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achieved in p esence of catalytic amounts of Corey S oxazaborohdmc 4 to afford the corresponding 3,4- dlhydro 2,2-
dimethyl-2 H-1-benzopyran-4-ols 2a-e in quantitative yields. These benzopyran-4-ols 2a-e were converted into the chiral
4-amino-3,4-dihydro-2,2-dimethyi-2 /- 1-benzopyrans 1a-e by mesylation, followed by introduction of an azide group by
tetra-n-butyl-ammonium azide, and finally by reduction of the azide 6 with triphenylphosphine under very mild

conditions without loss of stereo information. © 1999 Elsevier Science Ltd. All rights reserved.
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Asymmetric synthesis of chiral 4-amino-benzopyrans are receiving increasing interest. In this work we present
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tereoselective synthesis of 4-amino-3,4-dihydro-2,2-dimethyl-2H-1-benzopyrans 1 a-e via the 3,4-dihydro-
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dihydro-2,2-dimethyl-2H-1-benzopyran-4-ones 3 using Corey’s oxazaborolidine-catalyzed enantioselective

reduction®.

the usual way".

The stereoselective reduction of the ketones 3a-e was the first subject of our investigations. We examined

tha affact af the temn
tne eriect of e wemp

dimethyl-2H-1-benzopyran-4-ones 3 a-e by Corey’s oxazaborolidine and BHj3 to the corresponding alcohols 2a-

-4-0
e. 6-fluoro-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-4-one 3a was used as a model compound (Scheme 1).

The results are summarized in Table 1.
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The best results were obtained in toluene. THF as solvent led to a decrease of opucal y1610 (1 able 1 entry

7). We were able to lower the amount of catalyst to 0.05eq. without loss of enantioselectivity (Table 1, entry 5

and 6). This was independently of the Borane-complex used. The other enantiomer [(S)-6-fluoro-3,4-dihydro-
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Table 1. Enantioselective reduction of 6-fluoro-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-4- one 3a
to 6-fluoro-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-4-ol 2a

Entry Ratio of reactants /ketone Solvent Temperature  Yield 2a (%ee)*
(°C) (%)
1 leq (S)-4 + leq BH3-SMe, toluene -20 >99 95 (R)
2 0.1eq (5)-4 + leq BH3-SMe; toluene -20 >99 95 (R)
3 leq (S)-4+ leq BH3-SMe; toluene 20 >99 96 (R)
4 0.1leq (S)-4+ leq BH3-SMe» toluene 20 >99 96 (R)
5 0.05eq (S)-4+ leq BH3-SMe, toluene 20 >99 95 (R)
6 0.05eq (S)-4+ leq BH3-THF toluene 20 >99 96 (R)
7 0.05eq (S)-4+ leq BH5-THF THEF 20 >99 91 (R)
8 0.1eq (R)-4+ leq BH3-SMe; toluene 20 >99 95 (S)
? Bnantiomeric excess was determined by chiral capillary GC, ° isolated yield

Encouraged by the results with the fluoro derivative we extended our investigations to different 6-

substituted 3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-4-ones 3b-e (Scheme 2). The results are summarized in

3a Scheme 2 2a
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Table 2. Enatioselective reduction of 6-substituted 3,4-dihydro-2,2-dimethyl-2 H-1-benzopyran-4-ones
3a-e to 3 4-dihydro-2,2-dimethyl-2H-1-benzopyran-4-ols 2a-¢
Entry Alcohol R Yield (%)° Optical Yield (%ee)*
1 2a F >99 96
2 2b H >99 94
3 2¢ Me 96 94
4 2d BnO >99 94
5 2e CN® 86 73
6 2e CN°¢ 76 57

? Enantiomeric excess was determined by chiral capillary GC, ® Initial reaction temperature -78°C — RT,

® Initial reaction temperature RT, ¢ Isolated yield

The good stereoselectivity found with the fluoro derivative could also be obtained with a variety of
aromatic substituents (Table 2, entry 1-4). There is no difference in the stereochemical out-come with either
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able 2, Sy 43,
substituent was not seen, as fluoro, hydrogen, methyl and benzyloxy showed the same enantioselectivy. The

only substituent, which did not give as high optical and chemical yields was the nitrile group. The nitrile group

The conversion of the alcohols 2a-e into the chiral amines la-e was attempted under a variety of
described conditions. We found that most conditions resulted in elimination to yield the corresponding
found that treatment of the 3,4-dihydro-2,2-dimethyl-2/-1-ben

C, gave the mesylates

nzopyrans 6a-e
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action of the mesylates S5a-e
with sodium azide in different soivents such as DMSO or DMF produced exclusevely the coressponding
chromene by elimination.

The 4-azido-3,4-dihydro-2,2-dimethyl-2H-1-benzopyrans 6a-e was reduced via Staudinger reaction
(triphenyiph‘sphine/ water in tetrahydrofuran) into the 4-amino-3,4-dihydro-2,2-dimethyl-2H-1-benzopyrans
1la-e (Scheme 3, Table 3)°. Conversion 2a to 1a was achieved without loss of optical purity and good yield
(Table 3, entry 1). The conversion of the other alcohols 2b-e showed a slight loss in stereochemical information.
The yields in these examples shown over three steps were moderate, but are unoptimized. Using
methylenchloride as solvent has negative effects on chemical and optical yield (Table 3, entry 2).

(S)-4-Amino-6-fluoro-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran  (1a) was converted into the
hydrochloride 7. The X-ray analysis of the 4-amino-6-fluoro-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran

hydrochloride (7) proved the (S)-configuration of the major enantiomer”.
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nzapyran-4-01s Za-e into the chiral 4-

Entry Amine R Yield (%) Optical yield (%ee)®
1 1a F 80 94
2 1a F 60 59
3 1b H 30 85
4 1c Me 25 78
5 14 BnO 35 74
6 1e CN 30 90

h 1. hl . 1311 1 2 ] 1) 1 b o 2l M 1 a . ¥ 1 . . Taw —
* Isoltaed yield based on aicohol, ° Enantiomeric excess was determined by chiral capiliary GC,
¢ Reaction was carried out in CH,Cl,

In conclusion, we describe a method for the preparation of enantiomerically enriched 4-amino-chromanes

1a-e by stereoselective synthesis. One major point was the conversion of the stereoselectively synthesized 4-

chromanols 2a-e into the amino derivatives. This was onlv achieved bv the
0 denvatives, § was only acinieved py e

A cootal oo £ £

chromatography was carried out on E. Merck silica gel 60 (0.04-0.063 mm). The NMR spectra were recorded

°“o

on a Bruker AM 270. Chemical shifts are reported as & values from an internal tetramethylsilane standard.

Positive FAB mass specira were obtained on a Kraios MS 902 in a 3-nitrobenzylic aicohol mairix using xenon
as the target gas. DCI mass spectra were measured on a Kratos MS 80 RFA using isobutane as reagent gas. The

chiral GC measurements were done with an Hewlett-Packard GC 5890 using hydrogen (1.0 bar) as eluent.
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3,4-Dihydro-2,2-dimethyl-2H-1-benzopyran-4-ols 2a-e. General Procedure:
T d solution of 0.5mi 2M borane-dimethyl sulfide/ioluene (immol) and 0.1mi iM (S)-2-methyi-
CBS-oxazaborolidine/toluene (4) (0.1mmol) in toluene (10ml), was added dropwise at room temperature a

solution of 3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-4-one (3) (1mmol) in 5ml toluene. After stirring for 3h

washed with 2N aq. HC1 (100ml), saturated. aq. NaHCQOj3; (100ml). The organic layers were dried over NaySOy,

and concentrated to give the benzopyran-4-ol 2a-e. Determination of the enantiomeric ratio was done with

Juab, Ha = 14,5 Hz, Juab, ua = 5,5 Hz, H-3b), 4.8 (dd, 1H, Ju4, 32 = 9.5 Hz, Jua, wav = 5,5 Hz, H-4), 6.7 (m,
1H, H-8), 6.85 (1H, H-7), 7.1 (m, 1H, H-5). - FAB-MS (pos.; NBA): m/z = 196.09070 calc. 196.08996
(100%).

(R)-3,4-Dihydro-2, 2-dimethyl-2H- -benzopyran-4-ol (2b). Yield: 100 %; mp 62°C; colorless crystals; [az]zD2 -26

(c = 1, MeOH); enantiomeric excess {ee) 94%. 'H NMR (300 MHz, CDCL): & = 1.3 (s, 3H, CHs), 1.42 (s, 3H,
CH , 1.7 S 1H, QH) 1.85 (dd 1H, .]u'z.. H-3h = ]45 HZ Ju.'x H4 =95 HZ H—3a\ 2.19 (dd IH, Ju'zh H.3a =

14,5 Hz, Jy.ab, w4 = 5,5 Hz, H-3b), 4.82 (dd, 1H, Jy.4, y32 = 9.5 Hz, Ju4, n3v = 5,5 Hz, H-4), 6.8-7.4 (4m, 4H, H-
5, H-6, H-7, H-8). - FAB-MS (pos.; NBA): m/z = 178.09896 calc. 178.09938 (100%).

(R)-6-Methyl-3,4-dihydro-2, 2-dimethyl-2H-1-benzopyran-4-ol (2¢). Yield: 96 %; amorphous; [a]'l; 35 (c =1,
MeOH); enantiomeric excess {(ee) 94%. H NMR (300 MHz, CDCl;): 6 = 1.3 (s, 3H, CH3), 1.42 (s, 3H, CHa),
1.7 (bS, IH, OH), 1.85 (dd, IH, JH-33_' H-3b — 14,5 HZ, JH-Ba, H4 = 9,5 HZ, H—3a), 2.18 (dd, IH, JH 3b, H-3a = 14 5 HZ
J"Gb Hd = 5.5 HZ H- b)s 2.3 (S; 3H 6-CH1) 4.82 (dd lH, JH=4, H-3a = 95 HZ, JH.4' H-3b = 5, 5 Hz, H 4) 6.7 (d

bl T 1= =5 =

L Mne 1.1 1TY T N £ 1r, h g ~

17T b 4 N £ YT YT o) — - — £ -
in, , Jyg w7 =%,0 HAZ, I1-56), 0.55 (44, 1in, JY.7, H8 = 7,9 IZ, Jy.7, H-5 = 4,2 11Z, I~

Hz, H-5). - FAB-MS (pos.; NBA): m/z = 192.11504 calc. 192.11503 (100%).
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crystals; [af -29.5 (c = 1, MeOH); enantiomeric excess (ee) 94%. '"H NMR (300 MHz, CDCl3): 8 = 1.3 (s, 3H,

CHjy), 1.42 (s, 3H, CH,), 1.6 (s, 1H, OH), 1.83 (dd, 1H, Jy.3a 30 = 14,5 Hz, Jy.30 54 = 9,5 Hz, H-3a), 2.18 (dd,
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1H, Juab, .30 = 14,5 Hz, Ju3, va = 5,5 He, H-3b), 4.8 (dd, 1H, Jy4 1.3, = 9,5 Hz, Ju4, n3n=55Hz H4),50¢(,
2H, CHy-benzyl), 6.7-7.4 (m, 8H, H-Ar). - FAB-MS (pos.; NBA): m/z = 284.14188 calc. 284.14124 (100%).
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R)-6-Cyano-3,4-dihydro-2, 2-dimeth iitial reaciion temperature was -78°C

instead of r.t.. Yield: 86 %; amorphous; [affg -36 (¢ = 1, MeOH); enantiomeric excess (ee) 73%. '"H NMR (300

MHz, CDCls): 8 = 1.3 (s, 3H, CHz), 1.43 (s, 3H, CHs), 1.85 (dd, 1H, Jip.30, 1136 = 14,5 Hz, Ju3a na = 9,5 Hz, H-
3a), 2.2 (dd, 1H, Ty, na = 14,5 Hz, Juap na = 5,5 Hz, H-3b), 4.82 (dd, 1H, Jus pae = 9,5 Hz, Js sap = 5,5
Hz, H-4), 6.8 (d, 1H, Ty, 117 = 9,5 Hz, H-8), 7.4 (dd, 1H, Tz 1s = 9,5 Hz, Jius, s = 2,5 Hz, H-7), 7.8 (m, 1H,
Jus, 1 = 2,5 Hz, H-5). - FAB-MS (pos.; NBA): m/z = 204.10186 calc. 204.10245 (M+H*,100%).

(S)-6-Fluoro-3,4-dihydro-2, 2-dimethyl-2H-1-benzopyran-4-ol  (S-2a). (R)-2-methyl-CBS-oxazaborolidine/to-
luene was used instead of (§)-2-methyl-CBS-oxazaborolidine/toluene; yield: 100 %; mp 64°C; colorless

crystals; [OJ]ZD2 +27.5 (c = 1, MeOH); enantiomeric excess (ee) 95%. 'H NMR (300 MHz, CDCl3): 8 = 1.3 (s,

H-3h = 145 HZE JH.33’ H4 = 9.5 HZ; H—SEL); 2.19

1YY ¥ 1A & 1Y T n Ty T I~V & § T

dd, 1K1, JH3b, H-3a = 14,0 0Z JH 3b, H4 = 5,5 rIZ, h-3b), 4.8 (ud, JH 4, H3a = 3,5 Z, JH-4, H3b = J,2 HZ, -4),
7 (m, 1H, H-8), 6.85 (1H, H-7), 7.1 (m, 1H, H-5). - FAB-MS (pos.; NBA): m/z = 196.09012 calc. 196.08996
(100%).

—~

4-Amino-3,4-dihydro-2,2-dimethyl-2H-1-benzopyrans la-e. General Procedure:
To a solution of 3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-4-ol 2a-e (lmmol) and diisopropyl-

ethylamine (1.5mmol; 0.27ml) in Sml THF, was added dropwise a solution of methanesulfonicacid anhydride
(2mmol; 348mg) in Sml THF at -60°C. The mixture was allowed to warm up to -20°C. After stirring for 2h the
m azide (4mmol; 1.14g) in Sml THF was

evaporated in vacuo. Methylene chloride was added and the resulting solution was filtered through silica gel,
eluting with methylene chloride. The methylene chloride solution was evaporated in vacuo. The residue was

dissolved in methanol (10ml), ag 1M sodium hydroxide (5ml) and methylene chloride (Sml). After stirring the

diluted with water (100ml) and extracted twice with methylene chloride (50ml). The organic layers were dried
azi

over Na;SQqy, and the solvent evaporated in vacuo to obtain the azide 6. The azide 6 was dissolved in THF

overnight at RT. The solvent was evaporated and the crude 4-amino-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyrans la-e were purified by chromatography on silica gel (toluene/EtOAc, 8:1). Determination of the
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amorphous; [oF? + 19.25 (¢ = 2, MeOH); enantiomeric excess (ee) 94%. '"H NMR (300 MHz, CDCl5): 6 = 1.25

U"-g’

2.19 (dd lH JH3b H-3a = 145HZ JHSb H4—55HZ H3b) 398(dd lH JH4 H-3a = 105HZ JH4 th—SSHZ
H-4), 6.7 (m, 1H, H-8), 6.85 (1H, H-7), 7.18 (m, 1H, H-5). - FAB-MS (pos.; NBA): m/z = 195.10632 calc.

P Ny

195.10594 (100%).

(S)-4-Amino-3,4-dihydro-2, 2-dimethyl-2H-1-benzopyran (1b). Yield: 30 % (based on alcohol 2b); amorphous;

[af? + 15.15 (c = 2, McOH); enantiomeric excess (ee) 85%. 'H NMR (300 MHz, CDCls): 8 = 1.3 (s, 3H, CHs),

1.4 (s, 3H, CHs), 1.64 (dd, 1H, Ju.3a, w3 = 14,5 Hz, Jy.32, 4 = 10,5 Hz, H-3a), 1.95 (bs, 2H, NH,), 2.1 (dd, 1H,
Ju3b, H3a = 14,5 Hz, Jy3p, wa = 5,5 Hz, H-3b), 4.0 (dd, 1H, Jy.4, v3a = 10,5 Hz, Jys, nap = 5,5 Hz, H4), 6.78-
7.43 (4m, 4H, H-5, H-6, H-7, H-8). - FAB-MS (pos.; NBA): m/z = 176.10846 calc. 176.10754 (1\/!-!{"j 100%).

(S)-4-Amino-6-methyl-3,4-dihydro-2, 2-dimethyl-2H-1-benzopyran (1¢). Yield: 25 % (based on alcohol 2c¢);

nnnnnnnnn L AL 12 6~ — 1 RAANIIN arnntimsmaacia avoace faa) TQ0L lL‘l’ AIRAD 72ANN NALY AT . RS 112
CLLUUIPIIUU&, lUJ L AV SO AN L VEE g ) lVlCUll}, CLIalitiuiLlICLIIU TALCHD \CC} 1070 Il INUVIIN \JW ivinriz, \./U\.,].j) O=1.0
(s, 3H, CH3), 1.4 (s, 3H, CH), 1.65 (dd, 1H, Ju3a 113 = 14,5 Hz, Jyy30 1 = 10,5 Hz, H-3a), 2.05 (dd, 1H, Jyz

H3a = 14,5 Hz, Jy.3p, na = 5,5 Hz, H-3b) d
H-4), 6.7 (d, 1H,,JH,3,HA7=9,5 HZ, H-g) S(dd 1H JH7 Hg~9,5 HZ JH7 Hs—ZSHZ H7) 72(d lH, H-
s 17 = 2,5 Hz, H-5). - FAB-MS (pos.; NBA): m/z = 190.12344 calc. 190.12319 (M-H", 100%).

(S)-4-Amino-6-benzyloxy-3,4-dihydro-2, 2-dimethyl-2H-1-benzopyran (1d). Yield: 35 % (based on alcohol 2d),

2.1(dd, 1H, Jusb. n3a = 14,
4), 5.0 (s, 2H, CH»-benzyl), 6.7-7.42 (1, 8H, H-Ar). -
(100%).
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(S)-4-Amino-6-cyano-3,4-dihydro-2, 2-dimethyl-2H-1-benzopyran (1e). Yield: 30 % (based on aicohol 2e);

amorphous; [(J.']ZD2 + 91.15 (¢ = 2, MeOH); enantiomeric excess (ee) 90%. 'H NMR (300 MHz, CDCl3): 8 = 1.25
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3, o, wi13), 1.44 {8, o0, \r13), 1.0-1.0 (\ill, 511, iNI13, n-.)a), -1 1G4, 10, JH3b, H-3a = 14,0 0Z, Jy.3p, g4 = J,J HZ,
H-3b), 4.0 (dd, 1H, Jy.4, 132 = 10,5 Hz, Ju.4, .3 = 5.5 Hz, H-4), 6.8 (d, 1H, Jug n7 =9,5 Hz, H-8), 7.4 (dd, 1H,
JH7 H-8 = 9.5 Hz JH7 HS5 = 2,5 Hz H-7) 7.82 (m H 5) - FAB-MS (pOS NBA) m/z = 203.11798 calc
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