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Derivative 55PS: slighly yellow oil; eluent, cyclohexane/
AcOEt = 95/5; yield = 91%; 'P NMR (CgDg) 3 97.457 (A8 =
0.065); 'H NMR (CDCl,) $ 0.8-1.00 (m, 6 H, CH,CH,CHCH,),
1.1-2.15 (m, 11 H, NCHCHzCHzCHgCHgCHN and
CH,;CH,CHCHjy), 2.5-2.9 (m, 10 H, PNCH;, PNCH, and PSCH,);
13C NMR (CDCly) 6 11.43 (CH,CHy), 19.01, 19.09 (CHCH,), 24.34,
24.41 (NCHCH,CH,CH,CH,CHN), 28.13, 28.33 (CH,CH,), 28.39
(PNCHjy), 28.68, 28.717, 28.85, 28.94 (NCHCH,CH,CH,CH,CHN),
29.08 (PNCHy), 35.85, 35.93, 36.04 (CHCH,), 41.36, 41.43 (PSCH,),
64.55, 64.63, 64.69 (PNCH).
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We herein report our results where the addition of organomagnesium reagents to 2-(1-naphthyl)- and 2-
cinnamyl-1,3-oxazolidines occurred consistently in a 1,4-conjugate manner, while lithium, cerium, and copper
organometallic reagents added in a 1,2-fashion. The 1,4-conjugate addition pathway was primarily exploited
by using (4R)-2-(1-naphthyl)-4-phenyl-1,3-oxazolidine (4) as a substrate to obtain, after NaBH, reduction of the
intermediate aldehyde, trans-disubstituted 1,2-dihydronaphthalenes with enantiomeric excesses of 93-94%. The
amino alcohol products resulting from 1,2-addition were oxidatively cleaved to afford enantiomeric enriched

(R)-a-(1-naphthyl)alkylamines 6a and 6b in >99% ee.

We have previously reported our results concerning
nucleophilic addition to (4R)-2-aryl-4-phenyl-1,3-oxazoli-

dines 1 wherein diastereomerically enriched amino alcohols
2 were obtained in moderate to good yields.?® In that

0022-3263/92/1957-1237803.00/0 © 1992 American Chemical Society
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Scheme I
H _‘Ph ” - A
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Ar N Ar NH,
A" O H/\OH
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(80-99% ee)

Ar = Carbo or Heterocyclic
M = MgCl, Li, CeCl, Cu
R = Me, Et, Bu, Ph, allyl

Table I. 1,2-Addition of Organometallic Reagents to
(4R)-2-(1-Naphthyl)-4-phenyl-1,3-oxazolidine (4) and
Oxidative Cleavage Results

Ph,
/B H H
HN_ O Ra N__«Ph
H - \L Pb(OAC)s
4® ™
4 S5a—d
R NH,
6a—d
RM yield, de?® yield, ee}
entry compd (°C) %5 % %6 %
1 a CH,Li (-78) 46 95
2 a  CH,CeCl,(-45) 75 96 61 >99
3 a CHCuBF,(-78 71 52 80 54
4 b  CHCeCl, (-45) 75 >99 57 >99
5 ¢ Buli (-78) 81 26
6 d PhLi (-78) 48 >99

% Diastereomeric ratios were determined by 400-MHz 'H NMR.
*The enantiomeric excess was determined using (R)-BNPPA as
the shift reagent as reported by Shapiro.”

study, we demonstrated how one could subsequently ob-
tain, via oxidative cleavage of 2 (Scheme I), a-arylalkyl-
amines 3 in high enantiomeric excess.

We now report that during the course of that study, we
observed that 2-(1-naphthyl) derivatives of 1 underwent
exclusively 1,4-addition with Grignard reagents and 1,2-
addition with lithium, cerium, and copper organometallic
reagents (Tables I and II). Such a result, particularly,
for the latter metal was highly surprising in light of its
propensity for predominantly conjugate-type addition.
Two of the amino alcohol products resulting from the
1,2-addition were ultimately converted via oxidative
cleavage to enantiomerically enriched «-(1-naphthyl)al-
kylamines analogous to the aryl examples previously re-
ported.’? The 1,4-conjugate addition products, which are
enantiomerically enriched trans-disubstituted 1,2-di-
hydronaphthalenes, have been previously reported by
Meyers* and demonstrated by him to be valuable inter-

(1) SmithKline Beecham Post-Doctoral Fellow, 1990 to present.

(2) SmithKline Beecham Post-Doctoral Fellow, 1989-1990.

(3) (a) Wu, M.-J.; Pridgen, L. N. J. Org. Chem. 1991, 56, 1340. (b) Wu,
M.-J.; Pridgen, L. N. Synlett. 1990, 636. (c) For a recently reported
relevant study see also: Takahashi, H.; Hsieh, B. C.; Higashiyama, K.
Chem. Pharm. Bull. 1990, 38, 2429.

Pridgen et al.

Table II. 1,4-Addition of Grignard Reagents to
(4R)-2-(1-Naphthyl)-4-phenyl-1,3-oxazolidine (4)

Ph,
CHO
N H R
H 1. RMgCI OQ NaBH,
SO
Ta=Cc
4
CH,OH
"
8a—c
entry compd R yield, % 8 ee o
1 a Ph 50 93 (94)"
2 b Bu 83 93°
3 c Et 65 96°

@ Optical purity was determined by comparison to literature re-
ported optical rotation.*®< ®Optical purity was determined by °F
NMR of the Mosher ester.'’

Scheme II
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mediates in syntheses of the natural products (+)-
phyltetralin,* (-)-podophyllotoxin,* and the AB-ring of
aklavinone.* Tomioka has also formed these same di-
hydronaphthalenes by organolithium addition to the cy-
clohexylimine of 1-naphthalenecarboxaldehyde in the
presence of a enantiomerically enriched diether co-
catalyst.”® The majority of the previous work on or-
ganometallic addition to optically active «,3-unsaturated
imines® and/or oxazolines originated from the laboratories
of Tomioka’ and Meyers.?

Organometallic addition to the naphthalene nucleus has
been limited so far to lithium reagents.** In Tomioka’s

(4) (a) Meyers, A. L; Barner, B. A. J. Am. Chem. Soc. 1984, 106, 1865.
{b) Meyers, A. L; Barner, B. A. J. Org. Chem. 1986, 51, 120. (c) Meyers,
A. L; Roth, G. P.; Hoyer, D.; Barner, B. A.; Laucher, D. J. Am. Chem. Soc.
1988, 110, 4611. (d) Meyers, A. L.; Licini, G. Tetrahedron Lett. 1989, 30,
4049. (e) Andrews, R. C.; Teague, S. J.; Meyers, A. L. J. Am. Chem. Soc.
1988, 110, 7854. (f) Meyers, A. 1; Higashiyama, K. J. Org. Chem. 1987,
52, 4592. (g) Meyers, A. L; Hoyer, D. Tetrahedron Lett. 1984, 25, 3667.
(h) Meyers, A. L; Rawson, D. J. J. Org. Chem. 1991, 56, 2292.

(5) (a) Tomioka, K.; Shindo, M.; Koga, K. Tetrahedron Lett. 1990, 31,
1739. (b) Tomioka, K.; Shindo, M.; Koga, K. J. Am. Chem. Soc. 1989,
111, 8266. (c¢) Tomioka, K.; Shindo, M.; Koga, K. J. Org. Chem. 1990,
55, 2276. (d) Tomiocka, K.; Inoue, I; Shindo, M.; Koga, K. Tetrahedron
Lett. 1990, 31, 6681.

(6) Meyers, A. L.; Brown, J. D.; Laucher, D. Tetrahedron Lett. 1987,
28, 5279 and 5283.

(7) Tomioka, K.; Koga, K. In Asymmetric Synthesis; Morrison, J. D.,
Ed.; Academic Press: Orlando, 1983; Vol. 2, Chapter 7.

(8) Lutomski, K. A.; Meyers, A. 1. In Asymmetric Synthesis; Morrison,
J. D., Ed.; Academic Press: Orlando, 1984; Vol. 3, Chapter 3.

{9) Shapiro, M. J.; Archinal, A. E.; Jarema, M. A. J. Org. Chem. 1989,
54, 5826.

(10) Dale, J. A.; Mosher, H. S. J. Am. Chem. Soc. 1973, 95, 512.



Nucleophilic Organometallic Addition Reactions

Scheme 111
h

H P
N_'S . R
1. RMgCVH;0 H,..
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10, R = Et (>98% ee, 40% yield)
11, R = Bu (>98% ee, 42% yield)

BUCeC|2
or BuLi

H, Bu l;h
Pn/\)\N/\
H o om

12 40% yield (64% de); BuLi
63% yield (96% de); BuCeCl,

report of organolithium addition to naphthalene carbox-
ylates, predominantly cis addition products were obtained,
although epimerization to trans derivatives were easily
accomplished with sodium methylate in THF. We herein
report that organomagnesium reagents also add to the
naphthalene ring in THF yielding trans-disubstituted
1,2-dihydronaphthalenes. To the best of our knowledge,
this is the first report of organomagnesium reagents adding
to the naphthalene nucleus.

Ozxazolines,® imines,5?4# carboxylates,”< and now ap-
parently oxazolidines activate through induction the ortho
position of naphthyl rings toward nucleophilic attack.
Thus, the proposed mode of addition accounting for the
subsequently obtained absolute stereochemistry of the
resulting products is the same as that previously reported
(Scheme II).! The strong Lewis basicity character of both
the imino nitrogen and amino alcohol oxygen results in
very strong complexation to at least 0.5 equiv of Grignard
reagent, thus limiting the flexibility of the transition state.
Consequently, nucleophilic attack occurs predominantly
from the less sterically demanding face, that opposite the
4-phenyl. Attack by lithium, cerium, and copper reagents
occurs at the hard aminal/imino carbon (pathway a)
leading to 1,2-addition products (Table I).}* The resulting
disubstituted amino alcohols were readily cleaved as pre-
viously described®*® to enantiomerically enriched a-(1-
naphthyl)alkylamines. Pathway b requires attack at the
softer electrophilic y-carbon and is the exclusive pathway
for Grignard addition in this ring system (Table II).

Lithium, cerium, and magnesium organometallic reag-
ents exhibited similar addition behaviors when reacted
with oxazolidine 9, the cinnamyl derivative of 4. Scheme
III shows our results where the former two reagents added
in a 1,2-fashion while Grignard reagents afforded the
1,4-addition products. Reaction of 9 with ethyl- and bu-
tylorganomagnesium reagents yielded 10 (40% yield, 96%
ee) and 11 (42% yield, 98% ee), respectively.!*12 Con-
versely, reaction of 9 with butyllithium or butylcerium

(11) (a) Hashimoto, S.-L; Yamada, S.-1.; Koga, K. J. Am. Chem. Soc.
1976, 98, 7450. (b) Ahlbrecht, H.; Bonnet, G.; Enders, D.; Zimmerman,
G. Tetrahedron Lett. 1980, 21, 3175.

(12) Optical purities were determined by !H NMR on the acetoxy
analogues. The peak height of the acetate methyl was measured using
the chiral shift reagent tris[((3-heptafluoropropyl)hydroxymethylene)-
(+)-camphorato)europium(IIl). The racemic analog was prepared in
order to ensure that peak discrimination had been obtained.

(13) Entries 5 and 6 of Table I were added as a result of comments
offered by a reviewer who felt that 1,2-addition of methyllithium may not
be representative of other organolithiums by analogy to work reported
in ref 6 wherein only methyllithium added in a 1,2-fashion to N-cyclo-
hexylimine of naphthaldehyde. However, as presented in Table I, all the
organolithiums employed gave exclusively 1,2-addition products, with
butyllithium being almost nonselective.
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chloride gave 12 in 40% yield (64% de) and 63% yield
(96% de), respectively.

In summary, we have demonstrated how important the
choice of metal becomes in adding organometallics to 2-
(1-naphthyl)-1,3-oxazolidines or to 2-cinnamyl-1,3-oxazo-
lidines. Either conjugate addition or products resulting
from addition at the aminal/imino carbon are obtained
in high stereoselectivity. The stereoselectivities reported
herein for the Grignard 1,4-additions are comparable to
those reported by Meyers® and Tomioka.” Moreover, this
work, as well as the previously reported study from this
laboratory,?® have established organoceriums as the or-
ganometallics of choice for nucleophilic 1,2-addition to
2-substituted 1,3-oxazolidines. Studies designed to explore
the conjugate addition pathway and extend the realm of
nucleophiles that selectively add in this manner are un-
derway.

Experimental Section

For information on solvents, reagents, analytical instruments,
and a description of chromatographic reagents, see ref 3a unless
otherwise noted. All Grignard (MeMgCl, EtMgC), BuMgCl, and
PhMgCl; 2 M solutions in THF) and organolithium (CH;Li, 1.4
M in Et,0; Buli, 2.5 M in hexanes; PhLi, 1.8 M in cyclo-
hexane/Et,0 (7/3, v/v)) reagents used in this study were pur-
chased from Aldrich Chemical Co. and titrated by the method
of Ogura.l* Moisture-sensitive reactions were carried out in
predried glassware and under nitrogen atmosphere.

General Procedure for the Preparation of the Oxazoli-
dines 4 and 9.2 An equimolar solution of the appropriate aldehyde
and (R)-(-)-2-amino-2-phenylethanol in CHCl; (1 M) containing
1 equiv of anhydrous MgSO, was stirred under reflux overnight.
The solid was filtered off, and the solvent was removed in vacuo.
The residual solid was purified by recrystallization. Oxazolidines
are known to exist in solution as a tautomeric mixture of its imino
alcohol and oxazolidine forms.> We found that compound 4 exists
in CDCl; in an 3:1 ratio of both forms, respectively, as determined
by 'H NMR peak integration of the imino proton at é 9.05 and
the aminal proton at § 6.24. Only spectral data for the imino form
are reported below. Compound 9 was found to exist in CDCl,
in only its imino alcohol form.

(4R)-2-(1-Naphthyl)-4-phenyl-1,3-oxazolidine (4): 149g,
75% yield; pale yellow crystals; [«]®p +54.17° (¢ 1.0, CHCly); mp
83-84 °C (from CHCl;-hexanes); IR (KBr) 3414 (br, OH), 1633,
1601, 1333, 1052, 810, 777, 744, 702 cm™; 'H NMR (CDCl;) 6 9.05
(s, 1 H),9.02 (d, 1H, J = 8.7 Hz), 8.0-7.3 (m, 11 H), 4.59 (dd,
1H,J=84,4.4Hz), 405 (dd, 1 H,J =112, 84 Hz), 3.97 (dd,
1H,J = 11.2, 4.4 Hz); 3C NMR (CDCly) 6 162.7, 140.8, 133.8,
131.5, 131.3, 131.2, 129.7, 128.7, 128.6(2), 127.5(2), 127.4, 1217.3,
126.1, 125.2, 124.4, 77.5, 68.0; MS (CI) m/e (relative intensity)
276 [(M + 1)*, 100]. Anal. Caled for C,;H;,NO: C, 82.88; H,
6.22; N, 5.09. Found: C, 82.34; H, 6.26; N, 5.25.

(4R)-2-((E)-2-Phenylethenyl)-4-phenyl-1,3-oxazolidine (9):
7.33 g, 77% yield; colorless crystals; [a]%n, —65.54° (¢ 1.0, CHCl,);
mp 103-103.5 °C (from CHCl;-hexanes); IR (KBr) 3226 (br, OH),
1638, 1449, 1169, 1075, 1058, 1003, 756, 696 cm™; 'H NMR (CDCly)
68.09(,1H,J=88Hz),7.457.20 (m, 10 H) 6.94 (dd, 1 H, J
=16.1,8.8 Hz),6.81 (d,1 H,J = 16.1 Hz),4.39(dd, 1 H, J = 9.1,
4.0 Hz), 4.02 (dd, 1 H, J = 11.6, 9.1 Hz), 3.89 (dd, 1 H, J = 11.6,
4.0 Hz); 13C NMR (CDCl,) 6 164.7, 143.1, 140.5, 135.3, 129.3,
128.7(2), 128.6(2), 127.4, 127.3(2), 127.2, 127.1(2), 77.0, 67.5; MS
(CI) m/e (relative intensity) 252 [(M + 1)*, 100]). Anal. Caled
for C;;H;;NO: C, 81.24; H, 6.82; N, 5.57. Found: C, 80.93; H,
6.61; N, 5.53.

General Procedure for 1,4-Addition of Grignard Reagents
to (4R)-2-(1-Naphthyl)-4-phenyl-1,3-0xazolidine (4). Toa
magnetically stirred solution of oxazolidine (10 mmol) in dry THF
(20 mL) was added 3 equiv of the appropriate Grignard reagent
(THF solution) dropwise through an addition funnel at -45 °C.
The resulting red-brown solution was stirred for 7 h at —45 °C
and at rt overnight. Aqueous HCI (3 N, 30 mL) was then added

(14) Aso, Y.; Yomashita, H.; Otsubo, T.; Ogura, F. J. Org. Chem. 1989,
54, 5627.



1240 J. Org. Chem., Vol. 57, No. 4, 1992

and the reaction mixture stirred for 2 h. After dilution of the
reaction mixture with ether, the organic layer was separated,
washed with H,0, saturated NaHCO; solution, and brine, and
then dried (MgSO,) and concentrated in vacuo. The remaining
crude aldehyde was dissolved in methanol (30 mL), and the
solution was cooled to 0 °C. Sodium borohydride (1.14 g, 30 mmol)
was added and the solution stirred for 1 h. The mixture was then
poured into a 3 N aqueous HCI (50 mL) and extracted with ether.
The combined and dried (MgSO,) ether extracts were concen-
trated to yield the known alcohols 8a and 8b** which were
obtained as colorless oils after flash column chromatography using
20% Et,0 in hexanes as eluent.

(1R,28)-(+)-trans-1-(Hydroxymethyl)-2-phenyl-1,2-di-
hydronaphthalene (8a): 1.19 g, 50% yield; [«]®p +519° (¢ 1.4,
CHCly), 94% ee;< IR (neat) 3360 (br, OH), 3015, 1601, 1490, 1455,
755, 698 em™; 'H NMR (CDCl;) 6 7.25-7.05 (m, 8 H), 6.95 (d, 1
H,J=73Hz),6.54 (d,1 H,J = 9.6 Hz),5.92 (dd, 1 H, J = 9.6,
5.7 Hz), 3.73 (d, 1 H, J = 5.7 Hz), 3.68-3.55 (m, 2 H), 3.01 (t, 1
H, J = 7.1 Hz), 2.42 (br 5, 1 H, OH); *C NMR (CDCl,) é 142.8,
133.4, 133.0, 129.1, 129.0, 128.4(2), 127.5(2), 127.4, 127.2, 126.9,
126.41, 126.37, 65.6, 48.7, 41.1; °F NMR (376 MHz, of Mosher
ester, C¢F; as an internal standard) major & 90.52 (97 %), minor
390.34 (3%); MS (CI) m/e (relative intensity) 237 [(M + 1)*, 1},
219 [(M - H,0 + 1)*, 100].

(1R,28)-(+)-trans-1-(Hydroxymethyl)-2-butyl-1,2-di-
hydronaphthalene (8b): 1.79 g, 83% yield; [a]%p +380° (¢ 0.95,
CHCly), 93% ee;®< IR (neat) 3360 (br, OH) 2960, 2920, 1455, 1050,
790, 750 ¢cm™; '"H NMR (CDCly) 6 7.2-7.0 (m, 4 H), 6.35 (d, 1 H,
J = 9.6 Hz), 593 (m, 1 H), 3.563 (m, 2 H), 278 (t, L H,J = 7.5
Hz), 2.37 (m, 1 H), 1.82 (br s, 1 H, OH), 1.4-1.2 (m, 6 H), 0.85
(t,3H, J = 7.0 Hz); 3C NMR (CDCl,) 6 134.4, 132.8, 131.4, 129.3,
126.9(2), 126.2, 125.4, 65.0, 45.8, 34.9, 33.6, 29.1, 22.7, 13.9; MS
(CI) m/e (relative intensity) 217 [(M + 1)*, 6], 199 [(M - H,0
+ 1)*, 100).

(1R,28)-(+)-trans-1-(Hydroxymethyl)-2-ethyl-1,2-di-
hydronaphthalene (8¢c): 1.22 g, 65% yield; {«]®p +362° (¢ 1.1,
CHCL;), 96% ee; IR (neat) 3360 (br, OH), 2960, 2920, 2880, 1480,
1455, 1050, 780, 750 ecm™!; tH NMR (CDCl,) 6 7.15-6.95 (m, 4 H),
6.34 (d, 1 H,J = 9.6 Hz), 5.91 (dd, 1 H, J = 9.6, 6.0 Hz), 3.48 (m,
2H), 277 (t,1 H, J = 7.5 Hz), 2.38 (br s, 1 H, OH), 2.29 (q, 1
H, J = 6.8 Hz), 1.48-1.22 (m, 2 H), 0.88 (t, 3 H, J = 7.4 Hz); 1°C
NMR (CDCly) 6 134.4, 132.8, 131.1, 129.3, 126.9(2), 126.1, 125.6,
65.2, 45.5, 36.6, 26.7, 11.3; %F NMR (376 MHz, of Mosher ester,
C¢Fq as an internal standard) major é 90.29 (98%), minor & 90.19
(2%); MS (CI) m/e (relative intensity) 189 [(M + 1)*, 4], 171 [(M
- H,0 + 1)*, 100]; HRMS (CJ) caled for C,3H,;50 188.1201 (M*),
found 188.1207.

General Procedure for 1,4-Addition of Grignard Reagents
to (4R)-2-(( E)-2-Phenylethenyl)-4-phenyl-1,3-oxazolidine (9).
The oxazolidine (10 mmol in 30 mL of dry THF) was cooled to
-45 °C and treated with 3 equiv of the appropriate Grignard
reagent (THF solution). The resulting red-brown solution was
stirred at ~45 °C for 5 h and at rt overnight. The reaction mixture
was poured into a solution of oxalic acid (4.5 g) in 70 mL of
THF /H,0 (50/20, v/v) and was stirred overnight. The reaction
mixture was then diluted with ether, and the organic layer was
separated and washed with H,0, saturated NaHCOy3, and brine
and then dried (MgSO,). After concentration, the crude aldehyde
was dissolved in methanol (30 mL) and the solution was cooled
to 0 °C. Sodium borohydride (1.14 g, 30 mmol) was added, and
the resulting solution was stirred for 1 h. The reaction mixture
was diluted with ether and then washed with 3 N aqueous HCl
The acidic aqueous layer was back-washed with ether. The
combined ether extracts were dried (MgSO,) and concentrated
in vacuo to afford the known alcohols 10 and 11 which were
obtained as colorless oils after flash column chromatography (20%
Et,0 in hexanes).

(S)-3-Phenyl-1-pentanol (10): 0.65 g, 40% yield; [«]®, -7.0°
(¢ 0.95, CHCly), >98% ee;!'2 IR (neat) 3340 (br, OH), 3030, 2930,
2880, 1450, 1045, 755, 695 cm™!; 'H NMR (CDCl;) 6 7.3-7.05 (m,
5 H), 3.5-3.3 (m, 2 H), 2.93 (br s, 1 H, OH), 2.53 (m, 1 H), 1.86
(m, 1 H), 1.76-1.5 (m, 3 H), 0.75 (t, 8 H, J = 7.4 Hz); 1*C NMR
(CDCl,) 6 144.8, 128.1(2), 127.5(2), 125.8, 60.5, 43.9, 39.0, 29.5,
11.9; MS (CI) m/e (relative intensity) 182 [(M + NH,)*, 100]
HRMS (CI) caled for C;;H,40 164.1201 (M)*, found 164.1196; 'H
NMR (400 MHz) analysis of the acetate derivative showed only

Pridgen et al.

one methyl peak at & 2.28 using the chiral shift reagent tris[((3-
heptafluoropropyl)hydroxymethylene)-(+)-camphorato]europi-
um(III).

(S)-3-Phenyl-1-heptanol (11): 0.53 g, 42% yield; [«]®, +1.98°
(¢ 1, CHCly), >98% ee;'>12 IR (neat) 3330 (br, OH), 2956, 2929,
2872, 2858, 1453, 1047, 1028, 760, 700 cm™; 'H NMR (CDCl,) 6
7.3-7.05 (m, 5 H), 3.45-3.3 (m, 2 H), 2.62 (m, 1 H), 2.46 (brs, 1
H, OH), 1.87 (m, 1 H), 1.77 (m, 1 H), 1.68-1.45 (m, 2 H), 1.35-1.05
(m, 4 H), 0.81 (t, 3 H, J = 7.0 Hz); *C NMR (CDCly) § 145.2,
128.3(2), 127.5(2), 125.9, 60.7, 42.3, 39.5, 29.6, 22.6, 13.9; MS (CI)
m/e (relative intensity) 193 [(M + 1)*, 5], 175 [(M ~ H,0 + 1)¥,
791, 147 (100); HRMS (CI) caled for C,3Hy0 192.1514 (M)*, found
192.1508; 'H NMR (400 MHz) analysis of the acetate derivative
showed only one methyl peak at & 2.51 using the chiral shift
reagent tris [((3-heptafluoropropyl)hydroxymethylene)-(+)-cam-
phorato]europium(III).

General Procedure A: Addition of Organolithium to
Oxazolidines 4 and 9. To a dry ice/acetone bath cooled (~78
°C) solution of the oxazolidine (10 mmol) in 20 mL of dry THF
was added a solution of 3 equiv of the appropriate organolithium
dropwise through an addition funnel. The resulting dark-green
solution was stirred at -78 °C for 2 h. The reaction mixture was
quenched with saturated NH,C] solution and extracted with ether.
The ether extracts were dried (MgSO,) and concentrated. The
residual oil was purified by flash column chromatography.

General Procedure B: Addition of Organocerium to
Oxazolidines 4 and 9. Anhydrous CeCl; (3 equiv) was stirred
in THF (5 mL per gram of CeCl,) for 2 h. The suspension was
cooled to -45 °C and then treated with 3 equiv of the appropriate
Grignard reagent (THF solution) and stirred for 1 h at —45 °C.
A solution of the oxazolidine in THF (0.5 M) was added into the
stirred suspension dropwise via an addition funnel. The resulting
suspension was stirred at —45 °C for 6 h and at room temperature
overnight. The reaction mixture was then poured into ice/water
and extracted with ether. The ether extracts were combined, dried
(MgS0,), and then concentrated in vacuo, and the residual oil
was purified by flash column chromatography.

General Procedure C: Addition of Organocuprate to
Oxazolidine 4. To a suspension of Cul (15 mmol) in dry THF
(30 mL) was added Grignard reagent (15 mmol) dropwise at -50
°C. After being stirred for 30 min at this temperature, the solution
was cooled to ~78 °C. Boron trifluoride etherate (15 mmol) was
added, and the solution was stirred for an additional 10 min. A
solution of oxazolidine 4 (5 mmol) in dry THF (10 mL) was added
at —78 °C, and the reaction mixture was allowed to warm to rt
and stirred for 3 h. Aqueous NaOH (10%, 20 mL) was added
to the reaction mixture which was then extracted with ether. The
ether extracts were combined, dried (MgSO,), and concentrated
in vacuo. The crude product was purified by flash column
chromatography.

(1R,I’R)-N-2-Hydroxy-1’-(phenylethyl)-1-(1-naphthyl)-
ethylamine (5a). Prepared by adding methylcerium chloride
to 4 using general procedure B (2.18 g, 75% yield, 96% de) as
a thick orange oil (flash chromatography, 50% Et,O in hexanes):
[«]%p ~74.92° (¢ 1, CHCIy); IR (neat) 3380 (br; NH, OH), 2980,
2930, 1450, 1030, 780, 700 cm™; 'H NMR (CDCl;) 6 7.9-7.2 (m,
12 H), 4.50 (g, 1 H, J = 6.5 Hz), 4.00 (dd, 1 H, J = 8.2, 4.6 Hz),
3.76 (dd, 1 H, J = 10.8, 4.6 Hz), 3.54 (dd, 1 H, J = 10.8, 8.2 Hz),
1.85 (br s, 2 H, NH, OH), 1.53 (d, 3 H, J = 6.5 Hz); 1*C NMR &
(CDCly) 141.1, 140.6, 133.8, 130.8, 128.9, 128.7(2), 127.7, 127.6,
127.2(2), 125.9, 125.6, 125.4, 123.1, 122.8, 66.0, 61.5, 49.6, 21.8; MS
(CI) m/e (relative intensity) 292 [(M + 1)*, 11}, 274 (M + H -
H,0)*, 7], 155 (100); HRMS (CI) caled for CyoHy,NO 292.1701
M + H)*, found 292.1711.

Prepared from 4 using general procedure A in 46% yield (95%
de) as a thick orange oil.

Prepared from 4 using general procedure C in 71% yield (52%
de) as a thick orange oil.

(1R,I’R)-N-2-Hydroxy-1’-(phenylethyl)-1-(1-naphthyl)-
propylamine (5b). Prepared by adding ethylcerium chloride to
4 using general procedure B (2.31 g, 75% yield, >99% de) as a
thick orange oil (flash chromatography, 30% EtOAc in hexanes):
[]®; —89.95° (¢ 1.2, CHCI,) IR (neat) 3360 (br; NH, OH), 2970,
2930, 2880, 1455, 1030, 780, 700 cm™; 'H NMR (CDCly) 8 7.9-7.1
(m, 12 H), 437 (t,1 H,J = 6.6 Hz), 3.83 (dd, 1 H, J = 7.4, 4.6
Hz), 3.69 (dd, 1 H, J = 10.8, 4.6 Hz), 3.44 (dd, 1L H,J = 10.8, 7.4
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Hz), 2.18 (br s, 2 H, NH, OH), 1.95-1.8 (m, 2 H), 0.73 (t,3 H, J
= 7.4 Hz); 5C NMR (CDCl,, 67.5 MHz) 6 141.1, 139.6, 133.9, 1315,
128.9, 128.6(2), 127.51, 127.5, 127.1(2), 125.8, 125.4(2), 123.8, 123.1,
65.7, 61.4, 56.3, 28.7, 10.4; MS (CI) m/e (relative intensity) 306
[(M + 1)*, 100]; HRMS caled for CyHy NO 306.1858 (M + H)*,
found 306.1851.
N-2’-Hydroxy-1’-(phenylethyl)-1-(1-naphthyl)pentylamine
(5¢). Prepared by adding butyllithium to 4 using general pro-
cedure A in 81% yield (flash chromatography, 15 — 20% EtOAc
in hexanes) as a thick red-golden oil (de 26%). A pure sample
of each diastereomer was obtained by careful flash chromatog-
raphy (CH,Cl,). The first isomer eluted was 5¢ (1S,1’R): [a]®p
-115.46° (¢ 1, CHCly); IR (neat) 3360 (br; NH, OH), 2955, 2929,
2870, 2858, 1454, 1026, 778, 702 cm™!; tH NMR (CDCl;) 6 7.9-7.1
(m, 12 H), 4.32 (br s, 1 H), 3.58-3.45 (m, 3 H), 2.28 (br s, 2 H,
NH, OH), 1.79 (brs,2 H), 1.4-1.1 (m, 4 H),0.79 (t,3H,J = 7.2
Hz); 1¥*C NMR [(CD;),SO, 67.5 MHz] § 142.2, 140.6 (br), 133.5,
131.4, 128.7, 128.0(2), 127.6(2), 126.9, 126.7, 125.7, 125.6, 125.2,
123.1 (br), 122.5 (br), 66.7, 61.8, 53.3 (br), 38.1, 28.3, 22.1, 13.9;
HRMS (CI) caled for CpsHpsNO 334.2171 (M + H)*, found
334.2169. The second isomer was 5¢ (1R,1’R): [«]*p-78.17° (¢
1, CHCLy); IR (neat) 3340 (br; NH, OH), 3061, 2955, 2930, 2870,
1454, 1050, 779, 701 cm™'; 'H NMR (CDCly) é 8.0~7.1 (m, 12 H),
449 (t,1H,J =6.5 Hz), 3.89 (dd, 1 H, J = 7.2, 4.6 Hz), 3.76 (dd,
1H,J = 10.8, 4.6 Hz), 3.50 (dd, 1 H, J = 10.8, 7.2 Hz), 2.1 (br
s, 2 H, NH, OH), 1.91 (m, 2 H), 1.35-1.0 (m, 4 H), 0.80 (t, 3 H,
J =17.0 Hz); 1*C NMR & (CDCl,, 67.5 MHz) 141.1, 139.9, 133.8,
131.4, 128.8, 128.5(2), 127.4(2), 127.1(2), 125.7, 125.4, 125.3, 123.8,
123.0, 65.5, 61.4, 55.1 (br), 35.9, 28.3, 22.7, 13.9; HRMS (CI) caled
for CzastNo 334.2171 (M + H)+, found 334.2163.
(l1R,I’R)-N-2'-Hydroxy-1’-(phenylethyl)-1-(1-
naphthyl)-1-phenylmethylamine (5d). Prepared by adding
phenyllithium to 4 using general procedure A (1.71 g, 48% yield,
>99% de) as a white oily solid (flash chromatography, 10 — 20%
EtOAc in hexanes): [a]®p-19.12° (¢ 1, CHCly); IR (KBr) 3420
(br; NH, OH), 3058, 2924, 2871, 1509, 1452, 1052, 700 cm™; 'H
NMR (CDCl,) 5 7.85-7.15 (m, 17 H), 5.53 (s, 1 H), 3.85 (dd, 1 H,
J =8.7,4.7 Hz), 3.71 (dd, 1 H, J = 10.8, 4.7 Hz), 3.65 (dd, 1 H,
J =10.8, 8.7 Hz), 2.35 (br s, 2 H, NH, OH); 1*C NMR (CDCl,)
4 142.0, 140.1, 139.4, 133.9, 130.8, 128.8, 128.76(2), 128.6(2), 128.2(2),
127.98, 127.87, 127.6(2), 127.2, 126.0, 125.47, 125.45, 124.9, 123.2,
66.5, 61.7, 58.8; MS (CI) m/e (relative intensity) 354 [(M + H)*,
49], 336 [(M + H - H,0)*, 3], 322 (4), 217 (100); HRMS (CI) caled
for Cy;H, NO 354.1858 (M + H)*, found 354.1855.
(1R,I’R)-N-2-Hydroxy-1’-(phenylethyl)-1-((E )-2-
phenylethenyl)pentylamine (12). Prepared by adding bu-
tylcerium chloride to 9 using general procedure B (1.95 g, 63%
yield, 96% de) as a thick orange oil (flash chromatography, 50%
Et,0 in hexanes): [a]®p +2.96° (¢ 1, CHCL); IR (neat) 3400 (br,
NH, OH), 2960, 2930, 2860, 1492, 1450, 1060, 970, 750, 690 cm™;
IH NMR (CDCl,) § 7.4-7.1 (m, 10 H), 6.34 (d, 1 H, J = 15.8 Hz2),
5.89 (dd, 1 H, J = 15.8, 8.4 Hz), 3.90 (dd, L H, J = 7.3, 4.7 Hz,
3.73(dd,1 H,J = 10.8,4.7), 3.54 (dd, 1 H, J = 10.8, 7.3 Hz), 3.23
(m, 1 H), 2.08 (br s, 1 H, NH, OH), 1.65 (m, 1 H), 1.47 (m, 1 H),
1.30 (m, 4 H), 0.87 (m, 3 H); *°C NMR é (CDCl,) 141.3, 136.9, 132.9,
130.9, 128.6(2), 128.4(2), 127.5, 127.4, 127.2(2), 126.3(2), 65.6, 61.3,
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59.0, 34.9, 27.9, 22.7, 14.0; MS (CI) m/e (relative intensity) 310
(M + 1)*, 37], 292 [(M + H - H,0)*, 7], 173 (100); HRMS (CI)
caled for C;HygNO 3810.2171 (M + H)*, found 310.2178.

Prepared from 9 using general procedure A in 40% yield (64%
de).

Oxidative Cleavage of Amino Alcohol 5 and Hydrolysis
to Amine 6. To a stirred solution of amino alcohol 5 (0.056 M)
in CH,Cl,/MeOH (2/1, v/v) at 0 °C was added in one portion
1 equiv of lead tetraacetate. The reaction mixture was stirred
for 4 min, whereupon 15% aqueous NaOH (5 mL) was added.
The reaction mixture was extracted with CH,Cl, (3 X 50 mL),
and the combined organic extracts were concentrated in vacuo.
The remaining crude oil was dissolved in ether (100 mL) and
stirred with an equal volume of 3 N aqueous HCI solution ov-
ernight. The aqueous phase was separated, basified with Na,CO,,
and then extracted with ether. The ether extracts were combined,
dried (MgS0,), and concentrated in vacuo to give the amines 6a
and 6b which were obtained as colorless oils after flash column
chromatography (Et,0).

(R)-a-(1-Naphthyl)ethylamine (6a):'5'¢ 1.04 g, 61% yield;
[a]®p + 32.8° (¢ 1.2, CHCly); IR (neat) 3370, 3300 (NH) cm™; 'H
NMR (CDCl) & 8.15-7.45 (m, 7 H), 4.96 (q, 1 H, J = 6.6 Hz), 1.63
(br s, 2 H), 1.55 (d, 3 H, J = 6.6 Hz); MS (CI) m/e (relative
intensity) 172 [(M + 1)*, 100].

(R)-a-(1-Naphthyl)propylamine (6b):'¢ 0.63 g, 57% yield:
[a]®p + 21.08° (c 1, CHCly); IR (neat) 3371, 2961, 2930, 2872, 1510,
798, 778 em™; '"H NMR (CDCl,) 4 8.14 (d, 1 H, J = 8.2 Hz), 7.86
(d,1H,J=86Hz),7.74(d,1H,J=82Hz),761(d,1H,J =
7.1 Hz), 7.56-7.42 (m, 3 H), 4.69 (dd, 1 H, J = 7.5, 5.5 Hz), 1.96
(m, 1 H), 1.80 (m, 1 H), 1.68 (s, 2 H), 0.99 (t, 3 H, J = 7.4 Hz);
13C NMR (CDCl;) 142.1, 133.8, 131.0, 128.8, 127.1, 125.7, 125.4,
125.3,122.9, 122.3, 52.3, 31.5, 11.1; MS (CI) m/e (relative intensity)
203 [(M + NH ), 3], 186 [(M + H)*, 100], 169 (93), 156 (18). Anal.
Caled for CisHysN: C, 84.28; H, 8.16; N, 7.56. Found: C, 83.98;
H, 8.09; N, 7.14.
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