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Rhodium-Catalyzed Asymmetric Arylation of Imines with Organostannanes.

Asymmetric Synthesis of‘ Diarylmethylamines
Supporting Data_

Preparatlon of Immes (1a-e, 2a, 3a, and 9).

A general procedure is shown below A sulfonamide, an aldehyde (1.1 cq) and
tetraethyl orthosilicate (1.1 eq.) were combmed in a flask equipped Wlth a Dean-Stark, and the
mixture was heated at 160 °C under nitrogen for'6 h. Afte;r cooling to room temperaiure, the
reaction mixture was dissolved in warni ethyl acetate, treated with» n-hexane, and allowed to
stand at room temperatufe. The crystals were éollected by filtration, waéhed With n-hexane,
and dried. N-(4-Tfifluoromethylphgnyl)methylidene-4-nitrobenzenésulfonamide'
(1a): 1H NMR (CDCl3) 8 7.79 (d, J = 8.3 Hz, 2H), 8.09 (d, J = 8.3 Hz, 2H), 8.23 (d, J=
8.3 Hz, 2H), 8.41 (d, le 8.3 Hz, 2H), 9.19 (/s, 1H); 13C NMR (CDCl3) & 123.20 (q, J = 273 “
Hz), 124.48, 126.33 (q, J = 3.6 Hz), 129.59, 131.74, 134.87, 136.55 (q, J = 33 Hz),
143.57, 150.86, 170.72. Anal. Calcd for C14H904N28F3: C, 46.93; H, 2.53. Found: C,
46.92; H, 2.32. N-(4-Trifluoromethylphehyl)methylideﬁe-4-chlorbbenzeng-
sulfonamide (2a): !H NMR (CDCl3) § 7.55 (d, J = 8.3 Hz, 2H), 7';77 d,J= 8.3 Hz, 2H),
7.96 (d, J = 8.3 Hz, 2H) ‘8-.06 (d, J = 8.3 Hz, 2H), 9.12 (s, 1H); 13C NMR (CDCl3) 3
123.23 (q, J = 272 Hz), 126.14 (q, J =3.5 Hz), 129.61, 129.63, 131.46, 135.11, 136.04 (q,
J= 33 Hz), 136.13, 140.67, 169.24. Anal. Calcd for C14H9O,NSCIFs: C, 48.36; H, 2.61.
Found: C, 48.07; H, 2.41. N-(4- Trlfluoromethylphenyl)methyhdene -4-
methylbenzen.esulfonam‘ide (3a): 1H NMR (CDCl3) 6 2.45 (s, 3H), 7.37 (d, J = 8.3 Hz,.

) 2H), 7.74 (d, J = 8.3 Hz 2H), 7.90 (d, J = 8.3 Hz, 2H), 8.05 (d, J = 8.3 Hz, 2H), 9.08 (s, .
1H); 13C NMR (CDCls) 8 21.09, 123.36 (q, J =272 Hz), 126.10 (d, J = 3.6 Hz), 128.30,
129.97, 131.38, 134.54, 13542, 135.77 (q, J = 33 Hz), 145.11, ‘168;46. Anal. Calcd for
C15H120,NSF3: C, 55.04; H, 3.70. Found: C, 54.87; H, 3.90. N-(4-Methoxycarbonyl-
phenyl)methyiideﬁe-4-nitrobenzenesulf()namide» (1b): 1H NMR (CDC13) 6 3.96 (s,
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3H), 8.03 (d, J = 8.3 Hz, 2H), 8.17 (d, J = 8.3 Hz, 2H), 823 (d,J=83Hz, 2H), 841 (d,J
= 8.3 Hz, 2H), 9.18 ‘(s, 1H); 13C NMR (CDC13') 3 52.70, 124.42, 129.5'3, 130.29, 131.38,
135.33, 136.05, 143.72, 150.80, 165.67, 171.13. Anal. Calcd for Cy5H(206N;S: C, 51.72;
H, 3.47. Found: C, 51.75; H, ‘3.36. N-(4-Fluorophenyl)methyliaene-4-nitro-
benzenesulfonamide (1c): 1H NMR (CDC13) 8722, J= 8.6 Hz, 2H) 7.99 (dd, J =
8.6, 5.4 Hz, 2H), 8.-21 (d, J=9.1 Hz, 2H), 8.41 (d, J = 9.1 Hz, 2H), 9.10 (s., 1H); 13C
NMR‘(CDC13) 3 117.19 (d, J = 22 Hz), 124.36, 128.38,.129.35, 134.29 (d, J = 10 Hz),
144.12, 150.65, 167.36 (d, J = 260 Hz), 170:68. Anal. Caled for C13H9O4N3SF: C, 50.65;
H, 2.94. Found: C, 50.68; H, 2.85. ‘N-(yé.l-Chloropheny'l)met:l}ylidehe-4-
~ nitrobenzenesulfonamide (id): TH NMR (CDCl3) § 7.51 (d, J = 8.3 Hz, 2H), 7.90 (d, J
= 8.3 Hz, 2H), 8.21 (d, J = 8.3 Hz, 2H), 8.40 (d, /=83 Hz, 2H), 9.09 (s, IH);V 13C NMR
>(CDC13)8 124.40, 129.42, 129.89, 130.38, 132.73 142.50 14_3.'99 150.71, 170.84. Anal.
Calcd for C13H9O4N,SCl: C, 48.08; H, 2. 79 Found C, 48.19; H, 2. 73 N-4-
Phenylmethyhdene 4- nltrobenzenesulfonamlde (le) IH NMR (CDCl3) & 7 53 (t, J
= 7.6 Hz, 2H), 7.68 (t, J = 7.6 Hz, 1H), 7.96 (d, J = 8.1 Hz, 2H), 8.22 (d, J = 8.8 Hz, ZH),
8.40 (d, J = 8.8 Hz, 2H), 9.13 (s, 1H); 13C NMR (CDCl3) 6 124.35, 129.36, 129.39,
131.72, 131.97, 135.82, 144.23, 150.62, 172.39. ‘Anal. Calcd for C13H1004N28: C, 53.79;
H, 3.47. Found: C, 53.67; H, 3.66. N-[(‘E)-2-Phenyletheny‘l]'methylideﬂne-4-
nitrobenzenesulfonamide (9): 'H NMR (CDC13) 8»7 01 (dd, J = 15.5, 9.3 Hz, 1H),
7.43-7.51 (m, 3H) 7.58-7.62 (m, 3H), 8.17 (d, J 8.8 Hz, 2H), 8.38 (d, J 88Hz 2H)
8.86 (d, 1H); 13C NMR (CDCl3) § 124.32, 124. 35, 128.96, 129.23, 129.33, 132.26,
133.88, 144.47, 155.94, 172.98. Anal. Calcd for C15H1204NZS: C, 56.95; H, 3.y82. Found:
C, 56.69; H, 3.85.

Preparation of (R)-2- (Dlphenylphosphlno) 2' (3 5 dlmethyl 4- methoxy-
phenyl)-1,1'-binaphthyl (Ar*-MOP). '



© 1999 American Chemical Society, J. Am. Chem. Soc., Hayashi ja9927220 Suprrting Info Page 3

A mixture of _(R)-2—(diphenylphdsphino)-2'—(triﬂuoromethanesulfonyloxy) 1,1'-
b1naphthy1 (1.12 g, 1.91 mmol) dlchloro[l 3- b1s(d1pheny1phosph1no)propane]mckel (0.202

. g, 0.38 mmol), and 3,5- d1methyl 4- methoxyphenylmagnesmm bromide (1. 5 M, 9 mL, in .

tetrahydorofuran) was reﬂuxed for 24 h under nitrogen. After cooling to room temperature the
‘reaction mixture was quenched with saturated ammonium chloride (20 mL) on ice bath, and -
extracted with diethyl ether. The extract was dried over anhydrous MgSOy4, and evaporated
The residue was chromatographed on silica gel (hexane/ethyl acetate = 5/ 1) to give O 634 g
(58% y1e1d) of (R)-2-(diphenylphosphino)-2'-(3, 5 dlmethyl 4- methoxyphenyl) 1, 1 -binaphthyl
(Ar*- MOP) IH-NMR (CDCl3) : 1.83 (s, 6H), 3.61 (s, 3H), 6.61 (s 2H), 6. 65 (t, J=6.8
Hz, 2H), 683 (d, J = 8.3Hz . 1H), 690 (t, J = 6.8 Hz, 2H), 7.00 (t, J = 7.3Hz , 1H), 7:04
(t, /=73 Hz, 2H), 7.09 (1, J = 6.8, Hz , 2H), 7.12 (t, J = 7.8Hz, 1H), 717 (t J =173 Hz,
1H), 7.22 (dd, J.= 8.8, 2.9 Hz, 1H), 7.35 (t, J = 8.3 Hz, 1H),736(t J=39Hz, 1H), 7.45
(d,J=8.8Hz, 1H), 7.50 (t, J = 6.8 Hz , 1H), 7.63 (d, J = 8.3 Hz, 1H), 7.74 (d, J = 8.8 Hz,
1H), 7.86 (d, J = 8.3 Hz, 1H), 7.91 (d, J—“83 Hz, 1H), 8.03 (d J = 8.3 Hz, 1H)
3IP{IH}NMR. § 19 54 (s). Anal. Calcd for C41H33PO C, 85.99; H, 5.81. Found: C,
85.71; H, 5.91. |

Rhodium-Catalyzed Asymmetric Arylation of Imines with Organdstannanes.’
The results including specific rotation data and method's.'for the determination of
enant10mer1c purities are shown in Table 1. A typical procedure is grven for the preparatlon of
N-[(4- trlfluoromethylphenyl)phenylmethyl] 4- nltrobenzenesulfonamlde (Sam)
(entry 1, Table 1): Phenyltrlmethylstannane (482 mg, 2.00 mmol; 4m) and 1,4-dioxane (0.6
mL) were added to a pressure ‘bottle charged with lithium ﬂuorlde (104 mg, 4. OO mmol),
Rh(acac)(CyHy)s (3 1 mg, 12 umol) (R)-MeO-MOP (12.4 mg, 26 pumol), and N-(4-
trrﬂuorom_ethylphenyl)methyhdene—4-nrtrobenzenesulfonamide (143 mg, 0.40 mrnol; 1a). The
bottle ’was sealed under nitrogen. The mixture was stirred at 110 °C for 12 h and concentrated -
in vacuo. The residue was dissolved in dichloromethane, washed with water? dried over

anhydrous MgSO4; and evaporated. The residue was chromatographed on a silica gel column
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(COSMOSIL 75SL II-PREP, 18 mm¢ x 30 mm, pretreated Wlth methanol and dried) with ethyl '
acetate as an eluent to give 143 mg (82% yleld) of N-[(4- tr1ﬂuoromethylphenyl)phenylmethyl]-
4- mtrobenzenesulfonamlde (Sam) 1H NMR (CDCl3) 8 5.59 (d, J = 7.8 Hz, 1H), 5.75 (d J
= 7.8 Hz, 1H), 7.05- 706 (m, 2H) 7.21-7.27 (m, 3H), 7.30 (d, J = 7.8 Hz, 2H), 750(d J—
7.8 Hz, 2H), 7.79 (d, J = 7.8 Hz, 2H) 8.15(d, J=7.8 Hz, 2H) 13¢ NMR (CDC13) 0 61. 38
123.73 (q, J = 272 Hz), 123.98, 125.69 (g, J = 3.6 Hz), 127.31, 127.78, 128 30, 128. 53
129.07, 130.35 (g, J = 33 Hz), 138. 67, 143. 55, 145.94, 149 84. Anal. Calcd for
C20H1504N,SF3: C, 55.04; H, 3 46. Found: C, 55.11; H, 3.53. N-[(4-.
Trifluoromethylphenyl)phe_nylmethyl]-4-chlorobenzenesu_'lfonamide' (6am): 'H
NMR (CDCl3) 8 5.55 (d, J = 7.4 Hz, 1H), 5.65 (d J=1. 4.Hz 1H), 7.02-7.07 (m, 2H)‘
- 7.20-7.31 (m, 7H), 748 (d, J 7.9 Hz, 2H), 7.55 (d, J = 79Hz 2H); 13C NMR (CDC13)5
61.14, 123.86 q, J = 272 Hz), 125. 55 (q, J = 3.6 Hz), 127.29, 127.75, 128.28, 128.52,
12897, 129.09, 130.05 (q, J = 33 Hz), 138.63, 139.24, 139.25, 143.97. Anal. Caled for
C20H1503NSCIFs: C, 5641; H, 3.55. Found: C. 56.20: H, 3.72. N-[(4-
Trlfluoromethylphenyl)phenylmethyl] 4- methylbenzenesulfonamlde (7am): 1H
NMR (CDC13)8233 (s, 3H), 5.02 (d, J = 6.9 Hz, 1H), 5.62 (d J =6.9 Hz, 1H), 7.03-7.06
(m, 2H)’7‘14 (d, J = 8.3 Hz, 2H), 7.22-7.28 (m, 5H), 7.45 (d, J = 8.3 Hz, 2H), 7.54 (d, J
= 8.3 Hz, 2H); 13C NMR (CDCl3) 6 21.34, 61.03, 123.99 (q. J = 271 Hz), 124.36 (q, J =
~ 3.6 Hz), 127.12, 127.29, 127.79, 127. 93, 128.78, 129.39, 129.58 (q, J = 32 Hz), 137.11,
136.75, 143.48, 144.44. Anal. Calcd for C21H1302NSF3: C, 62.21; H, 4.47. Found C,
61.92; H, 4.56. N-[(4-Methoxycarbonylphenyl)phenylmethyl]-4-nitr0benzene-
sulfonamide (Sbni): 1H NMR (CDCl3) & 3.88 (s, 3H),'5.40’ d,J= 74 Hz, 1H), 5.74 (d,
| J =7.4 Hz, 1H), 7.04-7.07 (m, 2H),l7.20—7726 (rﬁ, SH), 7.78 (d, J = 8.8 HZ, 2H), 7.89 (d,J
=8.8 Hz, 2H), 8.12 (d, J = 8.8 Hz, 2H); 13C NMR (CDCl3) § 52.30, 61.39, 123.90, 127.37,
127.38, 128.23, 128.30, 128.90, 129.71, 129.91, 138. 84, 144.55, 146.07, 146. 69 166.49.
“Anal. Calcd for C21H1806N>S: C, 59.15; H, 4. 25. Found: C, 59. 40, H, 4. 39 N [(4-
_ Fluoropheny])phenylmethyl] 4- mtrobenzenesulfonamlde (Sem): 1H NMR‘
(CDCI13)6 549 (d, J = 73 Hz, 1H), 5.70 (d, J—73 Hz, 1H), 694 (d J = 88 Hz 2H)
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7.03-7.08 (m, 2H), 7.12 (dd, J = 8.8, 5.4 Hz, 2H), 7.20-7.24 (m 3H), 7.78 (d, J = 8.8 Hz,
2H), 8.14 (d, J = 8.8 Hz 2H); 13C NMR (CDCl3) § 61.04, 115 67 (d, J =22 Hz) 123.90,
127.28, 128.22, 128. 29 128.87, 129 16 (d, J = 8.3 Hz), 135.48 (d, J = 3.6 Hz), 139.19, |
146.15, 149.76, 162.30 (d, J = 247 Hz). Anal. Calcd for C19H1'5O‘4N2$F: C, 59.06; H,
3.91. Found: C, 58.78; H, 4.03. N-[(4-Chlorophenyl)phenylmethyl]-4-
nitrobenzenesulfonamide (Sdm)' 1H NMR (CDCl3) & 5.20 (d, J = 7.3 Hz, 1H), 5.69 -
(d, J =7.3 Hz, 1H), 703 7.07 (m, 2H), 7.09 (d, J = 8.3 Hz, 2H) 7.20-7.25 (m, SH), 7.78
(d, J = 8.8 Hz, 2H), 815 (d, J = 8.8 Hz, 2H); 13C4 NMR (CDC13) 0 61.08, 123.93, 127.28, |
128.28, 128.30, 128.77, 128.89, 128.91, 134.08, 138.15,\13‘8.97, 146.07, 149.76. Anal.
Caled. for Cj9H1504N2SCI: C, 56.65; H, 3'.‘75. Found: C, 56.67; H, 3.59. N-[(4-_ ’
Trifluoromethylphenylj(4-meth0xyph¢nylméthyl]-4-ni_trobenzenesulfonamide’
(5an): 1H NMR (CDCl3) $ 3.74 (s, 3H), 541 (d, J = 7.3Hz, 1H), 5.70 (d, J=73Hz,
1H), 6.73 (d, J = 8.8 Hz, 2H), 6.94' (d, J=8.8 Hz 2H), 7.30 (d, J = 8.3 Hz, 2H), 7.50 (d, J
= 8.3 Hz, 2H), 7.78 (d, J% 8.8 Hz, 2H), 8.15 (d, J = S.S.Hz, 2H); 13C NMR (CDCls) &
55.34, 60.84, 114.37, 123.33 (q, J =‘271sz), 123.97, 125.63 .(q, J = 7.3 Hz), 127.69,
128.33, 128.64, 130.26 (g, J = 33 Hz), 130.77, 143.81, 146.05, 1491.-85, 159.66. Anal.
Calcd for C21H17O5NZSF3 C, 54.08; H, 3.67. Found: C, 54.20; H, 381 N-[phenyl(4-
Methoxyphenyl)methyl] 4- nltrobenzenesulfonamlde (5en): 1H NMR (CDCl3) &
3.74 (s, 3H), 525 d,J= 74Hz 1H), 5.68 (d, J'—74Hz 1H), 673 d,J —83Hz 2H)
7.00 d, J —83Hz 2H),707714(m 2H), 7.18- 725 (m; 3H), 7.74 (d, J= 88Hz 2H), - |
8.10 (d, J = 8.8 Hz, 2H); 13C NMR (CDC1'3) & 55.31, 61.23, 114, 08, 114. 85, 116.04,
‘123 79, 126 41, 127. 32 127.93, 127.97, 128.33, 128.70, 131. 58, 146.36, 159.36. Anal.
"Caled: for C20H1805N25 C, 60.29; H, 4.55. Found: C, 60.21; H, 4.60. N-[(E)-Z-
| phenylethenyl)phenylmethyl] 4- mtrobenzenesulfonamlde (10) IH NMR (CDCls)
8 5.18 (s, 1H), 5.25 (t, J = 6.9 Hz 1H), 6.09 (dd, J = 15.5, 6.9 Hz, lH), 6.41 (d, J =15.7
Hz, 2H), 7.16-7.21 (m, 4H), 7.22-7.29 (m, 6H), 7.85 (d, J = 8.8 Hz, 2H), 8.11 (d, J = 8.8
Hz, 2H); 13C NMR (CDCl3) § 60.28, 123.92, 126.46, 127.11, 127.29, 128.33, 128.44,
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128.45, 128.68, 128.91, 133.08, 135.46, 138.67, 146.67, 149.67. Anal. Calcd for
C21H1804N3S: C, 63.94; H, 4.60. Found: C, 63.70; H, 4.65. P ,

.Deprotection of Sulfonamides. »

A typical procedure is given for the vre'action‘of N—[(4-triﬂuoromethYlphenyl)phenyl-
methyl]-4-nitrobenzene-s’uvlfonamide (Sam) giving (4-trifluordm‘ethylphenyl)phenyl-'
methylamine (8am): A milxture of benzenethiol (40 mg, 0.36 mmol), anhydrous potassium )
carbonate (124 mg, 0.90 mmol), and N- [(4- trlfluoromethylphenyl)phenylmethyl] 4-
mtrobcnzenesulfonarmde (131 mg, 0.30 mmol, Sam) in 0. 5 mL of N,N- dlmethylformamlde
was stirred at 20 °C for 3 h. The reaction mixture was dissolved in diethyl ether, washed with
saturated sodium bicarbonate and water, dried over anhydrous MgSO4 and evaporated. The
residue was chromatographed on silica gel (preparative thin- layer hexane/ethyl acetate 2/1) to |
give 60 mg (80% yield) of (4- trlﬂuoromethylphenyl)phenylmethylamme (8am): 1H NMR
(CDCI3) 6 1.78 (s, 2H), 5.27 (s, 1H), 7.25 (br t, J = 6.9 Hz, 1H), 7.30-7.37 (m 4H), 7.51
(d, J = 8.3 Hz, 2H), 7.56 (d, J = 8.3 Hz, 2H); 13C NMR (CDCls) 5 59.49, 122.06 (q,J =
270 Hz), 125.42 (q, J = 3.6 Hz) 126.87, 127.24, 127.38, 128. 71 129.20 (q, J = 32 Hz),
14485, 149.49. Anal. Calcd for C14H1,NF3: C, 66.93; H, 4.81. Found: C, 66.81; H, 4.88.

Preparation of N-[(4-Tr,ifluoromethylphenyl)phenylmethyl]-4-methylbenzene-
sulfonamide (7am) from (4- Trlfluoromethylphenyl)phenylmethylamlne (8am)

" A mixture of p- toluenesulfonyl chloride (12 mg, 0.062 mmol), tr1ethylam1ne (13 mg,
0.12 mmol), 4-dimethylaminopyridine (0.4 mg, 3.1 pmol), and (4—tr1ﬂuor0methylphenyl)-v
pheriylmethylamine, (8am) in 1,4-dioxane (0.6 mL) was stirred at 20 °C for 24' h at room
temperature. The mixture was evaporated and the residue was chromatographed on silica gel
(preparétive thin-layer, hexane/ethyl acetate = 5/ 1») to give 22 mg (87% yield) of N-[(4-

Triﬂuoromethylphenyl)phenylmethy]]-4-methylbenzenesulfonanﬁde (7am).



