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Abstract

Using a chiral base from a norephedrine-derived diamine, the enantioselective rearrangemenéesd a
cyclohexene oxide can be performed in 94% yield and with 94% enantioselectivity. The enantioselectivity is lower
(86% ee) with the diastereoisomeric chiral base. In order to prepare the diastereoisomeric chiral base, a potentially
useful way of converting norephedrine into norpseudoephedrine was developed. © 1999 Elsevier Science Ltd. All
rights reserved.

1. Introduction

Some time ago, we reportethat it was possible to rearrangeeseepoxidetrans-1 to allylic alcohol
(1S4R,59)-2 of 76% ee using a lithium amide derived from Singh’s diamiRp3? (Scheme 1§:% In an
attempt to improve the enantioselectivity of this reaction, we turned to chiral diamines with a substituent
adjacent to the pyrrolidinyl group such af(25)-4 and (1S5,29)-7 which are derived from norephedrine
(1R,29)-5 and norpseudoephedrineS29)-6, respectively. In this paper, we describe infulie synthesis
of the novel diamines @&,295)-4 and (1S,25)-7 and a comparison of the enantioselectivity obtained in the
conversion of epoxidgans-1 into allylic alcohols (54R,59)-2 or (1R,4S5R)-2.
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2. Results and discussion
2.1. Diamine synthesis

We anticipated that the preparation of diaminR,@5)-4 would proceed via dialkylation of norephed-
rine (1R,29)-5 with 1,4-dibromobutane (to furnish the pyrrolidine ring) and subsequent double inversion
of the benzylic stereogenic centre in aminoalco8as outlined in Scheme 2. This double inversion
would occur via formation of an intermediate aziridinium 887 Thus, treatment of norephedrine
(1R,29)-5 with 1,4-dibromobutane, tetmabutylammonium iodide and sodium carbonate in refluxing
THF for 48 h gave knowhaminoalcohol8 which was used directly in the next step without isolation.
Since aminoalcoho8 was only sparingly soluble in D, subsequent mesylation and reaction with
methylamine was performed in THF. These reactions proceeded as expected to give the novel diamine
(1R,29)-4 in 83% overall yield from norephedrine RI2S)-5 (Scheme 2).

R e

(1R25)-5 9 1928)4

Scheme 2Reagents and condition§) 1,4-dibromobutane, 3 equiv. Ma&0;, 0.5 equiv. TBAI, THF, reflux, 40 h; (ii) 3 equiv.
E;N, 1.2 equiv. MsClI, THF, 0°C, 30 min; (iii) 2 equiv. £, excess MeNHk (aqg.), rt, 40 h

Diamine (IR,29-4 was the only product from this reaction: there was no evidence'bjNMR
spectroscopy) for formation of the other diastereoisomer, which has also been synthesised (vide infra),
or the other regioisomer. We assigned the indicated structure to dianf2S-4 on the basis of
preferential opening of aziridinium iof at the activated benzylic position as expected from the work
of Dieter et al’ where related ephedrine-derived diamines were prepared. The formation of a single
regioisomer is interesting since both potential sites of attack are secondary in nature. An alternative
mechanism for this type of transformation which has recently been forwacdedexplain equally well
the synthetic outcome in this reaction. The other enantiomg&2R)-4, has been prepared via the same
route in 84% yield from ($§2R)-5.

We had expected to prepare the diastereoisomeric diam@2517 using a similar approach starting
from norpseudoephedrine $29-6 but were surprised to find that the required starting material was
not commercially available. A number of synthetic approaches to enantiomerically enriched norpseudo-
ephedrines have been reportédlincluding acid-mediated isomerisation of norephedéirté However,
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the approach we adopted involved converting norephedriR@$)-5 into norpseudoephedrine$4S)-6
via an intramolecular Mitsunobu reaction (Scheme 3) and is related to a previously described ¥hethod.
Ph

OH H (_)"\< o
(||) 5 N (iii)
NH NH CI
H)\r 2 —» /l\r \n/ e ph/\l/ 3
9B% 74%
Me

Me
(1R25)-5 (1R2S)-10 (45,55)-11 (15,25)-6°HCI

Scheme 3Reagents and condition§) 1 equiv. EtN, 1 equiv. PhCOCI, CELCly, rt, 3 h; (ii) 1.3 equiv. DIAD, 1.3 equiv. PRh
THF, rt, 16 h; (iii) 1.1 M HCI (aq.), reflux, 30 h

First of all, norephedrine @&,29-5 was transformed into benzamideR(29)-10 in 98% vyield under
standard conditions as previously reporté@hen, intramolecular Mitsunobu cyclisatidrof benzamide
(1R,29-10 was performed with triphenylphosphine and DIAD in THF and the reaction proceeded
smoothly. Purification by flash chromatography afforded oxazoli&28-11in 74% isolated yield as a
single diastereoisomer (Scheme 3). Racehies a knowrt®~1’ compound and our NMR spectroscopic
data was in complete agreement with the published tfata.

Finally, hydrolysis of oxazoline @59)-11 was accomplished by refluxing for 30 h in 1.1 M hy-
drochloric acid using the procedure of Kniezo ettaln this way, a 90% recrystallised yield of
norpseudoephedrine $PS)-6, isolated as its hydrochloride salt, was obtained (Scheme 3). The salt
exhibited mp 176-179°C (It 179-181°C), &]p +38 (¢ 1.0 in H,O) {lit. 11 +42.7 € 4.9 in H,O)} and
had distinctly differentH and*3C NMR spectra to the hydrochloride salt prepared from commercially
available norephedrine KI2S)-5. The sign of the specific rotation confirmed that we had produced
norpseudoephedrine $P9-6 and the magnitude of the specific rotation demonstrated the anticipated
stereospecificity of the Mitsunobu reaction.

Our synthesised hydrochloride salt of norpseudoephedrig2)t6 was then converted into the
required diamine (§2S)-7 in 68% overall yield in an analogous fashion to that described previously for
norephedrine &,29-5 (Scheme 4). The only difference was that an extra equivalent of sodium carbonate
was required to generate the free amine in the dialkylation step. Diam825(4d7 was obtained as a
single diastereoisomer [different Bid andC NMR spectroscopy to diamine RI29-4] and a single
regioisomer, and its formation was rationalised by comparison with Dieter’s (vork.

QH ® o QH H @ MesnH
: (0 H (i) J (i) :
NHg ci— Y N % N H NO
PH i H
Me Me Me /\r
(15,2S)-6HCI (182917

Scheme 4Reagents and condition§) 1,4-dibromobutane, 4 equiv. Na0s, 0.5 equiv. TBAI, THF, reflux, 40 h; (ii) 3 equiv.
Et;N, 1.2 equiv. MsCI, THF, 0°C, 30 min; (iii) 2 equiv. &Y, excess MeNHK (aqg.), rt, 40 h

2.2. Enantioselective epoxide rearrangement reactions

With two new diamines in hand [R,29-4 and (1S29-7], we have investigated the effect of an extra
substituent adjacent to the pyrrolidinyl group on the enantioselectivity for the rearrangment of epoxide
trans-1 to allylic alcohol (1IS4R,59-2 and (IR,4S,5R)-2 (Scheme 5). We were particularly interested
in discovering which of the two chiral centres was the more important for determining the sense and
degree of asymmetric induction. The full results, including a comparison with Singh’s diaR)i3edre
presented in Table 1.
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Table 1
Entry Diamine Product Yield (%) [elp? ee (%)°

MesnH

1 )\/N/ > (R)-3 (154R59)-2 71 -85.2 (1.0) 76
Ph
M

SNH
2 - )\( N: > (1R25)-4 (1S,4R,55)-2 % -106.3 (1.2) M
Me

M
SNH
3 o /\rN > (1529)-7 (1R4S,5R)-2 97 +95.1 (0.9) %
Me

2 [a)p determined in CHCI3 (concentration in brackets); b ee determined by formation of Mosher's esters

The epoxide rearrangement reactions were run using two equivalents of chiral base (generated from
the diamine anah-butyllithium at 0°C) in THF and generated the allylic alcohol product in high yields.
The enantiomeric excesses were determined by preparation of Mosher's'é8targ] the sense of
asymmetric induction was determined by the sign of the specific rotation in comparison with allylic
alcohol (1S,4R,59)-2 of known stereochemistry.

There are several points to note from the results presented in Table 1. Both of the new chiral bases
(entries 2 and 3) gave higher enantioselectivity than the parent diaR)i3(éntry 1). The norephedrine-
derived diamine (R,29)-4 (entry 2) gave slightly higher enantioselectivity than diamir®Z3)-7 derived
from norpseudoephedrine (entry 3). This is a particularly important result as this diamine is more readily
synthesised. Finally, since diamineRR(2S)-4 (entry 2) and (§29)-7 (entry 3) generate enantiomeric
allylic alcohols, then the benzylic stereogenic ceintr® the NHMe group must be controlling the sense
of the asymmetric induction in these reactions.

3. Conclusion

The enantioselective rearrangementredsoepoxidetrans-1 to allylic alcohol (1S4R,55)-2 can now
be achieved in 94% yield and with 94% enantioselectivity using a chiral base from a norephedrine-
derived diamine (R,29-4. It has also been shown that lower enantioselectivity is obtained with the
diastereoisomeric chiral base §25)-7] or the chiral base lacking the methyl grouRJ{3]. As part of
this study, a potentially useful synthesis of the hydrochloride salt of norpseudoephe®i2®)-6Lhas
been developed.
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4. Experimental
4.1. General

General methods have been described prevididsior the Kugelrohr distillation, the temperatures
quoted correspond to the oven temperature. lFONMR spectra recorded in (InSO, chemical shifts
are quoted in parts per million with reference to the solvent signal at 2.52 ppr?GaMR spectra
recorded in (CR)>.SO, chemical shifts are quoted in parts per million with reference to the solvent signal
at 39.8 ppm.

4.2. (IR,2S)-N-Methyl-1-phenyl-2-(1-pyrrolidinyl)-1-propanamirk

Sodium carbonate (21.2 g, 200.0 mmol), tetrautylammonium iodide (12.2 g, 33.0 mmol) and then
1,4-dibromobutane (7.9 cn66.1 mmol) were added successively to a stirred solution of norpseudo-
ephedrine (R,29-5 (10.0 g, 66.2 mmol) in THF (250 cth at room temperature under nitrogen. The
resulting suspension was heated at reflux for 40 h. After cooling to room temperature, the solids were
removed by filtration and the filtrate was evaporated under reduced pressure. The residue was dissolved
in E,O (100 cn?), washed with water (850 cn?), dried (N&SQy) and evaporated under reduced
pressure to give the crude product. Under nitrogen, this crude product was dissolved in THF (180
cmd), triethylamine (23.0 crf) 165.0 mmol) was added and the solution was cooled to 0°C. Then,
methanesulfonyl chloride (6.2 &n80.1 mmol) was added dropwise and, after 30 min, triethylamine
(14.0 cn¥, 100.0 mmol) was added. After warming to room temperature, methylamine (68fa®0%
aqueous solution, 875.7 mmol) was added and the resulting two phase reaction mixture was vigorously
stirred for 40 h. The layers were separated and the light brown aqueous layer was extracted@vith Et
(2x100 cn?). The combined organic extracts were washed with 5% sodium hydrogencarbonate solution
(50 cn?) and water (50 crf), dried (N&SQy) and evaporated under reduced pressure to give the crude
product which was purified by Kugelrohr distillation to give diamindR@S)-4 (12.0 g, 83%) as a
colourless oil, X]p —22.6 € 1.0 in CHCE); vmax (film)/cm™ 3323, 2966, 2789, 1452, 1381, 750 and
704; 8y (270 MHz; CDC}) 7.36-7.15 (5H, m, Ph), 3.83 (1H, d,3.2, PhCHN), 2.64-2.59 (4H, m,
NCHy), 2.32 (3H, s, NMe), 2.26 (1H, dg, 3.2 and 6.6, CHN), 1.81-1.76 (4H, m, @H1.26 (1H, br
s, NH) and 0.85 (3H, dJ 6.6, Me); 6¢c (67.9 MHz; CDC}§) 141.8 (pso-Ph), 127.9, 127.8, 126.4 (Ph),

66.9 (CHN), 66.2 (CHN), 52.3 (NC}), 35.4 (NHMe), 23.4 (Ch) and 12.9 (Me)m/z(CI, NH3) 219
[45%, (M+H)], 188 (30, M—NHMe) and 98 (100) [found: (M+F)219.1855. G4H22N> requiresM+H,
219.1861].

4.3. (IR,2S)-N-(2-Hydroxy-1-methyl-2-phenylethyl)benzamide

A solution of freshly distilled benzoyl chloride (1.54 émi3.2 mmol) in CHCI, (2 cn¥) was added
dropwise to a stirred solution of norephedrindR@S)-5 (2.0 g, 13.2 mmol) and triethylamine (1.84
cm?, 13.2 mmol) in CHCI; (10 cn®) at 0°C under nitrogen. The resulting mixture was stirred at room
temperature for 3 h and then water (103was added. The layers were separated and the organic layer
was dried (NaSQ,) and evaporated under reduced pressure to give the crude product. Purification by
flash column chromatography on silica using EtOAc as eluent gave Kddvenzamide (R,29)-10 (3.3
g, 98%) as a white solid, mp 160-163°C (EtOAc) tfit164°C); R (EtOAc) 0.5; [x]p +33 (€ 1.0 in
MeOH); vmax (Nujol)/cm™ 3286, 1637 and 154%y (270 MHz; (CD;),SO) 7.80-7.77 (2H, m, Ph),
7.54-7.18 (8H, m, Ph), 5.40 (1H, br s, NH), 4.74 (1HJ&.6, CHO), 4.26-4.13 (1H, m, CHN), 3.30
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(1H, br s, OH) and 1.13 (3H, d, 6.8, Me); 8¢ (67.9 MHz; (CD),SO) 165.4 (G-0), 147.0 {pso-Ph),
130.2, 127.9, 127.6, 127.0, 126.5, 126.1 (Ph), 74.4 (CHO), 50.6 (CHN) and 14.6 (Me).

4.4, (45,55)-4-Methyl-2,5-diphenyl-4,5-dihydro-1,3-oxazdlg

Triphenylphosphine (2.5 g, 9.4 mmol) and then diisopropylazodicarboxylate (1.859cfnmmol)
were added sequentially to a stirred solution of benzami&®2g-10 (2.0 g, 7.5 mmol) in THF (50
cm®) at 0°C under nitrogen. After warming to room temperature, the resulting mixture was stirred at
room temperature for 16 h. Then, the solvent was evaporated under reduced pressure to give the crude
dark product. Purification by flash column chromatography on silica using petrol:EtOAc (5:1) as eluent
gave oxazole (859-11 (1.4 g, 74%) as a colourless di¥; (petrol:EtOAc, 5:1) 0.3;¢]p +71 (c 1.15in
CHCl); Vmax (CDClz)/cm™ 2969 and 16488y (270 MHz; CDCk) 8.07-8.02 (2H, m, Ph), 7.54-7.30
(8H, m, Ph), 5.11 (1H, dJ 7.8, CHO), 4.22 (1H, qdJ 6.5 and 7.7, CHN) and 1.50 (3H, d,6.5, Me);
8c (67.9 MHz; CDC}) 162.7 (G=N), 140.5 {pso-Ph), 131.4, 128.8, 128.3 (Ph), 127i@so-Ph), 125.6
(Ph), 88.2 (CHO), 71.0 (CHN) and 21.4 (Meyy/z(Cl, NH3) 238 [100%, (M+HJ] [found: (M+H)",
238.1228. @gH1sNO requiresM+H, 238.1232].

4.5. (1S,25)-2-Amino-1-phenyl-1-propanol (norpseudoephedri@e)Cl

A solution of oxazole ($29-11 (400 mg, 1.7 mmol) in 1.1 M hydrochloric acid (12.7 &nwas
heated under reflux for 30 h. After cooling to room temperature, charcoal was added. The solid product
was collected by filtration and washed with EtOH (20%m\zeotroping with EtOH (%20 cn?) gave the
crude product as a white solid. Recrystallisation from EtOAc gave kibmorpseudoephedrine $2S)-
6-HCI (284 mg, 90%) as a colourless crystalline solid, mp 176-179°&(lif9-181°C); ]p +38 (c
1.0 in HO) {lit. 1! [a]p +42.7 € 4.9 in H,O)}; Vmax (CDClg)/cm™ 3369; 8y (270 MHz; (CDs)2SO)
8.19 (3H, s, NH), 7.39-7.36 (5H, m, Ph), 6.16 (1H, br s, OH), 4.51 (1H] 8,7, CHO), 3.31-3.18 (1H,
br m, CHN) and 0.99 (3H, d} 6.6, Me);6¢ (67.9 MHz; (C»),S0O) 141.2 ipso-Ph), 128.2, 127.8, 126.9
(Ph), 74.3 (CHO), 52.3 (CHN) and 14.8 (Me).

4.6. (IR,2S)-2-Amino-1-phenyl-1-propanol (norephedrir@HCI

Norephedrine (R,25)-5-HCI was prepared from norephedrineR(2S)-5, acetyl chloride and EtOH
and was characterised by NMR spectroscapy:(270 MHz; (CD;),S0) 8.19 (3H, s, Nh), 6.65-6.50
(5H, m, Ph), 4.20 (1H, d] 3.6, CHO), 3.95 (4H, s, Ngland OH), 2.75 (1H, dqg] 3.6 and 6.8) and 0.33
(3H, d,J 6.8, Me); 6¢c (67.9 MHz; (Cy),S0O) 131.9 ipso-Ph), 120.0, 119.5, 117.7 (Ph), 63.9 (CHO),
44.3 (CHN) and 2.8 (Me).

4.7. (1S,25)-N-Methyl-1-phenyl-2-(1-pyrrolidinyl)-1-propanamirie

Sodium carbonate (1.24 g, 11.7 mmal), tatrbutylammonium iodide (541 mg, 1.5 mmol) and then
1,4-dibromobutane (0.35 ¢in2.9 mmol) were added successively to a stirred solution of norpseudo-
ephedrine ($,29-6-HCI (538 mg, 2.9 mmol) in THF (20 c#) at room temperature under nitrogen. The
resulting suspension was heated at reflux for 40 h. After cooling to room temperature, the solids were
removed by filtration and the filtrate was evaporated under reduced pressure. The residue was dissolved in
Et,0 (30 cn?), washed with water (830 cn?), dried (N&SQy) and evaporated under reduced pressure to
give the crude product. Under nitrogen, this crude product was dissolved in THF &0uéathylamine
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(0.65 cn¥, 4.7 mmol) was added and the solution was cooled to 0°C. Then, methanesulfonyl chloride
(0.27 cnt, 3.5 mmol) was added dropwise and, after 30 min, triethylamine (0.86 5@ mmol) was
added. After warming to room temperature, methylamine (4.8 ofra 40% aqueous solution, 81.4
mmol) was added and the resulting two phase reaction mixture was vigorously stirred for 40 h. The layers
were separated and the light brown aqueous layer was extracted w@h(ZEt30 cn?). The combined
organic extracts were washed with 5% sodium hydrogencarbonate solution {g@rahwater (30 cr),

dried (N&SQy,) and evaporated under reduced pressure to give the crude product which was purified by
Kugelrohr distillation to give diamine 829)-7 (435 mg, 68%) as a colourless oil, bp 150-160°C/0.3
mmHg; [x]p +68 (€ 1.0 in CHCB); Vmax (CDCls)/cm™ 3290; 8y (270 MHz; CDCk) 7.34-7.20 (5H,

m, Ph), 3.19 (1H, dJ 9.9, PhCHN), 2.96 (1H, qd] 6.6 and 9.9, CHN), 2.85 (1H, br s, NH), 2.63-2.58
(4H, m, NCh), 2.22 (3H, s, NMe), 1.77-1.73 (4H, m, GHand 0.63 (3H, dJ 6.6, Me); 8¢ (67.9

MHz; CDCls) 142.9 (pso-Ph), 128.4, 128.0, 127.1 (Ph), 70.3 (PhCHN), 59.3 (CHN), 46.9 (}JC34.8
(NHMe), 23.8 (CH) and 8.2 (Me)m/z(ClI, NH3) 219 [70%, (M+H)] 188 (10, M—NHMe) and 98 (100)
[found: (M+H)*, 219.1859. @4H22N> requiresM+H, 219.1861].

4.8. (1S,4R,55)-4,5-Bisfert-butyldimethylsilyloxy)cyclohex-2-enal

n-Butyllithium (0.76 cn? of a 1.6 M solution in hexanes, 1.12 mmol) was added dropwise to a stirred
solution of diamine R)-3 (228 mg, 1.12 mmol) in THF (2 cA) at 0°C under nitrogen. After 30 min at
0°C, a solution of the epoxideans-1 (200 mg, 0.56 mmol) in THF (3 cAywas added dropwise by means
of a cannula and the resulting solution was allowed to warm to room temperature over 4 h. After stirring
at room temperature for a further 12 h, saturated ammonium chloride solutiorf{aethEsO (20 cn¥)
were added and the layers were separated. The aqueous layer was extractegQvix20 cn?) and
the combined organic extracts were washed with saturated ammonium chloride solution®{26%m
sodium hydrogencarbonate solution (203n2% hydrochloric acid solution (20 ci)) saturated brine
solution (20 cm) and water (20 cf), dried (NaSQy) and evaporated under reduced pressure to give the
crude product. Purification by flash column chromatography on silica with pet@l:E:1) as eluent
gave known allylic alcohol (1S4R,59)-2 (142 mg, 71%, 76% ee) as a white solia] —85.2 € 1.0 in
CHCl).

4.9. (1S,4R,55)-4,5-Bisfert-butyldimethylsilyloxy)cyclohex-2-endl

Using the procedure described aboregutyllithium (0.55 cnf of a 1.6 M solution in hexanes, 0.88
mmol), diamine (R,29-4 (190 mg, 0.87 mmol) and epoxideans1 (156 mg, 1.44 mmol) in THF (5
cmd) gave the crude product. Purification by flash column chromatography on silica with pet@l:Et
(3:1) as eluent gave knowrllylic alcohol (1S4R,59)-2 (147 mg, 94%, 94% ee) as a white solict]f
-106.3 € 1.2 in CHC).

4.10. (R,4S,5R)-4,5-Bistert-butyldimethylsilyloxy)cyclohex-2-endl

Using the procedure described aboregutyllithium (0.52 cnf of a 1.6 M solution in hexanes, 0.83
mmol), diamine (§29)-7 (183 mg, 0.84 mmol) and epoxideans1 (150 mg, 0.42 mmol) in THF (5
cm®) gave the crude product. Purification by flash column chromatography on silica with pet@ol:Et
(7:3) as eluent gave knowllylic alcohol (1R,4S,5R)-2 (145 mg, 97%, 86% ee) as a white solia]
+95.1 €0.9 in CHCE).
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