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Abstract: The sequential addition of two different nucleophiles to a tartaric acid-derived nitrile
produced carbinamines. The adducts from chelatlon controlled addition which are obtained in

high diastereoselectivities and yields, were easily converted to oi,0-disubstituted-¢i-amino
aCLdS. © 1998 Elsevier Science Ltd. All rights reserved

The interest for unnatural o-amino acids has increased significantly in the last few decades." Among
these d ETiV&tiVES o,00- dis sub ituted- g-amino acid p‘fb ()WCI'IL 1 Starf lll’lg materiais for further derivatization
in medicinal chemistry. These derivatives generaily induce strong conformational preferences when they are
incorporated into peptides.” Furthermore, the amide linkage formed is extremely resistant to both chemical and
enzymatic hydrolyses.’ Despite their tremendous potential, access to this class of compounds is impeded by the
notoriously difficult task of constructing a quaternary asymmetric center. The most general methods developed
for the preparation of optically active o,a-disubstituted-oi-amino acids relied mainly on enolate alkylation with

highly reactive electrophiles.* Among the methods mvolvmg the nucleophilic addition to a C=N bond is the

enerally translates into poor diastereoselectivities.® Herein, we report a chelation strategy
that avoids the carbon-nitrogen double bond geometry issue by using a nucleophilic addition to a-alkoxynitrile
A (Scheme 1).” The c-oxygen group should complex the metal of the imine anion (B) generated by the attack of
a first nucleophile onto the nitrile. A subsequent chelation-controlled addition to the more reactive bidentate
intermediate C should provide the adduct D. Although sequential additions of different alkyl and/or aryl

nucleophiles to a nitrile have been reported sporadically, none of those were designed to access optically active

amines.®
Scheme 1
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formation and dehydration proceeded smoothly to afford nitrile 2 in 83% overal

H 1. Swern oxidation

2. NHoOHeHCI, AcONa, MeOH
Ma OJ 3. SOCl;, DMAP, -10 10 20 °C, CH.Cl» Mo 0 CN
1
< = (1)
83% (3 steps)
OBn OBn
1 2

The optimal conditions for the first step of our chelation-controlled sequence involved the addition of the
Grignard reagent in THF or ether to a solution of the nitrile in toluene at 0 °C. Grignard and organolithium
reagents are unreactive as second nucleophiles. The sequential addition could be successfullv accomplished
when the imine anion resulting from the first addition was cannulated into a suspension of the previously

1H1IC alliy tie P

prepared organocerium reagent at -78 “C (Table 1).

Table 1. Diastereoselective sequential nucleophilic addition to nitrile 2.2
MR (O e et HaN_ R? HaN_ R
N 1.R'MgBr0°Ctort SR‘ a2
M%Tc 2. R2CeCly*MgCIBr, -78 °C M?(O M><O
M Ny M o 1N + M Mn
A 3.-78100°C; 56h N R
2 OBn Toluene 3a OBn 3b OBn
Entry R, R, Yield® ds (3a:3b)°
1 Me Et 44% 24 1
2 Et Me 63% 32:1
3 Me Ph 75% 211
4 Ph Me 89% >40: 1
5 Me c-CgHy4 62% 14 :1
6 n-Pr Ph 44% >40: 1
7 Ph n-Pr 71% >40: 1
8 Ph Allyl® 66% 39:1
9 Et PhCH,CH, 87% >40:1
10 PhCH,CH, Et 72% >40 : 1
11¢ PhCH,CH, Et 50%! 39:1
3All the reactions were carried out by adding 1.05 equiv of the first Grignard 1'eag:,nt to a solution of the nitrile
in tnh uene {—' Hawad hy tha additinn of 212 nru1 iv af tha arganacarinm raagant DIcalatad vialde afiae Al
1 UVIULVLC 1TURUWLU Uy UiL auudliuull Ul J.J vruly O g Uigdlivtidiulil icagilit ULatcu _y1c1u> ainci coiumn

O

chromatography. ¢Diastereomeric excesses were determined by capillary G (DB 1) of the crude
trifluoroacetamide derivatives. The sense of induction was established by conversion the known amino acid
dA

(entries 3 and 4) or by X-Ray crystallography of the trifluoroacetamide (entry 6). yleerium formed at -78
OF eSpl‘-nnd addition narfarmed at () °C for 2 h with only 1 2 amiiy Avaret

SLVLIU QUUILIU pULIULTHIVG at v <AL Wil Vily % \./\il..uv

determined by !'H NMR analysis.

n Nnoors
Ul Ui 5(111\1\.\,1 i
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Good to excellent diastereoselectivities were observed with a variety of Grignard reagents. Both
isomers were readily accessible by inverting the order of addition. In all the cases studied, the configuration of

the newly formed stereogenic center is in agreement with a chelation-controlled nucleophilic addition from the

least hindered face of the iminatc compiex.

Conversion of the adducts to the amino acid could be easily and efficiently accomplished as shown in
Scheme 2. Protection of the amino group as a Cbz derivative followed by removal of the acetal produced diol

6. Oxidative cleavage of the diol and oxidation of the aldehyde using Masamune's conditions' afforded the N-
nrotected aminn acid 8 in RO% vield far the lact three ctenc
protected amino acid 8 in 80% yield for the last three steps.
Scheme 2
HaN_ Me CbzHN_ Me
X CbzCi (1.2 equiv), ProNEt (2.5 equiv)
Me /oﬁ/\ Ph CHoCly, 95% /O\r}\ Ph
Me ok w L
] ]
OBn OBn
4 5
TsOH (2 equiv)
l MeOH, 60 °C, 12 n
KMnO,4, NaH,PO, Nalo,  CbzHN_ Me
CbzHN, Me FBUOH, H20  CbzHN Me  THF, H,0  Ho ™ py,
S OUe (I SLEpPs) N (a1
HO Ph H " >ph 1
| 1l HO™ \
8 7 OBn

In summary, chelation could be used efficiently for controlling the carbon-nitrogen geometry in the
sequential addition of two different alkyl- or aryl nucleophiles onto a nitrile. The approach is very flexible

allowing access to a varietv of auaternarv carbon centers with hich diastereoselectivities. Both enantiomeric
ing access t0 a variety of quaternary carbon centers with high diastereoselectivities. Both enantiomeric
forms of the heterocyclic chiral template are readily available and easily prepared from tartaric acid. Finally,

Experimental Section

General. All non-aqueous reactions are carried out under argon with exclusion of moisture and air.
Toluene is dried over sodium, dichloromethane is dried over calcium hydride and tetrahydrofuran is dried over
sodium benzophenone ketyl. Anhydrous acetonitrile, dimethylformamide and dimethylsulfoxide were

purchased from Aldrich Chemica,l Co., Inc. Threitol was prepared from natural tartaric acid.” Cerium chloride

Allvlmaonacinm hramida (1 N MY mathaglmaoonaginm heamida /2 0 MY amd ~Avalabhavi oo ogna e Abalnae: Ao
My HIAgiivoluil ULULLLUG 1.V 1Vl ), ulutuyuuasuumulu ULIULLIIUC (O.U 1vl) dalld L_YLIUUC _yuuagut.slul 1 CHIONAC
I N RAY ccrneas Lol Lo O 1. ML LS S T o A e Y o ~a o ~a o
{<.\ V1) WEre pougnt 1rom Aldrich Chemical Co., Inc. Other Grignard reagenis were prepared as ZM or 3M

solutions from the corresponding bromide in ether.
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38)-4
monanratected dial (63 o
onoprotecica a0t (0.2 g, 24. mmol v ar ut

methanol (55 mL). Sodium acetate (3.78 g, 1.84 equiv) and hydroxylamlne hydrochlorlde (2.95 g, 1.7 equiv)

121

were aaaea Slmuuaneoumy Aﬂel' i6hof S[lfﬂﬂg at room lemperalure the reacuon was men GIJU\.CU Wllﬂ CUICI
(300 mL) and sat. ag. NaHCO3 (50 mL) and the layers were separated. The organic phase was washed with
sat. aq. NaHCOj3 (50 mL), with brine (50 mL), dried over anhydrous NapSOg4. After concentration under
reduced pressure, the crude oxime was dissolved in dichloromethane (15 mL) at -10 °C. This solution was
then cannulated into a mixture of DMAP (3.66 g, 1.2 equiv) and thionyl chloride (2.00 mL, 1.1 equiv) in
dichloromethane (100 mL) at -10 °C. The reaction was stirred for 10 min and DMAP (3.05 g, 1.0 equiv) was

added. After 10 min, the cooling bath was removed. After another 10 minutes, the TLC showed consumption

(e AL WL, 1l A5 210 P 1
arcganice laver wag dried aver NaaSO): After concentrafinn ninder reduced vacimim the nitrile wag mnrified hy
ULgdiiit 1ayUl wad Uit UVeL iNaZo/4. Al LULILLHU AUV UHUCL 1CUULCU Valuui, Wil iiuauc was puliiaicl v
~1 PR oty mm 2iYias &2l AN eV A L o fha smiieaa saldeal Tal oo P | n‘ {' .
Chror ldlUgrdP[l on siiica gcl (LU70 CUUAL, nexa be} l() plUUULE Lc pu (2 llllIllC as a COl0riess uqu1u g.

o0
w
w

steps): Rf0.52 (20% EtOAc:hexanes); [e]p?* -19.3° (¢ 2.20, CHCl3); 'H NMR (300 MHz, CDC13) 3
7.40-7‘32 (m, 5H, Ph), 4.64 (d, /= 5.8 Hz, 1H, CHCN), 4.61 (s, 2H, OCH,Ph), 4.57 (ddd, J = 5.8, 5.5, 4.4 Hz,
1H, CH(OR)CH»), 3.67 (dd, J = 10.4, 4.4 Hz, 1H, CH20Bn), 3.59 (dd, J = 10.4, 5.5 Hz, 1H, CH,OBn), 1.54
(s, 3H, CH3), 1.48 (s, 3H, CH3); 13C NMR (100 MHz, CDCl3) 8 137.25, 128.46, 127.91, 127.61, 117.88,
113.07, 78.98, 73.62, 68.54, 65.15, 26.63, 25.02; IR (neat) 3680, 3660, 3480, 3010, 2880, 2260(vw), 1615,
1505, 1460, 1395, 1385, 1225, 1105, 855, 750, 705 cm™!; Anal. Calcd for C14H;7NO3: C, 68.00; H, 6.93; N,
5.66. Found: C, 68.17; H, 7.17; N, 5.66.

General Procedure for Preparation of the Organocerium Reagent: CeCl3*7H20 was dried at 145
AN e A L r2:mdar hiah sranittimm N NE v ITa)l Tha litsmame trara heal-ae xrith A o Wl xfbnr VY h and A h +~
© 1Ul &% 11 Uulidcel lllsll vauvuulii (V.ua 11111115}. 1 11T 1thL lyb WCIC ULURCII WLl d bpau.ua Al 2 N ana o 0 1w

generate a powder. The amount of anhydrous CeCl3 corresponding to approximately 3.3 equiv of the nitrile to
be used was weighed in a flask and further dried with stirring for 2 h at 145 °C under high vacuum (0.05
mmHg). Next, the flask was filled with argon and cooled to room temperature, The flask was then put into an
ice-water bath and dry THF (to make a 0.35 M suspension) was added. After 5 min of stirring at 0 °C, the ice
bath was removed and the white milky suspension was stirred overnight. The suspension was cooled to 0 °C (-
78 °C in the case of allylmagnesium bromide) and the Grignard reagent (3.3 equiv with respect to the nitrile)
was added dropwise. The reaction mixture turned yellow (brown in the case of allyl and phenylmagnesium

bromide). Th ixture was stirred for 2 h at 0 °C and then cooled to -78 °(

bromide). 1 he mixture wags stirred for 2 h at Q) "C and then cooled to -/ C
oamaral Prenradinrea far tha Ninnlannhilico Additinne: Th a ecnhitinn Aaf nitrila D i1 tahiana (N1 A at N
ARIFCIITI AL X 1ULLCUUILI L 1UL W *‘u"lc\’ylllll‘- LAUMILIUIID . 1 U A DULULIWVLI UL LIV & 111 LUITUC LI \V 1 ivl) aL v

°C was added 1.05 equiv of the Grignard reagent. After 5 min of stirring at 0 °C, the bath was removed and the
mixture was stirred at room temperature untii TLC analysis showed compiete consumption of the starting
nitrile (20-60 min). The reaction was cooled to -78 “C and then it was cannulated into the previously prepared
organocerium solution at -78 °C. The resulting mixture was warmed to O °C over 5 or 6 h and poured into a
mixture of concentrated aqueous NH4OH and ether and stirred for an additional 2 h. The cerium-containing
sludge was filtered on celite. The layers from the clear solutions were separated and the aqueous phase was
washed twice with ether. The combined organic phases were dried over anhydrous Na,SO4 and concentrated
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ut the m pOphlh substrates were not efficiently

=2

possible to purify the amine by acid-base extraction,
extracted from ether by 10% aqueous HCl.
(48,55)-4-[(R)-(1-Amino-1-methyl)propyl]-5-benzyloxymethyl-2,2-dimethyl-1,3-dioxolane (Table
1, entry 1). The title compound was prepared by the procedure described above on 0.598 mmol-scale. The
diastereomeric ratio was determined by capillary GC analysis of the crude product (DB-1 at 157 °C for 30 min
then 0.1 °C/min, Ry 29.9 min (major), 29.5 min (minor)). The crude reaction mixture was purified by
chromatography on silica gel (100:25:5:1 hexanes:EtOAc:i-PrOH:Et3N) to afford the desired compound (77.6

mg, 44%) as a colorless liquid: Ry 0.24 (100:25:5:1 hexanes:EtOAc:i-PrOH:EN): [alp20 -16.3° (¢ 1.54,

CHCl3); H NMR (300 MHz, CDCI3) 8 7.35-7.25 (m, 5H, Ph), 4.60 (s, 2H, OCH,Ph), 4.17-4 11 (m, 1H,
CHORYCHY 27474 T =72 H> 1TH (H/ORWY 2AN0 (A T =10 21 H> TH (H-NORn)Y 2885744 T =
MAR\MNINN AL Jy 0T\ V™ 1.0 RLL, 1LXy, \ARMAIIN] ), J.UV (UL, V= LWLy L KAL, 110y NALJJDIL), J.J0 (UG, J o=-
1N £ &0 11, 107 MY NN\ 1 &N AL (e ATT AYT AYY o1 NJXXT N 8 A 7o ATY XX TN 1 AN (. 21T
1.0, 2.7 114, 111, UIL2VUDN), 1.0U-1.00 U, 411, WEIPLU I3 dild INI1) ), 1.40 (5, 211, L3 wury), 1.4U (5, 211,

CH;CCH3), 0.91 (s, 3H, CH3), 0.88 (t, J = 7.6 Hz, 3H, CH,CH3); 13C NMR (100 MHz, CDCI3) § 137.96,
128.24, 127.56, 127.51, 108.70, 83.06, 76.59, 73.27, 72.18, 52.22, 33.21, 27.16, 26.98, 22.03, 7.82; IR (neat)
3390, 3320, 2990, 2880, 1590, 1500, 1455, 1380, 1250, 1065, 860, 735, 690 cm-!; HRMS (FAB) calcd for
C17H,2gNO3 (M+H) 294.2069, found 294.2056; Anal. Calcd for C17H27NO3: C, 69.59; H, 9.28; N, 4.77.
Found: C, 69.66; H, 9.50; N, 4.78.
(45,55)-4-[(S)-(1-Amino-1-methyl)propyl]-5-benzyloxymethyl-2,2-dimethyl-1,3-dioxolane (Table

. entry 2) The title compound was prepared by the procedure described above on 0.604 mmol-scale. The

1 at ];7 O(.‘ fr\r 2“ min

g

>
>
)

chromatography on silica gel (100:25:5:1 hexanes:EtOAc:i-PrOH:Et3N) to afford the desired compound
(111.8 mg, 63%) as a colorless liquid: Ry 0.24 (100:25:5:1 hexanes.EtOAc.z-PrOH.Etg,N), [alp20 -17.4° (¢
1.32, CHCl3); 'H NMR (300 MHz, CDCl3) 8 7.35-7.25 (m, 5H, Ph), 4.59 (s, 2H, OCH,Ph), 4.14-4.09 (m, 1H,
CH(OR)CH5»), 3.71 (d, J = 7.8 Hz, 1H, CH(OR)), 3.65 (dd, J = 10.5, 3.3 Hz, 1H, CH,0Bn), 3.57 (dd, J =
10.5, 5.8 Hz, 1H, CH,0Bn), 1.42 (s, 3H, CH3CCH3), 1.39 (s, 3H, CH3CCH3), 1.39-1.27 (m, 2H, CH,CH3),
1.25 (s(br), 2H, NH,), 1.04 (s, 3H, CH3), 0.88 (t, 3H,J = 7.5 Hz, CH,CH3); 13C NMR (100 MHz, CDCl3) &
137.95, 128.23, 127.59, 127.51, 108.57, 83.74, 76.53, 73.30, 72.16, 52.35, 31.55, 27.16, 26.97, 23.74, 7.38;
IR (neat) 3380, 3320, 2990, 2860, 1610, 1590, 1500, 1455, 1380, 1250, 1070, 860, 730, 690 cm’"; HRMS

A% R e F NIy Ny AN AN, 2 TNS, LU, 2N VI il AaANnivavy

(FAB) calcd for Co4HagNO3 (M+H) 294.2069, found 294.2078; Anal. Caled for C,7H7NO3: C, 69.59; H,

ONT. N AT
FLILIN, G4 T T,

. 0 LTNT

Found: C, 69.30; H, 9.67; N, 4.85.
(48,55)-4-[(R)-(1-Amino-1-phenyl)ethyi]-5-benzyloxymethyi-2,2-dimethyi-1,3-dioxolane (Table 1,
entry 3). The title compound was prepared by the procedure described above on 0.534 mmol-scale. The
diastereomeric ratio was determined by capillary GC analysis of the crude product (DB-1 at 200 °C for 1 min
then | °C/min, Ry 15.6 min (major), 15.1 min (minor)). The crude reaction mixture was purified by
chromatography on silica gel (55:40:4:1 hexanes:EtOAc:i-PrOH:Et3N) to afford the desired compound (137
mg, 75%) as a colorless liquid: Ry 0.39 (55:40:4:1 hexanes:EtOAc:i-PrOH:EN); [a]p20 -22.4° (¢ 1.58,
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CHCl3); 'H NMR (300 MHz, CDCI3) 8 7.52-7.20 (m, 10H, Ph), 4.42 (s, 2H, OCH,Ph), 4.04 (d, J = 8.1 Hz,
1 CH(ORMY 396-3Q0(m. |H. CH(ORYCH»), 3.18 (d{i J=10. ﬁ 59 HZ 1H. CH»QORn). 3.05(dd. J =105
LAAy NeRA\NSANSJy w0 ST ST \R2ky RAky NwRA\NSIN NLRR )y MO k) & 7 i 0 12
70 WU 1 CAIT.NDRAY 129 (he T NIT.Y 1 89 ¢ 2 ALY 1 4 (e IH (H.OCHAL) 2R (¢ U
£.7 11Z, 151, CiadUDiij, 1.04 (DI, 411, INKELD ), 1.J2 (8, 3I1, a3, 1.9U (S5, 511, Lax3vniy), 58 (S, 5,

1500, 1455, 1380, 1060, 855, 795 cml; HRMS (FAB) calcd for Cz 1H23NO3 (M+H) .2069, found
342.2060; Anal. Calcd for C21H27NO3: C, 73.87; H, 7.97; N, 4.10. Found: C, 73.82; H, 8.16; N, 4.17.
(45,55)-4-[(S)-(1-Amino-1-phenyl)ethyl]-5-benzyloxymethyl-2,2-dimethyl-1,3-dioxolane (4)
(Table 1, entry 4). The title compound was prepared by the procedure described above on 0.517 mmol-scale.
The diastereomeric ratio was determined by Capillarv GC analvsis of the crude product (DB-1 at 200 °C for 1

u)
()

chromatooranhvy an cilica oal /<q 40:4:1 hevaneco' FtO A - PrOOH -Eta N\ ta afford the decired comnound (154
UIIAUIIIHLUEI“HII Wil Ool1liva 6 i X MIVAQLIVO ALV LAV . L J.VIA-‘_JLJL‘/ LW QRLLIVIN UWidw WMw Ol W\ \'\Illltj\}ullu \ i 7
e OOV e o ~Anlaslace 15~ N AT (REANAT havanac DN A~ DeNITE-NNY T~1. 20 9490 74 1 &0
lllg, Q7 7/0) ad d COLOLNICSS ll‘_‘ulu I\f V.40 (Q2.9U. 9.1 HCAALCS . LAVAL-TIVUILILIN ), [ WKDT7 ~24.2 (0 1.0V,
P ToT 2Ta £T3 rAAM R ATT . rtEw vy ~oan 1A TATT TN A A 71 T ~ Ty rwy -

CHCi3) ! MK (300 MHZ CpCis) 0 7.49-7.13 (m, 1UH, ¥h),4.28 (4, J=12.5 HZ, 11, Ll‘izl’ﬂ), 4.22 ((l

3H
J =12.3 Hz, 1H, OCH»Ph), 4.09-4.04 (m, 2H, CH,OBn), 2.66 (d, J = 10.5 Hz, |H, CH(OR)), 2.59 (ddd, J =
10.5, 2.7, 2.1 Hz, 1H, CH(OR)CHj), 1.62 (s(br), SH, CH3, NH5), 1.49 (s, 3H, CH3CCHj), 1.47 (s, 3H,
CH3CCH3); 13C NMR (100 MHz, CDCl3) & 143.92, 138.13, 128.19, 128.13, 127.45, 127.30, 126.92, 125.57,
108.87, 83.41, 76.62, 72.96, 70.85, 54.88, 30.45, 27.20, 27.16; IR (neat) 3390, 3320, 3070, 2990, 2860, 1605,
1575, 1500, 1455, 1420, 1055, 690 cm-!; HRMS (FAB) calcd for C21HogNO3 (M+H) 342.2069, found
342.2063; Anal. Calcd for C21H29NOaz: C, 73.87; H, 7.97; N, 4.10. Found: C, 73.72; H, 8.27: N, 4.16.
(48 ,58)-4-[(R)- L=Amipns!-meﬂ-V!\-7-f'vvlﬂhexy!...ethy!,' S-benzyloxymethyl-2,2-dimethyl-1 3-

ymethyl-22-dimethyl-1 3.

(=9

dioxolane (Table 1. entry 5). The title compound was prepared by the procedure described above on 0.533
mmol-scale. The diastereomeric ratio was determined by capillary GC analysis of the crude product (uB at
200 °C for I min then 1 °C/min, Ry 16.3 min (major), 15.3 min (minor)). The crude reaction mixture was
purified by chromatography on silica gel (55:40:4:1 hexanes:EtOAc:i-PrOH:Et3N) to afford the desired
compound (114 mg, 62%) as a colorless liquid: Rr0.41 (55:40:4:1 hexanes:EtOAc:i-PrOH:Et3N); [0 D20 -8.7°
(c 1.37, CHCl3); 'H NMR (300 MHz, CDCl3) 8 7.34-7.24 (m, 5H, Ph), 4.59 (s, 2H, OCHPh), 4.22-4.17 (m,

1H, CH(OR)CH2), 3.96 (d, J = 7.7 Hz, 1H, CH(OR)), 3.59 (dd,J = 10.7, 2.9 Hz, IH, CH;OBn), 3.52 (dd, J =

CH%CCH?Y 0.78 (s, 3H CHﬂ 13C NMR (100 M 1z, 3) 0 138.03, 128.23 27.5 {

3 37 = s 37 VAV 4VaRig, 3 3 ’ » s
RN AN TATO T2 72797 84 190 AS Q1 27 (R 279N 2608 276877 2K AR 2A 82 10 1A IR (naat) 222N 702N
OUTY, T U Uy [Ty (Ldeday JTALy TTI T2y L1 U0y Ll Uy AU Iy LUVT 1y £UUO, LUITy 17,00, LIN {LICAL) D0V, £70U,
HI0LN 180N 1 A0E 1A&N 120N 1YEN 1NN QLN TAN L0y A - -1 TITDAMMC /TADY 11,31 £... M 1 ANTM /RA LTI
203U, 130U, 149D, 140U, 150U, 125U, 100U, 00U, /35U, OJU Cmi™*, NIRMD (FAD) caicda 10r (o H34NU3 (Vi+H)
348.2539, found 348.2532; Anal. Calcd for Co1H33NOz3: C, 72.59; H, 9.57; N, 4.03. Found: C, 72.66; H, 9.90

(45,5S)-4-[(S)-(1-Amino-1-phenyl)butyl]-5-benzyloxymethyl-2,2-dimethyl-1,3-dioxolane (Table 1.
entry 6). The title compound was prepared by the procedure described above on 0.638 mmol-scale. The
diastereomeric ratio was determined by capillary GC analysis of the crude trifluoroacetamide derivative (DB-1

at 200 °C for 1 min then 1 °C/min, R,: 18.8 min (major), 18.3 min (minor)). The crude reaction mixture was
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10 ,

.46-3.44 (m, 2H, CH>OBn), 2.02-1.90 (m, 1H, CHQCHQCH;) 5 (s(br), 2H, NH3),
1.69-1.59 (m, 1H, L112CH2CH3), 1.37 (s, 3H, CH3), 1.30 (s, 3H, (“H'g), 1.29-1.22 (m, 1H, CH,CH3j), 1.03-
0.90 (m, 1H, CH,CH3), 0.85 (t, J = 7.1 Hz, 3H, CHoCH3); 13C NMR (100 MHz, CDCl3) & 143.57, 138.03,
128.25, 127.73, 127.62, 127.51, 126.79, 126.45, 108.62, 84.69, 77.28, 73.27, 71.81, 58.59, 41.18, 26.95,
26.91, 16.28, 14.31; IR (neat) 3380, 3320, 3020, 2960, 2860, 1600, 1595, 1450, 1415, 1365, 1245, 1205,
1070, 805, 690 cm-!; HRMS (FAB) calcd for C23H3oNO3 (M+H) 370.2382, found 370.2375; Anal. Calcd for
Cr3H3NO3: C, 74.76; H, 8.46; N, 3.79. Found: C, 74.70; H, 8.46; N, 3.82.

(45,55)-4-[(5)-(1-Amino-1-phenyl)butyl]-5-benzyloxymethyl-2,2-dimethyl-1,3-dioxolane (Table 1

entry 7). The title compound was prepared by the procedure described above on 0.676 mmol-scale. The
...................... Antnmniomad ey mam T qee: #3960 o lecalo A8 slan o 1o ‘_:n“,‘_,‘,\,._,“,.... As Anmicsnticia /AT 1
uld\LClCUIlICI lL Id.uU was acierminea DYy Cdpill UL dildlysld O1 UIC CIUJC tHuoroaccia niac aerivative (PVD-1

AT .

at 200 °C for 1 min then 1 °C/min, Ry: 18.3 min (major), 18.8 min (minor)). The crude reaction mixture was
purified by chromatography on silica gel (33% EtOAc/hexanes) to afford the desired compound (177.8 mg,
71%) as a colorless liquid: Ry 0.59 (33% AcOEthexanes); [a]p2? -23.0° (¢ 1.08, CHCl3); IR (neat) 3390,
3320, 3020, 2930, 2860, 1605, 1495, 1450, 1365, 1245, 1060, 820, 790 cm"!; 'H NMR (300 MHz, CDCI3) §
7.42-7.15 (m, 10H, Ph), 4.25 (d, J = 12.3 Hz, 1H, OCH,Ph), 4.18 (d, J = 12.3 Hz, 1H, OCH;Ph), 4.08 (s, 1H,
CH(OR)), 4.07 (s, 1H, CH(OR)), 2.57 (d, /= 10.6 Hz, 1H, CH»0Bn), 2.50-2.44 (m, 1H, CH,OBn), 2.01-
1.93 (m, 1H, CHCHCH3), 1.58 (s(br) 2H, NH3), 1.49 (s, 3H, CH3), 1.46 (s, 3H, CH3), 1.69-1.59 (m, 1H,

=237

anr‘nq(‘nq\ 1.31-1.23 (m, 1H, CH,CH3y), 1.00-0.90 (m, 1H, CH,CH3), 0.90-085 (m, J = 7.1 Hz, 3H

ST YASS S YASTY N LRSS ida, Soam’/Noii \iii, 123, S.ak7} 137y \d1dy v = 7.1 rxdy Jii,

CH,CH3); 13C NMR (100 MHz, CDCl3) 8 141.86, 138.23, 128.17, 128.07, 127.39, 127.21, 126.71, 125.98,

Nno on Q2 "7Q "1/ gn -

~N NN ~n Ot Ve §
8.80, 83.78, 76.50, 72.90, 70.81, 57.
0 , fou

o]
P

—

rilie X4 1A NE
19, 27.14, 16.35, 14.35; H
7

Found: C,74.69; H, 8.59; N, 3.78.
(45,58)-4-[(S)-(1-Amino-1-phenyl)buten-3-yl]-5-benzyloxymethyl-2,2-dimethyl-1,3-dioxolane
(Table 1. entry 8). The title compound was prepared by the procedure described above on 1.122 mmol-scale.
The diastereomeric ratio was determined by capillary GC analysis of the crude product (DB-1 at 200 °C for 1
min then 1 °C/min, R;: 18.6 min (major), 19.2 min (minor)) The crude reaction mixture was purified by
66%) as

[\

o
4
Yy
O

[+]
=~ '\

CH,CH=), 2.66-2.58 (m, 2H, (H ()Bn), 2.46-2.41 (m, 1H, QHQLH—) 1.67 (s(br) 2H, NH ) 1.50 (s, 3H,

; 13C NMR (100 MHz, CDCl3) § 141.48, 138.20, 133.44, 128.22, 128.07, 127.38.
127.22, 126.91, 126.17, 118.87, 108.85, 82.96, 76.54, 72.90, 70.53, 57.48, 46.48, 27.15, 27.11; IR (neat)
3380, 3310, 3060, 2980, 2860, 1640, 1600, 1570, 1490, 1445, 1360, 1250, 1070, 910, 790 cm-!; HRMS (FAB)
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caled for GoaH3gNO3z (M+H) 368.2226, found 368.2214; Anal. Calcd for C73Hp9NO3: C, 75.17; H, 7.95; N,
3.81. Found: C, 75.25; 8.14: N, 3.86.
(48,58)-4-[(R)-(1-Amino-1-ethyl)-3-phenylpropyl]-5-benzyloxymethyl-2,2-dimethyl-1,3-dioxolane

QLI gy --, Q.
ﬂ'l",.Ll.. PRI I N g£1n
Li4DIC 1. cnry 7). 1 ﬂC llllC LUIIIPOUHU was pxcpcm.u Uy UIE pr ULCUU[C CbLHUCU dDUVC Oonu.oso<
T

mmol-scale.
00 °C for 1
min then 1 °C/min, R;: 27.0 min (major), 26.0 min (minor)). The crude reaction mixture was purified by
chromatography on silica gel (55:40:4:1 hexanes/EtOAc/i-PrOH/Et3N) to afford the desired compound (178.0
mg, 87%) as a colorless liquid: Ry 0.46 (55:40:4:1 hexanes/EtOAc/i-PrOH/Et3N): [a]p20 -10.2° (¢ 1.02,
CHCIl3); 'H NMR (300 MHz, CDC13) & 7.37-7.16 (m, 10H, Ph), 4.62 (s, 2H, OCH;Ph), 4.24-4.19 (m, 1H,

CH(OR)CH2), 3.94 (d, J = 7.8 Hz, 1H, CH(OR)), 3.68 (dd, J = 10.6, 3.0 Hz, 1H, CH,OBn), 3.58 (dd, J =

I
he diastereomeric ratio was determined by capillary GC analysis of the crude product (DB-1 at 2

10.6, 5.5 Hz, 1H, CH,0Bn), 2.62 (1, J = 8.7 Hz, 2H, PhCH,CHy), 1.91-1.71 (m, 2H, PhCH,CHy), 1.50 (s(br),
2H, NHy), 1.45 (s, 3H, CH3), 140 (s, 3H, CH3), 1.39-1.31 (m, 2H, CGH,CH3), 0.91 (1, J = 7.5 Hz, 3H,
CH,CH3); 13C NMR (100 MHz, CDCI3) § 142.64, 137.99, 128.35, 128.27, 128.24, 127.63, 127.55, 125.61,
108.43, 81.54,76.19, 73.36, 71.93, 54.27, 39.03, 29.87, 27.83, 27.21, 26.83, 7.42; IR (nea) 3380, 3320, 2990
2930, 2850, 1605, 1500, 1455, 1070, 860, 730, 690 cm-!; HRMS (FAB) calcd for CogH3sNO (M+H)

8 6 0,
384.2539, found 384.2550. Anal. Calcd for Co4H33NO3: C, 75.16; H, 9.27; N, 3.65. Found: C, 75.40; H, 9.01;

(48,58)-4-[(S)-(1-Amino-1-ethyl)-3-phenylpropyl]-S-benzyloxymethyl-2,2-dimethyl- 1,3-dioxolane
(Table 1. entry 10). The title compound was prepared by the procedure described above on 0.541 mmol-scale.

min then 1 °C/min, R;: 26.0 min (major), 27.0 min (minor)). The crude reaction mixture was purified by
chromatography on silica gel (55:40:4:1 hexanes/EtOAc/i-PrOH/EtzN) to afford the desired compound (149
e TFAIN s oA ommYo B 1D P MY N LA SEL AN AT s o s e A 1 NLAATT/Me N, T 20 A a0 1 AN
mg, /<%7) as a COIOIICsSS 11quid. f V.04 (D240 4.1 NCXANCS/ DIVAC/I-FTUIT/ L3N ), [ p“Y -£03.0° (C 1.£U,
CHCl3); lH NMR (300 MHz, CDC13) & 7.31-7.11 (m, 10H, Ph), 4.60 (s, 2H, OCH;Ph), 4.26-4.21 (m, 1H.

CH(OR)CH2), 3.95 (d, J = 7.7 Hz, IH, CH(OR)), 3.66 (dd, J=10.6, 3.0 Hz, 1H, CH;OBn), 3.57 (dd, J =
10.6, 5.6 Hz, 1H, CH20Bn), 2.70-2.55 (m, 2H, PhCH>CH»), 1.72-1.60 (m, 2H, CH,CH3), 1.60 (s(br), 2H,
NH>), 1.53 (t, 2H, J = 8.8 Hz, PhCH,CH3), 1.47 (s, 3H, CH3), 1.43 (s, 3H, CH3), 0.94 (t, J = 7.5 Hz, 3H.
CH,CH3); 13C NMR (100 MHz, CDCI3) & 142.24, 137.89, 128.34, 128.27, 128.12, 127.57, 127.53, 125.72,
108.47, 81.34, 76.15, 73.32, 71.93, 54.37, 36.82, 29.61, 29.28, 27.20, 26.89, 7.83; IR (neat) 3390, 3320, 3020,
2960, 2860, 1600, 1495, 1450, 1060, 860, 690 cm-!; HRMS (FAB) calcd for C24H34NO3: (M+H) 384.2539,

found 384.2523. Anal. Calcd for Co4H33NO3: C, 75.16; H, 9.27; N, 3.65. Found: C, 75.35; H, 8.95; N, 3.71.

(45,55)-4-[(S)-(1-N-(Benzyloxycarbonyl)amino-1-pheny
A

o
=]
T
Q(l
T~
=
>e
[
Duy
=
s}
-
-
L
S N
1

7

ioxolane (5). To a solution of primary amine 4 (414.4 mg, 1.
5 equiv) in acetonitrile (10 mL) was added CBzCl (0.22 mL, 1.2 equiv) over | min. The reaction was
stirred until TLC shows disappearance of starting material (24 h). HpO (20 mL) and ether (60 mlL) were added
and the layers were separated. The organic layer was washed twice with 10% aqueous HCI (2 x 20 mL) and
then with u saturated solution of brine (20 mL) containing saturated aqueous NaHCO3 (5 mL). The organic
layer was dried over MgSOQOy, concentrated under reduced pressure and the residue was pﬁrified by

J

£

mmol) and diisopropylethylamine (0.53
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chromatography (15% EtOAc/hexanes) to yield the protected amine 5 as a colorless oil (551 mg, 95%): Ry
0.46 (20% EtOAc/hexanes); [a1520 -18.2° (¢ 1.74, CHCl3); 'H NMR (300 MHz, CDCI3) § 7.42-7.25 (m

U AST SR raviniaadwd J SoRARA5 )y TAR ANAVAIN [ OUVN AVRZAL, U iidy

15H, Ph), 5.89 (s(br), 1H, NH), 5.14-5.08 (m(br), 2H, C(O)OCH,Ph), (d, J = 12.2 Hz, 1H,
Fal A BNaYal & I s ) " A YA 73 T 14'\ ~ LY. 1LY ALY _MNAIY_ Tl A =) 1 7 7 1T IY' el & Fa e h\\ A NL A NY S 11T
Lrpucnyrn), 404 (04, J = 1£4.4 1Z, 1, Lrpulinrn), 4. 12 (d, / =7.7 Hz, tH, CH(OR)), 4.06-4.02 (m, 1H,
CH(OR)CHy), 2.88 (dd, iH, J = 10.4, 3.2 Hz, CH,OBn), 2.80 (dd, J = i0.4, 5.3 Hz, iH, (4 92

»OBn), 1.92
(s(br), 3H, CH3), 1.48 (s, 3H, CH3CCHy), 1.44 (s, 3H, CH3CCH3); 13C NMR (100 MHz, CDCl3) & 155.01,
140.96, 137.76, 136.68, 128.41, 128.27, 128.17, 128.08, 127.98, 127.64, 127.59, 127.20, 126.10, 109.41,
83.43, 76.37, 73.28, 70.77, 66.34, 58.47, 27.2, 26.80, 22.69; IR (necat) 3420, 3340, 3060, 3030, 2980, 2930,
2860, 1740, 1490, 1450, 1245, 1080, 1040, 905, 730, 690 cm!. Anal. Calcd for CogH33NOs: C, 73.24; H,
6.99; N, 2.95. Found: C, 73.53; H, 7.21; N, 3.04.

(8)-2-N-(Benzyloxycarbonyl)amino-2-

;rs'

i
A man~ti~ swtirea trac Ailntad with watare 7Y T Y an s
ne reacuion mixwire was anuiea Wllll Wdlcl \ <~V LU..LJ} all

The organic layer
was washed with a mixture of saturated aqueous NaHCO, (5 mL) and brine (20 mL), dried over anhydrous
MgSQy4, and concentrated under reduced pressure. The diol obtained (218.2 mg) was then dissolved in a 4:1
mixture of THF:H,O (10 mL) and sodium periodate (325 mg, 1.52 mmol) was added. After 8 h of stirring at
room temperature, the reaction mixture was quenched with saturated aqueous NaHSQ3 (5 mL) and diluted
with ether (50 mL) and H,O (20 mL). The layers were separated and the organic layer was washed with brine
(10 mL), dried over MgSQ4 and concentrated under reduced pressure. Benzyloxyacetaldehyde was removed

by pumping under high vacuum (0.01 mm Hg) for 12 hours. The remaining aldehyde was dissolved in +-BuOH

PR

—

became clear. The mixture was then extracted with CH>Clp (3 x

"

Tha nvidatinn wac cnmnlata aftar S_10 min The rearntinn wae than immediataely Aananrhad with catiiratad

1€ OX14atiCn was COmpieie 4iill o-1v 1ML 14C 1éaction was uich 1mmeodiaeily quenciiCd will S4iuratea

.......... ATaTTQY. nmd sboo Lo oo elat 1 e o teantad T Vs AU 1, 721 SIS TP TSI TRPE

dyucouy INdIrtol3 diid uic DIOWIL ULICK SUSPCIIdNIOIN wWdd LITdalCu Wl 1U70 quCUUb i Ul U SOIULion
30

dried over MgSO4 and concentrated under reduced pressure. The residue was purified by chromdtogrdphy
(57:38:5 hexanes/EtOAc/AcOH) to produce the desired acid as pasty white solid (116.0 mg, 80% 3 steps): Ry
0.50 (57:38:5 hexanes/EtOAc/AcOH); [a]p2Q +35.5° (¢ 2.83, MeOH), (lit.[a]p +38.5° (¢ 0.2, MeOH);" 'H
NMR (300 MHz, CDCI13) 8 11.9 (br, 1H, COOH), 8.31 (br, 0.5H, NH), 7.51-7.29 (m, 8H, Ph), 7.20 (br, 1H,
Ph), 6.74 (br, 1H, Ph), 6.14 (br, 0.5H, NH), 5.05 (br, 1H, OCH,Ph), 4.90 (br, 1H, OCH;Ph), 2.08 (s, 3H,
CH3); 13C NMR (100 MHz, CDCl3) 8 Two rotamers: 176.74, 176.06, 156,98, 154.87, 140.93, 139.75, 135.98,
135.27, 128.95, 128.48, 128.4

,,,,,, 128.95, 10, 128. 28.14, 128.10, 128.01, 127.95, 125.90, 67.29, 67.12, 61.94, 22.91,
(v

26. 1
IR (neat) 3420, 3400, 3030, 3000 (v br), 2610, 2510, 1700 (br), 1500, 1450, 1390, 1265, 1055, 940, 910, 750,
690 cm-!

(45,55 )-4-[(8)-(1-N-(Trifluoroacetyl)amino-1-phenyl)butyl}-5-benzyloxymethyl-2,2-dimethyl-1,3-
dioxolane (X-ray). To a solution of the amine (97.0 mg, 0.262 mmol) (obtained in Table 1, entry 6) in
dichloromethane (5 mL) was added pyridine (63 pL, 0.78 mmol) and trifluoroacetic anhydride (56 puL, 0.39
mmol). The mixture was stirred until tlc analysis showed complete consumption of starting material (2 h). The

mixture was then diluted with H2O (15 mL) and ether (40 mL) and the layers were separated. The organic

T
6,
r),
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laver wae wachad with 100, annanne Cl1 (7 v 10 mI ) and with a mixtnre of hrine (15 mI ) and caturated
l“_’\ll FY AT VY AOLIWwLL VY ALLL AW /v “\juv\luo AA3% 1 \& A LV 11klv) QLIIM VY ILIL G MIAAMULY WL W A d1IAg) QLI JGLuAGlv
........... ANISIXAM . (€ T Y Tha Awcnmisa lasia 2o Aeind ~xraw AAS~CMN A Ansmbent S e MR ]

quCUUS 1‘4411&.\.}3 LS 111.4}. 11iC Ulgdlllb layCl wdbd Ulicud UVl 1\’15 U4 (lllu CONCCHU au:u Uunacr reaucea picd>duUic

protected amine (109.5 mg, 90%) as a white solid suitable for X-ray crystallographic analysis: mp 101 °C; Rf
0.38 (10% EtOAc/hexanes), [a]p2! -40.6° (¢ 1.59, CHCl3); 'H NMR (300 MHz, CDCl3) 8.35 (br, 1H, NH),
7.44-7.26 (m, 10H, Ph), 4.66-4.64 (m, 2H, OCH,Ph), 4.21 (d, J = 6.9 Hz, |H, CH(OR)), 3.81 (ddd.J = 9.0,
6.9, 4.5 Hz, 1H, CH(OR)CH?>); 3.55 dd, J = 8.8, 4.5 Hz, IH, CH,OBn), 3.28 (t, J = 8.9 Hz, 1H, CH,0OBn),
2.66-2.55 (m, 1H, CHpCH,CH3), 2.51-2.43 (m, 1H, CH,CH,CH3), 1.52-1.45 (m, 1H, CH,CH3), 1.36-1.30
(m, 1H, CH,CH3), 1.26 (s, 3H, CH3), 1.02 (s, 3H, CH3), 1.01 (t, J = 7.2 Hz, 3H, CHhCH3); !3C NMR (75
MHz, CDCl3) 8 155.90 (q, J = 36 Hz), 138.56, 136.24, 128.60, 128.33, 128.18, 127.78, 127.41, 127.01,

110N~ T—20N T 1NQAQ Q172 7A A1 T2 8A& TNNA A2 121 Q((ﬂ ﬁéﬂﬂ ’)C’)I LH AL 1A 18, TD feant)
110.7V \Li J = L7V 114), LUZ7. U7, O1.72, it.51, /0.0, /U, U1, JJ.J07, LU LUikl, 1UV.VD, 15,10, LN\ L1ICdAL)
N ANN NN NI 1N 187 17304 11N 11 AN A VateiaY QLM AL r4aYay . :]

3400, 3090, 2970, 1730, 1565, 1380, 1210, 1140, 1070, 860, 745, 690 cm

OBn
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