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Abstract: (1R,25)-2-amino-1-arylethanols of high optical punity have been obtamned from optically actuve
tert-butyldimethylsilyl protected cyanohydrins by a Gngnard reaction, directly followed by reduction of the
mtermediate 1mne Chiral induction gave a large preponderance of the erythro 1somers

aux1hanes, chiral building blocks, and as biologically active compounds The ethanolamunes have been
obtamned 1n optically active form 1n several different ways, eg, by resolunon'?, by asymmetric
hydrogenation®®, and from chiral starting matenals®®

Synthests of erythro and threo ethanolamines in racemic form by the addition of a Gngnard reagent to
tnmethylsilylated cyanohydrins followed by hydrogenation of the intermediate imne has been reported’ In
this study, erythro-threo mixtures with ratios of 1 1/1 up to 24/1 were obtained depending upon the reaction
condiions used Ratios were determined by NMR spectroscopy Due to the acid-lability of the trimethyisilyl
group (TMS) the products were 1solated 1n the desilylated form

We now report the synthesis of opucally acuve (O-silylated) ethanolamunes starung from feri-butyldimethyl-
silyl cyanohydnins (1a,le) of high optical purity®® using the procedure described by Krepski er al” with
some modification

Use of the tert-butyldimethylsilyl group (TBS) has several advantages compared to the TMS group Furst, no
loss of the silyl group occurs dumng work-up, second, the sodium borohydnde reduction at room
temperature gives a hgher percentage (80-98%) of the erythro 1somer, and third, the TBS-protected
ethanolamine HCI salts can easily be recrystallized and separated from the rhreo forms to afford optically
active erythro compounds in good yields The relative stereochemistry at carbon atoms 1 and 2 can be
conveniently deterrmned by measuring the couphng constant of the vicinal protons’

Remarkable 1s the low solubility of the O-TBS ethanolamine HCI salts 1n water If etheral solutions of these
compounds were washed with 0 1 N HCI, only a trace of the HCl salt could be detected in the aqueous
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The optical punty of the reacton products could most convemently be determuned after removal of the
protecting group Deprotection of the silylated ethanolamine with tetra-n-butylammonium fluonide (TBAF)
proceeded only sluggishly and was accompanied by extensive racemization and formation of byproducts
Aqueous hydrogen fluonde 1n acetomtrile did not produce these undesired effects and afforded nearly pure
ethanolamines, which were converted to therr HCl salts In thus way norephedrine HC1 (3b), for example,
was obtained 1n good yield and was found to be identical to an authentic sample All ethanolamunes (3) as
free base, showed high ee’s (93-99%) by 'H NMR analysis 1n the presence of a chiral shift reagent
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The compounds 3a and 3e (R, = H) were obtained by 11AlH, reduction of the protected cyanohydrins To
our surprise, the compounds were deprotected during the reduction To the best of our knowledge, cleavage
of a TBS-ether under these conditions has not been reported before TBS-ethers are known to be stable
towards a vanety of reducing agents, such as dusopropylalumimum hydnde or dusobutylalumimum
hydnde” Recently, the first example of reductive cleavage of TBS-ethers, using sodium hydride in aprotic
polar solvents, was reported'! It appears that hydndes can effect, in certain cases, a reaction that was
hitherto thought to be himuted to the fluoride 1on The presence of a second polar group at close range may

well turn out to be a necessary condition for this reaction to occur
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In order to establish if this reductive cleavage was restricted to cyanohydrins, we performed the LiAlH,
reaction (1 h reflux) on TBS-norephedrine (2b) Again this led to complete removal of the protecting group,
and norephedrine was obtained in good yield

Experimental,

'H NMR and C NMR spectra were recorded on a JEOL FX-200 The optcal purity of the ethanolamines
(10 mg of 3, free base) was determuned with the aid of 50 mg of (-)-2,2,2-trifluoro-1-(9-anthryl)ethanol
(TAE) n 05 mL CDClL on a Bruker AM-400 mstrument Probe temperature 23°C A racemic muxture
showed under these circumstances separation of the enantomers The hmmt of detection of the other
enantiomer was 1% Optcal rotations were measured using a Perkin Elmer 141 polanimeter IR-spectra
(KBr) were recorded on a PYE UNICAM SP3 200 nstrument Mass spectra (chemucal 10nization) were
recorded on a KRATOS CONCEPT 1S mass spectrometer A muxture of 10% ammonia and 90% methane
was used as reagent gas

(R)-(+)-o-[(tert-butyldimethylsilyl)oxy]-benzeneacetonitrile  (la) (ee >98%) and (R)-(+)-o-[(zert-
butyldimethylsilyl)oxy]-4-methoxybenzeneacetomtrile (le) (ee >99%) were synthesized by the method
descrnibed before®®

Silylated ethanolamines.

General procedure
A solution of the Grignard reagent (24 mmol) was prepared 1n 90 mL of ether n an iert atmosphere The

silyl-protected cyanohydrn (16 mmol) dissolved 1 50 mL of anhydrous ether was added dropwise The
mixture was strred and refluxed for 4h, cooled to room temperature and 100 mL of anhydrous methanol
was added slowly Solid NaBH, (33 mmol) was added in two portions (The methanol was added first to
destroy the excess of Grignard reagent and better results were obtamned) After strnng overnight at room
temperature, 100 mL of water was added and the muxture was extracted with ether (3 x 100 mL) The
combined orgamic layers were washed twice with brine, dned on MgSO,, and evaporated This crude
silylated ethanolamine (yield 90 - 100%) was dissolved in absolute ethanol and neutrahized with a 048 N
ethanolic HCI solution (4 mL 12 N HCl mxed with 96 mL abs ethanol) The ethanol was evaporated and
the residue was recrystallized from a solvent as specified for each individual compound

Deprotection.

General procedure

To 115 mmol silylated ethanolamine dissolved n 15 mL of acetomtrile was added 29 mL of 40% HF m
water and strred for 17 h at 50°C Water (200 mL) was added and the pH was raised to 12 with IN
NaOH The muxture was extracted with CH,Cl, (4 x 50 mL) The combined organic layers were washed
with brine (2 x 10 mL), dried on Na,CO,, filtered and evaporated The residue was neutralized with 0 48N
ethanolic HC1 The ethanol was evaporated and the residue was recrystallized as specified for the individual
compounds

(1R.28)-(-)-2-Amuno-1-phenyl-1-[(tert-butyldimethylsilyDoxy]-propane, HCI salt (2b)
Recrystallized from abs ethanol Yield 61% (>99% erythro)

[0]®, -44 1°, (c 1, CHCl,) mp 203-205°C (dec)
'H NMR (CDCl,) 8 833 (br, 3H, NH,), 7 34 (m, 5H, arom), 504 (d, 1H, J = 39 Hz, CH,CH), 341 (m,
1H CHN), 129 (d, 3H, J = 6 7 Hz, CH,), 094 (s, 9H, rers-bu), 021 (s, 3H, CH,S1, -020 (s, 3H, CH,S1)

(1R,25)-(-)-2-Amno- 1-phenyl-1-propanol, HCI salt (3b)

Recrystallized from ethylacetate Yield 73%

[0} -336° (¢ 1, HO) mp 168-169°C Ee >99%

Lit! [0]®, -3327° (¢ 33, HO) mp 171-172°C

'H NMR (16 N DCIYD,0) 8 745 (m, 5H, arom), 501 (4, 1H, J = 44 Hz), CH,CH), 372 (m, 1H, CHN),
120 (d, 3H, J = 67 Hz, CH;) An authentic sample gave the same NMR spectrum
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BC NMR (D,O) 13893 (C-1), 12944 (C-3.5), 12921 (C-4), 12693 (C-2,6), 73 53 (C-OH), 5276 (C-N),
1311 (CH,)

IR 3380, 3000, 1600, 1480, 1396, 1040, 746, 701 cm™

CH,,NOCI Calc C 5760 H 752 N 746 Found C 5764 H741 N 738

(1R.28)-(-)-2-Amino-1-phenyl-1-[(tert-butyldimethylsilyl)oxy]-butane, HC] salt (2c)
Recrystallized from abs ethanol Yield 70% (>98% erythro)

[a]®, -379°, (c 1, CHCL) mp 79-82°C

'H NMR (CDCL) 8 826 (br, 3H, NH,), 737 (m, 5H, arom), 510 (d, 1H, I = 39 Hz, CH,CH), 326 (m,
1H, CHN), 173 (m, 2H, CH,), 107 (t, 3H, J = 75 Hz, CH,), 093 (s, 9H, tert-bu), 019 (s, 3H, CH,S1), -
020 (s, 3H, CH,S1)

(1R,25)-(-)-2-Amno-1-phenyl-1-butanol, HCI salt (3c)

Recrystallized from abs ethanol/ethylacetate Yield 83%

()% -33 1° (¢ 1, H,0) mp 137-139°C Ee 93%

'H NMR (16 N DCIYD,0) 8 745 (m, 5H, arom), 506 (d, 1H, J = 4 6 Hz), CH,CH), 355 (m, 1H, CHN),
160 (m, 2H, CH,), 098 (t, 3H, J = 75 Hz, CH,)

BC NMR (D,0) 13853 (C-1), 12944 (C-3,5), 12930 (C-4), 12708 (C-2,6), 7271 (C-OH), 58 49 (C-N),
2143 (CH,CH,), 975 (CH,)

IR 3350, 3050, 1610, 1488, 1400, 1036, 701 cm'*

C,H,NOCl Calc C 5955 H 800 N 694 Found C 5953 H 790 N 664

(1R 28)-(-)-2-Amino-1.2-diphenyl-1-[(tert-butyldimethylsilyl)oxy-ethane, HCI salt (2d)
The crude product was stured in PE 60-80 and the crystals were filtered Yield 83% (>95% erythro)

[0)®, -71 8 (¢ 1, CHCL;) mp 213-214°C
'H NMR (CDCL) & 876 (br, 3H, NH,), 7 22 (m, 5H, arom), 7 08 (m, 5H, arom), 521 (d, 1H, J = 46 Hz,
CH,CH), 4 18 (m, 1H, CHN), 078 (s, 9H, tert-bu), -0 02 (s, 3H, CH,S1), -036 (s, 3H, CH,S1)

(1R,28)-(-)-2-Amino-1.2-diphenyl-1-ethanol, HCI salt (3d)

Recrystallized from abs ethanol/ethylacetate Yield 92%

{o]®, -69 1° (¢ 1, H,O) mp 199-201°C (dec) Ee >99%

Lit 2 [0, -69 3° (¢ 1, H,0) mp 213-214°C Lat** (1S,2R) [at], +66 8° (¢ 05, CHCl,), mp 208-209°C Lat*
(1S,2R) [a], +69 6° (¢ 065, H,0) mp 210-212°C

'H NMR (16 N DCYD,0) & 735 (m, 10H, arom), 529 (d, 1H, J = 62 Hz), CH,CH), 469 (d, 1H, J =
62 Hz, CHN)

BC NMR (D,0) 13882 (C-1), 13339 (C-1), 12991, 12941, 12857 and 12725 (arom), 7423 (C-OH),
6042 (C-N) MS 44(60), 106(100), 124(10), 214(20) [M+H]*

IR 3400, 3000, 1602, 1495, 1400, 1051, 700 cm'

(1R.28)-(-)-2-Amino-1-(4-methoxyphenyl)-1-[(tert-butyldimethylsilylloxy]-propane, HCI salt (2f)
The crude product was stured in PE 60-80 and the crystals were filtered Yield 71% (>99% erythro)

[0]®p -423° (¢ 1, CHCl;) mp 209-212°C (dec)

'H NMR (CDCl,) & 827 (br, 3H, NH,), 728 (d, 2H, J = 87 Hz, arom), 686 (d, 2H, J = 87 Hz, arom),
499 (d, 1H, T = 36 Hz, CH,CH), 379 (s, 3H, CH,0), 339 (m, 1H, CHN), 127 (d, 3H, J = 64 Hz, CH,),
094 (s, 9H, tert-bu), 020 (s, 3H, CH,S1), -020 (s, 3H, CH,S1)

(1R.28)-(-)-2-Amno-1-(4-methoxyphenyl)-1-propanol, HCI salt (3f)

The crude product was suspended 1n ether and the crystals were filtered Yield 94%

(o] -316° (¢ 1, H,0) mp 209-211°C Ee 96%

IH NMR (16 N DCYD,0) 8 739 (d, 2H, I = 8 7 Hz, arom), 706 (d, 2H, J = 8 7 Hz, arom), 500 (d, 1H,
T = 4 6 Hz), CH,CH), 385 (s, 3H, CH;0), 372 (m, 1H, CHN), 120 (d, 3H, J = 67 Hz, CH,)

BC NMR (D,0) 159 52 (C-4) 13146 (C-1), 128 42 (C-2,6), 114 87 (C-3,5), 73 26 (C-OH), 56 04 (OCH,),
5279 (C-N), 1326 (CH,)

IR 3320, 3000, 1610, 1501, 1399, 1255, 1171, 1046, 800 cm'

C,,H,,NO,Cl Calc C 5517 H 741 N 640 Found C 5511 H 747 N 631
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(1R.25)-(-)-2-Amino-1-(4-methoxyphenyl)-1-[(zert-butyldimethylsilylloxy]-butane, HCI salt (2g)
Recrystallized from acetonitrile Yield 61% (>98% erythro)

[, -477° (¢ 1, CHCL) mp 96-99°C (dec)

'H NMR (CDCL) & 823 (br, 3H, NH,), 731 (d, 2H, J = 8 5 Hz, arom), 686 (d, 2H, J = 8 5 Hz, arom),
502 (d, 1H, J = 39 Hz, CH,CH), 379 (s, 3H, CH,0), 321 (m, 1H, CHN), 176 (m, 2H CH,), 107 (t, 3H,
J =73 Hz, CH,), 091 (s, 9H, tert-bu), 0 16 (s, 3H, CH,S1), -0 20 (s, 3H, CH,S1)

(1R.25)-(-)-2- Amino-1-(4-methoxyphenyl)-1-butanol, HC] salt (3g)

The crude product was suspended 1n ether and the crystals were filtered Yield 95%

(), -310° (¢ 1, H,0) mp 189-192°C Ee 95%

'H NMR (16 N DCI/D,0) & 739 (d, 2H, J = 8 6 Hz, arom), 706 (d, 2H, J = 8 6 Hz, arom), 500 (d, 1H,
J = 46 Hz), CH;CH), 385 (s, 3H, CH,0), 350 (m, 1H, CHN), 160 (m, 2H, CH,), 099 (1, 3H, J = 75
Hz, CH,)

BC NMR (D,0) 15949 (C-4) 13114 (C-1), 128 48 (C-2,6), 11487 (C-3,5), 7230 (C-OH), 58 58 (C-N),
56 04 (OCH,) 21 43 (CH,CH,), 9 87 (CH,)

IR 3300, 3000, 1610, 1502, 1400, 1250, 1170, 1040, 830 cm!®

C,,H,,NO,Cl1 Caic C 5702 H 783 N 604 Found C 5677 H 783 N 590

(1R.25)-(-)-2-Amino-1-(4-methoxyphenyl)- 1-[(terz-butyldimethylsilyl)oxy]-2-phenylethane, HC! salt (2h)
The crude product was suspended m PE 60-80 at 60°C, after cooling the crystals were collected Yield

78% (>90% erythro)

[a]®; -73 8° (¢ 1, CHCl) mp 156-158°C

‘H NMR (CDCl,) 8 8 70 (br, 3H, NH,), 722 (m, 5H, arom), 6 96 (d, 2H, J = 8 5 Hz, arom), 6 65 (d, 2H,
J =85 Hz, arom), 517 (d, 1H, J = 46 Hz, CH,CH), 416 (m, 1H, CHN), 373 (s, 3H, CH,0), 077 (s,
OH, tert-bu), -003 (s, 3H, CH,S1), -036 (s, 3H, CH,S1)

(1R.25)-(-)-2-Amino-1-(4-methoxyphenyl)-2-phenyl-1-ethanol, HCI salt (3h)

Recrystallized from abs ethanol/ethylacetate Yield 87%

[0)*, -569° (¢ 1, H,0) mp 194-196°C Ee >99%

'H NMR (16 N DCYD,0) & 7 38 (m, 5H, arom), 7 24 (d, 2H, J = 8 7 Hz, arom), 697 (d, 2H, J = 8 7 Hz,
arom), 524 (d, 1H, J = 6 7 Hz), CH,CH), 465 (d, 1H, J = 6 7 Hz, CHN) 3 83 (s, 3H, CH,0)

"C NMR (D,0) 15967 (C-4), 13344 (C-1%), 13134 (C-1), 12991, 12941, 12874 and 128 60 (arom),
11476 (C-3,5), 73 82 (C-OH), 60 47 (C-N), 5595 (OCH,)

IR 3400, 3000, 1610, 1500, 1397, 1253, 1178, 1060, 1040, 820, 700 cm'

MS 44(25), 77(10), 106(100), 137(60), 244(20) [M+H]*

Reduction and deprotection.

R)-(-)-2-Amino-1-phenyl-1- 1 (3a)

Prepared from (R)-(+)-o-[(tert-butyldimethylsilyl)oxy]-benzeneacetomtrile (1a) To a solution of 07 g (184
mmol) L1AlH, 1n 15 mL of dry THF was slowly added a solution of 1la (3 g, 121 mmol) in 5 mL of THF
After 1 h reflux the mixture was cooled to room temperature and 07 mL H,0O 1 5 mL of THF, 07 mL of
15% NaOH and 21 mL of H,O was added respectivily The precipitate was filtered and washed with THF
The filtrate was dried on Na,SO,, filtered, and evaporated The residue was recrystalized from PE 40-60
Yield 11 g (67%) of 3a (free anune)

[0]®; -422° (¢ 1, EtOH) mp 54-58°C Ee 95% [Lit™ (5), [a]*%, +44 8° (¢ 2, EtOH) mp 61-63°C ]

'H NMR (16 N DCI/D,0) & 7 47 (m, 5H, arom), 505 (m, 1H, CH,CH), 3 32 (m, 2H, CH,)

BC NMR (D,0) HCI salt 14001 (C-1), 12959 (C-3,5), 129 33 (C-4), 126 58 (C-2,6), 70 17 (C-OH), 45,87
(CHy

IR 3360, 3000, 1590, 1540, 1400, 1050, 760, 701 cm'*

CH,NOCI Calc C 5534 H 697 N 807 Found C 5516 H 699 N 800

{R)-(-)-2- Amno-1-(4-methoxyphenyl)-1-ethanol (3e)
Prepared as described for 3a using (R)-(+)-o-{(terz-butyldimethylsilyl)oxy]-4-methoxybenzeneacetontrile (1e)
The residue was recrystallized from CH,CL/PE 40-60
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Yield 68% of 3e (free amine) [, -38 6° (¢ 1, abs EtOH) mp 102-103°C Ee 96%

'H NMR (16 N DCIYD,0) & 738 (d, 2H, J = 9 Hz, arom), 703 (d, 2H, J = 9 Hz, arom), 4 88 (m, 1H,
CH;CH), 3 81 (s, 3H, CH,0), 3 15 (m, 2H, CH,)

“C NMR (D,0) HCI salt 159 58 (C-4), 13266 (C-1), 128 10 (C-2,6), 11496 (C-3,5), 69 82 (C-OH), 56 01
(OCH,), 4579 (CH,)

IR 3390, 3000, 1608, 1492, 1398, 1248, 1051, 810, 700 cm'*

CH,,NO,Cl Calc C 5308 H 693 N 688 Found C 5250 H 689 N 661
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