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Rholdium-Catalyzed Cascade Oxidative Annulation of Benzoylacetonitriels
by Sulfoxonium Ylides Leading to Substituted Naphthalenes/
Benzo| de |Chromenes

SUN Song, XU Shengbo

(School of Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

Abstract: Rh(I1I)-catalyzed [ 4+2]-annulation of benzoylacetonitriles with sulfoxonium ylides was de-
veloped to access substituted naphthalenes in moderate to excellent yields with good functional group
compatibilities. This procedure proceeded with the sequential insertion of the Rh(III) carbene to the C-
H bond, reductive elimination and cyclization steps, where sulfoxonium ylides served as an efficient
and stable carbene precursor. Notably, benzo[ de |chromenes were formed in the presence of two e-
quivalents of sulfoxonium ylides.
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N, N-Z“HEHBM (2.0 mL), ASAE$,100 °C,12 h,
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-1 E-2-ZE W i (3a) . i A [E A .' H NMR (CDCl,, 400 MHz) & 8.35~8.28 (m, 1H),
7.86~7.78 (m, 1H), 7.68~7.45 (m, 8H), 7.35 (s, 1H), “C NMR (100 MHz, CDCl,) § 158.9,
138.7, 138.5, 135.9, 130.1, 128.8, 128.7, 128.5, 127.9, 126.6, 123.0, 122.6, 121.1, 116.9,
92.6, MS Gmn/2): 245.1 [M]",

3O AR BE A SR -1- 32 -2-Z5 i (3b) , s A [ 14 . ' H NMR (DMSO-d s, 400 MHz) § 11. 78 (s,
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1H). 8.38~8.32 (m, 1H), 7.99~7.92 (m, 1H), 7.70~7.66 (m, 1H), 7.62~7.50 (m, 4H),
7.10~7.06 (m, 2H), 3.83 (s, 3H), ¥C NMR (100 MHz, DMSO-d;) & 160.2, 159.2, 139.4,
136.0, 131.3, 130.6, 130.1, 128.7, 126.7, 123.5, 123.1, 120.4, 117.7, 114.4, 94.8, 55.7, MS
(m/2): 275.1 [M]",

3-CGPRUT HE R H)-1-F H-2-Z5 W iE (3o, B @ [E K. ' H NMR (DMSO-d, 300 MHz) ¢ 8.42~
8.34 (m, 1H), 7.95~7.92 (m, 1H), 7.70~7.48 (m., 7TH), 1.31 (s, 9H), "C NMR (75 MHz,
DMSO-d) & 160.3, 151.2, 139.5, 136.1, 136.0, 130.1, 129.0, 128.8, 126.9, 125.7, 123.6,
123.1, 120.7, 117.7, 94.6, 34.8, 31.5, MS (m/2z): 301. 1 [M]",

3O FEEF-1- B -2 25 H i 3d), ¥ @ [ f&.' H NMR (DMSO-d;, 400 MHz) § 11.61 (s,
1H), 8.42~8.32 (m, 1H), 8.02~7.92 (m, 1H), 7.72~7.68 (m, 1H), 7.65~7.54 (m, 6H),
¥C NMR (100 MHz, DMSO-d;) & 160.3, 138.3, 137.8, 135.9, 133.7, 131.2, 130.3, 129.0,
128.9, 127.2, 123.9, 123.2, 120.9, 117.4, 94. 4, MS (m/2z): 279.0 [M] ",

3G AR T -1- R F-2- W iF Be), A E &' H NMR (DMSO-d;, 300 MHz) ¢ 11.59 (s,
1H), 8.38~8.35 (m, 1H), 7.93~7.93 (m, 1H), 7.71~7.59 (m, 4H), 7.55~7.47 (m, 1H),
7.37~7.31 (m, 1H), “C NMR (75 MHz, DMSO-d;) § 162.7 (d, ] =244.5 Hz), 160.2, 138.5,
135.9, 135.4 (d. J =3.0 Hz), 131.4 (d. J =8.3 Hz), 130.2, 128.8, 127.0, 123.7, 123.1,
120.8, 117.5, 115.8 (d, J =21.8 Hz), 94.7, MS (m/z): 263.1 [M]",

3-(1-ZEHE)-1-BH-2-ZEH I 3O, A FEA ' H NMR (DMSO-d;, 300 MHz) ¢ 11.70 (s, 1H),
8.51~8.48 (m, 1H), 8.05~8.00 (m, 2H), 7. 96~7.93 (m, 1H), 7.70~7.51 (m, 7H), 7.47~
7.42 (m, 1H), "C NMR (75 MHz, DMSO-d;) & 159.7, 138.4, 137.0, 135.9, 133.6, 131.8,
130.2, 129.1, 128.8, 128.8, 127.9, 127.1, 126.6, 125.8, 125.7, 124.1, 123.3, 122.0, 117.2,
96.7. 79.7, MS (m/z): 295.1 [M]",

3-(3-HIREZR ) -1- B Re-2-ZE G Bg) . B (A [ 14 .' H NMR (DMSO-d;, 300 MHz) & 8.37~8. 27
(m, 1H), 7.89~7.84 (m, 1H), 7.62~7.51 (m, 2H), 7.43~7.29 (m, 4H), 7.20~7.17 (m,
1H), 2.31 (s, 1H), ¥C NMR (75 MHz, DMSO-d) & 160. 2, 139.7, 139.0, 138.1, 135.9, 130.0,
129.9, 129.3, 128.8, 126.9, 126.4, 123.7, 123.1, 120.7, 117.6, 94.7, 79.6, 21.5, MS (m/2):
259.1 [M]",

3-(3-E I -1- 2 HL-2-Z5 W i (3h) L # {6 [ 14 . H NMR (DMSO-d,, 300 MHz) & 8.39~8.33
(m, 1H), 7.96~7.93 (m, 1H), § 7. 70~7.50 (m, 7H), *C NMR (75 MHz, DMSO-d;) & 160. 4,
141.0, 137.9, 135.8, 133.6, 130.7, 130.2, 129.0, 128.9, 128.6, 128.1, 127.2, 124.0, 123.1,
121.1, 117.4, 94.3, MS (m/2): 279.0 [M]",

3-(2-HEIRFO-1- R E-2-ZFHIE G, s A [E &' H NMR (DMSO-ds, 300 MHz) § 8.41~8.38
(m, 1H), 7.96~7.92 (m, 1H), 7.71~7.60 (m, 2H), 7.38~7.24 (m, 5H), 2.16 (s, 3H),
¥C NMR (75 MHz, DMSO-d;) & 159.5, 139.8, 139.1, 136.0, 135.9, 130.5, 130.1, 130.0,
128.8, 128.7, 126.9, 126.2, 123.8, 123.2, 120.8, 117.2, 96.0, 20.0, MS (m/2): 259.1 [M]",

3-(2-BEM ) -1-¥2 3E-2-ZE HI IR (3j) . @ E &' H NMR (DMSO-d;, 300 MHz) & 11.67 (s,
1H), 8.36~8.30 (m, 1H), 7.97~7.94 (m, 1H), 7.70~7.57 (m, 5H), 7.24-7.21 (m, 1H),
¥C NMR (75 MHz, DMSO-d) 6 160. 8, 140. 1, 135.9 131.7, 130.4, 128.8, 128.6, 127.9, 127.8,
127.2, 123. 8, 123.2, 120.5, 117.5, 93.9, MS (mn/2): 251.0 [M]",

3R 1652 ZEH B BK) L A [E K ' H NMR (DMSO-d; » 300 MHz) § 8. 43~8. 38 (m,
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1H), 7.72~7.68 (m, 1H), 7.60~7.44 (m, 7H), "C NMR (75 MHz. DMSO-d;) 6 162.7 (d, J
=247.5 Hz), 160.3, 141.1, 138. 8, 137.5 (d, J =10.5 Hz), 129.2, 128.9, 128.8, 126.6 (d, J] =
9.8 Hz), 121.0, 120.1 (d, J =4.5 Hz), 117.4, 116.8 (d, J =24.8 Hz), 112.1 (d, J =
21.0 Hz), 94.3 (d, J] =2.3 Hz), MS (m/z): 263.1 [M]*,

3-TRHE-1-FRI-6-TR-2- 25 I 3D L A [ R K3 K . ' H NMR (DMSO-d;, 300 MHz) § 8.27~8. 23
(m, 1H), 8.19~8.16 (m, 1H), 7.69~7.65 (m, 1H), 7.60~7.56 (m, 2H), 7.53~7.45 (m,
AH), C NMR (75 MHz, DMSO-d;) & 160.3, 141.1, 138.7, 137.0, 130.6, 129.8, 129. 3, 128. 9,
128.9, 125.5, 123.9, 122.4, 119.8, 117.3, 95.3, MS (m/2): 251.0 [M]",

6-FP BE-3- IR - 1-F2 -2-Z8 T i (3m) L B A [ A By K . ' H NMR (DMSO-d;, 300 MHz) 6 11.45
(s, 1H), 8.32~8.24 (m, 1H), 7.70~7.68 (m, 1H), 7.60~7.39 (m, 7H), 2.45 (s, 3H),
¥C NMR (75 MHz, DMSO-d;) & 160.2, 140.0, 139.7, 139.1, 136.2, 129.3, 129.0, 128.9,
128.7, 127.8, 123.0, 121.9, 120.2, 117.7, 93.8, 21.8, MS (m/2z): 259.1 [M] ",

TR EE-6- -5 FR - 2-ZR R W IR (3D, B 8 [ (8 K ' H NMR (DMSO-d» 300 MHz) ¢ 8. 51
~8.49 (m, 1H), 8.38~8.34 (m, 1H), 7.97~7.93 (m, 1H), 7.64~7.46 (m, 6H), 3.89 (s,
3H), “C NMR (75 MHz, DMSO-d;) § 166.2, 159. 9, 140.5, 138.6, 135.1, 130.9, 130. 3, 129. 3,
128.9, 128.9, 125.6, 125.5, 123. 8, 121.7, 117.2, 96.8, 52.9, MS (m/z): 303.1 [M]",

640 T B3R I 192 3 -2-Z8 i (o), B A [# & .' H NMR (DMSO-d s, 300 MHz) ¢ 12.62 (s,
1H), 9.50~9.46 (m, 1H), 9.06~9.02 (m, 1H), 8.89~8.86 (m, 1H), 8.77~8.73 (m, 2H),
8.69~8.60 (m, 4H), 2.50 (s, 9H), “C NMR (75 MHz, DMSO-d;) § 160.1, 152.7, 139.6,
139.2, 136.1, 129.3, 128.9, 128.6, 125.7, 123.9, 123.0, 121.8, 121.0, 117.7, 93.9, 35.3,
31.2, MS (m/2): 303.1 [M]*,

LAY (4a) , A E A K ' H NMR (DMSO-d,, 400 MHz) § 7.91~7.84 (m, 2H), 7.82~
7.77 (m, 2H), 7.69~7.64 (m, 4H), 7.58~7.48 (m, 5H), 7.45~7.41 (m, 2H), 3.55 (s, 2H),
¥C NMR (100 MHz, DMSO-d;) & 158.1, 143.3, 140.0, 138.8, 134.9, 131.1, 130.7, 129.4,
129.1, 128.9, 128.8, 126.4, 126.2, 125.5, 121.2, 119.3, 116.8, 101.3, 94.5, MS (m/z):
423.1 [M]",

fbE Y (4b) , E 4 E A ' H NMR (DMSO-d,, 300 MHz) 8 7.85~7.79 (m, 2H), 7.69~7.65
(m, 2H), 7.60~7.56 (m, 3H), 7.39~7.33 (m, 1H), 7.11~7.01 (m, 4H), 3.83 (s, 3H), 3.79
(s. 3H), 3.51 (s, 2H), ®C NMR (75 MHz, DMSO-d;) & 159.9, 159.8, 158.3, 139.7, 135.5,
134.9, 131.3, 131.1, 130.6, 127.5, 126.2, 125.1, 120.7, 119.1, 117.0, 114.5, 114.0, 101. 3,
94.5, 55.7, 55.6, MS (m/z): 423.1 [M]",

LAY (4e) B {0 [E 1A R K ' H NMR (DMSO-d;, 300 MHz) § 7.85~7.82 (m., 2H), 7.71~
7.68 (m, 2H), 7.61~7.57 (m, 5H), 7.52~7.49 (m, 2H), 7.39~7.36 (m, 1H), 3.51 (s, 2H),
1.35 (s, 9H), 1.31 (s, 9H), "C NMR (75 MHz, DMSO-d;) § 158.3, 151.5, 151.3, 140.5,
139.8, 135.9, 134.9, 131.1, 130.6, 129.0, 126.3, 125.9, 125.9, 125.8, 125.5, 125.3, 121.0,
119.2, 116.9, 101.2, 94.4, 79.7, 34.9, 34.8, 31.6, 31.3, MS (m/2): 475.3 [M] ",

A (Ad) i E B A ' H NMR (DMSO-d;, 300 MHz) § 8.03 (s, 1H), 7.89~7.86 (m,
1H), 7.75~7.75 (m, 2H), 7.70~7.54 (m, 8H), 7.43~7.70 (m, 1H), 3.54 (s, 2H), "C NMR
(75 MHz, DMSO-d) § 162.6, 147.0, 143.3, 142.3 139.5, 138.7, 138.6, 135.9, 135.6, 135.6,
134.1, 133.9, 133.69, 133.59, 132.99, 131.3, 130.4, 126.2, 124.1, 121.4, 105.6, 99.1, 35. 3,
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MS (m/z): 431.0 [M]",

LA W) (4e) @ B AR A . ' H NMR (DMSO-d;, 300 MHz) § 7.97 (s, 1H), 7.88~7.78 (m,
3H), 7.70~7.64 (m, 4H), 7.42~7.30 (m., 5H), 3.54 (s, 2H), "C NMR (75 MHz, DMSO-d,)
8 164.4, 161.1 (d, J =9.0 Hz), 157.9, 139.7, 138.9, 135.2 (d, J =3.0 Hz), 134.8, 131.5 (d,
J =8.3 Hz), 130.9 (d., J =18.0 Hz), 128.5 (d, J =8.3 Hz), 126.4, 125.5, 121.4, 119. 3,
116.7, 116.0 (d, J =21.8 Hz), 115.6 (d, ] =21.0 Hz), 101.0, 94.5, MS (m/2z): 399.1 [M]",

64y (40, B @ AR A ' H NMR (DMSO-d ;. 300 MHz) & 8.01 (s, 1H), 7.78~7.75 (m,
2H), 7.67~7.61 (m, 4H), 7.55~7.46 (m, 5H), 7.37~7.33 (m, 1H), 3.55 (s, 2H), “C NMR
(75 MHz, DMSO-d;) & 164.6, 161.3, 158.0, 143.0, 141.4, 138.5, 136.4 (d, J =11.3 Hz),
135.3 (d, J =10.5 Hz), 129.3, 129.2, 129.1 (d, J =3.0 Hz), 128.8, 126.1, 120.8 (d, J =
5.3 Hz), 116.6, 115.3 (d. J =25.5 Hz), 109.9 (d, J =21.0 Hz), 101. 3, 94.3 (d, J] =2.3 Ho),
MS (m/z): 381.1 [M]",

L4 W) (), # (4 [f 4.' H NMR (DMSO-d ;. 300 MHz) & 7. 91 (s, 1H), 7.80~7.77 (m, 2H),
7.65~7.62 (m, 3H), 7.55~7.46 (m, 6H), 7.22~7.16 (m, 1H), 3.47 (s, 2H), 2.44 (s, 3H),
BC NMR (75 MHz, DMSO-d;) & 158.1, 143.4, 140.7, 140.1, 139.0, 135.2, 130.9, 129.3,
129.1, 128.8 128.8, 127.4, 126.2, 125.3, 120.6, 117.6, 117.0, 101. 3, 93.6, 22.1, MS (m/2):
377.1 [M]",

144 (4h) B A E K H NMR (DMSO-d, 300 MHz) & 8.43 (s, 1H), 8.00 (s, 1H), 7. 78~
7.76 (m, 3H), 7.68 ~7.65 (m, 2H), 7.59~7.48 (m, 6H), 3.92 (s, 3H), 2.46 (s, 2H),
¥C NMR (75 MHz, DMSO-d;) & 166.2, 157.7, 143.1, 140.9, 138.4, 134.0, 131.9, 130.7,
129.4, 129.2, 129.1, 129.1, 128.8, 128.6, 126.2, 123.9, 122.3, 121.1, 116.4, 101.5, 96.7,
79.7.53.0, MS Gn/2): 421.1 [M]",

LA (4, @ k' H NMR (DMSO-d;, 300 MHz) 6 7.93 (s, 1H), 7.85~7.80 (m, 3H),
7.68~7.63 (m, 3H), 7.57~7.46 (m, 7TH), 3.55 (s, 2H), 1.39 (s, 9H) ., C NMR (75 MHz, DM-
SO-ds) & 158.0, 153.5, 143.5, 140.0, 139.0, 135.1, 130.8, 129.4, 129.3, 129.0, 128. 8, 128. 2,
126.2, 124.2, 121.6, 121.4, 117.7, 117.0, 101.3, 93.8., 66.9, 35.5, 31.3, MS (m/z):
419.2 [M]*,
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