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Abstract: Successive treatment of chiral esters 7 with LDA/H0351C1 and d{-c-butyl

azodicarboxylate/TiCl, and Ti{(OiPr), gave N ,N-di-ct-butoxycarbonylhydrazinossters 1l which on

deacylation, hydrogenolysis, transesterification and acidic hydrolysis furnished (2S)-a -amino
acid hydrochlorides 13 in good overall ylelds, high enantiomeric purity and with effictlent
recovery of the alcohol auxiliary 4. Experimental evidence for the configuration and
conformetion of the intermediate O-silyl ketens acetals ] is provided.

Introduction,

The synthesis of enantiomerically pure a-amino acids is an exciting issue ! which has been
addressed increasingly during the last few years.

Vhereas previous efforts have successfully focussed on n-face-selective formations of the
C(a) K- 32 and C(a),C- bonds 3 ve first reported an i{ndirect asymmetric formation of the C(a), N-
bond: 4 = B or 4 » G (Scheme 1) *.
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Thus, simple x-face selective halogenation of esters via the O-silyl ketene acetals
(prepared In situ) 1 - 2 3 and subsequent SN2-typo halide substitution by azide 2 - 3,
transesterification and hydrogenolysis 3 - 4 + 5 provided free anino acids 3 in 94 to 98% e.e.
and in 42 to 578 overall yleld (Schema 2) *-%’7
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As an extension of this work and as a complement to a preliminary communication, * we

present here a topologically reversed approach to a-amino acids 1) featuring a dixect asymmetric
formation of the C(a),N-bond f.e. A < G using di-z-butyl azodicarboxylate as a nitrogen
clectrophile *. Disthyl azodicarboxylats, known since 1922 to aminate enols and enolates *°
proved to ba less suitable in our hands since mild N-deacylation of the N, N-diacylhydrazine
products vas required to permit smooth R N-hydrogenolysis.
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”- -
Azodicarboxylate (Scheme 3).

The crystalline starting esters ] were obtained in 82 to 933 yield by reaction of acid
chlorides § with the alcohol auxiliary & i{n the presence of AgCN 411,

Exploratory experiments involving additions of the lithium enolates 8§ to azoesters proceeded
vith moderate stereodifferenciation froa the predicted face. Thus, “kinetic” (1.1 mol-equiv of
LDA, THF, -78°) deprotonation '? of 7¢ (R = nBu) followved by addittion of di-r-butyl
azodicarboxylate (1.25 mol-equiv, -78°, 2 min) furnished an 19:81-mixture of adducts 10 and lle¢
in 62 & yleld.

Significantly higher selectivities were observed in the Lewis acid promoted 1,4-additions
1l <+ 11 as depicted {n Scheme 3 and in Table 1.
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Iable 1: Prepsration of Enantiomerically Pure N,N-Diacylhydrazinoesters 1l by Asymmsetric
1,4-Addition: ) + 9 - 10 + 11.

Series R Ratio 10/11  Yield of 11 ¥ d.e. of 11 C(2)- Config.
Crude after FC (%] after FC {8]) of 1l
s CH, 3.1 : 96.9 81 >99.5 s
b C,Hg 1.9 : 98.1 84 >99.5 s
c CHy 1.8 : 98.2 72 (88) >99.5 s
d 1-C3Hy 2.4 : 97.6 73 (95) 99 s
. C.Hy 3.7 : 96.3 8s >99.5 s
£ 1-C Hg 3.4 : 96.6 71 (87) >99.5 s
s CeHyg 2.0 : 98.0 69 (93) >99.5 s
h PhCH, 1.8 : 98.2 76 (82) >99.5 s
1 1-Adamantyl-CH, 18.0 : 82.0 65 (81) >99.5 s

Kinetically controlled deprotonation/stilylation of esters 7 !* followed by treatment of the
resulting crude s{lyl ketene acetals 1 with TiCl,/T1(OiPr), 2:1 and azoester 2 at -78° gave
adducts 10 and 11 in good ylelds. Direct HPLC and lH-NMR (360 MHx, 100°C) analyses of the crude
product mixtures and full charactertization of the separated isomers 10 and 11 showed the less
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polar, major N,N-diacylhydrazinoeasters 1] to be formed in diastereomeric excess (d.s.) of 91 to
96.4% (entries a to h). The lower =x-face-differentiation (648 d.e.) observed in entry { may be
attributed to the exceptional steric bulk of the adamsntyl group. Flash chromatography (FC) or
crystallization (lla) furnished without exception 1l in virtusally 1008 d.e.; their (25)-
configuration wvas assigned by transformation to (25)-a-amino acids as described belowv.

= a_-ARino Acids
(Scheme 4, Table 2).
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Iable 2: Conversion of N,N-Diacylhydrazinoesters 1l Iinto (2S)-a-Amino Acid Hydrochlorides

& ]

Series R Deacylation Ester cleavage

hydrogenolysis

-1 12-4+1

Yield of 12 Yield of & Yield of 13 e.e. of 13

(cryst.) (8] (®) () [L)]
s CH, 83 94 83 95.0
b CoHg 77 >99 91 99.7
c CqHy 81 >99 86 99.2
[} 1-CqHy 71 86 90 99.1
. CiHg 80 >99 95 97.6
L 4 1-C Hg 70 >99 86 97.7
8 Celyq 55 95 89 96.9
L) PhCH, 64 >99 86® 98.4%
1 1-Adamantyl-CH, 78 >99 65 95.2

In order to achieve the required N, N-hydrogenolysis the t-butoxycarbomyl groups were first
removed by stirring of 1l in trifluoroacetic lcid/al2012 1:1 (0*, 3h). Evaporation of the
solution and shaking of the residue vith PtO;, (catalytic amount, Ventron) im EtOH under H, (75
psi, r.t., 15h) smoothly afforded, after work-up, crystalline aminoesters 12 (55 to 83s) '3
Entry h shows that hydrogenation of the phenyl ring occurs under these conditions to give
cleanly the hexahydrophenylalanine ester 12 , R = cyclohexyl-CH,. Although acidic hydrolysis of
esters 12 gave directly amino acid hydrochlorides 13 the auxiliary 4 wvas destroyed. More
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advantsgeously, we regenerated the chiral alcohol & in >958 yleld by non-destructive
transesterification of 12 in the presence of T!(O!t)‘. Heating of the resulting crude amino acid
othyl estere {n 6§ aq HCl at reflux and evaporation of the solution afforded the amino acid
hydrochlorides 13 (49 to 77% yield from 1l1). The indicated absolute configuration and
enantiomeric purities (97 to 99.7¢ e.e.) of the crude amino acids 13 were resdily determined by
GC comparison (chiral capillary column) 438 of thelr (N-trifluoroacetyl) -n-propyl esters with
those of racemic and snantiomerically pure authentic saaples and were further supported by

chiroptic comparison .

Rationalization of the w»-Face Differentiation.

To understsnd the observed =-face discrimination on electrophilic amination of 0-silyl
ketene acetals ] their (8,2)-configuration and conforsation had to be determined. In fact, NMR-
Nuclear Overhauser Experiments on la showved that spin saturation of H, caused a 2.1% enhanceasent
of the S{-CH; signal which in turn, on irradiation, increased the Hy signal by 9.8% (Scheme 5).
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These results agree with the (E)-configuration of the O-silyl ketene acetsl la and with a
syn-periplanar disposition of the C(l),0S1- and C(2').HA- bonds. Based on X-ray-diffraction
studies of esters of suxiliary & '* ve assume the C(10'),50,- and C(1’),C(7') bonds to be anti-
periplanar and (as a result of sulfonamide conjugation) the lone pair on nitrogen to bisect the
0-S-0- angle. Accordingly, one cyclohexans ring blocks the olefinic C(a)-Re (front) face and
electrophiles [E}* such as Levis aci{d coordinated azo ester 9 (< ll1) and aldehydes (- 15) 10 a5
well as NBS, NCS (~ 2) * and Pb(0Ac), (=~ 14) 2 gccack ) preferentially from the less hindered
C(a)-S1 (back) face 3%,

Conclusion.

In summary, we have described a predictable enantioselective entry to (25)-ao—amino acids 13
(readily applicable to the syntheses of (2R)-a-aaino acids, given the commercial availability of
4 and of {ts antipode) vhich {s also complementary to the halogenation/azide displacement
methodology 3. Furthermore, the postulated general topicity of electrophilic attack to O-silyl

ketens acetals ] is supported by experimental evidence.
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Kobayash!i and Mr. A.J.N.Janssen for their technicsl contribution as well as Br. N. Nayyar for
the preparation of an ROE sample of la.
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EXPIRINENTAL

All resctiorw were carried cut under Ar with magnetic stirring, unless otherwise specified.
Solvents wers dried by distillation from drying sgents as follows: lt20 {Ra), THF (%a),
diisopropylamine (Cali;). The n-butyllithium sclutions were analyzed by Gllmsn’s titration.
Temperatures are expressed in dagrees Celsius. 'Work-up’ denotes extractions with an org.
solvent, washing of the arg. phess with sat. aq. NaCl soln., drying (¥gS0.), and evaporation
{rotatory svaporator). Celwmm flesh chromatography (FC): Stoz(llmk 60, 0,040 - 0.063 wa). RPLC:
Waters, ALC/GPP-244, intagrator Megs, Serie Carlo Erda, LIChrosord Si 60 (5 mm, Merck),
refractomster Waters Ré0l; retention time in min (aread). GC: Newlett-Psckard 57904, {ntegrator
HP 3390, capillary column (fused silica, 0.25 1.d., 25 =) Chirasil-Val (Altech Associates Inc),
10 psi H,, 2 min 100°, 5°/ain+140°, unless otherwiss specified; retention time (n min (areal).
Crystall{zations were carried out in hexans, unless otherwise specifisd. N.p.: Kofler hot stage;
uncorrected, [a]: Perkin-Elmer-24] polarimeter; in CHCl,, unless otharwise specified. IR:
Perkin-Elmer 257, CHCly, unless otharwise specified. HI0m at 360 MHz (CDC1,4,1Q, 11 in DMSOd,
at 100° to equilibrate rotamers), unless othervise specified; C-MMR at 50 (CDC1,), unless
othervise specified; standard tetramethylsilane (§ = O ppm); J o He. MS: s/ (nl.-\).u
Exepaxation of 10-(H . N-Dicyclohexyissiposulfonyl)-2-boxnyl Ketscs . Gensxal Proceduzs ™.

AgCN (1.5 equiv.) was added to & mixture of suxiliary & (1 equiv.) and the acid chloride §
(2 squiv.) in tolusne (5 ml/mmocle of 4). Heating of the sixture at $0 to 100° for 3 to 6 h,
filtration through Celite, chromatography and crystallizstion afforded pure ester 7.

Eatax

Addi{tion of Estar 7 (1 squiv.) in THP (2 ml/mmole of 7) to & mixture of freshly prepared
LlN(l-Pr)z (1.1 equiv.) and clsuu3 (1.7% equiv., -78°) in dry THF (Aml/smole of LDA), stirring
the mixture at -78° for lh and, after removal of the cooling bath, stirring for 0.5 h,
evaporation, extraction with pentane (for li, CH;Cl,), filtration and evaporation of the pentanc
solution furnished crude O-silyl ketene scetal }. TI-(0-i-Pr), (0.5 mol-equiv.), followsd by a
solution of freshly recrystallized azo ester § (1.25 equiv.) in 612(0.5 nl/ smole) were added
dropwise at -78° to a solution of TiCl, (1l equiv.) in CH,Cl, (8 al/mmole), and the resulting
aixture was stirred for 5 min at -78°, Slow addition (over 30 min) of crude O-silyl ketene
acetal ] in Q12C12 {1.5m]l/mmole) at -78°, stirring of the mixture at -78° for lh, followed by
addition of sat aq. NaHCO, (7ml/mmole 1), allowing the stirred mixture to warm to room
temperaturs, filtrstion through Celite and work-up furnished cruds mixtures of 1,4-sdducts 10
and 11 vhich vas analyzed by GC and separated by FC.

- e-Anino Katexs 12. Ceneral Procedurse:

CF5CO0H (10ml/mmole of 11) was sdded over 5 min to a solution of 1l in cuzcxz (10 ml/mmwole)
at 0°. The solution was stirred at 0° for 5 min, allowed to warm to roos tesperature, stirred
for 3h, diluted with €Cl, (5ul/mmole) and evaporatsd (2x). Drying the rasidue at 0.01 Torr for
3h, addition of EtOH (13 ml/mmole) and Pt0,(60 mg/mmole), shaking of the mixture in a Parr
apparatus undar H, (75 pai) at r.t. from 6 to 24h, filtration through Celite, esvsporation ,
work-up, FC and recrystallization afforded purs a-aminossters 12.

a-Anine Acid HC1 13. Gepexal Procedure:

A mixture of amino ester 12 (1 equiv) and n(oac),‘ (1 squiv.) in dry EtOH (5 ml/mmole of 12)
were heated at 70* for 3h (J2a: r.t., 60h). Evaporation and chromatography afforded suxiliary 4
and the corresponding crude amino sthyl ester vhich was then heated under reflux in 6N aq. HCl
(20 al/mmole) for 1.5h. Vashing of the solution with CHCl,, evaporation and dryfng st 0.001 Yorr
for sevaral h furnished amino acid hydrochloride 1} as a colorless solid.

“: Acetyl chloride (0.3 ml) was added dropwise at 0° to n-propancl (1 al) and the sixture
was warmed to r.t. over 5 min. Addition of ]3 ( 5 to 40 ag), heating of the solution at 100* for
40 min, evaporation and drying (0.01 Torr, 2h) gave a residus which was dissolved in CH,Cl, (1
ml). To this solution trifluoracetic anhydride (0.2 ml) was added dropwise at 0°. Heating the
sixture under reflux for 10 min, evaporation and drying (0.0l Torr, 2h) gave the corresponding
(N-trifluoracetyl)-n-propionate (~1008) which was analyzed by GC, IR, "H-NOR and MS.

(28)-

{(1S,2R)-10- (N N-Dicyclohexylsminosulfonyl)born-2-yl} Propionste (]g).- Using the genersl
procsdure, propionyl chloride (1.85 g, 20 mmol) was heated with auxiliary § (3.976g, 10 mmol)
and AgCN (2.01 g, 15 wmol) at 95* for 3h to give after work-up, FC (hexane/Et,0 3:1) and
crystallization (hexane) 74 (4.277 g, 94%). M.p. 151-153°. IR: 29453, 2865, 1730, 1455, 1327,
1145, 1050, 980.'H-NMR: 0.89 (e, 3 H); 0.99 (s, 3 H); 1.16 (£, J = 0.7%, 3 H); 1.04-1.38 (7 H);
1.58-1.90 (18 H); 1.92-2.07 (2 H); 2.32 (q,. J = 7.5, 2 H); 2.67 (d, J = 14, 1 H); 3.18-3.33 (a,
2H); 3.27 (d, J = 14, 1 H); 4.96 (dd, J = 3, 8, 1 H). C-NR: 172.55 (e), 78.186 (d), 57.37
(d), 53.55(t), 49.27 (s), 49.02 (#), 46.40 (d), 39.57 (¢), 32.78 (¢c), 32.65 (c), 30.07 (&),
27.83 {t), 26.97(c), 26.45 (t), 25.14 {r), 20.36 {q9), 19.93 (g), 9.10 {(g). MS: 453 (12,

CagH, N0 $*), 298 (36); 244 (64), 228 (9), 181 (12), 135 (15), 107 (8), 93 (12), 83 (18), 67
(3?. ;7 100), 55 (45).

[¢(15,2R)-10- (N ,N-Dicyclohexylaninosulfonyl)born-2-yl}] [(2R)-2-(M ,N'-df-tert-
butoxycarbonyl)hydrazinopropionate (1Qa) and [(18,2R}-10-(N ,N-Dicyclobexylaatinosulfonyl)born-2-
yl} [(28)-2-(N .M’ -d}-tert-Ddutoxycarbonyl)hydrasinopropionate (lla).- Using the genersl
procedure, propionate 25 (1.39 g, 3.5 mmol) wes converted to a crude mixture 10a/lla, HPLLC
(hexane/EtCAc $:1, 2 sl/min.) 6.9 (95.9), 10.1 (3.1), vhich wvas chromatographed (haxane/EtOAc
10:1) to give after crystallization (hexane) the less polar, major product 1lla (1.93 g, 8lv).
N.p. 168-170*, [a]p = -22.4° (20*, ¢ = 0.97). RPLC (hexans/RtOAc 9:1, 2 ml/min.): 7.0 (100). IR:
3390, 3320, 2940, 3860. 1740, 1720, 1480, 143%S, 1395, 1370, 1325, 1165, 1145, 1110, 1050, 98%.
'H- 0w (MSNS. 100°): 0.87 (s, 3 H); 0.98 (s, 3 H); 1.00-1.95 (27 H); 1.36 (d, J =7, 3 H);
1.2 (18 H); 2.72 (d, J =13.5, 1 H); 3.20-3.35 (2 H); 3.24 (d, J = 13.5, 1 H); 4.60 (=, 1 K):
4.75 (m, 1 H); 8.00-8.10 (br. 1 H). MS: no CygH, N404S° - 683, 483 (19), 380 (20), 246 (15), 228
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(20), 181 (53), 135 (100), 107 (25), 98 (1l4), 93 (31), 83 (46), 79 (16), 67 (10), 59. (88), 57
(35), 55 (48). Purther elution furnished the minor, more polar epimer 10 (containing 238 of
1la): HPLC (hexane/EtOAc 9:1, 2 ml/min.): 7.4 (22.8), 9.6 (77.2). IR: 3390, 2940, 2860, 1745,
1720, 1480, 1455, 1395, 1370, 1325, 1165, 1145, 1110, 1050, 985. 'H-M® (DMSOd., 100°): 0.87 (s,
I H); 0.99 (s, 3 H); 1.00-1.98 (27 H); 2.30 (d, J = 7,3 H); 1.39 (2, 9 H); 1.41 (s, 9 H); 2.67
(d, J =13.5, 1 H); 3.20-3.35 (2 H); 3.31 (d, J = 13.5, 1 N); 4.45-4.55 (a, 1 H); 4.75-4.82 (m,
1 H); 8.35-8.55 (1 H).

[(18,2R)-10-(¥ ,N-Dicyclohexylaminosulfonyl)born-2-yl]} (2R)-2-aminopropionate (12a).- Using
the general procedure, hydrazinoester lla (342 mg, 0.5 mmol) gave after N,N-deacylation and
hydrogenolysis (12h), FC (hexane/BtOAc 1:1, then EtOAc) and crystallization aminoester 12a (187
ag, 80V). M.p. 173-175°, fa)p = -36.6°(20°,c = 1.02). IR: 3380, 2945, 2860, 1735, 1600, 1455,
1395, 1375, 1325, 1170, 1145, 1110, 1050, 985. 'H-RMMR: =0.90 (s, 3 H); 1.00 (s, 3 H); 1.05-1.90
(25 H); 1.37 (d, J =7, 3 R); 1.90-2.06 (2 H); 2.68 (d, J = 13.5, 1 H){' 3.20-3.30 (2 N); 3.24
(d, J=13.5, 1 H); 3.50 (q, J =7, L H); .98 (dd, J = 3.5, 8, 1 H). "C-le®: 175.20 (s), 78.89
(d), 57.48 (d), 53.83 (t), 49.91 (d), 49.43 (#), 49.10 (&), 44.38 (d), 39.52 (r), 32.82 (¢),
32.66 (t), 30.26 (£), 26.92 (t), 26.44 (&), 25.15 (t), 20.35 (q), 19.94 (q), 19.90 (q). MS: no
CosHy N 0,‘8"-668. 381 (20), 181 (100), 135 (32), 107 (21), 93 (37), 83 (42), S5 (55).

(25)-Alanine Hydrochloride (l1a).- Using the general procadure, transesterification of
aainoester 12a (610 mg, 1.3 mmol, r.t., 60h) and FC (hexane/EtOAc 7:1, then EtOH) furnished
auxiliary 4 (487 mg, 94%) to give, after acidic hydrolysis of the crude ethyl ester, lls as s
colorless solid (136 mg, 83s). [°]D - +6.3° (20°, 820. ¢ = 1.20). H-N@R (020): 1.41 (d, J =
7.5, 3 H); 3.96 (¢, J = 7.5, 1H).

n-Propyl (25)-2-Trifluorscetamidoproplonate.- Using the general procedure crude 13 (10 mg
0.08 smol) save the corresponding (N-trifluoracetyl)-n-propyl ester (20 mg, 6 ~100%). GC
(Chirasil-val, 100°): 3.15 (2.5), 3.69 (96.5). IR: 3410, 2980, 2940, 2880, 1785, 1730, 1535,
1455, 1400, 1290. H-NMR: 0.96 (¢, J = 7.5, 3 H); 1.52 (d, J =7, 3 H); 1.6 (s, dbr., 1 H); 1.72
(m, 2 H); 46.20 (m, 2 H); 4.6] (@, 1 H). The (N-trifluoracetyl)-n-propyl ester prepared from
commercial (25S)-alanine shows {dentical IR, H-R® and NS spectra. GC (Chirassil-vVal, 100°) of
(N-trifluoracetyl)-n-propyl esters prepared from commercial (2S)-alanine: 3,68 (100);
coinjection of the latter with the sample derived from l3ls: 3.70 (major); from commercial (2RS)-
alanine: 3.25 (49.0), 3.78 (469.9).

(25)-2-Aninobutanoic Acid Hydrochloride (13b).

[(15,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)bormn-2-yl} Butanocate (7Zh).- Using the gensral
procedure, auxiliary 4 (1.99 g, S mmol) was hested with butanoyl chloride and AgCN at 90° for 3h
to give after work-up, FC (hexane/EtOAc 4:1) and crystallization 7Zh (2.18 g, 938). N.p. 142-
143, IR: 2950, 2870, 173%, 1460, 1395, 1325, 1170, 1150, 1110, $75. H-M@: 0.89 (s, 3 H); 0.97
(¢, J=7.5, 3 H); 0.99 (&, 3 H); 1.05-1.90 (27 H); 1.964-2.07 (2 H); 2.28 (¢, J = 7.5, 2 H);
2.66 (d, J = 13.5, 1 H); 3.22-3.32 (2 H); 3.26 (d, J = 13.5, 1 H); 4.95 (dd, J = 3.5, 8, 1 H).
Beom (50 MHz): 171.88 (s), 78.26 (d), 57.40 (d), 53.65 (t), 49.28 (s), 49.05 (#), 4.63 (d),
39.64 (t), 36.57 (e), 32.77 (t), 32.67 (t), 30.09 (£), 26.96 (c), 26.46 (c), 25.15 (¢), 20.42
(g), 19.94 (q), 18.38 (), 13.70 (q). MS: 467 (1, CpcH,(NO,8°-), 298 (3), 244 (B), 181 (14),
135 (18), 107 (11), 93 (13), 83 (20), 71 (100), SS %26) Hﬁ-l(s: 467.3091, (c26nasso‘s" calc.:
467.3069) .

{(1S,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)born-2-yl]} [(2R)-2-(N ,N'-di-tert-
butoxycardonyl)hydrazinobutyrate (LQR) and [(1S,2R)-10- (N ,N-Dicyclohexylaainosulfonyl)born-2-yl]
[(28)-2-(N,N’-di-tert-butoxycarbonyl)hydrazinobutyrate (l1h).- Using the general procedure,
butyrate 7b (2.34 g, 5 mmol) was converted to a crude mixture l0b/1lb, HPLC (hexans/EtOAc 9:1, 1
al/min.) 8.5 (88.1), 12.3 (1.7), vhich vas chromatographed (hexana/EtOAc 11:1) to give the less
polar major product llb (2.93 g, 84%) as an amorphous solid. [a)p = -31.4° (20°, ¢ = 1.24), HPLC
(hexane/BtOAc 9:1, 1 ml/min.): 8.6 (100). IR: 3390, 3300, 2940, 3860. 1730, 1470, 1450, 1395,
1370, 1325, 1170, 1150, 1110, 1050, 985. H-P® (DMSOde, 100°): 0.86 (s, 3 H); 0.98 (s, 3 H);
1.00 (¢, J =7, 3 H); 1.05-2.00 (29 H); 1.40 (s, 18 H); 2.72 (d, J = 13.5, 1 H) ;3.20-3.35 (2
H); 3.25 (d, J = 13.5, 1L H); 4.42 (=, 1 H); 4.76 (m, 1 H); 7.75-7.90 (br. 1 H). MS: 697 (<1,
CagHgqN oas”), 497 (50), 380 (40), 298 (12), 246 (22), 228 (33), 181 (50), 164 (10), 135 (100),
129 ?303, 93 (25), 83 (40), 73 (5%5), 57 (60). Further eluation furnished the more polar, minor
{somer 10b: HPLC (hexane/BtOAc 9:1, 1 ml/min.): 12.2 (100). IR: 3380, 2940, 2860, 1745, 1715,
1480, 1455, 1395, 1370, 1325, 1170, 1145, 1110, 1050, 985. 'H-MMR (DMSOd,, 100°): 0.86 (s, 3 H):
0.92 (¢, J=7,3H); 0.98 (s, 3 H); 1.00-2.05 (29 H); 1.40 (s, 9 H); 1.6% (s, 9 H); 2.68 (d, J -
13.5, 1 H); 3.20-3.35 (2 H); 3.29 (d, J -~ 13.5, 1 H); 4.644 (@, 1 H); 4.77 (&, 1 H); 8.15-8.35
(br. 1 H). NS: 697 (<1, CqgcHcqaN10 §*'), 497 (40), 380 (37), 298 (9), 246 (21), 228 (29), 181
(45), 164 (10), 135 (100), li; 238). 93 (23), 83 (36), 73 (53), 57 (68).

[(1S,2R)-10- (N ,N-Dicyclohexylamainosulfonyl)born-2-yl]) (2R)-2-aminobutyrate (12b).- Using the
general procedure, hydrazinocester 1lb (2.20 g, 3.15 mmol) gave after N ,N-deacylation and
hydrogenolysis (22h), FC (hexane/EtCAc 2:1, then EtOAc) and crystallization saminoester 12b (1.18
g. 778). M.p. 138-160°*. [a]p = -32.9° (20°, c¢ -~ 1.27). IR: 3380, 3320, 2940, 2860, 1735, 1600,
1455, 1395, 1375, 1325, 1170, 1145, 1110, 1050, 985. H-NMR: 0.86 (s, 3 H); 0.96 (¢, J = 7.5, 3
H); 0.96 (2, 3 H); 1.00-1.34 (8 H); 1.56-1.86 (19 H); 1.90-2.06 (2 H); 2.66 (d, J = 13.5, 1 H);
3.18-3.30 (2 H); 3.24 (d, J = 13.5, 1 H); 3.36 (dd, J - 5.5, 7, 1 H); 4.98 (dd, J - 3.5, 8, 1
H). BC-R: 174.81 (s), 78.86 (d), 57.50 (d) 55.35 (d), 53.80 (c), 49.40 (s), 49.08 (s), 44.40
(d), 39.54 (t), 32.81 (t), 32.68 (t), 30.31 (c), 27.07 (c), 26.92 (¢), 26.45 (c), 25.16 (¢),
20.35 (q), 19.90 (q), 9.74 (q). MS: no C,cH,(N,0 $°--482, 181 (34), 180 (28), 138 (13), 135
(11), 104 (10), 98 (11), 93 (18), 83 (19;. gg %180), 57 (77), 55 (24).

(2S) -Amtnodutyric Acid Rydrochloride (13h).- Using the general procedure,
transesterification of amincester 12b (920 mg, 1.9 mwol) and FC (hexane/EtOAc 7:1, then EtOH)
furnished auxiliary & (760 mg, 1008) to give, after acidic hydrolysis of the crude ethyl ester,
13b as a colorless solid (240 mg, 918). [a]n - +10.1° (20°, uzo, c = 1.11). H-m (DZO): 0.87
(¢, J=7.5, 3H); 1.77-1.91 (2 H); 3.86 (¢, J = 6,1 H).
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n-Propyl (2S)-2-Trifluoracetamidobutyrate.- Using the general procedurs crude 13h (10 mg
0.07 mmol) gave ths corresponding (N-triflueracetyl)-n-propyl ester (20 mg, ~100s8). GC
(Chirasil-vVal): 3.90 (0.15), 4.38 (99.7). IR: 3420, 2980, 2940, 2180, 1730, 1840, 1460, 1175,
'H-R (200 MRx): 0.9% (¢, J = 7.5, 3 H); 0.98 (¢, J = 7.5, 3 H); 1.60-2,10 (4 H); 4.15 (=, 2
H); 4.60 (q, J =7, 1 H); 6.92 (s, Dr, 1 H). NS: no c?l!“l':, 3"-261, 154 (100), 126 (8), 69
(10). The (N-trifluorsestyl)-n-propyl ester prepared Irom commercial (2§)-2-aminobutyric acid
shows {dentical IR, H-MR and MS spectra. GC (Chirasil-Val) of (N-trifluoracetyl)-n-propyl
esters prepared from commercial (25)-2-butyric ecid: 4.38 (100); coinjection of the latter with
the saaple derived from 13h: 4.40 (major); from commercial (2RS)-2-aminpbucyric acid): 3.94
(49.4), 4.40 (49.8).

Synthesis of (2S)-Norvaline Hvdrochloride (13c).

{(15,2R)-10- (N N-Dicyclohexylaminosulfonyl)born-2-yl} Valerate (1c).- Using the general
procedure, auxiliary 4 (2.39 g, 6 mmol) was heated with valeroyl chloride and AgCN at 90° for 3h
to give after work-up, FC (hexane/EtOAc 4:1) and crystallization 7¢ (2.37 g, 62%). M.p. 158-
160°. IR: 2950, 2870, 1735, 1460, 1395, 1330, 1170, 1150, 1105, 975. 'H-MMR: 0.89 (s, 3 H); 0.93
(¢, J=7.5 3 H); 1.00 (s, 3 H); 1.03-1.90 (29 H); 1.93-2.06 (2 H); 2.30 (&, J =7.5, 2 H); 2.67
(d, J = 13.5, 1 H); 3.20-3.32 (2 H); 3.27 (d, J = 13.5, 1 H); 4.95 (dd, J - 3.5, 8, 1 H). c-
NMR (50 MHz): 172.05 (s), 78.27 (d), S7.41 (d), $3.65 (t), 49.28 (s), 49.06 (8), 44.43 (d),
39.64 (c), 34.35 (e), 32.76 (t), 32.70 (), 30.08 (&), 26.96 (t) 26.87 (t), 26.45 (t), 25.14
(¢), 22.31 (e), 20.42 (q), 19.96 (q), 13.66 (q). MS: 481 (12 C,,H 7!00,‘8"), 298 (27), 244 (35),
181 (41), 135 (47), 85 (100), 57 (50), 55 (44). HR-MS: 481.3238. 3 u,‘]nohs”, calc.: 481.3226.)

{(1S,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)dorm-2-yl] ((2R)-2-(N,N’-d1-tert-
dutoxycarbonyl)hydrazinovalerate ()0g) and [(1S,2R)-10-(N,N-Dicyclohexylaminosulfonyl)born-2-yl)
[(28)-2- (N ,N'-di-tert-butoxycarbonyl)hydraginovalerate (llc).- Using the genaral procedure,
valerate JIc (1.98 g, 4.1 mmol) was converted to a crude mixture 10c/llc. HPLC (hexane/EtOAc 9:1,
1 ml/ain.) 8.4 (98.2), 11.0 (1.8), which was chromatographed (hexans/EtOAc 12:1) to give
recovered ester ¢ (316 mg, 168) followed by the less polar major product llg (2.1 g, 72%,
amorphous solid). [alp = -29.7° (20°, ¢ = 0.98). HPLC (hexane/EtOAc 9:1, 1 ml/main.): 8.4 (1002.
IR: 3390, 3320, 2940, 2860, 1730, 1480, 1460, 1395, 1370, 1325, 1170, 1150, 1110, 1050, 985. 'H-
MR (DMSOdg, 100°): 0.87 (s, 3 H); 0.89 (¢, J =7, 3 H); 0.98 (s, 3 H); 1.00-1.95 (31 H); 1.44
(s, 18 H); 2.74 (d, J = 13.5, 1 H); 3.20-3.35 (2 H); 3.24 (d, J = 13.5, 1L H); 4.52 (m, 1 H);
4.76 (m, 1 H); 7.65-7.80 (br. 1 H). MS: 712 (<1, CyqHgoM oas”), S11 (40), 481 (20), 467 (12),
380 (30), 298 (15), 246 (20), 228 (22), 181 (50), ila ?13). 135 (100), 107 (30), 87 (80), 69
(15), 57 (97), 55 (55), &4 (5%). Further elution afforded the more polar, minor isoser 10¢
(containing 188 of 11c). HPLC (hexane/EtOAc 9:1, 1 ml/min.): 8.4 (18.1), 11.0 (74.6). IR: 3390,
2940, 2860, 1740, 1715, 1610, 1480, 1455, 1395, 1370, 1325, 1170, 1143, 1110, 1050, 980. ‘n-le®
(DMSOd,, 100°): 0.84 (s I H); 0.88 (¢, J =7, I H); 0.99 (s, 3 H); 1.00-2.10 (31 H); 1.40 (2 9
H); 1.23 (s 9H);, 2.68 (d, J = 13.5, 1 H); 3.20-3.35 (2 H); 3.30 (d, J = 13.5, 1 H); 4.78 (=, 1
H); 4.78 (m, 1 H); 8.20-8.40 (br. 1 H). MS: no CyyHceNq0 $°:-712, 511 (36), 380 (32), 298 (12),
246 (18), 228 (25), 181 (54), 135 (100), 107 (23.),, i; 278), 69 (11), S? (70), 5% (38), 44 (22).

{(18,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)dbom-2-yl1]} (2R)-2-aminovalerate (1l2¢).- Using the
general procedure, hydrazinocester llc (2.10 g, 2.95 mmol) gave after N, N-deacylation and
hydrogenolysis (22h), FC (hexane/EBtOAc 2:1, then EtOAc) and crystallization aminoester 12¢ (1.20
g. 81%). M.p. 133-135°. [(a]p = -32.2* (20°, CHCl,, c = 1.04). IR: 3380, 2945, 2860, 1735, 1600,
1470, 1455, 1395, 1375, 1325, 1170, 1150, 1110, 1050, 980. "'H-NR: 0.85 (s, 3 H); 0.89 (¢, J -
7.5, 3 H); 0.96 (s, 3 H);, 1.00-1.85 (29 H); 1.90-2.05 (2 H); 2.66 (d, J = 13.5, 1 H); 3.18-3.32
(2H); 3,26 (d, J =13.5, 1 H); 3,41 (dd, J = 5.5, 7, 1 H); 4.98 (dd, J = 3.5, 8, 1 H). 3c.0@:
175.10 (s), 78.83 (d), 57.47 (d), 53.95 (d), 53.81 (), 49.39 (8), 49.06 (s), 44.139 (d), 39.48
(e), 36.19 (e), 32.78 (&), 32.67 (), 30.32 (r)., 26.93 (c), 26.44 (t), 25.14 (tr), 20.33 (q).
19.86 (q). 18.62 (c), 13.83 (q). MS: no CNH“N.‘,O,‘S"-A%, 181 (28), 180 (21), 138 (10), 83
(11), 72 (100), S5 (12).

(2S)-Norvaline Rydrochloride (l3c).- Using ths general procsdure, transestarification of
aminoester 12¢ (1.04 g, 2.09 mmol) and FC (hexane/EtOAc 7:1, then EtOAc/RtOH 1:1) furnished
auxiliary 4 (837 mg, ~100%) to give, after acidic hydrolysis of the crude ethyl ester, 13c as a
colorless solid (276 mg, 868). (a]p = 47.9° (207, H,0, c = 2.02). K- R (Dy0): 0.79 (¢, J =
7.5, 3H); 1.19-1.37 (2 H); 1.66-1.87 (2 H); 3.90 (¢, J = 6,1 H).

n-Propyl (2S)-2-Trifluoracetamidovalerate.- Using the general procedure crude lic (15 mg,
0.1 mmol) gave the corresponding (N-trifluoracetyl)-n-propyl ester (25 mg, ~100%). GC (Chirasil-
Val): 5.35 (0.4), 6.02 (98.5). IR: 3420, 2980, 2940, 2880, 1730, 1535, 1478, 1175, H-NM@R: 0.96
(¢, J=17.5 3 H), 097 (¢, J=17.5 3 H), 1.26 - 2.48 (2 H), 1.72 (sext. J =7, 2 H), 1.70 -
1.82 (1 H), 1.93 (m, 1 H), 4.17 (2 H), 4.63 (g, J =7, 1H), 6.8 -7.1 (1L H.N: no
CroH16F3N0+ -255, 168 (100), 126 (43), 114 (15), 69 (13). The (M-trifluoracetyl)-n-propyl ester
prcp-ros from commercial (25)-2-aminovaleric acid shows idenctical IR, 'H-NMR and MS spectra. GC
(Chirasil-Val) of (N-trifluoracetyl)-n-propyl esters prepared from commercial (25)-2-
aminovaleric acid: 6.02 (100); coinjection of the latter wvith the sample derived from lic: 6.03
(major); from commercial (2RS)-2-aminovaleric acid: 5.43 (50.0), 6,02 (50.0).

(25)-Yaline, Hydrochloride (13d).

((15,2R)-10- (N ,N-Dicyclohexylamlnosultfonyl)bormn-2-y1] Isovalerace (]ld).- Using the general
procedure, auxiliary & (2.39 g, 6 mmol) was heated with {sovaleroyl chloride and AgCN at 90° for
4.5h to give after work-up, FC (hexane/EtOAc 4:1) and crystallization 2d (2.52 g, 878). M.p.
168-170°, IR: 2950, 2870, 1735, 1470, 1460, 1395, 1375, 1330, 1170, 1150, 1110, 1050, 985. 'H-
NMR: 0.89 (s, JH); 0.97 (d, J=6.5, 3 H); 0.98 (d, J=-6.5 3 H); 0.99 (s 3 H); 1.02-1.90 (25
H); 1.94-2.20 (S H); 2.66 (d, J = 13.5, 1 H); 3.20-3.30 (2 H); 3.26 (d, J = 13,5, 1 H); 4.96
(dd, J = 13.5, 1 H). C-RR: 171.41 (s), 78.33 (d), 57.40 (d), 53.64 (), 49.23 (s), 49.05 (s),
44.43 (d), 43.75 (£), 39.70 (c), 32.75 (t), 32.70 (£), 30.11 (¢), 26.97 (t), 25.53 (d), 25.15
(€), 22.44 (q), 20.42 (q), 19.93 (q),. MS: 481 (21 Cy M, no,‘s’-), 298 (40), 244 (46), 181 (46),
135 (42), 85 (100), S7 (43). HR-MS: 481.3233, (Culﬁ”;o,‘;". calc.: 481.3226.)
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{(18,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)borm-2-y1] [(2S)-2-(N,N’-di-tert-
butoxycardonyl)hydrasinoisovalerate (10d) end [(1S,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)born-2-
y1] [(28)-2- (N ,N’-di-tert-butoxycarbonyl)hydraginoisovalerate (11d).- Using the general
procedure, isovalerate 74 (2.44 g, 5.06 mmol) was converted to a crude mixture 104/11d, HPLC
(hexane/BtOAc 9:1, 1.5 ml/min.) 4.8 (97.6), 6.1 (2.4), which vas chromstographed (hexane/EtOAc
10:1) to give recovered 74 (540 mg, 228) followed by the major product lld (2.63 g, 730,
amorphous solid). [a]p = -27.8° (20°, c = 0.18). HPLC (hexane/EtOAc 9:1, 1.5 ml/min.):

(99.0), 6.1 (1.0). n 3400, 3310, 2940, 2860, 1740, 1720, 1480, 1455, 1395, 1370, 1325 1165
1145, 1110, 10506, 980. x!ll!!:ll (DMSOd,, 100): 0.88 (s, 3 H); 0.99 (s, 3 H); 1.01 (d, J =7, 3 H);
1.03 (d, J =7, 3 H); 1.00-2.00 (27 ?l); 1.446 (5, 9H); 1.45 (s, 9H); 2.27 (s, 1 H); 2.70 (d, J
- 13.5, 1 B); 3.20-3.35 (2 H), 3.22 (d, J - 13.5, 1 R); 4.39 (m, 1 H); 4.76 (m, 1 H). MS: neo

0g87°-711, 511 (56), 380 (37), 246 (19), 228 (28), 181 (41), 135 (100), 107 (20), 98
(H), 9; ?26). The minor product 10d was not {solated.

{(1S,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)born-2-yl]) (2R)-2-aminoisovalerate (124).- Using
the general procedure, hydrazinoester lld (2.60 g, 3.65 mmol) gave after N,N-deacylation and
hydrogenolysis (22h), FC (hexane/EtOAc 2:1+1:2) and crystallization aminoester 12d (1.29 g,
718). X.p. 134-136°. (a]p = -30.5° (20°, QHCl,, c = 1.02). IR: 3380, 3320, 2940, 2860, 1735,
1600, 1455, 1395, 1375, ?3 1165, 11145 1118 1050, 980. 'H-MMR: 0.89 (s, 3 H); 0.90 (d, J =
7, 3H); 0.99 (s, 3 H); 102 (d, J =1, 3}1). 1.05-2.12 (28 H); 2.67 (d, J - 13.5, 1 H); 3.18-
3.30 (4 H); 6.98 (dd, J = 3.5, 8, 1 H). YC-FMR: 174.63 (s), 78.95 (d), 59.65 (d), 57.52 (d),
53.86 (e), 49.46 (s), 49.10.(s), 44 .44 (d), 39.54 (£), 32.8% (t), 32.76 (t), 31.36 (d), 30.39
(¢), 26.97 (t), 26.50 (e), 25.21 (¢), 20.38 (q), 19.94 (q), 19.71 (q), 16.78 (q). MS: no
CyoH 0, $*-7496, 181 (22), 180 (19), 135 (10), 83 (11), 72 (100), 55 (14).

;}S)z Valine Hydrocblorldo (1d) .- Using the gensral procedute, transesterification of
amincester 12d (600 mg, 1.61 mmol) and FC (hexane/EtOAc 7:1, then EtOAc/BtOH 1:1) furnished
aux{liary 4 (550 mg, 86%) to give, after acidic hydrolyllc of the crudo ethyl ester, 13d as a
colorless wolid (223 mg, 908). [a]p = +13.1° (20°, H,0, c - 1.62). H-m (Dy0): 0.93 (d, J = 7,
JH); 0.96 (d, J =7, 3H),223(-,18)373(d -4.5, 1H).

n-Propyl (28)-2-Trifluoracetamidoisovalerate.- Using the general procedure crude 13d (15 mg
0.1 mmol) gave the corresponding (N-trifluoracetyl)-n-propyl ester (25 mg, ~1008). GC (Chirasil-
Val): 4.00 (0.4), 4.36 (92.6). IR: 3420, 2980, 2940, 2880, 1730, 1535, 1470, 1395, 1375, 1175.
H-NMR: 0.93 (d, J =7, 3IH); 0.9 (¢, J =17, 3H); 0.95(d, J =7, 3 H); 1.68 (sexcec, J=17,2
H); 2.2% (n. 1 H); 4.15 (2 H); 4.57 (dd, J =5, 9, 1 H); 6.75-6.90 (br. 1 H). MS: no
clouliqno, *-255, 168 (100), 163 (28), 153 (31). 114 (10), 55 (52). Tho (N-trifluoracetyl)-a-
propyl ester prepared from commercial (2S)-valine shows identical IR, 'H-NMR and MS spectra. GC
(Chirasil-Val) of (N-trifluoracetyl)-n- propyl esters prepared from commercial (25)-valine: 4.32
(100); coinjection of the latter with the sample derived from 13d: 4.34 (major); from cosmercial
(2RS)-valine: 4.02 (48.3), 4.33 (49.1).

(28)-

{(15,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)born-2-yl] Hexanoate (]g).- Using the general
procedure, auxiliery 4 (2.39 g, 6 amol) was heated with hexanoyl chloride and AgCN at 100° for
3.5h to give after work-up, FC (hexane/EtOAc 4:1) and crystallization 19 (2.86 g, 968). M.p.
148-150°. IR: 2950, 2860, 1735, 1470, 1455, 1390, 1375, 1325, 1165, 1145, 1110, 1050, 980. H-
MR: 0.88 (s, 3 H); 0.89 (¢, J=17.5, 3 H); 0.98 (s, 3 H); 1.05-1.90 (31 H); 1.90-2.04 (2 H);
2.28 (¢, J=7.5, 2H); 2.66 (d, J =13.5, 1 H); 3.20-3.32 (2 H); 3.26 (d, J = 13.5, 1L H); 4.9
(dd, J = 3.5, 8, 1 H). YC.FMR (50 MHE): 172.03 (a), 78.25 (d), 57.45 (d), 53.69 (c), 49.29 (s),
49.05 (s), 44.45 (d), 39.66 (t), 34.58 (), 32.76 (c), 32.72 (¢) 31.34 (r), 30.10 (¢), 26.99
(c), 26.47 (£), 25.16 (d), 24.51 (&), 22.31 (t), 20.4) (q), 19.96 (q), 13.89 (q). MS: 495 (1

H, gNO, $°), 298 (12), 244 (23), 181 (SO). 151 (11), 135 (60), 107 (30), 99 (100), 83 (60), 71
(32). 55 (85). HR-MS: 495.3373, (CpgH,qNO calc. 495.3383.)

[(1S,2R)-10- (N ,N- chyclohaxylulnoaullbonyl)bom 2-yl] [(2R)-2-(N,N’-di-tert-
butoxycarbonyl)hydrazinohexanonate (10n) and [(1S,2R)-10-(N ,N-Dicyclohexylaminosulfonyl)born-2-
yl) [(28)-2-(N,N’-di-tert-butoxycarbonyl)hydrazinchexanocate (lla).- Using the general procedure,
hexancate 79 (1.72 g, 3.47 mmol) was converted to a crude mixture 10s/lle, HPLC (hexane/EtOAc
9:1, 1.5 al/min.) 5.3 (95.5), 7.2 (3.7), which wvas chromatographed (hemane/EtOAc 12:1) to give
the less polar major product lls (2.14 g, 858, amorphous solid). (a]y = -29.2° (20°, ¢ = 0.96).
HPLC (hexane/EtQAc 9:1, 1.5 ml/min.): 5.1 (100). IR: 3390, 3320, 295D, 2870, 1730, 1480, 1455,
1395, 1370, 1330, 1170, 1150, 1110, 1050, 985. 'H-NMR (DMSOd., 100°): 0.87 (s, 3 K); 0.87 (c, J,
=7, 3H); 0.98 (s, 3 H); 1.00-1.95 (33 H); 1.41 (s, 18 H); 3 72 (d, J = 13.5, 1 H);3.20-3.35 (2
H); 3.22 (d J =135, 1 H); 4.49 (&, 1 H); 4.75 (@, 1 H); 7.65-7.90 (br. 1 H). MS: no
CqghgqN as ©-725%, 525 (85), 380 (82), 298 (29). 181 (15), 135 (34), 101 (55), 83 (33), 57
(fgog i\srchor elution furnished the minor isomer 10g. HPLC (hexane/EtOAc 9:1, 1.5 ml/min.): 5.1
(2.1), 6.8 (97.8). IR: 3400, 2940, 2860, 1745, 1720, 1480, 1460, 1395, 1370, 1330, 1170, 1150,
1110, 1050, 985. ‘H-@ (MSOd&_ 100°): 0.84 (s, 3 H); 0.87 (t, Je=7, 3H); 0.98 (s, I H);

a . __n~ ..

{(1S,2R)-10- (N ,N-Dicyclohexyleminosulfonyl)born-2-yl] (2R)-2-aminchexancate (128).- Using
the general procedure, hydrazinoester lls (790 mg, 1.09 mmol) gave after N, N-deacylation and
hydrogenolysis (15h), FC (hexane/EtOAc 1:1, then EtOAc) and crystallization aminocester 12a (445
ag, 808). M.p. 124-126°. [a]y = -33.2°(20°, ¢ - 0.22). IR: 3540, 3380, 3320, 2940, 2860, 1735,
1600, 1455, 1395, 1375, 1330, 1170, 1145, 1110, 1050, 985. 'H-MOR (360 MHz): 0.85 (s, 3 H); 0.86
(¢, J =7, 3H), 0.96 (s, 3 H); 1.00-1.86 (31 H); 1.90-2.06 (2 H); 2.65 (d, J = 13.5, 1 H);
3.20-3.30 (2 H); 3.23 (d, J = 13.5, 1 H); 3.39 (dd, J = 5.5, 7, 1 H); 4.97 (dd, J - 3.5, 8, 1
H). YC-NMR: 175.12 (s), 78.84 (d), 57.50 (d), 54.09 (d), 53.82 (t), 49.43 (s), 49.05 (s),

44 .04. (d), 39.50 (t), 33.78 (c), 32.78 (r), 32.68 (t), 30.29 (t), 27.48 (c£), 26.91 (t), 26.42
(), 25.16 (c), 22.43 (), 20.31 (q), 19.87 (q), 13.79 (q). MS: no C23H50H20‘S"-510. 181 (17),
180 (16), 86 (100), 85 (47), 83 (11), 55 (19).
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(2S)-Norleucine. Rydrochloride (lla).- Using the general procedure, transesterification of
aminoester 128 (185 mg, 0.36 mmol) and FC (hexane/EtOAc 7:1, then EtOH) furnished suxiliary 4
(145 mg, ~100%) to give,after acidic hydrolysis of the crude ethyl ester, lla as a colorless
solid (57 mg, 950). {a], = +10.3° (20°, Hy0, ¢ = 1.05). H-lem (Dy0): 0.76 (&, J = 7.5, 3 H);
1.13-1.33 (4 H); 1.71-1.89 (2 NH); 3.88 (¢, J =6, 1 H).

n-Propyl (25)-2-Trifluorscetsmidohexanocate.- Using the general procedure crude lla (10 =g
0.06 mmol) gave the corresponding (N-trifluoracetyl)-n-propyl eater (18 mg, ~1008). GC
(Chirasfl-Val): 6.91 (1.2), 7.62 (97.8). IR: 3420, 2970, 2940, 2880, 1730, 1535, 1470, 1175. 'H-
NR: 0.92 (¢, J =7, 3H), 0.98 (¢, J =7, 3H), 1.20 - 1.48 (46 H), 1.72 (sext., J =7, 2 H),
1.70 - 1.85 (1 H), 1.90 - 2.02 (1 H), 4.18 (2 H), 4.62 (q, J =7, 1 H), 6.8 (s, br, 1 H). MS:
no Cy H 81"‘3!003"-269. 182 (85), 153 (14), 140 (12), 126 (49), 116 (30), 69 (100), S5 (16). The
(H-triflu.oncotyl)-n-propyl ester preparsd from commercial (25)-norleucine shows identical IR,
'H.-NMR and MS spectra. GC (Chirasil-vVal) of (N-trifluoracetyl)-n-propyl esters prepared from
commercial (25)-norleucine: 7.62 (100); coinjection of the latter with the sample derived froa
13e: 7.62 (major); from commercial (2RS)-norleucine: 6.94 (49.7), 7.60 (49.7).

(25)-leaucins. Hydxochlorida (13£),

{(1S,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)born-2-yl] 4-Methylvalerate (]f).- Using the
general procedure, auxiliary & (2.39 g, 6 mmol) was heated with 4-methylvaleroyol chloride and
AgCN at 90° for Sh to give after work-up, FC (hexans/EtOAc 4:1) and crystallization 2f (2.50 g,
848). M.p. 193-194°. IR: 2950, 2870, 1735, 1460, 1395, 1375, 1325, 1170, 1150, 1110, 1050, 985.
H-NMR: 0.90 (s, 3 H); 0.91 (d, J =~ 6.5, 6 H); 1.00 (s, 3 H); 1.05-1.90 (28 H); 1.90-2.05 (2 H);
2.30 (¢, J = 7.5, 2 H); 2.68 (d, J=-13.5, 1 H); 3.20-3.30 (2 H); 3.26 (d, J =13.5, 1 H); 4.95
(dd, J = 3.5, 8, 1 H). YC-lR: 172.24 (s), 78.29 (d), 57.45 (d), 53.65 (t), 49.27 (s), 49.05
(8), 64.45 (d), 39.62 (r), 33.52 (¢), 32.72 (t), 32.57 (c), 30.09 (e), 27.70 (d), 26.96 (t),
26.46 (t), 25.14 (t), 22.19 (q), 22.15 (q), 20.41 (q), 19.98 (q). MS:495 (20 C,gH 890 $*), 298
(47), 264 (56), 181 (62), 135 (83), 99 (100), 81 (54), 55 (77). HR-MS: 695.3383. ? 28ﬁ,‘9N0‘S"
cale.: 495.3382.)

{(15,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)dbormn-2-yl]) [(2R)-2-(M ,N’'-di-tert-
bdutoxycarbonyl)hydrazinopropionate (LOf) and [(1S,2R)-10-(N,M-Dicyclohexylaminosulfonyl)bormn-2-
yl] ((25)-2-(N,N’-di-tert-butoxycardonyl)hydrazinopropionate (l1f).- Using the general
procedure, 4-methylvalerate 7f (2.38 g, 4.8 mmol) was converted to a crude mixture 10f/11f, HPLC
(hexane/EtOAc 9:1, 1 ml/ain.): 6.5 (77.3), 9.8 (2.7), which vas chromatographed (hexans/RBtOAc
13:1) to glve recavered 7f (382 mg, 168) followed by the less polar ssjor product 11f (2.46 g,
718). (a)p = -28.6° (20°, ¢ = 0.99). HPLC (hexane/EtOAc 9:1, 1 ml/min.): 6.8 (100). IR: 3500,
3420, 2940, 2860, 1725, 1610, 1480, 1460, 1395, 1370, 1323, 1170, 1145, 1110, 1050, 985. 'H-N@®
(DMSOdg, 100°): 0.87 (e, 3 H); 0.89 (d, J =7, 3 H); 0.9 (d, J =7, 3 H); 0.98 (s, 3 H); 1.00-
1.98 (?0 H); 1.40 (s, 18 B); 2.75 (d, J = 13.5, 1 H); 3.20-3.35 (2 H); 3.22 (d, J - 13.5, 1 H);
4.59-6.68 (m, 1 H), 4.74-4.81 (m, 1 H). MS: no CqgHcyN20 §*--725, 525 (50), 380 (37), 298 (15),
228 (27), 181 (63), 135 (100), 101 (88), 83 (45), 59 (;73. Purther elution furnished the more
polar product 10f. HPLC (hexane/EtOAc 9:1, 1 wl/min.): 6.9 (0.3), 9.1 (99.7). IR: 3390, 2940,
2860, 1745, 1720, 1480, 1455, 1395, 1370, 1325, 1170, 1145, 1110, 1050, 985. 'H-M@® (DMSOd, ,
100°): 0.86 (s, 3 H); 0.90 (d, J =7, 6 H); 1.00 (s, 3 H); 1.00-2.02 (30 H); 1.44 (s, 9 H); 1.47
(2 9 H); 2.67 (d, J = 13.5, 1 H); 3.20-3.35 (2 H); 3.24 (d, J =13.5, 1 H); 4.62 (m, 1 H); 4.79
(a, 1 H).

[(18,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)born-2-yl] (2R)-2-amino-4é-methylvalerate ()2f).-
Using the general procedure, hydrazinocestsr llf (697 mg, 0.96 mmol) gave after N, N-deacylation
and hydrogenolysis (6h), FC (hexane/EtOAc 1:1, then EtOAc) and crystallization aaminocester 12f
(341 mg, 708). H.p. 97-99°. [a]lp = -33.4° (20°, ¢ = 0.99). IR: 3380, 2950, 2860, 1735, 1600,
1455, 1395, 1375, 1325, 1165, 1J45, 1110, 1050, 985. 'H-N®: 0.86 (s, 3 H); 0.89 (d, J = 6.5, 3
H); 0.91 (d, J = 6.5, 3 H); 0.97 (s, 3 H); 1.00-2.02 (30 H); 2.66 (d, J =13.5, 1 H); 3.20-3.30
(2H); 3.24 (d, J =-13.5, 1 H); 3.40 (dd, J = 5.5, 7, 1 H); 4.98 (dd, J = 3.5, 8, 1 H).Yc-N@:
175.73 (s), 78.69 (d), 57.54 (d), 53.90 (t), 52.68 (d), 49.45 (s), 49.09 (8), 44.40 (d), 43.60
(e), 39.41 (&), 32.79 (e), 32.73 (tr), 30.43 (tr), 26.95 (t), 26.45 (r), 25.15 (¢), 24.80 (d),
22.82 (q), 21.96 (q), 20.32 (q), 19.91 (q). MS: no CanoNzO,.S"-SlO. 380 (11), 181 (21), 135
(10), 86 (100), S5 (11).

(25)-Leucline Hydrochloride (l3f).- Using the general procedure, transesterification of
aminoester 12f (280 mg, 0.56 mmol) and PC (hexane/BtOAc 7:1, then EtOAc, then EtOH) furnished
auxiliary 4 (225 mg, ~100%) to give after acidic hydrolysis of the crude ethyl ester L3if as a
colorless solid (80 mg, 868). [a]p = +2.8° (20°, Hy0, c = 0.61). H.Nw (Dy0): 0.91 (d, J =17,
H); 0.93 (4, J =7, 3 H): 1.55-1.95 (3 H); 3.87 (=, 1 H).

n-Propyl (2S)-2-Trifluoracetamido-4-methylvalerate.- Using the general procedure crude lif
(12 mg 0.07 mmol) gave the corresponding (R-trifluoracetyl)-n-propyl ester (20 mg, -~100%8). GC
(Chirasil-val): 6.41 (1.1), 7.21 (95.2). IR: 3420, 2988, 2940, 2880, 1735, 1535, 1470, 1380,
1150, 'H-NMR: 0.94 (c, J =7, 3H), 0.96 (d, J =6, 6 H), 1.5 - 1.8 (SH), 4.146 (¢, J =17, 2 H),
4.65 (@, 1 H), 6.7 - 6.8 (1 H). MS: no Cy,H,4F,N04+°-269, 213 (84), 183 (73), 171 (51), 166
(71), 153 (68), 139 (52), 126 (88), 114 Hobg 99 (42), 70 (93), 57 (83), S5 (82). The (N-
ttifluoncocylz-n-propyl ester prepared from commercial (25)-4-methylvaleric acid shows
identical IR, 'H-NMR and MS spectra. GC (Chirasil-Val) of (N-trifluoracetyl)-n-propyl esters
prepared from commercial (2S)-4-methylvaleric acid: 7.21 (100); coinjection of the latter with
the sample derived from 13f: 7.22 (major); from commercial (2RS)-4-methylvaleric acid: 6.56
(49.9), 7.31 (49.8).

(2s)-2-Aaiogockancic Acid Nydrachloride (13g).

[(18,2R)-10- (N ,B-Dicyclohexylaminosulfonyl)born-2-yl] Octancate (1g).- Using the general
procedure, auxiliary 4 (2.39 g, 6 mmol) was heated with octanoyl chloride and AgCN at 90° for
4.5h to give after work-up, FC (hexane/EtOAc 4:1) and crystallization 2g (2.80 g, 89!?. N.p.
163-165°, IR: 2950, 2870, 1735, 1470, 1405, 1375, 1340, 1180, 1155. 1120, 1065, 995. 'H-NMR:
0.88 (¢, J =7.5, I H); 0.89 (s, I H); 0.99 (#, 3 H); 1.05-1.90 (=, 35 H); 1.92-2.07 (m, 2 H);
2,29 (¢, J = 7.3, 2 H); 2.66 (d, J = 13.5, 1 H); 3.20-3.32 (=, 2 H); 3.27 (d. J - 13.5, 1 H);
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4.95 (dd, J = 3.5, 8, 1 H). Dc-MR (30 MHz): 172.05 (s), 78.26 (d), 57.41 (d), 33.66 (t), 49.26
(8), 49.03 (#), 44.63 (d), 39.62 (r), 34.61 (r), 32.73 (t), 32.70 (t), 31.64 (), 30.08 (c),
29.17 (t), 28.91 (c), 27.00 (t), 26.45 (£), 25.14 (c), 24.83 (r), 22.52 (¢), 20.41 (q), 19. 96
(q). 14.00 (g). MS: 523 (1 C 9ll $*). 298 (7), 244 (16). 1!1 (32), 135 (37), 127 (64),

(23), 83 (38), 57 (100), 55 ? »ﬁ MS: 523.3702, (C44 © cale.: 523.3695.)

{(15,2R)-10- (N ,¥-Dicyclohexylaainosulfonyl)born-2- 71)5 [(ZR) 2-(N, N' di-tert-
butoxycarbonyl)hydrazsincoctancace (10g) and [(1S,2R)-10-(N,N-Dicyclohexylaminosulfonyl)born-2-
yl] {(2S)-2-(N,N’-di-tert-butoxycarbonyl)hydrazinooctanocate (1llg).- Using the general procsdure,
octancate 7f (524 mg,l mmol) was converted to a crude mixture 10g/1lg, HPLC (hexane/EtOAc 9:1, 1
al/min.) 7.1 (70.1), 8.9 (1.4), which vas chromatographed (hexane/EtOAc 13:1) to give recovered
1g (125 mg, 24%) followed by the less polar msjor product llg (519 mg, 698, amorphous solid).
[a)p = -30.5° (20°, c = 0.97). HPLC (hexane/EtOAc 9:1, 1 ml/min.): 6.9 (100). IR: 3400, 3320,
2968, 2860, 1730, 1480, 1460, 1395, 1370, 1330, 1170, 1145, 1110, 1050, 985. 'H-N0R (DMSO4,,
100°): 0.88 (¢, J =7, 3 H); 0.89 (s, 3 H); 0.96 (o, 3 H); 1.00-1.95 (37 H); 1.43 (s, 18 H);
2.74 (d, J = 13.5, 1 H); 3.20-3.35 (2 H); 3.23 (d, J - 13.5, 1 H); 4.51 (@, 1 H); 4.76 (m, 1 H).
MS: no C“8H7 oss =754, 350 (10), 275 (10), 225 (1l1), 210 (13), 167 (45), 124 (90), 119 (100),
99 (31), }32), 76 (48), 31 (68). Further elution furnished the more polar, minor product 10g.
HPLC (hexane/EtOAc 9:1, 1 ml/ain.): 8.9 (100). IR: 3400, 2940, 2860, 1745, 1720, 1480, 1460,
1395, 1370, 1330, 1170, 1145, 1110, 1050, 985. 'H-M@® (DMSOd., 100°): 0.86 (s, 3 H); 0.87 (¢, J
- 7,3H), 0.99 (s, 3 H). 1.00-2.05 (37 H); 1.41 (s, 9 H); 1i3 (s, 9 H); 2.68 (d, J ~ 13.5, 1
H); 3.20-3.35 (2 H); 3.25 (d, J = 13.5, 1 H); 4.53 (=, 1 H); 4.78 (m, 1 H). MS: no

71"20 §*.754, 350 (ll1), 275 (10), 225 (11), 210 (13), 167 (45), 124 (90), 119 (100), 99

, 8 ?34). 76 (48), S1 (67).

{(1S,2R)-10- (N ,N-Dicyclohexylaminosulfonyl)born-2-yl] (2S)-2-aminooctancate (12g).- Using
the general procedure, hydrazinocester llg (730 mg, 0.98 mmol) gave after N,N-dsacylation and
hydrogenolysis (24h), FC (hexane/BtOAc 2:1, then EtOAc) and crystallization aminosster 12g (290
ng, 55%). M.p. 124-126°, {a], = -31.6° (20°, c = 1.00). IR: 3380, 2940, 2860, 1735, 1615, 1455,
1395, 1375, 1330, 1170, 111‘5 1110, 1050, 985. 'H-N@®: 0.85 (¢, J = 7.5, 3 H); 0.86 (s, 3 H);
0.96 (s, 3 H) 1.00-2.05 (37 H); 2.66 (d, J = 13.5, 1 H); 3.20-3.30 (2 H); 3.24 (d, J - 13.5, 1
H); 3.40 (dd, J = 5.5, 7, 1 H); 4.97 (dd, J = 3.5, 8, 1 H). '*C-NMR: 175.14 (s), 78.86 (d),
57.51 (d), 56.15 (d), 53.86 (t), 49.43 (8), 49.06 (8), 44.42 (d), 39.49 (t), 34.12 (), 32.81
(t), 32.72 (e), 31.59 (t), 30.31 (c), 29.07 (&), 26.95 (t), 26.45 (c), 25.37 (&), 25.16 (),
22.48 (t), 20.32 (q), 19.88 (q), 13.96 (q). MS: no cmu“uzo,‘s’ussa. 181 (23), 180 (21), 114
(100), 113 (35), 83 (15), 55 (20).

(2S)-2-Aminooccanoic Acid Rydrochloride (13g).- Using the general procedure,
transesteri{fication of aminocester 12g (250 mg, 0.46 mmol) and FC (hexane/EtOAc 7:1, then EtOAc,
then EtOH) furnished auxiliary & (175 mg, 958) to give, after acidic hydrolysis of the crude
ethyl ester, l1g as a colorless solid (81 mg, 89%). (a)y = +8.8° (20°, Hy 0, ¢ = 0.40). H- R
(D,0): 0.72 (¢, J = 7.5, 3 H); 1.10-1.35 (8 H); 170135 (2H); 3.79 (¢, J =6, 1 H).

n-Propyl (2S)-2-Trifluoracetamidooctancate.- Using the general procedure crude m (16 mg
0.08 amol) gave the corresponding (N-trifluoracetyl)-n-propyl ester (25 mg, ~100%).
(Chirasil-val) 10.50 (1.5), 11.17 (95.5). IR: 3420, 2970, 2940, 2870, 1730, 1535, 11‘70, 1395,
1175. H-MMR: 0.88 (¢, J =7, 3 H), 0.96 (¢, J =7, 3 H); 1.17 - 1.45 (8 H), 1.55 - 1.85% (3 H),
1.92 (@, 1 H), 4.17 (2 H), 4.62 (q, J -7, 1 H), 6.89 (s, dbr, 1 H). MS: 198 (7), 297 (2,

Hy,FqNO4+7), 210 (77), 171 (16), 153 (32), 140 (15), 126 (49), 114 (28), 97 (99), 82 (15), 69
(B 5; (22), 55 (100). The (N- trlfluoucotyl) n-propyl ester prepared from commercial (2RS)-2-
nlnoocnnoic acid shows identical IR, 'H-NMR and NS spectra. GC (Chirasil-Val) of (N-
trifluoracetyl)-n-propyl esters prepared from commercial (2RS)-aminooctanoic acid: 10.68 (49.9),
11.24 (49.9); coinjection of the latter sample with the sample derived from 13g: 11.11 (majorx).

{(15,2R)-10- (N ,K-Dicyclohexylaminosulfonyl)born-2-yl] 3-phenylproplonate (7h).- Using the
general procedure, auxiliary & (1.79 g, 4.5 mmol) wvae heated with 3-phenylpropanoyl chloride and
AgCN at 100° for 5h to give after work-up, FC (hexane/EtOAc 5:1) and crystallization (EtOH, 2x)
Zh (2.20 g, 92%). M.p. 152-154°. IR: 3020, 2950, 2870, 1730, 1600, 1465, 1450, 1390, 1370, 1325,
1165, 1140, 1105, 1045, 980. 'H-NM®: 0.88 (s, 3 H); 0.92 (s, 3 H); 1.00-1.85 (25 H); 1.90-2.05
(2 H); 2.56-2.71 (2 H); 2.67 (d, J = 13.5, 1 H); 2.99 (¢, J =8, 2 H); 3.20-3.32 (2 H); 3.25 (d.
J=13.51H); 46.97 (dd, J = 3.5, 8, 1 H); 7.17-7.33 (5 H). YC-N®R (50 MHz): 171.23 (s), 140.42
(s), 128.41 (d), 120.9 (d), 126.17 (d), 78.55 (d), 57.45 (d), 53.71 (t), 49.32 (s), 49.06 (s),
44.44 (d), 39.50 (£), 36.07 (&), 32.72 (¢), 30.80 (t), 30.12 (c), 26.98 (c), 26.45 (t), 25.13
(¢), 20.40 (q), 19.91 (q),. MS: 529 (6, Cq \H, ,NO, $*), 380 (48), 298 (40), 244 (46), 228 (17),
181 (lo7). 135 (96). 105 (92), 91 (100), 8 ; 23) 67 (17), 55 (65). HR-MS: 529.3214,

(Cn calc.: 529.3226.)

]S 2R) 10- (N, N Dicyclohexylaalnosulfonyl)born-2-yl) [(2R)-2-(N ,N'-di-tert-
bucaxycarbonyl)hydnuno -3-phenylpropionate (10h) and [(1S,2R)-10-(N,N-
Dicyclohexylaminosulfonyl)born-2-yl] [(25)-2-(N,N’-di-tert-butoxycarbonyl)hydrazino-3-
phenylproplonate (llh).- Using the general procedure, 3-phenylpropionate Zh (2.12 g, 4 mmol) was
converted to a crude mixture 10h/11h, HPLC (hexane/EtOAc 9:1, 1 ml/min.) 7.3 (91.6), 11.3 (1.7),
which was chromstographed (hexane/EtOAc 13:1) to give recovered 7h (127 mg, 68) followed by the
less polar major product llh (2.36 g, 763, amorphous solid). [a]py = -35.2°(20°, c - 0.59). HPLC
(hexane/EtOAc 9:1, 1 ml/min.): 7.6 (100). IR: 3380, 3310, 2940, 2860, 1735, 1605, 1500, 1480,
1455, 1395, 1370, 1325, 1170, 1145, 1110, 1050, 985. 'H-MMR (DMSOd., 100°): 0.89 (s, 3 H); 0.96
(8, 3 H); 1.00-1.95 (29 H); 1.37 (s, 9 H); 1.40 (s, 9 H); 2.76 (d, J = 13.5, 1 H); 3.25-3.40 (2
H); 3.30 (d, J - 13.5, 1 H); 4.76-4.88 (2 H); 7.20-7.40 (5 H). MS: o C He 830 $* -760, 380
(42), 298 (13), 228 (18), 181 (23), 163 (33), 135 (100), 83 (30), 56 (6?} g 22). The ainor
product 10h was not i{solated.

{(18,2R)-10- (N ,N-Dicyclobexylaminosulfonyl)born-2-yl] (25)-2-amino-3-cyclohexylproplonate
(12h) .- Using the gensral procedure, hydrazinocester llh (2.15 g, 2.83 mmol) gave after N N-
deacylation and hydrogenolysis (13h), FC (hexane/EtOAc 4:1, then EtOAc) snd crystallization
amincester 12h (980 mg, 64%). M.p. = 95-97°, [a]D - -28.4° (20*, ¢ = 1.07). IR: 3380, 2940,
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2860, 1730, 1600, 1450, 1390, 1370, 1325, 1165, 1145, 1110, 1050, 980, 'H-N®: 0.85 (=, 3 H);
0.96 (s, 3 H); 1.00-1.85 (38 H); 1.85-2.04 (2 H); 2.65 (d, J = 13.5, 1 H); 3.18-3,30 (2 #); 3.23
(d, J = 13.5, 1 H); 3.43 (dd, J =~ 6, 8, 1 H); &.98 (dd, J = 3.5, 8, 1 H), MC-e®: 175.90 (a),
78.86 (d), 57.51 (d), 53.90 (), 51.95 (d), 49.46 (), 49.08 (), 44.42 (d), 42.26 (), 39.41
(t), 34.10 (d), 33.56 {tr), 32.78 (r), 32.74 (t), 30.42 (r), 26.93 (), 26.42 (r), 26.06 (r),
25.97 (), 25.16 (&), 20.31 (q). 19.94 (q). MS: no CyH, N Oés"-, 409 (11), 380 (19), 315 {23),
298 (19), 272 (14), 259 (&1), 244 (20), 181 (26), 122 (?30? 107 (10), 93 (11), 83 (18), 55
(22).

(2S)-3-Cyclohexylalanine Hydrochloride (l3h).- Using thes general procsdute,
transesterification of aminocester 124 (551 mg, 1 mmol) and FC (hexane/EtOAc 7:1, then EtOAc,
then EtOH) furnished auxiliary & (400 mg,~1008) to give, after acidic hydrolysis of the crude
ethyl ester, 13h as a colorless solid (181 mg, 88%). [a]b = +3.4°(20*, H,0, ¢ = 0.53). ‘K-@@
(Dy0,): 0.65-0.85 (2 H); 0.90-1.15 (3 H); 1.22 (m, 1 H); 1.38-1.80 (6 H); 1.65 (m, 1 H); 3.8
(dg, J =55, 85 1H.

n-Propyl (25)-2-Trifluoracetamido-3-cyclohexyiproplonate.- Using the gensral procedurs crude
13b (20 mg 0.1 mmol) gave the corresponding (H-trifluoracetyl)-n-propyl aster (30 mg, ~1008). GC
(Chiras{l-Vval, 100-140°, 140°,10min): 15.69 (0.8), 17.16 (99.2). IR: 3420, 3020, 2980, 2930,
1730, 1535, 1450, 1170,. H-MMR: 0.94 (¢, J = 7, 3 H); 0.8 - 1,0 (2 H), 1.02-1.38 (4 H); 1.50-
2.05 (9 H); 4.14 (2 H); 4.68 (m, 1 H); 6.68-6.84 ( 1 H). MS: no Cy,H,,F,NO *-.309, 306 (1)), 270
(7), 240 (S5), 212 (5), 170 (3), 149 (5) 140 (19), 126 (100), 109 {?7;, 3? 7). 83 (25), 69 (17),
57 (18), 35 (53). The (N-trifluoracetyl)-n-propyl sater prepared via hydrogenation from
commercial (25)-3-phenylslanine shows identical IR, H- R and NS spectra. GC (Chirasil-Val) of
(N-trifluoracetyl) -n-propyl esters prepared via hydrogenation from commercial (25)-3-
phenylalanine: 16.97 (100); via hydrogenation from commercial (2RS)-3-phenylalanine: 16.12
(49.7), 17.27 (49.8). (25)-Phenylalanine (190 mg, 1.15 mmol) and Pt0, (50 mg) in 2N aq HCl (22
ml) were shaken under H, (75 psi, Parr) at r.t. for 16h to give after filtration through Celite
evaporation of the filtrate and drying of the residue a comparison sample of 13h (240 =g,
~100%).

(28):2- =A:

3-(Tricyclof3.3.1.1%"}decan-1-yl)propionic Acid.- Dry DMSO (1.76 g, 22.5 mmol) was added
dropwise at -60° to a solution of oxalyl chloride (1.43 g, 12,25 msmol) in Cﬁzclz (40 ml).
Stirring of the mixture at -60° for 10 min, addition (over 15 min) of l-adamantylsethanol (1.50
g, 9 mool) in anmz {15 =l), stirring for 15 min, slow addition of NBt, (5.16 g, 51 mmol),
warwing of the reaction aixture to 0°, quenching with water (30 ml), work-up (CH,Cl,y), and FC
(toluene/EtOAc 60:1) gave l-adamantylcarboxaldehyds (1.5g, ~1008) which vas directly subjected
to the following transformations. A 1.64 N solution of n-butyllithium in hexane (5.5 =l, 9 mmol)
vas added dropwise at 10° to & solution of dimethyl trimsthylsilyloxycarbonylmethanephosphonate
n (2.16 g, 9 mol) in THF (75 ml). Stirring the mixture for 40 min, addition of 1-
adamantylcarboxaldehyde (1.38 g, 8 mmol) in THF (9 ml), stirring for lh, pouring the reaction
mixture into 5% aq. NaOH (150 wl), vashing with Bt,0 ( 2x100 =1}, acidification of the aq. phase
to pH = 1 with 37¢ aq. HCl, extraction with CH,Cl, drying (MgSO,) and evaporation of the organic
extracts afforded crude 3-(1-admncy1}-2‘propono2c acid (1.47 g, 83%) which vas stirred {n EtOH
(25 =wl) with 108 Pd/C (210 mg) under Hy (1 atm) for 16h. Filtratfon through Celite and
svaporation of the filtrate furnished crude 3-(l-adamantyl)propionic acid IR: 3520, 3500-2400,
2910, 2850, 1715, 1450,. H-NMR: 1.45 (¢, J =7, 2 H); 1.47 (s, dr., 6 H); 1.67 (6 H); 1.98 (s,
br. 3 H); 2.32 (t, J = 7, 2 H), vhich vas transformed into the ester 2{i as descridbed belov.

{(15,2R)-10-(N N-Dicyclohexylaminosulfonyl)born-2-yl] 3-(1-adamantyl)propionate {11).-
Heating of crude 3-(l-adamantyl)propionic acid (1.43 g, 6.84 mmol) with oxalyl chloride (excess)
in benzene at reflux for 1.5h, evaporation and heating of the residus with auxiliary 4 (2.16 g,
5,44 mmol) and AGCN (1.10 g, 8.16 mmol) in tolusene at 90° for 18h gave after work-up, FC
(hexane/EtOAc 40:1) and crystallization 21 (3.06 g, 968 from 4). M.p. 175-176°, IR: 2940, 2915,
2870, 1730, 1450, 1330, 1170, 1145, 1110, 1050, 98%. 'H-NMR: 0.89 (s, 3 H); 1.00 (s, 3 H); 1.00-
1.90 (39 H); 1.92-2.04 (5 H); 2.21-2.30 (2 K); 2.67 (d, J = 13.5, 1 H); 3.20-3.30 (2 H); 3.27
(d, J = 13.5, 1 H); 4.93 (dd, J = 3.5, 8, 1 H). YC.®R (50 MHz): 172.81 (s), 78.29 (d), 57.46
{dy, 53.61 (r), 49.25 (2), 49.06 (#), 44.43 (d), 42.04 (r), 39.55 (£), 38.62 (t), 37.00 (o),
32.72 (t), 31.74 (t), 30.10 (r), 28.51 (d), 28.17 (s), 26.97 (£), 26.47 (r), 25.14 (r), 20.41
(q), 20.01 (q). KS: 3587 (16, C4 H”NO“S"), 380 (11), 298 (40), 244 (47), 191 (8S), 179 (60),
135 (100), 121 (10), 107 (24), 33 (l4), 83 (35), 67 (16), 5SS (35). HR-MS: 587.399),

{CqgH NO{‘S° -cale.: 587.4008,

[?S.2R)-lo~(N,N»Dicyc!o}:aylulnom!fonyi)bom»2-)11 [(2R)-2- (¥ ,N’-di-tert-
butoxycarbonyl)hydrazino 3-(l-adamentyl)-proplonate (1Q1) and [(1S,2R)-10-(N,N-
Dicyclohexylaminosulfonyl)born-2-yl} [(25)-2-(N,N'-di-tert-butoxycarbonyl)hydrazino 3-(1-
adamantyl)propionste (111).- Using the gensral procedure, 3-(1-adamantyl)propionate 27§ (1.67 g,
2.77 maol) was converted to a crude mixturs 10{/111i, HPLC (hexane/BtOAc 9:1, 1 ml/min.) 6.6
(68.2), 8.8 (15.0), which vas chromatographed (hexane/EtOAc 13:1+5:1) to give recovered 2{ (260
ng, 168) followed by the the less polar major product 114 (1.47 g, 65%). HPLC (Hexans/-EtOAc
9:1, 1 ml/min.) 6.6 (100). IR: 3400, 3300, 2930, 2850, 1740, 1715, 1480, 1455, 1392, 1370, 1325,
1165, 1143, 1048, 980. H-RMR (DMSOdg, 100°) 0.87 (s, 3 H), 1.00 (s, 3 H), 1.45 (s, 18 H), 1.03
-2 {45 H)Y, 2.77 (d, J - 13.5, 1 H), 3.20 (d, J = 13.5, 1 H), 3.25 - 3.37 (2 H), 4.70 - & .84 {2
H). MS: no C,oHycN40 ST, - 817, 717 (<1), 617 (3) 587 (5.5), 380 (5.5), 298 (15), 244 (19), 191
(32), 181 (3?;, ?33 ?100). 107 (30), 93 (36), 83 (4l), 56 (91). HPCL (hexans/EtOAc 1:1, 1
al/sin.) : 6.74 (0.95) 8.47 (98.3). IR : 3390, 2930, 2850, 1745, 1710, 1480, 1455, 1393, 1370,
1325, 1165, 1145, 1048, 980. 'H-MMR (DMSOde, 100°) 0.84 (5, 3 H), 1.00 (5, 3 H), 1.40 (S, 9 W),
1.43 (s, 9 H), 1.06 - 2,06 (w, 45 H), 2.60 - 2.70 (m, 1 H), 3.25 - 3.45 (@, I H), 4.6 - 4.75 (o,
2 H). MS: no CuuHacN30 §%- B17, 717 (S). 617 (40), 587 (19), 380 (6), 298 (8), 221 (18), 193
(68), 135 (100), 13? (36). 93 (33), 83 (40), 67 (14), 55 (47).

[(1S,2R)-10-(N ,N-Dicyclohexylaminosulfonyl)dorn-2-yl] (2R)-2-amino- 3-(1-
adamantyl)propionate (121).- Using the general procedure, hydrazinoester 1li (1.39 g, 1.7 mmol)
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gave after N N-dsacylation and hydrogenolysis (20h), FC (hexane/EtOAc 6:1, then EtOAc) and
crystallization sminosster 124 (797 mg, 78%). M.p. 161 - 163*, [aly = - 25.7* (20°, ¢ =« 1.33).
IR @ 2935, 2910, 2865, 1735, 1455, 1325, 1185, 1165, 1145, 1110, 1869. 980 ‘H-KMR: 0.85 (s, 3
H), 0.98 (s, 3 H), 1.00 - 2.02 (46 H), 2.66 (d, J = 13.5, 1 H), 3.25 (d, J = 13.5, 1 H), 3.18 -
3.32 (2 H), 3,43 (dd, J ~ 5,7, 1 B), .95 (dd, J =~ 3, 8, 1 K. YC-l0m: 176.27 (s), 78.60 (d),
37.54 (d), 54.00 (&), 50.18 (d), 49.49 (#), 49.28 (&), 49.12 (9), 44,40 (8), 42.65 (r), 39.07
(t), 36.87 (), 32.82 (t), 32.73 (&), 32.30 (r), 30.49 (cr), 28.55 (d), 26.95 (t), 26.46 (r),
26.42 (), 25.16 (t), 20.33 (q), 20.04 (q). MS: no CycH¢aN,0, §*- 602, S31 (<1), 430 (<1) 379
(<3), 315 (12), 259 (22), 178 (47), 135 (100), 83 (63?. gS (36).

(25)-3-(1-Adamantyl)alanine Rydrochloride (l11).- Using the general procedure,
transesterification of aminoester 124 (440 mg, 0.73 mmol, 4h) and FC (hexane/EtOAc 6:1, then
EtOAc/EtOH) furnished suxiliary 4 (288 mg, 99%) to give, after acidic hydrolysis of the cruds
sthyl ester, 134 as a colorless solid (122 mg, 65¢). [a)l, = +16.1° (21°, MeOH, c=0.85); itc '™
{aly = +16.2° (20°, aq MeOH c=1). IR (KBr): 3450, 2910, 9850, 1740, 1575, 1490, 1455, 1409,
1358. H.-MR: (CD4OD): 1.55 - 2.1 (17 H), 3.52 - 3.68 (1 H). NS: no Cy.H 2C1NO,+°-259, 178 (74),
135 (100), 120 (7}, 107 (12), 93 (28), 81 (14), 79 (30), 74 {14), 67 18.83. 57 (12), 55 (19).
a-Propyl (25)-2-Triflucracetamido-3-(1-adamantyl)propionate.- Using the general procedure crude
134 gave the corresponding (N-trifluoracetyl)-n-propyl sster. GC (Chirasil-Val, 150°,
5°/min<180°, 10 min): 16.92 (2.4), 18.43 (97.6). IR: 3440, 3025, 2970, 2910, 2860, 1735, 1540,
1455, 1175, ‘-R@®: 0.98 (¢, J = 7.5, 3 H), 1.4 - 1.8 (13 R), 2.0 (3 H), 2.2 (2 H), 4.12 (dc, J -
7, <1, 2H), 4.7 (dt J =-8.5, 3.5, 1 H), 6.52 - 6.62, (1 K). NS: no C H26?3N03+'-361. 343 (<1),
301 (13), 274 (29). 135 (100), 107 (6), 93 (16), 79 (18), 67 (9), S5 }2)

1.68 n-butyllithium in hexane (0.7 =»l, 1.1 mmol) was added &t -20° to a solution of
difsoproylamine (0.16 wl, 1.1 swol) in THP (3 ml). Slov addition of propionate 7g (443 mg, 1
maol) in THP (0.8 ml) at -78°, then rapid addition of chlorotrimethylsilane (0.22 al 1.1 mmol),
varming to r.t. over a period of 3h, evaporation, trituration of the residus with pentane, and
svaporation gave O-silyl ketene acetal lg (422 mg, 828, colorless oll). IR: 2995, 2888, 2400,
2360, 1685, 1463, 1331, 1256, 1150, 1112, 981, 856, 737, 575, 'H-M®: 0.25 (s, 9 H); 0.88 (s, 3
H): 1.03 (&, 3 H); 1.08-1.44 (10 H); 1.47 (d, J =6, 3 H); 1.44-1.92 (16 H); 2.05 (=, 1 H); 2.68
(d, J =14, 1 H); 3.2-3.36 (2 H); 3.9 (d, J =14, 1 H); 3.53 (q. J =6, 1 H); 4.50 (dd, J = 3,
8, 1 H). Spin saturation of H-C(2') < NOE (2.1%) of H,C-S{; spin saturation of H-C-S{ ~ NOE
{9.8%) of olefinic H-C(2); spin saturation of H3C—C(2 - ROBR (7.28) of olefinic H-C(2).
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