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Abstract

The diastereoselective addition of higher order (H.O.) cuprates and zinc-copper reagents to aliphatic and
aromatic chiral imines derived from (§)-1-phenylethylamine was examined. Aliphatic chiral imines react with
(Allyl)CuCNLi; and (n-Bu),Cu(CN)Li; in the presence of BF3-Et;0 and Me;SiCl in high diastereoselection,
while ¢-CgH;;Cu(CN)Znl and AllylCu(CN)ZnBr afford chiral amines in comparable yields without additives.
Moreover the synthesis of a key intermediate towards a §-amino-acid was reported. © 1999 Elsevier Science Ltd. All

rights reserved.
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Introduction

Amines bearing a stereogenic centre in the a-position play a crucial role establishing pharmacological
properties in pharmaceutically active compounds. The development of a diastereo- and enantioselective
synthesis of amines is an important goal in modern organic synthesis." In this context the preparation of
amines, by addition of nucleophilic reagents to chiral imines, is one of most the important methodologies.” The
inexpensive and commercially available (R) and (S)-1-phenylethylamine are widely used as auxiliaries due to
the simple removal of the arylethyl group. The addition of organometallic reagents to aliphatic and aromatic
imines was widely studied by our group® and by other authors.* In particular lithium, copper, magnesium and
zinc reagents, in the presence of Lewis acids such as cerium salts and BF3-Et,O were already reported, giving
high diastereoisomeric ratio. A possible strategy to synthesize functionalized amines could be the employment
of H.O. cuprates’ and zinc-copper reagents. ® To the best of our knowledge studies as the addition of these
organometallic reagents to imines have not been reported. Here we present a full account of our studies.

Results and Discussion

Chiral imines (1a-g) were prepared by addition of 1-(S5)-phenylethylamine to the corresponding aldehyde
in CH,Cl, in the presence of anhydrous MgSO,. The imines were easily isolated after filtration, removing the
solvent at reduced pressure and used without purification (Scheme 1).
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RCHO + H,N Ph X
R N Ph
CHCl,
a:R=#Pr e:R= th‘ N (S)-1
b: R=Et I R=n-CsHy,

¢:R= n-C7H15 g: R=C02Me
d: R=c-CgH) Scheme 1

The H.O. cuprates (n-Bu);Cu(CN)Li,, and (Allyl);Cu(CN)Li, were prepared as described in the
experimental section and used at once in the reaction with imines. All the reactions were performed in dry THF
at -78°C and the slurry was allowed to warm to room temperature over 24 hrs. The results obtained are
summarized in Table 1.

Table 1. Addition of H.O. Cuprates to imines

| M R' | R 1
R \\N/,\Ph M, R/\ITI/kPh + R/kw/kph
H 2:R=n-Bu I!I
(S-1 (S5  IR=Abl  (pg)

Entry Imine® R'M Amine  Yield % SS/RS"
1 fa  (BWCUCNLEy’ 2a 34 76:24
2 Ic no® 2¢ 49 80:20
3 le n 2e 35 72:28
4 la vn® 22 50° 90:10
5 1c nn 2c 60" 86:14
6 le n e 2e 30 65:35
7 1d " e 2d 57" 87:13
8 la w 2a 66 78:28
9 1e m nd 2¢ 82 87:13
10 ia e 2a 53 85:15
i1 1c " e 2¢ 52 82:18
1 1a  (AllyDCu(CN)LL,* 3a 90 £0:20
13 ib " 3b >90 19:81
14 e 3c >90 26:74
15 le < 3e >90 36:64

in the presvnce of 1 eq. of BF;'Et,;O and 1 eq. of PPhs. © The reaction was carried out in the presence of 1 eq.
of bipyridine. T All the reactions with allyl H.O. cyanocuprates were performed in the presence of 1

The y ield reported was evaluated by GC or GC-MS analysis, the rest being starting material. h Isclated
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weld of purified amine. I The dr was determined by GC or GC-MS analysis.
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To enhance the reactivity either of the imines or of the organometallic reagents, Lewis acids and other

additives were employed. In fact, the best results were obtained by the addition of (n-Bu),Cu(CN)Li; to 1a, 1¢
and 1d in the presence of BF3-Et;0 and Me;SiCl (entries 4,5 and 7). These conditions allowed us to prepare the
chiral amines 2a,c,d with a notable diastereoselection (90:10).7 The low reactivity of aromatic imines with
copper reagents has been already reported™ and appeared to be independent of the nature of the copper salt. In
our case this was also confirmed (entries 3 and 6, Table 1), but high yields were observed with the more
reactive H.O. allyl-cuprate (entries 12-15, yield >90%). Moreover, the collective results clearly show a
significant sensitivity of the diastereoselection to the nature of both the copper reagents and imines. In fact, an
inversion of the stereoselection in the reaction between the H.O. allyl cuprate and the aromatic imine le was
observed.*
The configuration of the diastereoisomers 3a,b and 3e was unambiguously determined on the isolated
products by comparison with authentic (5.5)-3a%, (R,S)-3b® and (85,5)-3¢® while the configuration of the
anti-diastereoisomer 3¢ was assumed on the basis of the results obtained with the imines 1a,b,e reported
above.

Moreover, the configuration of the prevalent anti diastereoisomers 2a, 2¢, 2d and 2e was assigned by
analogy with the retention times of the (S,5)-de,f** and (R,S)-4e,f>* prepared by the addition of Me,Cu(CN)Li,
to le and 1f (Scheme 2). All anti diastereoisomers eluted prior to the syn ones.

) Me . Me &
/L Me,CuCN)Li, /L /L J\
X > R/\ITI Ph T R N7 e

R® N° "Ph yp,.78°C

H H

(S)y-1e.f (S.5)-de,f (RS)-de,f
Scheme 2

To show the high potential of our method, we have employed it to synthesize the functionalized amine 7,
key intermediate for the synthesis of biologically active products. Adding the imine 6 to (n-Bu);Cu(CN)Li,, we
obtained 7 in good yield (45%) and high diastereoisomeric ratio (90:10) (Scheme 3). The procedure was further
simplifiedv by preparing the imine in situ, simply by stirring in a flask with a sintered glass filter the aldehyde 5,
(S)-phenylethylamine and anhydrous MgSQy, then the mixture was directly filtered at low temperature into the
flask containing the H.O. cuprate. This method avoids the isolation and storage of sensitive imines. The amine 7
could be a useful precursor of 8-amino-acids after reductive cleavage of the auxiliary, deprotection of the

hydroxyl group and finally oxidation of the primary alcohol. ?

MgSO,

TBDMSOWO b LN /Lph

5 6

Ph

(n-Bu) ,CuCNLi, TBDMSO., _- J\
TBDMSOWNJ\P}I > WN
Overall vield= 45%

6 Scheme 3 7 (8,5 :(RS)90:10
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The development of methods aliowing the preparation of organometallic zinc-copper reagents is of
special importance due to the utility of these compounds in carbon-carbon bond-forming processes.® One of the
most widely used preparation of organozinc halides is represented by the oxidative addition of zinc metal to
organic halides. Nevertheless, organozinc halides, even diorganozincs, are relatively unreactive with respect to
many electrophiles,® thus their transmetallation to more reactive organometallics is often required. In fact, the
treatment of zinc derivatives with CuCN affords a large variety of highly reactive zinc copper species. The
reagents mentioned above, undergo reactions with electrophiles such as aldehydes, ketones and o, B-unsaturated
compounds.® However, until now, the addition of zinc-copper reagents to imines was not reported. Herein we
describe an effective approach to a wide range of enantiomerically enriched amines, employing th

(CN)ZnX (8a-e) were

,,,,, ledy v oL

reactive organocopper species. The Zn-Cu reagents R’Cu

conditions described bv KJ}nr‘hPIIO (Scheme 4) and emploved in the addition to 1a 1o 1o and 1o The reanlts
7 NV waiwa VWIS 77 QI VAUV FAS 1) LUV GUSHIUVIL BV L&, Iy, I0 alu L. LIIC 105D
obtained are summiarized in Table 2.
70+ rx _THF o . THF
/n + RX ——— R'7ZnX + CuCN2LiCl——— R'Cu(CN)ZnX + 2LiCl
(X=Br, 1) 8a: R'=c¢-C4Hyy d: R'=Ph
b: R'=Allyl e:R'=Et
Scheme 4 ¢: R'=n-Bu
Table 2. Addition of Zinc-Conper Reagents to the imines® 1a, 1¢, le and 1g
rr t—2 kBt | - E=]
R’ . Rl '
| rowenwmx L A
A\r/\m‘ - R N Ph + R N Ph
EAN N 111 I !
H $:R=c-C¢H,; H
(V.1 o o an o o .
Wi (5,5) i6:R'=Ph (R.S)
11.D'— B4
AL.IN" L
Fntey mine _CwWC NN n Amina AV IR g/b oo/ pck
jansing pitiiitiv FAN N TROU LY JLdLl Fpsitivhiv Y i€ia Yo 9,0/ LY
1 1a i-Pr AllylICu(CN)ZnBr 3a 60 80:20
2 lC n"C7H!5 et 3c 75 18:82
3 e Ph e 3e 51 30:70
A 1a p O H L Ol CONYZ T 0. &0 2090
hn 3 AC 11 LS RN l\Ju\\-/l‘}l_Jlu PaAY vy LS AV WA )
5 1g CO,Me foce 9g 43 70:30°
6 “ PhCu(CN)Znl 10g 40 55:45¢

* The reactions were carried out on 0.5-1 mmol of imines followiﬁé the procedures reported in the experimental
section. ® The yield was evaluated by GC and GC-MS analysis. © The dr was determined by GC and GC-MS analysis.
The dr does not change during the course of the reaction.® The absolute configurations were not assigned.

While aliphatic imines (1a, 1¢) showed good reactivity with respect to allyl zinc-copper reagent 8b (Table 2

........ L4 LiIL LA iull

entries 1,2), they were not so reactive with alkyl analogue 8a. Aromatic imines instead showed notable

reactivity with alkyl zinc-copper organometallics (Table 2, entry 4);” On the contrary, activated chiral imine
1612 Aarived fram meathyul olvavvlate chawed a caticfactary reactivity with alltyl and arvl 7ine-canner reagante
ls (VIR AW VNS NIy 11IwLir Y1 51!\11’\ LAV LIV YY WAL Dutlﬂluv‘vl) lvuvbl'&b.’ YViLix ull\]l (e B LA ulJl AR vvyy\u Luubull;a
ITalla D antrice &£ &)Y Tha Ainctaranicnmarin rating wars datorminad hoy (0O _MCQC and tho raantinn chawad annd
{ 1a0IC 2, eniries ,5,0). 10€ GiaSier€o1sOmeric rauods wire Geierminea oy UL -ivid ailG ulf réacon snowea gooa
PSSR S VNN NPT 7,00, ¥ S VC T RN TS B UU I, » TR . SSPL SIS - T LS. S SIS
aiasiereoseliecuv: y k P 10 0V, LVU) Wil € Cirdi 1mine LI1C CONLIZUrdLion 01 U1C JldsSicICOIS0INCTs {34,0,€ 4ala
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9e) was assigned by analogy to the chiral amines achieved by employing the corresponding H.O. cuprate
reagents. In the case of 9g, the absolute configuration of the most abundant diastereoisomer was assigned on the
basis of the results obtained with the imines 1a,c,e. The dependence of the diastereoselection on the nature of
the substrate with allyl zinc-copper reagents was also observed (entry 3, anti:syn 30:70).

A model for the asymmetric addition of copper reagents to chiral imines activated by BF;-Et;0 was
recently proposed.”® The attack of the nucleophile occurs at the less hindered Si-face to give an intermediate d-
n* complex A (Figure 1). However, the possibility of a direct addition of the copper reagents to form an
intermediate copper (III) B can be also considered. On the other hand, these models do not consider the possible
isomerization of the iminic double bond when the imino group is complexed to the Lewis acid as recently
reported by Jorgensen. 13

>
=
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The study performed on the addition of zinc-copper reagents and H.O. cuprates to chiral imines, prepared from
(S)-phenyiethyiamine and aldehydes, allows determination of conditions for significant chemo- and
diastereoselectivity. This method can be used as an alternative to the use of other organometallics to add alkyl
and allyl groups to a variety of chiral imines. High anti diastereoselectivity has been obtained for the first time
in the addition of zinc-copper reagents to imines. Functional group tolerance is also exhibited in the process.
Finally, it must be mentioned that useful compounds such as an enantiopure functionalized amine can be easily
obtained in highly a diastereoselective way with our one-step strategy.

Experimental Section

General information.

- s P < . B PR . s POV P T TN
IR spectra of neat compounds are expressed by wavenumber (cm ). Optical rotations were measured on a digital polarimeter in CHCI;
solution in 2 1-dm cell. Chemical shifts of IH_T\H\A’R spectra were taken at 300 and at 200 MHz in (“n(‘L and are indicated a

solution in a 1-dm cell. Chemic H-NMR spec dicated as s,
singlet; t, triplet; g, quartet; m, multiplet; br, broad peak. GC-MS analyses were performed at an ionizing voltage of 70eV.
Chromatographic purification was done with 240-400 mesh silica gel. Elemental analyses were carried out by using a EACE 1110

CHNS analyzer. The organometallic reactions were performed in flame-dried apparatus under an N, atmosphere. Solvents were
distilled N, atmosphere prior to use: THF over Na-Ph,CO ketyl and CH,CL, over P,Q;, The imines 1a-b, 4a 1c, 142 1d-le, 14b lo" and

UiSdntu i3y adnuspniv l.u.ux 1O USC. 1y OVOY aNa-TihLA) KCOUYL, Qlil L1 ANINCS 1a

the amines 2a,”® 3a,”° 3b,% 3¢, 4d,? 41, are known compounds.

Synthesis of the imines 1a-f. General Procedure.
To a solution of (S)-1-Phenylethylamine (1.0 mL, 8 mmol) in freshly distilled CH,Cl, (12 mL) were added, under N, atmosphere, the
desired aldehyde (8 mmol) and anhydrous MgSO, (3.9 g, 16 mmol). The mixture was stirred at room temperature overnight. The

insoluble residue was removed by filtration and the orgamc phase was evaporated under reduced pressure giving a crude oil. The
imine obtained was used without purification. Analytical data were recorded after a carefully Kugelrohr distillation .

(S)-N-Isopropylmethylidene-1-phenylethylamine 1a: (pale yellow oil), [o]p™ = -78 (c 1.5, CHCIy), bp 115-120 °C, 18 Torr (lit.*

80 °C, 5 Torr). CG-MS m/z (relative intensity) 105 (100), 106(14), 77 (14), 79 (11), 103 (9), 147 (7), 104 (6); 132 (4). "H-NMR (300
MHz, CDCl,) & 7.60 (1H, t, J 5.5 Hz, NH), 7.38-7.20 (5H, m, Ph), 4.26 (g, 1H, J 6.8 Hz, PhCHN=CH), 2.52 (1H, sept, J 7.5 Hz,
CHCH=N), 1.55 (3H, d, ./ 6.8 Hz, CHMe), 1.19 (6H, t, .J 7.5 Hz, 2 Me). IR (neat) 1665 cm". Anal. Calcd for C;;Hy;N: C, 82.23; H,

070N 708 DannAdA 0 22 1N 0 071N R 10
JoiYy N, 1.0, FOUNQL U, 0L 1V, 11, 7.7 1419, G017
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Addition of (Allyl);Cu(CN)Li, te chiral imines. General procedure.

In a flask was placed CuCN (1.6 mmol) and THF (1.5 mL). The resulting slurry was cooled to -78°C, then 3.2 mmol of MeLi (1.6
M. Et,0) were added dropwise and the mixture warmed to 0°C and stirred until homogeneous. The solution was cooled to -78°C then
allyltributyltin (1.6 mmol) was added. The solution was warmed to 0°C and stirred for 30 min then cooled to -78°C. The imine (1a-c,
le) was added, followed by BF;-Et,O (1.6 mmol). The reaction mixture was allowed to warm to room temperature during 24 hrs, then
quenched with an aqueous solution of NH,C} (5 mL). The organic phase was separated and the aqueous phase extracted with Et,O (3
X 5 mL). The combined organic phases were dried, concentrated under reduced pressure and purified by chromatography on silica gel.

3c. (orange oil). Ry (20% Et,0/Cycloehxane). GC-MS m/z (relative intensity): 114 (100), 218 (76), 106 (74), 79 (10), 70 (7). 'H-
NMR (200 MHz, CDCIl;) {most abundant diastereoisomer) § 7.40-7.15 (5H, m, Ph), 5.86-5.70 (1H, m, CH=CH,), 5.15-4.99 (2I, m,
CH=CH,), 3.88 (1H, q, J 6.5 Hz, PhCHNH), 2.44-2.25 (1H, m, CHMe), 1.32 (3H, d, .7 6.5 Hz, CHMe), 2.20 (2H, m, CH.CH=CH.).
1.31-1.10 (12H, m, CH,), 0.86 (3H, t, J 6.0 Hz, Me), {syn diastereoisomer : & 4.10 (1H, q, J 6.3 Hz, PhCHNH)]; BC-NMR (50
MHz. CDCl;) (most abundant diastereoisomer): 8 146.3, 128.3, 126.8, 126.5, 117.0, 109.1, 54.9, 53.6, 37.6, 34.7, 31.8. 29.3, 27.3,
25.3. 24,6, 22.6, 14.1; [syn diastereoisomer : & 53.4 (NHCHCH,)]. IR (neat) 3385, 1639 cm™. Anal. Caled for C,oH,,N: C, 83.45; H,
11.43; N, 5.12. Found: C. 83.37; 1, 11.33; N, 5.19.

Preparation of aldehyde 5."

To a solution of 1.4-butanediol (20 mmol, 1.8 mL) in THF (25 mL) was added NaH (20 mmol, 0.48 g) and the resulting mixture was
stirred at room temperature for 24 hrs. -BuSiMe,Cl (20 mmol, 3 g) was added and the resulting mixture stirred for 30 min, then
quenched with water and diluted with Et,0 (7 mL). The organic phase was separated, and the aqueous phase extracted with Et,0 (3 X
15 mL). The combined organic phases were dried over sodium sulphate, concentrated under reduced pressure and purified by flash
chromatography (60% Et,O/Cyclohexane) (yield 46%). The protected 4-O-silyl-butan-1-0l was oxidized under Swern conditions: to a
solution of (COCI), (3.45 mmol, 0.3 mL) in CH,Cl, (12 mL) at -60°C was added DMSO (7.2 mmol, 0.51 mL) and the mixture was
stirred for 10 min. The protected 4-O-silyl-butan-1-ol (3 mmol, 0.611 g) was dissolved in CH,Cl, (2 mL) and added to the reaction
mixture dropwise at -60°C. The resulting mixture was stirred 10 min at -60°C then Et;N (2.1 mL) was added and the reaction mixture
was warmed to room temperature and stirred 15 min. The reaction was quenched with water (10 mL). The organic phase was
separated and the aqueous phase extracted with CH,Cl, (3 X 10 mL). The combined organic phases were dried over sodium sulphate
and evaporated under reduced pressure to leave a oil, purified by flash chromatography (50% Et,O/Cyclohexane).

Yield 50%. (pale yellow oil). GC-MS m/z (relative intensity) 105 (100), 147 (31), 77 (18), 104 (17), 79 (15), 132 (12), 188 (5); 'H-
NMR (300 MHz, CDCL) 8 9.26 (1H, s, CHO), 3.62 (2H, t, / 6.4 Hz, CH,08i), 2.52 (2H, t, J 6.4 Hz, CH,CHO), 1.92-1.80 (4H, m,
CH.), 0.88 (9H, s, CMe;), 0.28 (6H, s, SiMe,). IR (neat) 1730 cm’’. Anal. Caled for Cy1H40,S8i: C, 61.06; H, 11.18; N, 11.18. Found:
C, 60.98; H, 11.08; N, 11.02.

Addition of (n-Bu),Cu(CN)Li, to 6: synthesis of 7.

The imine 6 was prepared in situ in THF (2 mL) by stirring 5 (0.2 g, 1 mmol) with (S)-phenylethylamine (0.127 mL, 1 mmol) in the
presence of anhydrous MgSO, (0.6 g). The progress of the reaction was monitored by GC-MS. In another flask CuCN (1.6 mmol) was
gently flamed under vacuum, followed by flushing with nitrogen. THF was added (1.5 ml.) and the resulting slurry was cooled to -
78°C. BuLi (0.150 mL, 2.72 mmol) was added dropwise and the mixture warmed to 0°C and stirred until a homogeneous solution was
obtained. The mixture of H.O. n-Butyl cuprate was cooled to -78°C then the slurry containing the imine 6 was filtered into the H.O.
cuprate, then BF;-Et,O (0.190 mL, 1.5 mmol) and Me;SiCl (0.19 mL., 1.5 mmol) were added. The reaction mixture was allowed to
warm o room temperature during 24 hrs, then quenched with aqueous saturated NH,CI (5 mL). The organic phase was separated and
the aqueous phase extracted with Et,O (3 X 5 mL). The combined organic phases were dried, concentrated under reduced pressure and
purified by chromatography on silica. Ry (40% Et,0/Cycloehxane). Overall yield 45%, maroon oil. GC-MS m/z (relative intensity)
105 (100), 190 (50), 70 (50), 306 (38), 207 (18); 'H-NMR (200 MHz, CDCl;) (most abundant diastereoisomer) & 7.39-7.18 (5H, m,
Ph), 3.86 (1H, g, J 6.6 Hz, PhCHINH), 3.60 (2H, m, CH,0Si), 2.36 (1H, m, CHNH), 1.32 (3H, d, J 6.6 Hz, CHMe), 1.57-1.19 (12H,
m, CH,), 0.91 (9H, s, CMe;), 0.89 (3H, s, CH,Me), 0.27 (6H, s, SiMe,); "C-NMR (75 MHz, CDCl;) (most abundant
diastereoisomer): & 146.3, 128.2, 127.5, 126.6, 63.5, 54.9, 53.7, 34.5, 30.9, 29.5, 28.4, 28.0, 26.0, 24.9, 22.9, 18.4, 14.1, -5.2. Anal.
Calcd for C33HysNOSI: C, 73.14; H, 11.48; N, 3.71. Found: C, 73.05; H, 11.38; N, 3.66.

Preparation of ¢-C¢H;;Cu(CN)Znl (8a)."® General procedure for the addition of 8a to le and 1g.

A flask under nitrogen was charged with cut zinc (1.8 mmol). A few drops of dibromoethane were added followed by THF (1 mL).
The suspension was heated with a heatgun until boiling of the solvent was observed. The zinc suspension was stirred for a few minutes
and the procedure was repeated three times. A few drops of Me;SiCl were added to the mixture. The cut zinc turned grey and after 10
min stirring cyclohexyl iodide (0.194 mL, 1.5 mmol) was added. The mixture was stirred at 40°C and the completion of the reaction
was checked by GC. Another flask was charged with lithium chloride (0.127 g, 3 mmol) and the lithium chloride was heated at 130°C
under vacuum (0.2 mmHg) for 2 hrs. The dried lithium chloride was cooled to room temperature then CuCN (0.154 g, 1.5 mmol) and
dry THF (2 mL) were added. The resulting solution was cooled to -40°C and the zinc reagent was transferred by cannula to the
CuCN(LiCl), complex. The mixture was then warmed to 0°C and stirred for 15 min. The resulting grey white solution was cooled to -
78°C then the imine (0.8 mmol) and BF;-Et,0 (0.15 mL, 1.2 mmol) were added and the reaction was allowed to warm to room
temperature during 24 hrs. After the usual work-up the reaction mixture was analyzed by GC-MS (see Table 2).
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(8)-N-Ethylmethylidene-1-phenylethylamine 1b: (colourless oil), [a]p™ = -106 (c 1.08, CHCls), bp 82-87 °C, 12 Torr (lit.** 64 °C,
3.5 Torr). CG-MS mv/z (relative intensity) 105 (100), 77 (15), 106 (14), 91 (7), 146 (5), 161 (4), 51. "H-NMR (200 MHz, CDCL;) §
7.91 (1H, s, NH), 7.42-7.20 (SII, m, Ph), 4.40 (1H, q, J 6.6 Hz, PhACHN=CH), 2.43-2.26 (2H, m, CH,), 1.53 (3H, 4, J 6.6 Hz.
CHMe), 1.06 (3H, t, J 7.4 Hz, CH,Me). IR (neat) 1665 cm™. Anal. Caled for C;HysN: C, 81.94; H, 9.38: N, 8.64. Found: C, 82.16:
H, 9.70; N, 8.14,

(S)-N-Heptylmethylidene-1-phenylethylamine 1c: (pale yellow oil), [o]p™ = -52.4 (¢ 2.0, CHCL;), bp 133-138 °C, 1.5 Torr. GC-
MS m/z (relative intensity) 147 (100), 105 (65), 132 (38), 77 (22), 202 (11). 'H-NMR (200 MHz, CDCl;) § 7.74 (14, t, J 5.5 Hz,
NH). 7.40-7.20 (5H, m, Ph), 4.30 (1H, q, /6.6 Hz, PhCHN=CH}), 1.55 (3H, d, J 6.6 Hz, CHMe), 1.48-1.20 (12H, m, CH,), 0.90 (3H,
t,./ 6.2 Hz, CH,Me). IR (neat) 1675 cm™. Anal. Calcd for C,sH,sN: C, 83.06; H, 10.89; N, 6.05. Found: C, 82.98; H, 10.80; N, 6.22.

(5)-N-Cyclohexylmethylidene-1-phenylethylamine 1d: (pale yellow oil), [a]p? = -55 (¢ 1.5, CHCL), bp 132-140 °C, 4 Torr (lit.'*"
130 °C. 4 Torr). CG-MS m/z (relative intensity) 105 (100), 147 (43), 77 (17), 79 (16), 56 (15), 104 (13), 200 (10). 'H-NMR (300
MHz. CDCL;) § 7.59 (1H, t, J 5.5 Hz, NH), 7.40-7.20 (5H, m, Ph), 4.26 (1H, q, J 6.7 Hz, PACHN=CH), 2.25 (1H, m, CHCH=N), 1.47
(3H.d,J 6.7 Hz, CHMe), 1.95-1.60 (6H, m, CH,), 1.45-1.10 (4H, m, CH,). IR (neat) 1680 cm™. Anal. Calcd for C,sH,N: C, 83.67:
H. 9.83; N, 6.50. Found: C, 83.52; H, 9.74; N, 6.74.

(S)-N-Phenylmethylidene-1-phenylethylamine 1e: (yellowish oil), [a]p® = +74 (¢ 0.8, CHCL;), bp 128-135 °C, 5 Torr (lit."*" 106
°C, 0.1 Torr). CG-MS my/z (relative intensity)105 (100), 209 (20), 77 (20), 79 (11), 51(10), 147 (7); 167 (5); 165 (5). 'H-NMR (300
MHz, CDCl;) 6 8.30 (1H, s, NH), 7.72 (ZH, m, Ph), 7.41-7.10 (8H, m, Ph), 4.49 (1H, q, ./ 6.7 Hz, PACHN=CH), 1.53 (3H, d, 7 6.7
Hz. CHMe). IR (neat) 1630 cm’'. Anal. Caled for CysHysN: C, 86.08; H, 7.22; N, 6.70. Found: C, 86.01; H, 7.16; N, 6.83.

(S)-N-Pentylmethylidene-1-phenylethylamine 1f: (pale yellow oil), [a]p” = -55 (¢ 1.5, CHCl5), bp 120-125 °C, 4 Torr. CG-MS
m/z (relative intensity) 105 (100), 147 (31), 77 (18), 104 (17), 79 (15), 132 (12), 188 (5). '"H-NMR (300 MHz, CDCl;) § 7.70 (1H, t, J
5.5 Hz, NH), 7.40-7.20 (5H, m, Ph), 4.24 (1H, q, J 6.6 Hz, PhCHN=CH), 2.23 (2H, m, CH,CH=N), 1.47 (3H, d, J 6.6 Hz, CHMe),
1.55-1.20 (6H, m, CH,), 0.85 (3H, t, J 6.2 Hz, CH,Meg). IR (neat) 1670 cm™. Anal. Caled for Ci,HyN: C, 82.70; H, 10.41: N, 6.89.
Found: C, 82.59; H, 10.32; N, 7.09.

Addition of (n-Bu),;Cu(CN)Li, to 1a,1¢-d. General procedure. In a flask was placed CuCN (0.269 g, 3 mmol) and THF (7 mL).
The suspension was cooled to -78°C under nitrogen, then n-BuLi (3.75 mL, 6 mmol) was added. The mixture was warmed to 0°C,
stirred 5 min until a green solution was obtained and then cooled to -78°C, The chiral imine (1a, 1e-d) (1.5 mmol) dissolved in THF
(2 mL) was added dropwise to the H.Q. cuprate at -78°C, then BF;-Et,0 (0.225 mL, 2.25 mmol) and Me;SiCl (0.283, 2.25 mmol)
were added. The solution became orange and was maintained at -78°C for 1-2 hrs, then allowed to warm to room temperature
overnight. The organometallic reagent gradually decomposed giving a black colour. The mixture was quenched with an aqueous
solution of NH;OH (5 ml.). The organic phase was separated and the aqueous phase extracted with Et,;O (3 X 5 ml). Finally, the
organic phases were combined, dried over anhydrous Na,SQ,, concentrated, chromatographed and analyzed by GC or GC- MS.

2a. Yield 50% (pale yellow oil). Ry (30% Et,0/Cycloehxane). GC-MS m/z (relative intensity) 105 (100), 190 (45), 77 (88), 72 (14).
"H-NMR (200 MHz, CDCl;) (most abundant diastereoisomer): & 7.39-7.18 (5H, m, Ph), 3.87 (1H, g, J 6.6 Hz, PhACHNH), 2.15 (1H,
m, CHNH), 1.98-1.81 (1H, m, CHMs,), 1.08 (3H, d, J 6.9 Hz, CHMe), 1.38-1.06 (6H, m, CH>), 1.08 (3H, d, ./ 6.9 Hz, CHMzs),
0.91 (3H, t, J 6.8 Hz, Me), 0.86 (3H, d, J 6.9 Hz, Me), 0.79 (3H, d, J 6.9 Hz, Me); *C-NMR (50 MHz, CDCl;) (most abundant
diastereoisomer): 8 146.6, 128.3, 126.9, 126.7, 59.1, 55.3, 29.9, 29.1, 28.8, 24.6, 23.0, 19.1, 17.0, 14.2. IR (neat) 3325, 3072, 3037,
1489 cm™. Anal. Calced for C;¢HsN: C, 82.34; H, 11.66; N. 6.00. Found: C, 82.21; H, 11.56; N, 6.10.

2c. Yield 60% (orange oil). Ry (20% Et,O/Cycloehxane). GC-MS m/z (relative intensity) 105 (100), 190 (45), 77 (88), 72 (14); 'H-
NMR (200 MHz, CDCl;) (most abundant diastereoisomer): 6 7.42-7.18 (5H, m, Ph), 3.88 (1H, q,J 6.6 Hz, PhCHNH), 2.29 (1H, m,
CHNH), 1.35 (3H. d, J 6.6 Hz, CHMe), 1.45-1.01 (18H, m, CH,), 0.95 (3H, 1, J 7.0 Hz, Me), 0.91 (3H, t, J 6.9 Hz, Me); "C-NMR
(50 MHz, CDCl;) (most abundant diastereoisomer): 8 146.3, 128.2, 127.0, 126.6, 54.9, 54.0, 34.4, 33.8, 31.9, 29.4, 28.0, 27.4, 25.9,
24.8,23.0, 22.8, 15.2, 14.1. IR (neat) 3325, 3072, 3038, 1488 cmn™'. Anal. Calcd for CyHisN: C, 82.98; H, 12.19; N. 4.83. Found: C.
82.91; H, 12.09; N. 5.00.

2d. Yield 57% (pale yellow oil). Ry (20% Et,0/Cycloehxane). GC-MS m/z (relative intensity) 105 (100), 88 (95), 190 (70), 77 (19),
55 (19), 216 (11), '"H-NMR (200 MHz, CDCl;) (most abundant diastereoisomer): & 7.41-7.13 (5 H, m, Ph), 3.84 (1H, q, ./ 6.6 Hz,
PhCHNH), 2.15-2.05 (1., m, CHNH), 1.28 (3H, d, J 6.6 Hz, CHMe), 1.87-1.08 (17H, m), 0.65 (3H, t, J 6.9 Hz, Me), [syn
diastereoisomer : & 4.08 (1H, g./ 6.5 Hz, PhCHNH)]; "C-NMR (50 MHz. CDCl;) (most abundant diastereoisomer): § 146.6, 128.1,
126.8, 126.6, 58.8, 55.4, 40.2, 30.9, 29.6, 28.6, 27.9, 26.9, 26.8, 26.7, 24.7, 22.8, 14.1. IR (neat) 2924, 2854, 1448 cm’. Anal. Caled
for C,sH;3N: C, 83.45; H, 11.43; N, 5.12. Found: C, 83.37; H, 11.33; N, 5.21.
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Preparation of AllylCu(CN)ZnBr (8b). General procedure for the addition of 8b to 1a, 1c and 1e.
The allyl zinc reagent was prepared by stirring allylbromide (0.173 ml., 2 mmol) with cut zinc (0.157 g, 2 mmol) in THF (2 mL).

Another flask was charged with lithium chloride (4 mmol) and it was heated at 130°C under vacuum (0.2 mmHg) for 2 hrs. The dried

lithium chloride was cooled to room temperature then CuCN (0.179 g, 2 mmol) and dry THF (2 mL) were added. The resulting
solution was cooled to -40°C and the zinc reagent was transferred by cannula to the CuCN(LiCl), complex. The resulting mixture was
warmed to 0°C and stirred for 15 min. The green solution was cooled to -78°C then the imine (1a, 1c, 1e) (0.8 mmol) and BF;-Et,0

2 tusat 7ot el A e -
(0.2 mL, 1.6 mmol) were added and the reaction was allowed to warm to room temperature during 24 hrs. After the usual work-up the

reaction mixture was analyzed by GC-MS (see Table 2).

9g. Yield 43%. (pale yellow oil). GC-MS m/z (relative intensity) 105 (100), 216 (56), 112 (60), 192 (15), 260 (12), 'H-NMR (300
MHz, CDCl;) (most abundant diastereoisomer): § 7.26-7.17 (5H, m, Ph), 3.88 (1H, q, J 6.0 Hz, NHCHCO,Me), 3.80 (1H, q, J 6.0 Hz,

PhCHNH), 3.52 (3H, s, Me0), 1.29 (3H, d, J 6.0 Hz, CHMe), 1.85-1.58 (11H, m, Cy).Anal. Calcd for C,;H,;sNO,: C, 74.14: H, 9.15;
N. 5.09. Found: C, 74.07; H, 9.07; N, 5.01.
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