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Cyclization Reaction of Cyano-Substituted Unsaturated Esters

Prompted by Conjugate Addition of Organoborons

Tomoya Miura, Tatsuro Harumashi, and Masahiro Murakami*

Department of Synthetic Chemistry and Biological Chemistry, Kyoto University,
Katsura, Kyoto 615-8510, Japan

General. Infrared spectra were recorded on a Shimadzu FTIR-8100 spectrometer. 'H and "C
NMR spectra were recorded on a Varian Gemini 2000 ("H at 300 MHz and "’C at 75 MHz), a Varian
Mercury VX400 (‘H at 400 MHz and "*C at 100 MHz), or a JEOL JNM-ECA ('H at 600 MHz and
C at 150 MHz) spectrometer using CHCL, ('H, & = 7.26) and CDCL, ("°C, 8 = 77.0) as an internal
standard. High-resolution mass spectra were recorded on a JEOL JMS-SX102A spectrometer.
All reactions were carried out under a nitrogen atmosphere. Column chromatography was
performed with silica gel 60 N (Kanto). Preparative thin-layer chromatography was performed
with silica gel 60 PF,;, (Merck).

(1a)'

IR (nujol): 2222, 1710 cm™; '"H NMR (300 MHz): § = 3.84 (s, 3H), 6.61 (d, J = 15.9 Hz, 1H), 7.48
(t,J =7.7 Hz, 1H), 7.62 (t, J = 7.8 Hz, 1H), 7.72 (t, J = 7.2 Hz, 2H), 7.98 (d, J = 15.9 Hz, 1H); °C
NMR (75 MHz): 6 = 52.1, 112.7, 117.1, 122.6, 126.9, 130.0, 132.9, 133.5, 137.3, 139.5, 166.2;
HRMS (EIY): Calcd for C,;H,NO,, M 187.0633. Found m/z 187.0634.

(1b)

IR (nujol): 2217, 1721, 1636 cm™; '"H NMR (300 MHz): & = 3.87 (s, 3H), 6.74 (d, J = 15.9 Hz, 1H),
7.60-7.80 (m, 3H), 7.91 (d, J = 8.1 Hz, 1H), 8.05 (d, J = 8.4 Hz, 1H), 8.22 (d, J = 15.9 Hz, 1H),
8.28 (d, J = 8.4 Hz, 1H); °C NMR (75 Hz): & = 52.1, 111.0, 115.8, 122.2, 123.2, 126.0, 128.4,
128.5, 129.2, 132.6, 133.09, 133.15, 137.2, 139.9, 166.2; HRMS (EI"): Calcd for C,sH,,NO,, M
237.0790. Found m/z 237.0786.

" Busacca, C. A.; Johnson, R. E. Tetrahedron Lett. 1992, 33, 165.
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(1c)

IR (KBr): 2203, 1713, 1642 cm™; "H NMR (300 MHz): & = 3.86 (s, 3H), 3.88 (s, 3H), 7.10 (d, J =
16.2 Hz, 1H), 7.27-7.34 (m, 1H), 7.37-7.41 (m, 2H), 7.73-7.78 (m, 1H), 7.79 (d, J = 16.2 Hz, 1H);
'3C NMR (75 MHz): § = 65.4, 70.7, 79.3, 85.4, 86.8, 87.8, 88.6, 88.8, 89.1, 89.8, 90.0, 92.1, 92.7,
99.5; HRMS (EI'): Calcd for C,,H,,N,0,, M* 240.0899. Found m/z 240.0900.

(1d)

IR (KBr): 2230, 1725, 1632, 1312, 1175 cm™'; 'H NMR (300 MHz): § = 3.82 (s, 3H), 6.47 (d, J =
15.9 Hz, 1H), 7.25 (d, J = 5.1 Hz, 1H), 7.41 (d, J = 5.7 Hz, 1H), 7.89 (d, J = 15.9 Hz, 1H); °C
NMR (75 MHz): 6 = 52.1, 112.0, 113.9, 121.6, 128.2, 129.8, 132.8, 147.7, 165.8; HRMS (EI"):
Calcd for C,H,O,NS, M 193.0197. Found m/z 193.0201.

(le)’

IR (KBr): 2247, 1713, 1634, 1320, 1169 cm™; 'H NMR (300 MHz): 8 = 3.82 (s, 3H), 3.86 (s, 2H),
6.40 (d, J = 15.9 Hz, 1H), 7.34-7.52 (m, 3H), 7.57-7.62 (m, 1H), 7.82 (d, J = 15.6 Hz, 1H); °C
NMR (75 MHz): § = 21.6, 51.8, 117.0, 121.4, 127.2, 128.7, 128.9, 129.1, 130.5, 133.1, 139.7,
166.5; HRMS (EI"): Calcd for C,,H, NO,, M* 201.0790. Found m/z 201.0791.

(1f)

IR (nujol): 2224, 1653, 1611 cm™; 'H NMR (300 MHz): & = 1.81 (s, 6H), 3.83 (s, 3H), 6.30 (d, J =
15.6 Hz, 1H), 7.32-7.47 (m, 3H), 7.52-7.56 (m, 1H), 8.50 (d, J = 15.6 Hz, 1H); "C NMR (75
MHz): 6 = 28.8, 35.4, 51.9, 121.4, 124.0, 125.4, 128.5, 129.2, 130.1, 133.9, 138.5, 142.7, 166.6;
HRMS (EIY): Calcd for C,,H;\NO,, M" 229.1103. Found m/z 229.1106.

(1)’

IR (neat): 2249, 1717, 1659, 1269, 1210, 1161 cm’; 'H NMR (300 MHz): 8 = 1.29 (t, J = 7.2 Hz,
3H), 2.45-2.60 (m, 4H), 4.20 (q, J = 7.2 Hz, 2H), 5.95 (d, J = 15.9 Hz, 1H), 6.90 (dt, J = 15.6, 6.2
Hz, 1H); °C NMR (75 MHz): 8 = 13.6, 15.4, 27.1, 59.8, 118.2, 123.1, 143.1, 165.0; HRMS (CI*):
Calcd for CiH,,NO,, M+H" 154.0868. Found m/z 154.0869.

* Kolsaker, P.; Ellingsen, P. O. Acta Chem. Scand., Series B: Organic Chemistry and Biochemistry
1979, B33, 138.

 Bhandal, H.; Howell, A. R.; Patel, V. F.; Pattenden, G. J. Chem. Soc. Perkin Trans. I1: Organic and
Bio-Organic Chemistry 1990, 2709.
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(1h)*

IR (neat): 2247, 1719, 1655, 1271, 1198, 1156 cm™; '"H NMR (300 MHz): § = 1.28 (t, J = 7.1 Hz,
3H), 1.83 (quint, J = 7.2 Hz, 2H), 2.31-2.43 (m, 4H), 4.18 (q, J = 7.2 Hz, 2H), 5.88 (d, J = 15.9 Hz,
1H), 6.87 (dt, J = 15.6, 6.9 Hz, 1H); °C NMR (75 MHz): = 14.2, 16.6, 23.8, 30.6, 60.4, 118.9,
123.2, 145.6, 166.1; HRMS (FAB*): Calcd for C;H,,NO,, M+H* 168.1025. Found m/z 168.1025.

General procedure: To an oven-dried, N,-purged flask was added substrate 1 (0.3 mmol, 1.0
equiv), [Rh(OMe)(cod)], (15 umol, 10 mol% of Rh), and a solution of B-Ar-9BBN (2, 0.6 mmol,
2.0 equiv) in toluene (3.0 mL). The resulting reaction mixture was stirred for 8~17 h at 110 °C.
After the reaction mixture was cooled, water (5~10 mL) was added, and the aqueous layer was
extracted with ethyl acetate (15 mL x 5). The combined extracts were washed with brine and dried
over MgSO,. The solvent was removed under reduced pressure and the residue was purified by
preparative thin-layer chromatography (dichloromethane) to give the product 3. The second
chromatography (hexane:ethyl acetate) was carried out in some cases to remove small amounts of

impurities.

(3aa)
IR (nujol): 3499, 3349, 1659, 1628, 1536 cm™; '"H NMR (400 MHz): & = 3.62 (s, 3H), 4.81 (s, 1H),
6.11 (br s, 2H), 7.10-7.14 (m, 2H), 7.14-7.25 (m, 4H), 7.30-7.38 (m, 2H), 7.39-7.44 (m, 1H); °C
NMR (75 MHz): § = 50.4, 52.1, 102.6, 118.8, 124.8, 126.2, 126.6, 127.5, 128.1, 129.4, 136.7, 141.4,
149.4, 156.9, 167.9; elemental analysis: Calcd for C,;H,;\NO,: C 76.96, H 5.70; found: C 76.86, H
5.64.

(3ab)

IR (nujol): 3438, 3337, 1659, 1638, 1545, 1509 cm™; 'H NMR (300 MHz): = 3.63 (s, 3H), 3.76 (s,
3H), 4.77 (s, 1H), 6.15 (br s, 2H), 6.80 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.7 Hz, 2H), 7.16-7.21 (m,
1H), 7.29-7.35 (m, 2H), 7.38-7.44 (m, 1H); °C NMR (75 MHz): 8 = 50.4, 51.4, 55.1, 102.9, 113.6,
118.7, 124.8, 126.6, 128.5, 129.4, 133.4, 136.6, 149.7, 156.7, 158.0, 167.9; HRMS (EI"): Calcd for
C,sH,;NO,, M* 295.1208.  Found m/z 295.1207.

* Rozema, M. J.; Sidduri, A.; Knochel, P. J. Org. Chem. 1992, 57, 1956.
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(3ac)

IR (KBr): 3449, 3364, 1673, 1653, 1626 cm™'; '"H NMR (300 MHz): § = 3.62 (s, 3H), 4.76 (s, 1H),
6.11 (br s, 2H), 7.04 (d, J = 8.1 Hz, 2H), 7.13-7.22 (m, 3H), 7.30-7.45 (m, 3H); "C NMR (75
MHz): § = 50.5, 51.5, 102.6, 118.9, 124.9, 127.0, 128.3, 129.0, 129.7, 131.9, 136.7, 140.1, 149.0,
156.9, 167.7; HRMS (EI"): Calcd for C,,H,,CINO,, M* 299.0713. Found m/z 299.0712.

(3ba)

IR (KBr): 3403, 3305, 1653, 1628, 1522, 1262, 1100 cm™; 'H NMR (300 MHz): 8 = 3.63 (s, 3H),
4.83 (s, 1H), 6.68 (br s, 2H), 7.09-7.27 (m, 5H), 7.30 (d, J = 8.7 Hz, 1H), 7.52 (t, J = 7.7 Hz, 1H),
7.63 (t,J = 7.7 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 7.8 Hz, 1H), 8.33 (d, J = 8.1 Hz, 1H);
3C NMR (75 MHz): 8 = 50.4, 52.5, 104.7, 121.9, 122.9, 125.4, 126.4, 127.2, 127.8, 128.2, 128.5,
129.6, 130.6, 130.7, 133.3, 140.5, 150.1, 160.8, 168.0; HRMS (CI*): Calcd for C,H,;NO,, M+H"
316.1338. Found m/z 316.1335.

(3ca)

IR (KBr): 3391, 3301, 3214, 1624, 1489 cm™; "H NMR (400 MHz): § = 3.42 (s, 3H), 3.57 (br s, 3H),
4.77 (s, 1H), 7.10-7.15 (m, 2H), 7.15-7.33 (m, 6H), 7.66-7.71 (m, 1H) (-NH, missing); *C NMR
(150 MHz): § = 30.7, 46.4, 49.8, 98.5, 110.4, 114.8, 118.5, 120.9, 121.0, 121.6, 126.6, 128.1, 128.3,
138.8, 141.3, 156.7, 159.1, 167.7, HRMS (CI"): Calcd for C,,H,,N,O,, M+H" 319.1447. Found
m/z 319.1445.

(3da)

IR (KBr): 3472, 3345, 1655, 1607, 1534 cm™; 'H NMR (300 MHz): 8 = 3.59 (s, 3H), 4.87 (s, 1H),
6.14 (br s, 2H), 7.03 (d, J = 4.8 Hz, 1H), 7.08-7.16 (m, 2H), 7.16-7.29 (m, 3H), 7.34 (d, J = 5.7 Hz,
1H); *C NMR (150 MHz): 8 = 50.1, 50.2, 104.5, 116.9, 126.6, 127.4, 128.3, 129.7, 141.2, 141.8,
155.5, 156.0, 167.1; HRMS (FAB*): Calcd for C;;H,;NO,S, M* 271.0667. Found m/z 271.0666.

(3ea)

IR (nujol): 3463, 3322, 1668, 1609 cm™; 'H NMR (400 MHz): 6 = 3.31 (d, J = 18.8 Hz, 1H), 3.70 (s,
3H), 3.83 (d, J = 18.8 Hz, 1H), 5.22 (s, 1H), 7.07-7.21 (m, 8H), 7.30-7.34 (m, 1H) (-NH, missing);
"C NMR (75 MHz): § = 36.3, 45.4, 50.6, 95.0, 125.7, 126.0, 126.7, 127.2, 127.3, 128.1, 128.3,
131.8, 140.1, 145.9, 156.9, 169.5; HRMS (EI"): Calcd for C,;;H,;NO,, M* 279.1259. Found m/z
279.1260.
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(3fa) To an oven-dried, N,-purged flask was added a solution of 1f (44.0 mg, 0.19 mmol) in 1,4-
dioxane (2.0 mL), 2-phenyl[1,3,2]dioxaborolane 2a’ (59.0 mg, 0.40 mmol, 2.0 equiv),
[Rh(OMe)(cod)], (4.7 mg, 9.7 umol, 10 mol% of Rh), and H,O (0.7 uL, 39 umol, 0.2 equiv). The
resulting reaction mixture was stirred for 13 h at 100 °C.  After the reaction mixture was cooled,
the reaction was quenched with water (5~10 mL). The aqueous layer was extracted with ethyl
acetate (15 mL x 5). The combined extracts were washed with brine and dried over MgSO,. The
solvent was removed under reduced pressure and the residue was purified by preparative thin-layer
chromatography (dichloromethane) to give the product 3fa (46.9 mg, 0.15 mmol, 80%): IR
(nujol): 3426, 3312, 1653, 1624, 1522 cm™; '"H NMR (300 MHz): 8 = 1.63 (s, 3H), 1.65 (s, 3H),
3.59 (s, 3H), 5.16 (s, 1H), 6.76 (br s, 2H), 7.04-7.14 (m, 2H), 7.15-7.23 (m, 6H), 7.33-7.39 (m,
1H); "C NMR (75 MHz): § = 29.4, 31.9, 39.2, 44.5, 50.5, 93.1, 125.4, 125.8, 126.1, 126.2, 127.9,
128.0, 129.5, 136.9, 140.0, 147.9, 162.0, 170.3; HRMS (EI"): Calcd for C,,H,,NO,, M* 307.1572.
Found m/z 307.1570.

(3ga)

[a]*, — 9.51 (¢ 1.365, CHCL,) for the sample of 95% ee.

IR (KBr): 3478, 3335, 1651, 1620, 1566 cm™; '"H NMR (300 MHz): § = 1.01 (t, J = 7.2 Hz, 3H),
1.70-1.82 (m, 1H), 2.30-2.50 (m, 2H), 2.62-2.77 (m, 1H), 3.91-4.05 (m, 2H), 4.06—4.13 (m, 1H),
5.83 (brs, 2H), 7.12-7.29(m, 5H); *C NMR (75 MHz): § = 14.2, 31.4, 33.6, 48.3, 58.4, 99.0, 125.4,
126.8, 127.8, 147.6, 162.6, 167.8: HRMS (EI'): Calcd for C,,H,,NO,, M* 231.1259. Found m/z
231.1257.

(3gb)

[a]®, — 1.05 (¢ 1.045, CHCL,) for the sample of 89% ee.

IR (neat): 3446, 3320, 1651, 1634, 1557 cm’; 'H NMR (300 MHz): & = 1.04 (t, J = 7.1 Hz, 3H),
1.65-1.78 (m, 1H), 2.26-2.48 (m, 2H), 2.58-2.77 (m, 1H), 3.77 (s, 3H), 3.93—4.08 (m, 3H), 5.71 (br
s, 2H), 6.79 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 8.7 Hz, 2H); "C NMR (75 MHz): § = 14.4, 31.6, 33.6,
47.5,55.2,58.5,99.4, 113.3, 127.8, 139.7, 157.5, 162.3, 167.9; HRMS (EI*): Calcd for C,.H ,NO,,
M*261.1365. Found m/z 261.1362.

(3gc)
[a]®, —5.36 (¢ 0.765, CHCL,) for the sample of 95% ee.
IR (KBr): 3422, 3314, 1659, 1624, 1547 cm; 'H NMR (300 MHz): & = 1.02 (t, J = 7.2 Hz, 3H),
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1.63-1.75 (m, 1H), 2.28-2.52 (m, 2H), 2.61-2.76 (m, 1H), 3.91-4.09 (m, 3H), 5.76 (br s, 2H), 7.10
(d, J = 8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H); °C NMR (75 MHz): § = 14.3, 31.3, 33.6, 47.8, 58.6,
98.7, 128.0, 128.2, 131.0, 146.2, 162.6, 167.7; HRMS (EI"): Calcd for C,,H,,CINO,, M* 265.0870.
Found m/z 265.0877.

(4ha)’

keto:enol=45:55; IR (neat): 2940, 1744, 1715, 1647, 1617 cm™"; '"H NMR (300 MHz): § =0.94 (t, J
=7.2 Hz, 1.65H), 1.04 (t, J = 7.2 Hz, 1.35H), 1.50-2.00 (m, 3H), 2.04-2.62 (m, 3H), 3.38 (dt, J =
11.7, 3.7 Hz, 0.45H), 3.67 (d, J = 12.6 Hz, 0.45H), 3.86-3.93 (m, 0.55H), 3.93-4.08 (m, 2H),
7.12-7.34 (m, 5H), 12.57 (s, 0.55H); "C NMR (150 MHz): § = 13.8, 13.9, 17.2, 25.4 29.1, 31.6,
33.0, 38.6, 41.1, 47.6, 60.0, 60.7, 63.7, 100.0, 125.6, 126.98, 127.01, 127.5, 127.9, 128.6, 142.2,
146.4, 168.7, 172.4, 173.6, 205.3; HRMS (EI'): Caled for C,.H,O,, M* 246.1256. Found m/z
246.1253.

> Bunce, R. A.; Harris, C. R. J. Org. Chem. 1992, 57, 6981.
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Asymmetric procedure: To an oven-dried, N,-purged flask was added [RhCI(C,H,),], (3.9 mg,
10 umol, 10 mol% of Rh), (R)-Hg-BINAP (12.6 mg, 20 wmol, 10 mol%), KOH (5.48 mg, 98 umol,
0.5 equiv), and a solution of B-Ph-9BBN (2a, 77.8 mg, 0.39 mmol, 2.0 equiv) in toluene (1.0 mL).
The resulting reaction mixture was stirred for 30 min at 70 °C, and then a solution of 1g (30.5 mg,
0.2 mmol) in toluene (1.0 mL) was added. After stirring for 12 h at 70 °C, the reaction was
quenched with water (5~10 mL). The aqueous layer was extracted with ethyl acetate (15 mL x 5).
The combined extracts were washed with brine and dried over MgSO,. The solvent was removed
under reduced pressure and the residue was purified by preparative thin-layer chromatography
(dichloromethane). The second chromatography (hexane:ethyl acetate=3:1) was carried out to
remove small amounts of impurities, leading to the product 3ga (30.2 mg, 0.13 mmol, 66%, 95%

ee).

3ga: The ee was determined on a Daicel Chiralcel OD-H column with hexane:isopropanol = 9:1,
flow rate = 0.6 mL/min, A =220 nm. Retention times: 13.0 min, 14.6 min.
3gb: The ee was determined on a Daicel Chiralcel AS-H column with hexane:isopropanol = 9:1,
flow rate = 0.6 mL/min, A =220 nm. Retention times: 15.8 min, 18.6 min.
3gc:  The ee was determined on a Daicel Chiralcel OD-H column with hexane:isopropanol = 9:1,

flow rate = 0.6 mL/min, A =220 nm. Retention times: 14.2 min, 15.5 min.

(6) To an oven-dried, N,-purged flask was added a solution of 3ga (49.7 mg, 0.22 mmol) in DMF (2
mL) and NaH (9.3 mg, 0.39 mmol, 1.8 equiv) at 0 °C. The resulting reaction mixture was stirred
for 50 min at 0 °C, and then phenyl isocyanate (36.0 mg, 0.3 mmol, 1.4 equiv) was added at O °C.
After stirring for 1 h at room temperature, the reaction was quenched with water (5~10 mL). The
solvent was removed under reduced pressure and the residue was purified by preparative thin-layer
chromatography (dichloromethane) to give the product 6 (52.2 mg, 0.17 mmol, 80%): IR (KBr):
3200, 1721, 1650, 1418 cm™; '"H NMR (600 MHz): 8 = 1.92-2.00 (m, 1H), 2.38-2.44 (m, 1H),
2.46-2.55 (m, 1H), 2.58-2.66 (m, 1H), 4.24-4.29 (m, 1H), 7.14-7.21 (m, 5H), 7.25-7.29 (m, 2H),
7.35-7.39 (m, 1H), 7.42-7.46 (m, 2H), 10.13 (br s, 1H); *C NMR (150 MHz): § = 30.5, 32.0, 46.6,
114.3, 126.5, 126.9, 128.4, 128.5, 128.6, 129.1, 134.9, 143.8, 153.3, 154.9, 160.8; HRMS (EI"):
Calcd for C,(H,(N,O,, M*" 304.1212. Found m/z 304.1212.

(7) To an oven-dried, N,-purged flask was added a solution of 3ea (49.0 mg, 0.175 mmol) in

benzene and DDQ (60.2 mg, 0.265 mmol, 1.5 equiv). The resulting reaction mixture was stirred
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for 2 h at 80 °C. After the reaction mixture was cooled, the solvent was removed under reduced
pressure and the residue was purified by preparative thin-layer chromatography (dichloromethane)
to give the product 7 (29.6 mg, 0.11 mmol, 61%): IR (KBr): 3457, 3370, 1715, 1622 cm™; 'H
NMR (400 MHz): 6 = 3.40 (s, 3H), 4.57 (br s, 2H), 7.08 (s, 1H), 7.10-7.17 (m, 1H), 7.29-7.49 (m,
7H), 7.61 (d, J = 8.1 Hz, 1H); "C NMR (75 MHz): 6 = 51.7, 109.9, 120.8, 123.0, 125.7, 126.4,
127.3, 127.4, 127.6, 127.8, 129.7, 135.6, 139.2, 141.4, 142.2, 169.6; HRMS (EI"): Calcd for
C;H;sNO,, M* 277.1103. Found m/z 277.1104.
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