H NMR (CDCl3, 300 MHz) δ: 7.92—7.85 
(m, 2H), 7.66—7.50 (m, 3H), 5.76—5.67 (m, 1H), 3.55 (s, 
6H), 3.16—3.04 (m, 4H), 2.85—2.75 (m, 2H), 
2.73—2.62 (m, 2H); 13C NMR (CDCl3, 75.4 MHz) δ: 
27.5, 29.1, 35.0, 36.1, 52.8, 54.8, 127.52, 127.55, 
127.57, 129.0, 133.1, 139.1, 140.9, 152.8, 170.4; IR 
(neat) ν: 2954, 2926, 2854, 1736, 1446, 1305, 1253, 
1204, 1160, 1141, 1086, 1071 cm－1; MS (ESI) m/z: 
399.1 (M＋Na＋), 394.1 (M＋ 4NH＋ ); HRMS calcd for 
C19H21O6S (M＋

＋H) 377.1053, found 377.1051. 

4,4-Bis(methoxycarbonyl)-2-(phenylsulfonyl)-8-di- 
methylbicyclo[5.2.0]nona-1,6-diene (2b)   

 

The reaction of 1b (40 mg, 0.1 mmol) in toluene (2 
mL) under reflux afforded 36 mg (90%) of 2b: Liquid; 
1H NMR (CDCl3, 300 MHz) δ: 7.93—7.84 (m, 2H), 
7.66—7.51 (m, 3H), 5.70 (t, J＝4.7 Hz, 1H), 3.52 (s, 
6H), 3.06—3.03 (m, 2H), 2.91—2.87 (m, 2H), 2.79 (d,  
J＝4.7 Hz, 2H), 1.17 (s, 6H); 13C NMR (CDCl3, 75.4 
MHz) δ: 27.0, 35.4, 35.8, 41.0, 44.6, 52.7, 55.0, 124.4, 
127.6, 129.0, 129.1, 133.1, 140.8, 149.2, 149.5, 170.3; 
IR (neat) ν: 2953, 2925, 2860, 1736, 1647, 1446, 1416, 
1364, 1305, 1246, 1206, 1180, 1157, 1140, 1085, 1040 
cm－1; MS (ESI) m/z: 427.0 (M＋

＋Na), 421.0 (M＋

＋

NH4); HRMS calcd for C21H24O6SNa (M ＋

＋ Na) 
427.1186, found 427.1196. 

4,4-Bis(methoxycarbonyl)-5-methyl-2-(phenylsul- 
fonyl)bicyclo[5.2.0]nona-1,6-diene (2c)   

 

The reaction of 1c (100.2 mg, 0.26 mmol) in toluene 
(5.1 mL) under reflux afforded 71.4 mg (71%) of 2c 
together with two unknown spots: Solid; m.p.: 
139—140 ℃ (petroleum ether/ethyl acetate); 1H NMR 
(CDCl3, 300 MHz) δ: 7.90 (d, J＝7.2 Hz, 2H), 7.66— 

7.50 (m, 3H), 5.83 (d, J＝6.3 Hz, 1H), 3.66 (s, 3H), 
3.35—2.97 (m, 7H), 2.87—2.57 (m, 3H), 0.92 (d, J＝
6.6 Hz, 3H); 13C NMR (CDCl3, 75.4 MHz) δ: 18.2, 27.4, 
29.1, 30.2, 39.0, 52.4, 53.0, 58.8, 127.2, 127.7, 129.1, 
133.1, 133.8, 137.0, 140.9, 153.1, 169.1, 170.3; IR (KBr) 
ν: 2995, 2956, 2929, 2842, 1763, 1740, 1672, 1644, 
1587, 1447, 1436, 1413, 1383, 1373, 1347, 1333, 1302, 
1293, 1276, 1239, 1201, 1179, 1160, 1142, 1119, 1086, 
1065, 1040, 1000 cm－1; MS (ESI) m/z: 413.0 (M＋

＋Na), 
391.0 (M＋

＋H). Anal. calcd for C20H22O6S: C 61.52, H 
5.68; found C 61.51, H 5.86.  

N-Tosyl-2-(phenylsulfonyl)-8-dimethyl-4-azabicy- 
clo[5.2.0]nona-1,6-diene (2d) 

 

The reaction of 1d (44 mg, 0.1 mmol) in toluene (2 
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mL) under reflux afforded 37 mg (84%) of pure 2d (the 
ratio of 2d to 2d' was determined by 1H NMR analysis 
of the crude product before separation): Solid; m.p.: 
144—145 ℃ (petroleum ether/ethyl acetate); 1H NMR 
(CDCl3, 300 MHz) δ: 7.96—7.90 (m, 2H), 7.72—7.57 
(m, 3H), 7.34 (d, J＝8.1 Hz, 2H), 7.15 (d, J＝8.1 Hz, 
2H), 5.72—5.63 (m, 1H), 4.31—4.25 (m, 2H), 
4.20—4.10 (m, 2H), 2.37 (s, 3H), 2.18 (d, J＝2.4 Hz, 
2H), 1.32 (s, 6H); 13C NMR (CDCl3, 75.4 MHz) δ: 21.4, 
26.5, 42.9, 43.5, 50.0, 50.3, 127.3, 128.2, 129.1, 129.23, 
129.24, 130.4, 133.6, 136.95, 137.05, 140.2, 143.2, 
160.3; IR (KBr) ν: 1598, 1448, 1436, 1380, 1362, 1339, 
1331, 1307, 1291, 1186, 1161, 1126, 1095, 1064 cm－1; 
MS (ESI) m/z: 466.1 (M＋

＋Na), 444.1 (M＋

＋H). Anal. 
calcd for C23H25NO4S2: C 62.28, H 5.68, N 3.16; found 
C 62.20, H 5.69, N 2.98.  

N-Tosyl-2-(phenylsulfonyl)-4-azabicyclo[5.2.0]nona-
1,6-diene (2e) 

 

The reaction of 1e (41.8 mg, 0.1 mmol) in toluene (2 
mL) under reflux afforded 32.8 mg (78%) of a mixture 
of 2e and 2e' (the ratio of 2e to 2e' was determined to be 
90∶10 by 1H NMR analysis). The pure sample of the 
major isomer 2e could be obtained further from recrys-
tallization: Solid; m.p.: 141—142 ℃; 1H NMR (CDCl3, 
300 MHz) δ: 7.96—7.92 (m, 2H), 7.73—7.59 (m, 3H), 
7.34 (d, J＝8.1 Hz, 2H), 7.14 (d, J＝8.1 Hz, 2H), 
5.60—5.54 (m, 1H), 4.42—4.36 (m, 2H), 4.16—4.08 
(m, 2H), 2.80 (t, J＝7.5 Hz, 2H), 2.45—2.34 (m, 5H); 
13C NMR (CDCl3, 75.4 MHz) δ: 21.5, 27.2, 28.3, 49.8, 
50.1, 127.4, 127.7, 128.5, 129.1, 129.3, 133.7, 136.9, 
140.5, 140.6, 143.2, 153.6; IR (KBr) ν: 2946, 1641, 
1447, 1333, 1153, 1092, 1063 cm－1; MS(ESI) m/z: 
438.0 (M＋

＋Na), 470.0 (M＋

＋MeOH＋Na). Anal. 
calcd for C21H21NO4S2: C 60.70, H 5.09, N 3.37; found 
C 60.33, H 5.05, N 3.18. 

4,4-Bis(benzyloxycarbonyl)-2-(phenylsulfonyl)bi- 
cyclo[6.2.0]deca-1,7-diene (2f)   

 

The reaction of 1f (43.2 mg, 0.08 mmol) in toluene 
(1.6 mL) under reflux afforded 31.4 mg (73%) of pure 
2f (the ratio of 2f to 2f' was determined by 1H NMR 
analysis of the crude product before separation) (eluent: 
petroleum ether/ethyl acetate＝5∶1): Liquid; 1H NMR 
(CDCl3, 300 MHz) δ: 7.76 (d, J＝7.2 Hz, 2H), 7.56 (t,  
J＝7.4 Hz, 1H), 7.44 (t, J＝7.8 Hz, 2H), 7.37—7.19 (m, 
10H), 5.53—5.45 (m, 1H), 5.20 (d, J＝12.5 Hz, 2H), 
5.15 (d, J ＝ 12.5 Hz, 2H), 3.07—3.94 (m, 4H), 
2.60—2.47 (m, 4H), 2.15—2.05 (m, 2H); 13C NMR 
(CDCl3, 75.4 MHz) δ: 24.1, 28.3, 30.6, 31.2, 56.5, 67.4, 
125.0, 127.5, 128.1, 128.2, 128.4, 129.1, 129.6, 133.1, 
135.5, 138.8, 140.9, 157.8, 170.4; IR (neat) ν: 3064, 
3033, 2949, 1731, 1632, 1498, 1446, 1375, 1305, 1275, 
1244, 1214, 1171, 1145, 1103, 1083, 1060, 1027 cm－1; 
MS (ESI) m/z: 565.1 (M＋

＋Na), 1107.4 (2M＋

＋Na); 
HRMS calcd for C32H30O6SNa (M＋

＋Na) 565.1655, 
found 565.1650. 

N-Tosyl-2-(phenylsulfonyl)-4-azabicyclo[6.2.0]deca- 
1,7-diene (2g)  

 

The reaction of 1g (85.1 mg, 0.2 mmol) in toluene (4 
mL) under reflux afforded 51.5 mg (61%) of pure 2g 
(eluent: petroleum ether/ethyl acetate＝4∶1—3∶1) 
(the ratio of 2g to 2g' was determined by 1H NMR 
analysis of the crude product before separation): Solid; 
m.p. 127—128 ℃ (petroleum ether/ethyl acetate); 1H 
NMR (CDCl3, 300 MHz) δ: 7.99—7.93 (m, 2H), 
7.74—7.58 (m, 3H), 7.31 (d, J＝8.0 Hz, 2H), 7.19 (d,  
J＝8.0 Hz, 2H), 5.46 (t, J＝6.9 Hz, 1H), 4.15—4.09 (m, 
2H), 3.43 (t, J＝5.9 Hz, 2H), 2.99 (t, J＝7.5 Hz, 2H), 
2.52—2.33 (m, 7H); 13C NMR (CDCl3, 75.4 MHz) δ: 
21.4, 27.2, 28.6, 30.3, 46.0, 48.5, 124.6, 125.1, 126.9, 
127.7, 129.1, 129.5, 133.5, 136.1, 140.3, 141.7, 143.2, 
155.1; IR (KBr) ν: 2926, 1637, 1597, 1446, 1336, 1305, 
1252, 1151, 1124, 1084, 1049, 1013 cm－1; MS (ESI) 
m/z: 452.0 (M ＋

＋Na), 484.0 (M ＋

＋MeOH＋Na); 
HRMS calcd for C22H23NO4S2Na (M＋

＋Na) 452.0961, 
found 452.0960. 

N-Tosyl-2-(phenylsulfonyl)-5-azabicyclo[6.2.0]deca- 
1,7-diene (2h)   

 

The reaction of 1h (43.1 mg, 0.1 mmol) in toluene (2 
mL) under reflux afforded 39.7 mg (92%) of 2h: Solid; 
m.p.: 143—144 ℃ (petroleum ether/ethyl acetate); 1H 
NMR (CDCl3, 300 MHz) δ: 7.90 (d, J＝7.5 Hz, 2H), 
7.68—7.52 (m, 5H), 7.29 (d, J ＝ 8.4 Hz, 2H), 
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5.35—5.27 (m, 1H), 3.97—3.90 (m, 2H), 3.38 (t, J＝5.7 
Hz, 2H), 2.81 (t, J＝7.5 Hz, 2H), 2.62 (t, J＝5.6 Hz, 
2H), 2.54—2.39 (m, 5H); 13C NMR (CDCl3, 75.4 MHz) 
δ: 21.5, 28.0, 28.2, 30.1, 45.9, 48.9, 122.4, 126.7, 127.1, 
127.6, 129.2, 129.5, 133.3, 136.5, 140.7, 140.8, 143.2, 
154.8; IR (KBr) ν: 2927, 2858, 1645, 1596, 1461, 1444, 
1429, 1336, 1306, 1161, 1142, 1120, 1084, 1043 cm－1; 
MS (ESI) m/z: 452.0 (M＋

＋Na), 484.0 (M＋

＋MeOH＋

Na). Anal. calcd for C22H23NO4S2: C 61.51, H 5.40, N 
3.26; found C 61.18, H 5.51, N 2.95.  

N-Tosyl-2-(phenylsulfonyl)-10-dimethyl-5-azabi- 
cyclo[6.2.0]deca-1,7-diene (2i)   

 

The reaction of 1i (46 mg, 0.1 mmol) in toluene (2 
mL) under reflux afforded 35 mg (76%) of 2i and 2i' 
(inseparable, the ratio of 2i to 2i' was determined by 1H 
NMR analysis): Foam; 2i: 1H NMR (CDCl3, 300 MHz) 
δ: 8.01—7.89 (m, 2H), 7.67—7.52 (m, 5H), 7.33—7.24 
(m, 2H), 5.50—5.42 (m, 1H), 3.87—3.80 (m, 2H), 3.05 
(t, J＝5.7 Hz, 2H), 2.56 (t, J＝6.0 Hz, 2H), 2.46—2.35 
(m, 5H), 1.49 (s, 6H); The following data are assigned 
to 2i': 1H NMR (CDCl3, 300 MHz) δ: 4.84 (s, 1H), 4.60 
(s, 1H); 13C NMR (CDCl3, 75.4 MHz) δ: 21.5, 26.5, 
29.2, 43.6, 45.3, 46.3, 48.5, 125.2, 126.3, 127.0, 128.4, 
129.1, 129.7, 133.2, 136.2, 138.1, 140.5, 143.3, 162.7; 
IR (KBr) ν: 2956, 2924, 2866, 1621, 1598, 1495, 1447, 
1378, 1339, 1304, 1250, 1158, 1147, 1125, 1086, 1038, 
1022 cm－1; MS (ESI) m/z: 475.0 (M＋

＋NH4), 480.0  
(M＋

＋Na); HRMS calcd for C24H28NO4S2 (M＋

＋H) 
458.1454, found 458.1455.  

4,4-Bis(methoxycarbonyl)bicyclo[5.2.0]nona-1,6- 
diene (5a)  

 

The reaction of 3 (136 mg, 0.58 mmol) in toluene 
(11 mL) under reflux afforded 15 mg (11%) of 5a and 
94 mg (69%) of recovered 3 (eluent: petroleum 
ether/ethyl acetate＝ 50∶ 1). 5a: Liquid; 1H NMR 
(CDCl3, 300 MHz) δ: 5.36—5.28 (m, 2H), 3.70 (s, 6H), 
2.81 (d, J＝3.9 Hz, 4H), 2.55 (s, 4H); 13C NMR (CDCl3, 
75.4 MHz) δ: 26.2, 36.2, 52.6, 56.2, 118.4, 141.9, 171.9; 
IR (neat) ν: 2970, 1737, 1436, 1365, 1229, 1217 cm－1; 
MS (EI) m/z: 236 (M＋, 3.24), 57 (100); HRMS calcd for 
C13H16O4 (M

＋) 236.1049, found 236.1048. 

4,4-Bis(methoxycarbonyl)-2-(n-butyl)bicyclo[5.2.0]- 
nona-1,6-diene (5b)   

 

The reaction of 4 (41.2 mg, 0.14 mmol) in toluene (3 
mL) under reflux afforded 24.9 mg (60%) of 5b and 4.1 
mg (10%) of recovered 4 (eluent: petroleum ether/ethyl 
acetate＝30∶1). The ratio of 5b to 5b' was determined 
by 1H NMR analysis of the crude reaction mixture be-
fore separation. 5b: Liquid; 1H NMR (CDCl3, 300 MHz) 
δ: 5.25—5.19 (m, 1H), 3.69 (s, 6H), 2.75 (s, 4H), 2.48 
(s, 4H), 1.94 (t, J＝7.5 Hz, 2H), 1.46—1.22 (m, 4H), 
0.90 (t, J＝7.1 Hz, 3H); 13C NMR (CDCl3, 75.4 MHz) δ: 
14.0, 22.6, 25.2, 25.9, 29.5, 33.6, 35.9, 39.6, 52.5, 55.7, 
116.1, 131.2, 135.5, 141.2, 172.1; IR (neat) ν: 2955, 
2930, 2859, 1737, 1435, 1315, 1243, 1201, 1119, 1084, 
1057 cm－1; MS (EI) m/z: 292 (M＋, 42.38), 217 (100); 
HRMS calcd for C17H24O4 (M ＋ ) 292.1675, found 
292.1676. 

N-Tosyl-4-azabicyclo[6.2.0]deca-1,7-diene (7)  

 

The reaction of 6 (216.7 mg, 0.75 mmol) in toluene 
(6 mL) under reflux afforded 31.4 mg (14%) of 7 and 
142.7 mg (66%) of recovered 6 (eluent: petroleum 
ether/ethyl acetate ＝ 40 ∶ 1). 7: Liquid; 1H NMR 
(CDCl3, 300 MHz) δ: 7.68 (d, J＝8.1 Hz, 2H), 7.29 (d,  
J＝8.1 Hz, 2H), 5.21—5.13 (m, 1H), 4.99—4.92 (m, 
1H), 3.81 (d, J＝3.0 Hz, 2H), 3.34 (t, J＝5.3 Hz, 2H), 
2.54—2.37 (m, 9H); 13C NMR (CDCl3, 75.4 MHz) δ: 
21.5, 27.6, 28.0, 29.9, 47.3, 48.8, 114.1, 119.3, 127.5, 
129.4, 135.3, 138.8, 140.4, 143.1; IR (neat) ν: 3031, 
2924, 1597, 1493, 1454, 1423, 1399, 1377, 1336, 1305, 
1291, 1230, 1159, 1118, 1097, 1049, 1019 cm－1; MS 
(EI) m/z: 289 (M＋, 5.09), 106 (100); HRMS calcd for 
C16H19NSO2 (M

＋) 292.1675, found 292.1676. 
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