
Wolfgang 0ppols.r l and Robert Norettl 

Dlpartament da Chlrlo Orpiquo. Unlwrsltd da CanAvo, a-1211 C*nAvo. Svltrorlxnd. 

(7&aedilJLlsA15Juuuy1988) 
m: Succes~lva trextnnt of chlral l xtorx 1~1th IBA/IcIJSIC1 and dl-c-butyl 

atodlcarboxylats/flCl,, and Tl(OlPr)4 gw. N.N-dl-c-butoxycarbonylhydrazlnoeaters u which on 

deacylaclon. hydroganolyals. transasterlfication and acldlc hydrolyslx fumlxhad (X)-o -amino 

scid hydrochlorldw U in good overall ylalds. hlgh snantlorrlc purity and with efficient 

recovery of tha alcohol l xlliary 4. Exparlwntal l vldencb for the conflyratlon and 

conformation of the lntwmdlate 0-silyl kateru acotals 1 1x providsd. 

The synthasls of anantlowrlcally pure a-amino acids lx an l xcltlng issue I which has beon 

addressed increasingly during tha last few year+. 

Uhareas previous offorts have successfully focussod on-r-face-selactlw formations of the 

C(o).H- 1 and C(a).C- bonds ’ we first reported an lndlrect xsywtrlc forutlon of tha C(o),X- 

bond: A - 1 or A + c (Schew 1) ‘. 
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Thus, slop10 x-face salectlva halogerutlon of esters via the 0-811~1 Leten* l cacals 

(prepared In slcu) 1 + 2 ’ and xubxaqwnt SN2-typa halida substlNt1on by aride 2 + 1, 

cransasterlflcst1on and hydrogenolysls 1 + 4 + 1 provided frw amino XI& 1 in 96 to 988 a.*. 

and In Cr2 to 57ti overall yield (Schwa 2) ‘.‘*’ 
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As an l xtaslon of this work and ax a coaplannt to a prmllminary c- ication. ’ v* 

prasant hero a Capologlcally rwmraed approach to a-amho acida fl featuring a w l xytrlc 

formation of the C(o).N-bond 1.0. A * C wing dl-r-butyl l xodlcarboxylata a. a nitrogen 

oleccrophlla ‘. Methyl uodlcarboxylata, known since 1922 to ulnato enols and l nolatas ” 

proved to ba lasx altable In our Iwnis mine* rild N-daacylation of the N.N-d1acylhydrar1na 

products was raqulred to permit smooth N.N-hydrogonolyx1x. 
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Iha crystalline atart@ materm z mm obtairud In 82 to 938 yield by reaction of acid 

chlorides 6 with the alcohol l xiliary 4 in tha preamca of AgCN ‘*“. 

Exploratory l xpariwnta involvfry additiona of the lithium l nolatea 4 to uouters proceeded 

with radorato storaodlffmrontlation froa tha prodictad face. Thou. ‘kinetic” (1.1 ml-•quiv of 

LM. Tw. -78.) doprotomtion I’ of a (R - nBu) follornd by l ldltlon of dl-c-butyl 

azodicarboxylata (1.25 mol-•quiv. -78’, 2 min) furniahod an 19:81-rlrturo of &duets & and u 

in 62 @ ylold. 

Significantly hlghar l lectlvltlea ware obaemed in tha I~vla acid promoted l,l-addltlon, I’ 

1 - JJ a* doplctad in Schema 3 and in tablo 1. 

R )2 R LDA r R 

/ 2-O ’ 
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9 .*** 17 ( TiCI,, 

Ti( OiPr )4 ) 

10 

11 

Serlas R Ratio 14/u Ylold of u l ’ d.a. of 11 C(2)- Conflg. 

Cl-u& aftor PC (r] after PC [I] of u 

----___ -----_______________________________ 

. a3 3.1 : 96.9 

b C2H5 1.9 : 98.1 

e CJH7 1.8 : 98.2 

d I-C3H, 2.6 : 97.6 

. v9 3.7 : 96.3 

f 1 - C& 3.6 : 96.6 

8 ‘6’13 2.0 : 98.0 

h Phm2 1.8 : 98.2 

1 1-Adamntyl-CH2 18.0 : 82.0 

-____________. 

81 

86 

72 (88) 

73 (95) 

85 

71 (87) 

69 (93) 

76 (82) 

65 (81) 

-----.________-__.__________ 

z.99.5 s 

B99.5 S 

>99.5 S 

99 S 

>99.5 S 

>99.5 S 

B99.5 S 

B99.5 S 

>99.5 S 

--------------.-____.---------------------~-.-..------------..______________________. 

Klnotlcally controllad &protonatlon/sllylatlon of oator* z I’ followad by treatment of the 

romultlng cru& l ilyl luteno l cotalr 1 with TlC14/Tl(OlPr)6 2:l and l zooocer p at -78’ gave 

adducts u and 11 in good yiolda. Direct HPLC and LH-M!lR (360 II&. 1OO’C) analya~s of the crude 

product mixtures l d full charmzt*rlrmtlon of cha l oparated lmowrfi u end u abound the 10~ 
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polar. ujor N,N-dl~cylhydrui~xt~rx u to be fornd in dixrtwoowric l xcexx (d.0.) of 91 to 

96.68 (entrlas x to h). Tim 1-r r-face-dlfformt1ation (648 d.e.) obmwvmd in entry 1 uy bs 

attributed to thr excoptlonxl xterlc bulk of the adrunty &coup. Plxrh chroutogxphy (PC) or 

crystxlliz~tloa (b) furnishad wIthout l xcoptloo U in virtuxlly 1OOI d.o.; tholr (ZS)- 

confIyrxtion YU xaxlgnmd by trmuforutlon to (2S)-o-xmlna xcldx u dmcrlbod below. 

(I - m 

(Scheme G, Txbl. 2). 
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-2: ConversIon of W.W-Dl~cylhydr~tlno~wtor~ u into (2s)~O-AmIn kid liydrochlorldos 

-___ 

% 

v5 

CJH? 
1 -C3H, 

w9 
I-C&H9 

‘6% 

Phm2 

__--._____--________.__________------.----_______----__.__--. 

Dmcylxtlon Ester cl*xvag* 

hydrogmolyxln 

11-U l2+4*U 
--.__-----____..--________-_---- 

Ylold of u Ytold of 4 Ylmld of n . . . . of fi 

(tryst. 1 III I*1 f&l III 
.___._______________-~_~.~--__----.-.-------__-~----______~~ 

a3 96 83 95.0 

77 >99 91 99.1 

81 >99 86 99.2 

71 86 90 99.1 

80 >99 95 97.6 

70 >99 86 97.7 

55 95 09 96.9 

66.’ >99 86” 98.6” 

1 1-tintyl-CM2 78 >99 65 95.2 

----.___----____._.------.-------------------------_______---~~-----_~.~---~_____~-- 

‘> R - Cyclohexyl-CH2 

In order to whlow the required N,N-hydro~molysle the t-butoxycxrbonyl group. w-r. first 

removed by l tirrlng of 11 In trlfluoro~eotlc xcld/CI12C12 1:l (0’. 3h). Pimporation of tha 

solution l d rtikin6 of the roxldum vlth Pt02 (oatxlytle mmmt. Vmtron) in DtOH u&or H2 (75 

pai. r.t., 15h) xmothly afforded. aftor work-up, cyxtall1m u1nomtera 12 (55 to 83a) I’. 

Encr)r h ahow tbt hydrogsmtion of the phmyl rlnu occurs under them conditlonx to give 

clemly the hmxshydrophenyl~lmlm aatar 11 . R - cyclohmxyl-CH2. Although l ldlc hydrolysis of 

*stars 12 pvm dirmtly mlno acid hydrochloridm U tha xuxLllary 4 YU Qstroyod. More 
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l lvanta~mualy. uo ro8onorated the ehiral alcohol 4 ln MS@ ylold by non-dwtnwtivo 

trma~~torlficatlm of U ln the preswux of Tl(OEt),. Rutin of the raaultlng cruda olno acid 

*thy1 eatarm in 6fl q HCl at reflus and l vaporatlon of the l olutlon affordd the uino acid 

hydrochlorldm U (49 to 778 yirld from u). lb ludfcatod abroluto configuration and 

l mtlorrlc puritlw (97 to 99.7~ a.*.) of tha cruda amino l clda u wmro readily datormlrud by 

CC cowparlam (chlral capillary cola) ‘*I’ of their (N-trlfluoroaatyl)-n-propyl l stora with 

those of rmaric l d l antlonrlc~lly pure mathantic l amplaa and wara furchar mupportad by 

chlroptlc comparison I’. 

-of-. 

To understand the obwnwd w-face dimximinatlon on l loctrophllic ulrution of 0-•ilyl 

lutmu metal* 1 thalr (8.2)-confipration and conformtlon bad to bo dateraimd. In fact. K!@- 

Huclmr Owrhaw~r XxporLwnta on t ahowed that l pln l aturatlon of HA cawed a 2.1@ l hmmmnc 

of the SL-CXJ signal uhfch in turn, on lrradlatlon, inerased the HS l lgnal by 9.08 (Schaw 5). 

SQheno 5 

2 E-&,CI 

11 E-N(BOC)-NHBOC 

la 1 14E=OAac 

15 E - CH(OH)R 

Theso rmsultr l grao with tha (b)-configuration of the O-ally1 kateno metal b md vlth l 

ryn-perlplanar diapoaltlon of tha C(l),OSi- and C(2’).HA- bonds. Buod on X-ray-diffraction 

l tudler of wtera of l uxillay 4 ” Y. ..a- tha C(10’).S02- and C(l’).C(7’) bon& to b. MCI- 

perlpluur and (aa a rwult of l ilfonulda conju&atlon) the lorv pair on nitrogen to biract the 

O-S-O- mgla. Accordl@y. on. cyclohoxuu rln8 blocks tha oleflnlc C(o)-Re (front) fax and 

l lectrophilos [El* l ch u Levlr acid ceordlmtod uo aster p (- 11) and l ldahydem (a fi) I’, as 

va1L . . NBS. NCS (+ 2) ’ and Pb(OAc),, (+ &) m attack 1 prefarmtlally from the less hinderad 

C(o)-Sl (back) face I’. 

-ion. 

In s-ry. we have &scrIbad a prodictablo l nantlo~~l~ctiv~ entry to (2S)-a-amino acida U 

(raadily l ppllcabla to the synchews of (2RJ-o-amino aclb, Siven tha courclal wallability of 

9 and of ita antipode) which La aLeo caplamntary to tha halOgOIUtiOn/aib diaplacownc 

methodology ‘. l%rth~rwre. the postulated gonoral toplclty of electrophilic attack co O-sllyl 

krteru acotals 1 ia *upported by l parlrntal wldsnce. 
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md Nrr C. CI&mmc for lllIR l d IIS masuromnt~ and particularly, Nr. ft. van Arr. Hr. f. 

Xobayashl and Hr. A.J.~.Jmwmn for their tochnlcal contribution u wll l * Dr. II. Wqyar for 

the preparation of an NOB amp10 of h. 
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All rwotiorr umro carried out m&r A? 111th ygwtlc l tlrrlnl), unlasa othalrloo xpaclfiod. 
Solvonta ware drlod by dietllhtlon from drylly wont@ u follwr: Kt20 (k), TRP (lla), 
dlisopro@uLlw CC+). Tb* n-butyllitblua rolutlm ware u&yxad by GtLrn’a titration. 
Temporaturon are l xpraared in &sraoo Cel#lw. ‘Work-up’ dmotom l xtractlona with an orb. 
solvent. rwhing of tin a. p&so with 8at. 84. kc1 cola.. dry* (lQSO4). and -ration 
(rotatory rvapormx). Cola flub chroutoyaphy (PC): SlO2(lluck 60, 0.040 - 0.063 m). KPIL: 
f44cora. AU/GPP-244. iou~rxtor n*sa, Sorfa Carlo Kriu, LfC2wexorb S1 40 (5 p, Worck), 
rbfrxctawtbr Yeta-s R4Ol; retoatton tima la 11n (~.a.). CC: Jtulett-Paakard 579OA, int.Rrator 
HP 3390, cqlllary colmn (fused alllea. 0.25 1.d.. 23 m) Chfra~ll-t’81 (Altoch Aaaoc1at.r Inc), 
10 p*i H 

I’ 
2 8lrl 100’. 5’/8fn+140’, unlor8 oth.orwioo l pociflod; retoatfon time in l fn (are**). 

Crystal1 z&low wra cwrlod mat in bexane, ~1~8 oth~~lso spclfled. X.p.: Kofler hot atag*; 
uncorrected, [a]: Porkfn-Rfwr-241 polarinter; in CIlC13, unl.B# otiruIr* 8pecifiti. IR: 
Perkin-Elmer 257. CHC13. ur11.88 othonlte 8peclfirb. 54-m rt 360 I(tit (CRC1 
at 100’ to squillbrata rotaarm). unlew othanlae apoclflod; “C-IMR at 30 la, 

,u, u in IMOd 

othervia* xpecifled; wandud totrwthytiiln (6 - 0 pp): J In Rx. I@: y’z 
(CDC13). unleas 

(rel.-r).Il 

A&a (1.3 l qulv.) was ad&d to a mixtura of muxllluy 4 (1 oqulv.) and tM acid chlor%ie 6 
(2 l quiv.) in tolwno (3 ~l/role of 3). ibtin# of tbo alxturo at 90 to 100’ for 3 to 6 h, 
filtration through CoIlto, chrcutoyephy ad crystallization afforded pure bster 1. 

Addition of bter 2 (1 l qulv.) ln W (2 ml/role of 2) to I l %xhllo of freshly prwaod 
LlN(l-Pr)2 (1.1 l qulv.) end ClSLllr3 (1.75 l qulv., -78’) in dry THP (4ml/~olo of LDA). l tlrrlnR 
the mixture at -78’ for lh bnd, after reaovel of the coollnR bath. l ttrrlng for 0.3 b. 
waporatlon. axtraction rlth pentwm (for u, W2Cl ). flltratlon ud waporatlon of thr pentanc 
rolutlon fumtahad crude O-ally1 ketorw acotal f. I -(O-I-PC) (0.5 mol-vlv.). followed by x 

t f solution of freshly rotrystalllrad uo *#to? p (1.25 l quiv.) m 
dropvlso at -74’ to l l olutlon of TICIG (1 l qulv.) in -Cl 

C12(O.S ml/ mole) were added 

mlxture was stirred for 3 rfn et -78’. Slow addition (ova ! 
“3 (I ml rola), and tha roaultlng 

0 minf of cntdo 0-rllyl iretow 
wzotal 1, In Cli2C12 (l.Sil/molo) at -78’. l tlrrlnR of the rlxture at -78’ for lh, followed by 
addition of aat l q. NaHCO (7ml/molo A), allwiry t!w airrod mixture to warm to room 
temporatur~. flltrxtlon t a rot+ Cdite end vork-up fur&shod crude l lxturw of 1,4-adduces a 
and u which was uulyxad by CC and wparatrd by PC. 

ll_ -12.v 
CP3COOM (lOml/~lo of u) vu ddod mar S I& to a 8olutlon of u in CH2C12 (10 ml/rol*) 

at 0’. The l olutlon was l tlrrod at 0’ for 3 l ln, l llouod to warm to room tewraturm. l tlrrad 
for 3h. dllutod vfth CC14 (Sml/molo) ad ovaporatod (2x). Drying tha rufdua at 0.01 Torr for 
3h, addition of Etch (13 ml/role) and Pt02(60 y/-la). l haklng of tha l lfture in l Parr 
l pparatw under H2 (75 pal) at r.t. from 6 to 24h. flltretfon throu@ CsIlte, evaporation , 
work-up, FC and recryetallixatlon afforded pura a-ulnoatars 12. 

12m -13-v 
A mixture of uim ester 12 (1 l qulv) and t~~OBt14 (1 l qulv.) in dry RtO# (3 &/mole of u?, 

wara heated at 70” for 3b (&R: r.t.. 60h). Rvaporatlon aad chromatography affordad l uxlliay 4 
and the corrwpondln(l crude rlno *thy1 eator rhlcb vu then hoaced under reflux in 6N l q, HCl 
(20 ml/mole) for l.Sh. Uashing of the solution rlth CUClj. evaporation and drying at 0.001 Torr 
for aewral h fumlxhsd amino acid hydrochlorib u aa a colorla~ solid. 

13 to - - * * 

1) 11u addad dropwise at 0’ to n-prop-1 (1 ml) and tha l ixtur4 
was warmad to r.t. over S mtn. Addition of u ( S to 40 m#. hoeing of the solution at 100’ for 
40 min. waporatloa aad drying (0.01 Torr, 2h) gwz* l rbatdw uhfch was dissolved ln CM2Ck2 (1 
ml). To this l olutlon trlfluoraaotic anhydrlda (0.2 11) VU addad droplao at 0’. Moattry the 
efxturo undw rsflux for 10 rin, waporatlon and dryiru (0.01 Torr. 2h gaw the corraspondlng 
(N-trlfluoracetyl)-o-proplate (-1001) wblch vu l nalyxed by CC. IR. I H-NMR and KS. 
syUwiULi(IS)F 

~(lS.2R)-10-(N,N-Dlc~cI~f~~ulf~~~~&~-2-ylj Proplonate (b).- Using the gbnoral 
procodura. proplonyl chlorlda (1.83 6, 20 mol) u)u hmtrd vith l uxlllary 4 (3.976g. 10 rol) 
and ARCN (2.01 g. 15 ml) at 9s’ for 3h to give aftor work-up. PC fhoxano/tt 0 3:l) and 
crystallization (hatans) h (4.277 8. 968). H.p. 131-153’. IR: 2943, 2865, 17 0. 3 1455, 1327, 
1145, 1050. 980.‘H-KNR: 0.89 (a, 3 H); 0.99 (8, 3 H): 1.16 (t, J - 0.7s. 3 H): 1.04-1.38 0 H); 
1.38-1.90 (18 H); 1.92-2.07 (2 H); 2.32 (q, J - 7.3. 2 I); 2.67 (d, J - 14, 1 H); 3.18-3.33 (a, 
2 H); 3.27 (d. J . 14, 1 W: 4.96 (dd. J - 3, 8, 1 Ii). “C-IMR: 172.55 (a), 78.186 (d). 57.37 
(if). 33.55(t), 49.27 (s), 49.02 (s), 46.40 (d). 39.57 (t), 32.76 (e). 32.65 (t), 30.07 (c), 
27.63 (t), 26.97(r), 26.45 (t), 25.14 (t), 20.36 fq), 19.93 (9). 9.10 (9). K!S: 653 (12, 
C H4 m, S’.). 298 (36); 2U (64). 228 (9). 181 (12). 135 (15). 107 (S), 93 (12). 83 (lE), 67 
CR 37 q1OOL 55 (63). 

((IS.2R~~lO-(NW,N-Dlc~clahu)lrol~~ulf~~l~~~-2-~l~ ((2R)-2-(N.N’-dl-terc- 
buco~cr~tl)htdruLnopropf~c* (a) md f(lS,ZR)-IO-(N,N-DicPcet~llPLnorulfonJt)born-2- 
rif ~(2S)-2~(N,N’-dl-t~re-krtarTf~~~l)h~drufnop~plauC~ (a).- Vein& the Renaral 
procoduro. propionato a (1.59 R. 3.5 ml) yu convortad to a cnbd4 rixturo w, MPU 
(hexano/BtOAc 9:l. 2 l l/rein.) 6.9 (93.9). 10.1 (3.1). uhlch was chrouto&raphod f&umflttMc 

10~1) t0 &iVO after CqatdliZ4tiOn (b-) &a has pd&r , ujor product u (1.93 R, El@). 
N.P. lCR-170’. 10) - -22.4’ (20’. c - 0.97). HPLC thelur/Rtak 9:l. 2 l 3Jmln.): 7.0 (100). IR: 
3390. 3320. 2940, 8860. 1740. 1720, 140, 14%. 1395, 1370, 1323, 1165, 1143, 1110. LOSO. 9aS. 
‘H-IWP wlsOd6, 100’): 0.87 (s, 3 H): 0.913 (#, 3 H): 1.00-1.95 (27 H); 1.36 (d, J - 7, 3 H); 
1.42 (18 H); 2.72 (6, J - 13.5, 1 H); 3.20-3.3s (2 Ii’: 3.24 (d, J - 13.5, 1 Hf; 4.60 (I, 1 IL): 
4.75 (I, 1 H); 8.00-6.10 (br. 1 H). lls: no CJSH~~N~O~S .-‘683. 483 (19). 380 (20). 246 (15). 228 
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(20). 181 (53). 135 (100). 107 (25). 98 (14). 93 (31), 83 (46), 79 (16). 67 (10). 59. (88). 57 
(35)) 55 (48). Purthu l lutlon fumirhod the minor. ore polar l plwr 1p1 (contatnlng 238 of 

Ah): HPIZ (haano/EtCMc 9:l. 2 =l/mln.): 7.4 (22.8). 9.6 (77.2). IR: 3390, 2940, 2860. 1745. 
1720. 1480. 1455, 1395, 1370. 1525. 1165. 1145. 1110, 1050, 905. 'Ram (cased 100'): 0.87 (8, 
3 w; 0.99 (a. 3 it); 1.00-1.98 (27 H); 1.30 (d, J - 7,) II); 1.39 (s. 9 H); 1.4 9' (a, 9 H); 2.67 
(d. J - 13.5, 1 It); 3.20-3.35 (2 H): 3.31 (d, J - 13.5, 1 U): 4.45-4.55 (m. 1 H); 4.75-4.82 (m. 
1 w; 8.35-8.55 (1 H). 

f(lS.2R)-IO-~~.l-Dlcycl~l~~lfmyl)&m-Z-yl~ (ZR)-Z-adnopropiomt. (&).- using 
th* gwural proceburo, hydrulnooxtu u (342 q. 0.5 -1) Rx- aftor N,ll-6xtylxtlon and 
hydroganolyxlo (12h). PC (horurw/ltWc 1:l. then Et&) and cryxtxllitation alnooxtu fi (187 
ax. 808). tt.0. 173-17s'. Iol,, - -36.6'(2O'.c - 1.02). IR: 3380. 2945. 2860. 1735. 1600. 1455. 
1JSs. ij75, i325. 1170.~li4~~ 1110, lojo, 985. 'HA: -0.90 (a; 3 wi 1.00.(*. 3.H); 1~05-1.90 
(25 H); 1.37 (d, J - 7. 3 H); 1.90-2.06 (2 H); 2.68 (d, J - 13.5, 1 It); 3.20-3.30 (2 N); 3.24 
Cd. J- 13.5. 1 H); 3.50 (q, J - 7. 1 Ii); 4.98 (dd, J - 3.5, 6. 1 H). %-NW 175.20 ix,, 78.89 
(d). 57.48 (d). 53.83 (t), 49.91 (d). 49.43 (0). 49.10 (a), 44.38 (d). 39.52 (c), 32.82 (c). 
32.66 (c), 30.26 (c). 26.92 (t), 26.44 (c), 25.15 (t), 20.35 (q). 19.94 (q). 19.90 (0). MS: no 
C2sH4,,N 048*.-468. 381 (20), 181 (LOO), 135 (32). 107 (21), 93 (37). 83 (42). 55 (55). 

(ZS?-~lurlne QdrocJAwlda (u) .- Ualw tJw R*nuxl preea&ro. trxna~xtulflcatlon of 
aalnoomter & (610 4, 1.3 rol. r.t.. 6Oh) and FC (haun/RtMc 7:l. then &OH) fumlrhad 
l xllluy 4 (487 mg. 9ba) to 61~. aftor l cldlc hydrolyals of tlm cruda ethyl l atar, u u l 
colorloxx rolld (136 DR. 83~). [olD - +6.3' (20'. H20. c - 1.20). 'H-lOGt (D20): 1.41 (d, J - 
7.5, 3 H); 3.96 (t, J - 7.5. 1 H). 

n-Propyl (ZS)-Z-Trlfluor~otuldopropl~co.- U81~ tha gamral proc*duro cruda a (10 =R 
0.08 wl) gave the corroxpondlng (N-trlflwrxcotyl)-n-propyl wtor (20 q. -1001). CC 
(Chlrxxll-Vxl. LOO'): 3.15 (2.5), 3.69 (96.5). IR: 3410, 2980, 2940. 2880. 1785, 1730, 1535, 
1455, 1400. 1290. 'H-m: 0.96 (t. J - 7.5, 3 ii); 1.52 (d, J - 7. 3 it); 1.6 (8. br.. 1 H); 1.72 
(I, 2 H); 4.20 (m. 2 Ii); 4.63 (m, 1 H). The (N-trlfluorxcotyl)-n-propyl wtu prepuod from 
c-rcial (ZS)-alanina #hour ldantlcal II, 'H-Men and HS apoctrx. CC (Chlraall-Val. LOO') of 
(N-trlfluoracotyl)-n-propyl l xtux prepared frm coouclal (ZS)-xlanlzw: 3.68 (100); 
colnjoctlon of tha lattu ulth tha l rple dorived from a: 3.70 (uJor): fr# cowrclal (2s). 
xlxnlnr: 3.25 (49.0). 3.70 (49.9). 
&KhR&Aot(2S)~ 

[(1S.2R)-10-(N,X-Dlcycloh~l~~~~yl)born-l_II~ bur-ce (a). - Uxlng tha gotural 
procedure. l uxllluy 4 (1.99 g. 5 rol) wax hoxtod with butanoyl chlorlda and A&N at 90' for 3h 
to glvo l ftu work-up. FC (ha-/RtWc. 4:1) and cryx~lllxatlon 2 (2.18 R. 936). N.p. 142- 
143'. IR: 2950, 2870. 1735, 1460, 1395, 1325, 1170, 1150, 1110, 975. 'H-W: 0.89 (8, 3 H): 0.97 
(c, J - 7.5. 3 H); 0.99 (8, 3 II); 1.05-1.90 (27 Ii); 1.94-2.07 (2 It); 2.28 (t, J - 7.~3. 2 H); 
2.66 (d, J - 13.5. 1 H); 3.22-3.32 (2 H); 3.26 (d, J - 13.5. 1 It); 4.95 (dd, J - 3.5, 13, 1 II). 
"C-)oIp. (SO lWx): 171.88 (x). 78.26 (d). 57.40 (d). 53.65 (t). 49.28 (a). 49.05 (a). 4.63 (d). 
39.64 (tj. 36.;7 (c). 32.77 (t). 32.bj -(c). 30.09 (c). 26.96 (c). 26.%-(t). 2s.ij -(c), 2d.i; 
(q), 19.94 (0). 18.36 (t). 13.70 (0). NS: 467 (1. C H,,sRO Se.-), 

(LOO), 55 $!6). & 
298 (3), 244 (8). 181 (14). 

135 (18). 107 (11), 93 (13). 83 (20). 71 
467.3069). 

-MS: 467.3091. (C26~,,sN04~*. talc.: 

~(lS.~R)-lO-(W,W-Dlcyclahuyl~l~~~lf~yl)&~-2-yl] ((ZR)-2-(N,W'-dl-t~rc- 
bucoxycubonyl)hydrulnobutyru~ (m) and [(lS.2R)-10-(Y,N-Dlcyclohuyl~lnoruLfonyl)bom-2-yl] 
[(2S)-2-(N,N'-dl-Cort-buco~eubonyl)hydru~ucyr~c~ (u).- Umlry the general procwBars, 
butyrxte B (2.34 6. 5 -1) wu c-rtod to A cruda mlxturo w. HPLC (hounx/RtOAc 9:1, 1 
=l/rln.) 8.5 (68.1). 12.3 (1.7). which YU chrouto&raphad (houru/EtOAc 1l:l) to Rlro the laxx 
polu uJor product m (2.93 8. 848) xx an uorphow xolld. ]a) 

P 
- -31.4' (20'. c - 1.24), HPLC 

(haano/ltOAc 9:l. 1 mlhln.): 8.6 (100). IR: 3390. 3300. 2940. 
i370. lj25, 1170.~1150,~1110~ 1050,~985~ IH-IBQI (raised,. 

B60. 1730. 1470. 1450. 1395. 
-100'): O.&(B. 3 -H); 0:98 (.; 3 H); 

1.00 (c. J - 7. 3 H); 1.05-2.00 (29 I): 1.40 (8, 18 H); 2.72 (d, J - 13.5. 1 H) :3.20-3.35 (2 
H): 3.25 (d. J - 13.5. 1 H): 4.42 (m. 1 Lo: 4.76 (m. 1 H): 7.75-7.90 (br. 1 It). lls: 697 (<l. 
C*.H I O‘S;.), 497 (50). i&l (GO).‘298 (i2j, 246 i2i). 226 (33), 181 iSO). 16-b (LO). 135.(iO0). 
119 SOY 93 (25). 83 (40). 73 (55). 57 (60). I\rrthe l luatlon fumlahed the mre polu. minor 
lmkr 1ph: tk~(h~xa~/BtOAc 9:l. 1 =l/mln.): 12.2 (100). II: 3380. 2940, 2660. i745. 1715, 
1480. 1455, 1395, 1370. 1325. 1170. 1145. 1110. 1050, 985. 'H-ll[ll (IMOd LOO'): 0.86 (s, 3 it); 
0.92 (t, J - 7.3 II); 0.96 (s, 3 H); 1.00-2.0s (29 H); 1.40 (8, 9 H); 1.4 0' (8, 9 It); 2.68 (d, J - 
13.5. 1 H); 3.20-3.35 (2 H); 3.29 (d. J - 13.5, 1 H); 4.44 (m. 1 It); 4.77 (I, 1 it); 8.15-8.35 
(br. 1 H). NS: 697 (<l. CJ6H N 0 S*.). 497 (40), 380 (37). 298 (9). 246 (21). 228 (29). 161 
(45), 164 (lo), 135 (100). If+ 138,. 93 (23). 83 (36), 73 (53), 57 (68). 

[(lS,2R)-l0-(N.N-DlcycloJiuyl~no#ulfmyl)born-2-y1] (2R)-2-rrimbutyraCe (u).- Ualng the 
gwural procadura. hydrarlnoatar u (2.20 8, 3.15 -1) yve xftu N.N-daacylxtlon and 
hydrogaolyalr (22h), FC (hoxano/RtOAc 2:l. then LtOAc) and cryxtalllxatlon ulnoaxtsr m (1.18 
R, 778). H.p. 158-160'. [a] - -32.9' (20', c - 1.27). IR: 3380. 3320. 2940. 2660, 1735. 160'3, 
1455, 1395, 1375, 1325. 117B. 1145, 1110. 1050. 98s. 'H-m: 0.86 (8. 3 H); 0.94 (t. J - 7.5. 3 
H); 0.96 (s, 3 H); 1.00-1.34 (8 H); 1.54-1.86 (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 ii): 3.36 (dd. J - S.5, 7. 1 H); 4.98 (dd. J - 3.5, 8, 1 
w. %-IIQI: 174.81 (a). 78.86 (d), 57.50 (d) 55.35 (d). 53.80 (c), 49.40 (s). 49.08 (s). 44.40 
(d). 39.54 (c). 32.81 (t). 32.68 (t), 30.31 (t), 27.07 (t), 26.92 (t), 26.45 (t), 25.16 (t). 
20.35 (q). 19.90 (q). 9.74 (q). MS: m C 6H R 0 9*'-482. 181 (34). 180 (28). 138 (13). 135 
(ll), 104 (10). 90 (ll), 93 (la), 83 (19K 49 tlbo). 57 (77), 55 W). 

(2S)-kfnobutyrlc Acid Nydrochlorldo (l&).- Ualng tlm @nom1 procedure. 
trmuomtorlflcatlon of ulnowtor m (920 ly. 1.9 ~1) and FC (hourw/KcOAc 7:1, then Etm) 
furn1ah.d l uxlllary 4 (760 .g, 1004) to Riw. after l cldlc hydrolyalx of the cruda athyl oxtar‘, 
m ax a colorlwx xolld (240 q, 91@). [a]0 - +lO.l' (20', H20. c - 1.11). 'H-IIQ (020): 0.87 
(t. J - 7.5. 3 H); 1.77-1.91 (2 It); 3.86 (c. J - 6.1 W. 



Synlka of a-ammo acklr from IO-sulfonumdo-iaoboroyl tan 5547 

n-Propyl (zS)-2-lrlflwr~coc~dut~r~t~.- Uolry the goaoral procodurr cruda l& (10 w 
0.07 al) gm thm corro8pondlng (I-trMl.uoraceyl)-n-propyl l mtar (20 g. -Loo*). CC 

(Chlrarll-Val): 3.90 (0.15), 4.36 (99.7). Ill: 3420. 2960. 2940. 2160. 1730. 16bO. 1460. 1175. 
'H-KM6 (200 I6Ex): 0.95 (C. J - 7.5. 3 It); 0.96 (c, J - 7.5, 3 H); 1.60-2.10 (4 H); 4.li (0. 2 
H): 6.60 (q, J - 7. 1 H); 6.92 (a, br, 1 II). U6: no C 
(10). Iho (R-trlnuoruo~l)-a-progyl oator propared f" 

l,F3)10,*.-241, 154 (100). 126 (a), 69 
ra cmrclal (2s).2-riaobutyrle acid 

shows Ldontlcal 16. k-lar and W mctra. CC (filrull-Val) of (I-trifluoruotyl)-a-propyl 
asters prepared from cmrclal (2s).2-butyrlc rid: 4.36 (106); co@jmctlen oi f&a latter vleh 
the l qla dorived fra m: 4.40 (ujor); fra c-_refaI (tRS)-2-rirebutyric l clb): 3.96 
(49.0), 4.40 (lr9.4). 

B((2S)_ 
{~1S,2R~-10-(N,W-Dlc~cl~l~nlf~l)&m-2-~1} Valor&e (&).- Unix the gwnral 

procedure, auxiliwy 4 (2.39 g. 6 rol) YU hutad vlth valoroyl chlorlda and w at 90' for 3h 
to giw after work-up. FC (ho~/CtUAc 4:l) and cry~tallltatlon & (2.37 g. 029). N.p. 158- 
160'. IR: 2950. 2670, 1735. 1660. 1395. 1330, 1170. 1150. 1105, 975. 'H-IBXit: 0.69 (s, 3 I(); 0.93 
(c. J - 7.5, 3 H); 1.00 (B. 3 H): 1.03-1.90 (29 H): 1.93-2.06 (2 H); 2.30 (c, J -7.5. 2 H); 2.67 
(de 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. 6, 1 H). % 
NN6 (50 HHz): 172.05 (8). 76.27 (d). 57.61 (d), S3.65 (t). 49.26 (s), 49.06 (s). 66.b3 (d). 
39.66 (c). 34.35 (c). 32.76 (c). 32.70 (t). 30.06 (c). 26.96 (c) 26.67 (t). 26.45 (c). 25.14 
(Cl 
161 

'(11), 22.31 135 (c). (47) 20.42 65 (q), (100). 19.96 57 (q). (50) 13.66 55 (44). (q). HII-W: NS: &El 661.323!l (12 C 7H t 7N04S'.). H )r) S*. 296 talc.: (27). 461.3226.) 244 (35). 

[(1S,2R)-IO-(N,;-D1c,cloh~lu~;ulfao,l)bom-2-,l~ ((2R)-i-i51.~'-614t.;c- 
butoryc~rbonyI)h~dr~rlnov8lor~to (a) and ((1S,2R)-lO-(N,N-Dlc~cloh~l~~sulf~~l)&m-2-~l~ 
[(2S)-2-(W,N’-dl-t~rt-but~c~r&n~l)h~dru~v~or~to (&).- Ualng tin gamral procedure, 
valetao & (1.96 g, 1.1 rol) was convortod to A crude l tituro m. HPLC (haxano@rOk 9:l. 
1 =l/oln.) 6.4 (96.2), 11.0 (1.6). uhlch was chroutographod (~@tOAc 12:1) to glvo 
racowred eaear & (316 q, 16*) folland by the loma polar major product llf (2.1 g, 729. 
amorphous solid). [o]D - -29.7' (20', c - 0.96). HPIA (haum/gtOAc 9:1, 1 ~l/~ln.): 6.G (100 
IX: 3390. 3320. 2940. 2660. 1730, 1460, 1460, 1395, 1370, 1325, 1170, 1150. 1110. 1050. 985. 1 H- 
N)(R (0"=d6. 100'): 0.67 (s, 3 H); 0.69 (t, J - 7. 3 H): 0.96 (8, 3 H); 1.00-1.95 (31 H): 1.64 
(8. 18 H): 2.76 (d. J - 13.5. 1 H): 3.20-3.35 (2 H): 3.24 (d. J - 13.5. 1 H): 6.52 (m. 1 H1: 
G.76 (ol.-i H); 7.65-7.60 (br: 1 Hj: )(s: 712 (4. C..H6 II OeS'.) 
380 (30). 298 (15). 246 (20). 226 (22). 161 (50). & ?,a). 13; ~~~)(.4q)d7:Bj10:.2'~;.~~~)~b29)' 
(15), 57 (97), 55 (55). 44 (SI)). ?krth*r l lutlon affordad tha mre polar, Aor~lsonr & 
(contalning 168 of &I. HPLC (hexano@cMc 9:1, 1 &Mn.): 6.4 (18.1), 11.0 (76.6). ZR: 3390, 
2960, 2660, 1740. 17l5, 1610. 1460, 1455. 1395. 1370. 1325. 1170. 1145. 1110, 1050, 960. 'H-M6 
(DXSQd 

f* 
100'): 0.64 (8 3 H); 0.66 (c, J - 7. 3 H); 0.99 (8, 3 H); 1.00-2.10 (31 H); 1.40 (8 9 

H); 1. 3 (s 9 H); 2.68 (d, J - 13.5, 1 H); 3.20-3.35 (2 H); 3.30 (d, J - 13.5, 1 H); 6.76 (0, 1 
H); 6.76 (m. 1 H); 6.20-6.60 (br. 1 H). IS: no C 7H N 0 S*.-712. 
266 (16), 226 (25). 161 (54). 135 (100). 107 (233, 83 i 8 

511 (36), 360 (32). 296 (12). 
7 ). 69 (11). 57 (70). 55 (36). w, (22). 

[(1S,2R)-10-~N,N-Dlc~cl6h~lulnorulf~~l)&m-2-~l] (2P)-2-~lnovalerata (a).- Using cha 
gorural procwlure, hydrulnowtor b (2.10 g, 2.95 -1) gova after N,N-bylelon l nd 
hydrogenolysls (22h), FC (heuru/EtOAo 2:l. rhon EtlXc) and crystalllratlon ~lnooamr fi (1.20 
6. Elr). tl.p. 133-135'. [o] - -32.2. (20'. CHCl 
1670. l&55. 1395. 1375. 1329. 1170. 1150. 1110. &50. 960. 

II: 3360. 2945. 2660. 1735. 1600. 
H(R: 0.65 (8. 3 H): 0.89 lt. J - 

7.5. 3 H): 0.96 (8, 3 H); 1.00-1.65 (29 H); l.OO-2.0; (2 H); 2.66 (d, J i i3.5,.i H); 3116-3.32 

(2 H); 3.26 (d, J - 13.5, 1 H); 3.41 (dd. J - 5.5. 7. 1 H); 4.96 (dd, J - 3.5. 6, 1 H). "c-l~~: 
175.10 (s), 76.63 (d), 57.47 (d). 53.95 (d). 53.61 (c). 49.39 (#). 49.06 (s), 46.39 (d). 39.48 
(c). 36.19 (t). 32.78 (c). 32.67 (c). 30.32 (c). 26.93 (c). 26.44 (t). 25.11 (c). 20.33 (q)a 
19.86 (9). 18.62 (c). 13.83 (q). I(s: no C27H46W204S'.-496, 161 (26). 180 (21). 136 (10). 83 
(ll), 72 (loo), 55 (12). 

(ZS)-Norwllne Rydrochlorlde (&).- Ualng tb gonrral procoduro. trwo~tarlflcatlon of 
ulnoestar & (1.04 g, 2.09 rol) ud FC (haano/l!tOAc 7:1, t&n EtOAc/KtOH 1:l) fum1ah.d 
auxiliary 4 (637 .g. -1009) to glw. after l cldlc hydrolysis of tha en& ethyl eater. & u a 
colorless soltd (276 q, 669). [o]O - +7.9' (20'. H20. c - 2.02). 'H-MS! (D20): 0.79 (c. J - 
7.5, 3 H): 1.19-1.37 (2 H); 1.66-1.67 (2 H); 3.90 (c, J - 6.1 H). 

n-Prop71 (2S)-l-Trlfluor~at~dov~l~ret~.- Using the general procwtura crude m (15 .g, 
0.1 wl) 6ave the corroapondlng (R-trlfluorac~tyl)-n-propyl l scor (25 q$, -1001). CC (Chirasll- 
Val): 5.35 (0.4). 6.02 (96.5). IR: 3420. 2960. 2960. 2880, 1730. 1535. 1476. 1175. 'H-m: 0.96 
(f. J - 7.5, 3 H). 0.97 (c, J - 7.5, 3 H), 1.26 - 2.68 (2 H), 1.72 (#UC. J - 7. 2 H). 1.70 - 
1.82 (1 H), 1.93 (m. 1 H). 6.17 (2 H), 4.63 (q, J - 7. 1 H). 6.6 - 7.1 (1 H). MS: no 
C10H16?' N03+ -255, 166 (loo), 126 (43). 114 (15), 69 (13). Tho (I-trlfluomcotyl)-n-propyl ester 
prapara 3 frw cowmrclal (2S)-2-ulnoval~rlc acid show ldoatlcal IR. 'H-NH6 axd I(s spectra. CC 
(Chlrasll-Val) of (N-trlfluoracotyl)-n-propyl esters proparod fror c-rclal (2S)-2- 
ulnovalerlc acid: 6.02 (100); colnjectlon of tha latter with tha r-10 dorlved frca a: 6.03 
(uJor); from cowrclal (2RS)-P-~lnov~lerlc rid: 5.63 (50.0). 6.02 (50.0). 

proc-:dur; , T~uxll‘l& 4 (2.39 g: 6 rol) ru'h;aced vl~h'lsaval~royl chi.l& andw&H 2 90' for 
b.5h to give l ftw work-up. FC (haxan/ISWMc 4:l) and crystalllratlon Lp (2.52 g, 67a). M.p. 
166-170'. In: 2950. 2870. 1735. 965. ‘H- 
NNR: 3 H); 

1670. 1460. 1395. 1375. 1330. 1170. 
0.89 (8, 0.97.(d. J.- 6.5; 3 H); 0.96.(d. J.- 6.5; 3 ii,; 

1150. 1110. 1050. 
0.99.(, 3 tl,; 1.02-1.90 (25 

H); 1.94-2.20 (5 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-HtR: 171.61 (s). 78.33 (d). 57.40 (d), 53.64 (c). 49.23 (8). 69.05 (s), 
Crfa.63 (d). 63.75 (c). 39.70 (c). 32.75 (t). 32.70 (t), 30.11 (t), 26.97 (t). 25.53 (d). 25.15 

:I:'(22';""(1:q~iJ~:":7(~~i)~9~~~~)~~l.3233, (C27H67k3C&., Cak.: 461.3226.) 
MS: 461 (21 C2 H4 Ro$*.). 296 (GO). 264 (66). 161 (46). 



5548 W.OWOLZIS and R. Mcmm-n 

I~1S,2R~-lO-(W.I-Dlcyclab~l~mulf~yl)~~-2-yl] ~(2s)-2-~n,w'-d~-t~;t- 
buto~c~~l)b~dru~l8~~lor~t~ (1po) and ~(lS,24)-1O-(R,R-D~c~cloh~lr~ulf~~~)~m.2. 
~11 i(2S)-2-(R.R’-dl-tort-but~c~~l)b~u~l~v~~or~to (114).- Uxln~ tbx gxnxrxl 
prwOdur0. lx~alOrx~0 u (2.64 6. 5.06 ml) VU COatnrtd fZ0 l CNb mix-0 u, w 

(hoxano/UtOAc 9:X. 1.5 ml/tin.) 4.6 (97.61, 6.1 (2.4), which wm chromacogrmphod (haaw/tc~c 
1O:l) to Rive rrovared Lp (540 m& 229) followed by tba major product lip (2.63 6, 738, 
morphour rolld). [xlD - -27.6’ (20’. c - 0.10. RPu (hxma/RtaAc 9:1, 1.5 ml/tin.): 4.8 
(99.0), 6.1 (1.0). IR: 3400, 3310. 29400. 2660. 1740. 1720, 1480. 1455. 1395. 1370, 1325, 1165, 
1145. 1110, 105e. 980. i-m (Dw0d 100): 0.66 (a. 3 H): 0.99 (a, 3 H); 1.01 (d. J - 7. 3 Ii); 
1.03 (d, J - 7, 3 ii): 1.00-2.00 (27 Rj; 1.44 (8, 9 H); 1.45 (m, 9 H); 2.27 (a. 1 H); 2.70 (d, J 

- 13.5, 1 H); 3.20-3.35 (2 H). 3.22 (d. J - 13.5. 1 II): 4.39 (1. 1 H): 4.76 (B. 1 H). IU: no 
C H65N 0 S'*-711. 511 (56), 380 (37). 246 (19), 226 i2), lUl~(bl,. .i35 (100j;107 -(20), 98 
(a), 93 ?24). Ttba 1 I nor producr m wu not lurlxrd. 

[(lS,ZK)-lo-(N,X-Dfc~cloboqlahosulfm~l)bom-2-II) (2R)-2-&olaovalerato (m).- Uxlng 
the gemrxl procoduro, hydrxxlwoxter lip (2.60 6, 3.65 -1) v xftor W.R-doxcylxtla, xnd 
hydro6xnolyolx (22h). PC (hxxxno@~ 2:1+1:2) and cryxtalllxaelon ulnoxxtor lip (1.29 ga 
71t). N.p. 154-156'. [xl,, - -30.5' (20'. Q(Clr. E - 1.02). Ill: 3360. 3320. 2940. 2660. 1735. 
1600, lbj5, 1395. 137j:x325, 1165:llb~. 1116; 1050, 986. 'H-RJtR: d.69-(;, 3 H); (d, 0.90 J - 

7. 3 H); 0.99 (a, 3 H); 1.02 (d, J - 7, 3 H): 1.05-2.12 (26 H): 2.67 (d. J - 13.5. 1 H): 3.18. 
3.30 (4 H); 4.98 (dd, J - 3.5, 6, 1 H). %lMl: 174.63 (a). id.95 (d); $9.65 (d); 57.5-i (d), 

53.66 (L), 49.46 (a). 49.10.(a), bb.bb (d). 39.56 (t). 32.1M (t). 32.76 (t), 31.36 (d), 30.39 
(t). 26.97 (t). 26.50 (t). 25.21 (t), 20.36 (q), 19.94 (q), 19.71 (0). 16.78 (0). NS: no 
C27H H 04S*.-b96, 

8 f 
181 (22). 180 (19), 135 (10). 83 (11). 72 (100). 55 (lb). 

S -Vallno Jiydrocblorlde (lip)_- Uxlng the 6wurxL procodurx. tranaorc*rlflcxtlon of 
ulnoorror m (600 q, 1.61 -1) awl FC (houn/EtOAc 7:l. than 6tW~/6tCM 1:l) furnlxhxd 
xuxlllxry 5 (550 mg, 668) to give. xftor acidic hydrolyxlx of tha cruda ethyl oxtar. m xx x 
colorlaxx solid (223 I(, 901). [a] - +13.1' (20'. H 0, E - 1.62). ‘H-W(B (D20): 0.93 (d. J - 7, 
3 H); 0.96 (d, J - 7. 3 H); 2.23 (:, 1 H); 3.73 (d, 3 - 4.5, 1 H). 

n-Proptl (2S)-2-rrlflWrxCOt~doi~~I~rxtO.- U#lly the ReWrxl pro+XdurO CNb m (15 ~6 

0.1 -01) 6x-m the corrupowllry (H-trlfluoraceyl)-n-prapyl xxmr (25 mg, -1001). Cc (Chfrxxil- 
Vxl): 4.00 (0.4). 4.36 (92.6). IR: 3420, 2960, 2940. 2880. 1730, 1535, 1470. 1395, 1375, 1175. 
'H-NHR: 0.93 (d. J - 7. 3 H); 0.94 (c, J - 7, 3 H); 0.95 (d. J - 7, 3 H); 1.68 (mxcet, J - 7, 2 
H): 2.25 (n, 1 H); 4.15 (2 H); 4.57 (dd, J - 5, 9, 1 W; 6.75-6.90 (br. 1 H). MS: no 
CIOHl 

f 
F3N03.. - 255, 168 (10’3). 163 (20. 153 (31). 114 (lo), 55 (52):~he (N-~trlfluorxcxyl).zt- 

propy l am prvrd fra camorclxl (2s)~vallr~ xhow ldontlul IR, lH-~ xnd I(S xpoccrx. CC 
(Chlruil-Vxl) of (N-crlfluorxceyl)-n-propyl eatera proparod fra c-rclxl (2s)~villr~: 4.32 
(100); colnjocrlon of the lattor rltb the xmpla &rived from lip: 4.34 (major); from c-_rolxl 
(2Jt.S)~vxllnx: 4.02 (46.3). 4.33 (49.1). 
smaALQL(2S)~ 

((1S,2R)-l0-(N,W-Dlcyclobaxyl~lno8ulfcfayl)bom-2-~lJ R exAno8te (b).- Uxlnu th. gwmrxl 
procxduo. xuxlllxry 4 (2.39 6, 6 -1) wxx hated with hxxumyl chlorlda and A@ at 100' for 
3.5h to gim 

1 (d). (d), 

(t), 

mlxturo &, HP11: (h.u&RcQAc 
9:1, 1.5 rl/mln.) 5.3 (95.5), 7.2 (3.7), which wax chromatographed (haano/EtOAc 12:l) to give 
tha Iam polar major product & (2.14 6. 85a, amorphou l oiidj. [o] - -29.2' (20' c - OT96). 
HPLC (hxxxru/KtQAc 9:l. 1.5 ml/mln.): 5.1 (100). IR: 3390. 3320. 2958. 2870, 1730, ib-60. 1455. 
1395, 1370. 1330, 1170. 1150. 1110. 1050. 965. 'H-WI (acS0d 

4: 
100'): 0.87 (x, 3 K): 0.87 (t, J. 

- 7. 3 H): 0.96 (8. 3 H): 1.00-1.95 (33 H): 1.41 (e. 16 H): 72 (d. J - 13.5. 1 H):3.20-3.35 (2 
H); 3.22.id: J - 13.5, i-H); 4.49 (ml 1 Hjf 4.75 (0; 1 H);.7.65-7:90 (br. 1 Hj. HS~no 
C H 7N 06s '-725. 525 (85), 360 (82). 296 (29). 161 (15). 135 (34), 101 (55). 63 (33). 57 
(&of. L rtbor l luelon furnlxhmd the minor imar 1pI. HPLC (hruno@tOAc 9:l. 1.5 rl/min.): 5.1 
(2.1), 6.8 (97.8). IR: 3400. 2940. 2160. 1745. 1720. 1480. 1460, 1395, 1370, 1330. 1170. 1150. 
1110. 1050. 965. 'H-KtlR (C&W&. 100'): 0.84 (8. 3 H); 0.67 (c, J - 7, 3 H); 0.96 (x. 3 H); 
1.00-2.05 (33 H); 1.39 (8, 9 HI; 1.41 (s, 9 H); 2.67 (d, J - 13.5, 1 H); 3.20-3.32 (2 H); 3.29 

- 13.5 1 H)- 4.50 (m. 1 H). 4.76 (m, 1 H). NS: no C H Y 0 S'-725 525 (2). 380 (12), 
::; ;‘O). 25; (SO): 181 (17). 135'(31). 101 (32). 133 (b3).3g76[1a): 55 (ldo, 

[(IS,2R)-lO-(N,N-Dlc~cloh~l~~ulf~yl)b6m-2_I1] (2R)-2-&nohukta (&).- fhin6 
the 6marxl procbure, hydraxinoosror & (790 mg, 1.09 ~01) ~xw After N.N-doacylaclon xnd 
hydro&molyxix (15h). PC (houno/ErCAc l:l, than CcOAc) and cryxtalllxxeion xminoexcar fi (445 
'6, 8(w). N.p. 124-126'. [alo - -33.2'(20'. c - 0.22). II: 3540. 3360. 3320. 2940. 2860. 1735. 
1600, 1455. 1395, 1375. 1330. 1170, 1145. 1110. 1050, 965. 'H-RMR (360 IWx): 0.65 (8, 3 H); 0.66 

(c. J - 7. 3 H), 0.96 (x, 3 H); 1.00-1.66 (31 H); 1.90-2.06 (2 H); 2.65 (d, J - 13.5. 1 H); 
3.20-3.30 (2 ii); 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). "C-N?4R: 175.12 (s). 78.64 (d). 57.50 (d), 54.09 (d), 53.62 (c). 49.43 (s), 49.05 (s). 
44.04. (d). 39.50 (c), 33.76 (t). 32.78 (t). 32.68 (t). 30.29 (t). 27.48 (t). 26.91 (c). 26.42 
(c). 2S.16 (t). 22.43 (c). 20.31 (q). 19.67 (q), 
180 (16). 66 (100). 85 (47). 63 (11). 55 (15). 

13.79 (0). MS: tm C2eH50N20bS'~-510. 161 (17). 
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(2s)~Ilorleuclm. Rydrocblorfdo (a).- Using tha gorwral prweduro. truuaaterificrtion of 
uinoo~t.arJ,&(105~. 0.36 lol) and F'C(&xane/ltoAc 7:l. than EtD") furnitid auxlliary~ 

(145 mg, -1009) to glva,aftrr rldle hydrolyalx of th. en& ethyl l W~.r. & u a colorlo~o 
l olld (57 y, 95~). ]m]D - +10.3' (20'. H20. c - 1.05). 'H-m (020): 0.76 Cc, J - 7.5, 3 “I; 
1.13-1.33 (4 "); 1.71-1.69 (2 Y); 3.66 (t, J - 6. 1 H). 

n-Prop71 (2S)-2-Trlflwrwro~d~t~. - Ueing the g~noral procodura CNdr u (10 q 
0.06 -1) gava fAu oorrosponding (li-trlflwracotyl)-n-propyl utor (16 w. -1001). CC 
(Chlraall-Val): 6.91 (1.2). 7.62 (97.6). Ill: 3420. 2970. 294D. 2WJD. 1730. 1535. 1470, 1175. 'H- 
"Mt: 0.92 (t. J - 7, 3 H), 0.96 (t. J - 7. 3 H). 1.20 - 1.46 (4 H). 1.72 (eat., J - 7. 2 H). 
1.70 - 1.65 (1 H), 1.90 - 2.02 (1 H). 4.16 (2 H). 4.62 (q, J - 7, 1 H). 6.69 (s, br. 1 H). "S: 

no Clf”f6F3m)3 ‘.-269. 162 ($5). 153 (14). 140 (12), 126 (49). 114 (30). 69 (lOO), 55 (16). The 
(N-tr f uoracayl)-n-propyl emtar prepared fra emrelal (ZSj-norlouclnm ahova ldontlcal II. 
'H-"?IR and NS l poctra. CC (Chlruil-Val) of (N-trifluoracatyl)-n-propyl l #tara propared from 
c-rclal (2S)-norlaclrn: 7.62 (100); coinjectlon of the latter with the aample darlved from 
a: 7.62 (mjor); fra cmrclxl (ZRS)-norlaclno: 6.94 (49.7). 7.60 (49.7). 

sBl&&AL(2S)-lrucilu. 
[(1S,2R)-1O-(N,N-Dlcycloh~1~~~u~myl)&m-2-y1] 4-HofAylvalaratw (z).- Ualng the 

genrral procedure. auxlllaq 4 (2.39 g, 6 -1) -aa haatod ~11th 4-wthylvaloroyol chlorlda and 
A~CN at 90' for Sh to glvo aftor work-up. PC (hoxam/CtOAc 4:l) and cry~talllratlon zf (2.u) g. 
84@). n.p. 193-194'. Ill: 2950. 2670. 1735. 1460, 1395, 1375. 1325. 1170, 1150, 1110. 1050. 9g5. 
'H-""It: 0.90 (8, 3 H); 0.91 (6, J - 6.5, 6 H); 1.00 (8, 3 tl); 1.05-1.90 (26 H); 1.90-2.05 (2 H); 
2.30 (t, J - 7.5, 2 H); 2.6. (d. J - 13.S, 1 H); 3.20-3.30 (2 "); 3.26 (d, J - 13.5. 1 H): 4.95 
(dd, J - 3.5, 8. 1 H). “C-HIIR: 172.24 (a), 76.29 (d), 57.45 (d), 53.65 (t). 49.27 (B), 49.05 
(8). 44.45 (d), 39.62 (t). 33.52 (t), 32.72 (t), 32.57 (t). 30.09 (t). 27.70 (d), 26.96+(t). 
26.46 (t), 25.14 (t), 22.19 (q). 22.15 (q), 20.41 (q), 19.96 (q). IL%:495 (20 C 
(47), 244 (561, 161 (62). 135 (63). 99 (100). 61 (5.4). 55 (77). m-)(3: 49S.336 
talc.: 495.3362.) 

~(1S,2R)-lO-(N.N-Dlc~cloh~l~inorifm~l)born-2-~l] [(2R)-2-(N,N'-dl-tart- 
buto~c~rkm~l)h~dr8rlnopropl~t~ (1pf) and [(lS.2R)-lO-(N,Jf-DlcyclohaxyIaalno8ulfon~l)bom-2- 
yl] [(2S)-2-(Y,N’-d~-tort-buto~cubon~l)b~dr~z~~pmpf~t~ (Ilf).- Using th gwwral 
proadura, 4-wthylvalerato Lf (2.36 g, 4.6 rol) ~a. convertad to a cruda mixture 1ofllu. HPLC 
(hoxano@tOAc 9:l. 1 ml/mln.): 6.S (77.3). 9.8 (2.7), vhlch YU chroutographod (haana/WOAc 
13:l) to give recowred zf (362 w. 160 follouad by the loas paler ujor product Ilf (2.46 g. 
71U). [o] - -26.6' (20', c - 0.99). HPU: (haxana/Et0Ac 9:l. 1 ml/mln.): 6.6 (100). IR: 3500, 
3420. 2948. 2660. 172S. 1610. 1460, 1460, 1395. 1370. 1325, 1170. 1145, 1110. 1050, 965. 'H-W 

(mod 100'): 0.87 (8. 3 H); 0.69 (d, J - 
1.98 ($6 H); 1.40 (s, 16 H): 2.75 (d. J 

7. 3 H); 0.91 (d, J - 7. 3 H); 0.98 (8. 3 H); l.DO- 
- 13.5, 1 H); 3.20-3.35 (2 H); 3.22 (d, J - 13.5. 1 ii); 

4.59-4.68 (m. 1 H). 4.74-4.61 (m. 1 H). I(s: no CsgH 7N 0 S'.-725, 525 (SO), 360 (37). 298 (15). 
228 (27). 181 (63). 135 (lDO), 101 (66), 63 (45). 59 (373. Purthor l lutlon fumlahad the more 
polar product 1Qf. HPU (hexaao/Et(Uc 9:l. 1 ml/mln.): 6.9 (0.3). 9.1 (99.7). IR: 3390, 2940, 
2860. 1745. 1720, 14M), 1455. 1395. 1370. 1325, 1170, 1145, 1110, 1050. 965. '"-""It (CWKh16, 
100'): 0.86 (s. 3 H); 0.90 (d, J - 7, 6 H); 1.00 (a, 3 H): 1.00-2.02 (30 H); 1.44 (s. 9 "); 1.47 
(s 9 H): 2.67 (d, J - 13.5, 1 H); 3.20-3.35 (2 H); 3.24 (d. J - 13.5. 1"); 4.62 (m, 1 H); 4.79 
(0, 1 H). 

~(IS.2R)-10-(N,N-DlcycIoh~l~lnorulf~y~~&m-2-y1~ (2R)-2-~-4-~thylv~l~r~t~ (n).- 
Using the general procoda*, hydrullwacrr m (697 q. 0.96 ~1) rave aftor N,N-daacylatlon 
and hydrogenolyria (6h), FC (h- /EtMc 1:l. t&on EtOAc) and crystalllxatlon roinooator 1zf 
(341 mg, 7oa). n.p. 97-99'. [o] - -33.4' (2W, c - 0.99). IR: 3360, 2950. 2660. 1735. 1600, 
1455. 1395. 1375. 1325, 1165, 1145. 1110. lOSO, 965. 'H-MU: 0.66 (8, 3 ii); 0.69 (d, J - 6.S, 3 
H); 0.91 (d, J - 6.5, 3 H); 0.97 (a. 3 H); 1.00-2.02 (30 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); 4.96 (dd. J - 3.5. 8. 1 ")."C-MQI: 
175.73 (s), 78.69 (d). 57.54 (d). 53.90 (t). 52.68 (d). 49.45 (a). 49.09 (a). 44.40 (d), 43.60 
(c). 39.41 (c), 32.79 (t). 32.73 (t). 30.43 (t). 26.95 (t). 26.4S (t). 2S.15 (t), 24.80 (d). 
22.82 (q). 21.96 (q). 20.32 (q). 19.91 (q). “3: no C26"SON204S*~-510. 380 (11). 161 (21), 135 
(lo), 86 (100). 55 (11). 

(ZS)-Lwclne Nydrochlorldo (Ilf).- Using the ganaral procrdura, trans~starlflcatlon of 
uinoertrr l?f (280 mg. 0.56 ~011 and PC (ha-/gtOAc 7:l. then EtOAc, then EtCti) fumlrhod 
WJxlliaIy 4 (225 mg. -1001) to give after l cldlc hydrolysis of the cruda ethyl *star Ilf " l 

colorlmas solid (80 mg, g6a). [o] - +2.6' (20'. H20. c - 0.61). 'H-MGt (D20): 0.91 (d. J - 7. 3 
H); 0.93 (d. J - 7. 3 "1: 1.55-1.95 (3 H); 3.67 (m. 1 H). 

n-Propyl (ZS)-2-frlfLuor~cot~ldo-4-wthyIv~loreto.- king the ganral procedure cti Ilf 
(12 l g 0.07 mol) gave tha corroapondlng (R-trlfluoracotyl)-n-propyl oxtar (20 mg, -1008). CC 
(Chlrasll-Val): 6.41 (l.l), 7.21 (95.2). IR: 3420, 2966, 2940. 2680, 1735, 1535, 1470. 1360, 
1150. 'H-NKR: 0.94 (t. J - 7, 3"). 0.96 (d, J - 6. 6 H). 1.5 - 1.6 (5 H). 4.14 (t. J - 7. 2 H). 
4.65 (m. 1 H), 6.7 - 6.6 (1 H). )(s: no C H F3W3+'-269. 213 (g4). 163 (73). 171 (51). 166 
(71), 153 (66). 139 (52). 126 (66), 114 ifob!. 99 (42), 70 (93). 57 (63), 55 (62). The (N- 
triflwracotyl 

2 
-n-propyl aster prepared from wmorcial (2S)-4-mehylvalerlc acid shows 

lbntlcal IR. "-"Hit and MS spectra. CC (Chlrx~ll-Val) of (N-trlflwrac~tyl)-n-propyl axtar‘ 
proparad from c-rclal (2S)-4-rthylvxlorlc acid: 7.21 (100); colnjoctlon of the latter with 
tha l mpla dorlvmd fra Ltf: 7.22 (major); from c--rclal (ZRS)-4-nthylvalarlc acid: 6.56 
(49.9). 7.31 (49.6). 

snuauL(2S)) 
[(1S,2R)-IO-(N.4-Dlc~cloh~luln~lfm~l~~m-2-~i] Dctuwaco (a).- Ualng tha goaorxl 

proaduro. auxlllary 4 (2.39 g. 6 -1) -aa hoatod rith octanoyl chlorib and A@M at 90’ for 
4.5h to give aftor uork-up. PC (h~-/6.tOAc 4:l) and cystalllutlon a (2.60 g. 69@]. N.p. 
163-165’) II: 2950. 2670. 1735. 1470. 1405. 1375. 1340. 1160, 1155. 1120. 1065, 995. I-w)(B: 
0.66 (c, J - 7.5. 3 “1; 0.89 (s, 3 H); 0.99 (#. 3 H); 1.05-1.90 (D, 3S H); 1.92-2.07 (I, 2 H); 
2.29 (t. J - 7.5, 2 it): 2.66 (d. J - 13.5. 1 H); 3.20-3.32 (I, 2 H); 3.27 (d. J - 13.3. 1”); 
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G.95 (dd. J - 3.5, 8, 1 H). "C-l@IR (50 WHr): 172.05 (8). 78.26 (d). 57.41 (4). 53.66 (c). 19.26 
(8). 69.0) (t). 64.43 (d). 39.62 (c). 34.61 (t). 32.73 (t), 32.70 (f). 31.64 (t). 30.08 (c). 
29.17 (t). 28.91 (e), 27.00 (c). 26.45 (c). 25.16 (c). 24.83 (c). 22.52 (c). iO.Gl (q). 19.94 
(q). 10.00 (9). NS: 523 (1 C m, S'.). 298 (7). 214 (16), 181 (32). 135 (37), 127 (64). 93 
(23) 83 (38), 57 (loo), 55 $y! $ -NS: 523.3702. (C36H 3M0,,S'. talc.: 523.3695.) 

~~IS,2R)-IO-(“,N-Di~cIoh~IP~uIf~I~~m-2-,I~ [(2R)-2-(N.N’-dl-corc- 
buco~c~r~~l)h~dr~xlnooet-c~ tlQ& md [(IS,2R)-IO-~N,N-Dfc~cIoh~I~eulf~~l)&m-2- 
111 [(2S)-2-(N.N'-df-torr-krro~cubaryl)hydr~~t~~to (&).- Using the goneral prvcodura. 
octanoxto If (526 y,l -1) wu convortad to a cruda dxturo u. HPLC (~~~IIo/FxOAC 9:l. 1 
ml/mln.) 7.1 (70.1). 8.9 (1.G). which YU chrcucographod (huun/RtMc 13:1) eo glw racovued 
p1(12S ~8. 261) 

- -30.5' (20 
follornd by tha 10x0 polu major product & (519 mg. 69a. awrphoua xolld). 

c - 0.97). HPU: (ho-/ECOk 9:1, 1 rl/mln.): 6.9 (100). IR: 3400, 3320, 
2;'& 2860. 1730. ib80, 1460. 1395, 1370, 1330, 1170, 1145, 1110. 1050, 985. 'H-KMR (DI(MM 
100'): 0.88 (C, J - 7, 3 H); 0.89 (#, 3 H); 0.96 (a, 3 H); 1.00-1.95 (37 H): 1.43 (s, 18 H t: 
2.76 (d. J - 13.5. 1 H); 3.20-3.35 (2 H); 3.23 (d, J - 13.5. 1 H); 4.51 (a). 1 H); 6.76 (m, 1 H). 

350 (10). 275 (10). 225 (ll), 210 (13). 167 (45). 124 (90). 119 (100). 
76 (48). 51 (68). Purchor l lutlon furnlahod tha mora polar. minor product Lpn. 

WIX (h;unr/BtOAc 9:1, 1 ml/min.): 8.9 (100). IR: 3600. 2960, 2860, 1765. 1720. 1480. 1460, 
1395. 1370. 1330. 1170. 1145, 1110, 1050, 985. 'H-MR (ONSOd 

e* 
100'): 0.86 (8. 3 H); 0.87 (c. .I 

- 7.3 H). 0.99 (a. 3 H). 1.00-2.05 (37 H); 1.41 (x. 9 H); 1. 3 (8. 9 H); 2.68 (d. J - 13.5. 1 
H); 3.20-3.35 (2 H); 3.25 (d, J - 13.5, 1 H); 6.53 (P, 1 H); 4.7.3 (m. 1 H). MS: no 

N 0 S'.-754 350 (11) 275 (lo), 225 (11). 210 (13). 167 (65). 126 (90). 119 (100). 99 
t#:%! ?36). 7Q (48). 51'(67). 

[~IS,2R~-1O-(N.N-Dlc~cIah~Iul~8ulfonIl)born-l-I~ (IS)-2-amlnc-xcuwaco (u).- usiry 
the gonwal procedure, hydrulnnrcu Ug (730 q, 0.98 -1) &xv. after N,N-daxcylatlon and 
hydroganolyalx (2&h). FC (huana/KtOAc 2:l. rhon EtOAc) and cry~talllration alnoutar 121 (290 
q, 5%). !I.p. 126-126'. [olD - -31.6' (20', c - 1.00). IR: 3380, 2960. 2860. 1735, 1615, 1655. 
1395. 1375. 1330, 1170, 1105. 1110. 1050. 985. 'H-NNR: 0.85 (C, J - 7.5. 3 H): 0.86 (8, 3 H); 
0.96 (s. 3 H) 1.00-2.05 (37 H): 2.66 Cd. J - 13.5. 1 H): 3.20-3.30 (2 H): 3.24 td. J - 13.5. 1 
H); 3:&O (dd; J - S.5, 7; 1 Hj; 4.97 idd, J - 3.5: 8, i.H). "C-?WR:‘17j.i4 (,),‘78.136 (d), . 
57.51 (d). 54.15 (d). 53.06 (t). 49.43 (a), 69.06 (9). 66.62 (d). 39.69 (c), X.12 (c), 32.81 
(t), 32.72 (t). 31.59 (t), 30.31 (c). 29.07 (t). 26.95 (t). 26.65 (c). 25.37 (c). 25.16 (t), 
22.48 (C). 20.32 (P), 19.88 (q), 13.96 (p). 
(100). 113 (35). 83 (15). 5s (20). 

IIS: r). C3d(~N20,,S'~-S38. 181 (23). 180 (21). ll& 

(2S)-2-Aminooc~uwlc Acid Rydrochlorlde (a).- Uxlng eho Renral procedure, 
tr~nserculflc~tlon of aminouror 121 (250 mg. 0.66 -1) and FC (hexane/EtOk 7:l. then EtOk, 
then Etch) fumlshad l uxl1ia-y 4 (175 l 6. 9%) to give, afcar acidic hydrolyxlr of cha cn& 
ethyl **ear, u aa a colorlou rolld (81 m6. 89r). [o] - +6.6* (20', H20, c - 0.60). 'H-NXR 
(020): 0.72 (c, J - 7.5. 3 H); 1.10-1.35 (8 H); 1.70-1.85 (2 H); 3.79 (c, J -6, 1H). 

n-Prop71 (2S)-2-Trlfluor~c~tMfdooct-co.- kin6 tha 6emral precwIure crude u (16 rn& 
0.08 ml) &xv* tha corrupondlng (N-trlfluorac~tyl)-n-propyl l t.r (25 mu. -1OOr). CC 
(Chirxxil-Vxl) 10.50 (1.5), 11.17 (95.5). IR: 3120. 2970. 2960. 2870. 1730. 1535. lG70, 1395. 
1175. 'H-NIiR: 0.88 (c, J - 7, 3 H). 0.96 (t, J - 7, 3 H); 1.17 - 1.&S (8 H). 1.55 - 1.85 (I H). 
1.92 (m, 1 H). 4.17 (2 H), 6.62 (q, J - 7. 1 H). 6.89 (s. br. 1 H). MS: 198 (7), 297 (2, 
C H22F NO +'). 210 (77). 171 (16). 153 (32). 140 (lS), 126 (69). 114 (28). 97 (99). 82 (15). 69 
(43). 53 (12), 55 (100). The (N-trlfluoruetyl)-n-propyl utu prepuad from c-rclrl (ZRS)-2- 
ulnooccanolc acid #hors idanclcal IR, 'H-m and NS xpectrx. CC (Chlrxxll-Val) of (N- 
trlfluorxcotyl)-n-propyl l tera prepared fra c-_rclal (2R5)-amlnooctanolc acid: 10.68 (69.9). 
11.26 (49.9); colnjoction of the latter ample vlth the l uplo drrlvod fra u: 11.11 (mjor). 

[(1S.2R)-10-(N,N-DLcyclohaxylulnosuIfon~I)bom-2-~l] 3-phon~lpmplorucs (a).- Uxlng thr 
general procedure. auxiliary 4 (1.79 6, 6.5 ml) wxa heated with 3-phsnylpropanoyl chlorlda and 
AgCN at 100' for 5h to glw after work-up, FC (hoxano/ECOAc 5:l) and cry~talliaatlon (EtOii. 2x) 
a (2.20 8. 92b). H.p. 152-156'. IR: 3020, 2950. 2870. 1730. 1600. 1465. 1450. 1390, 1370. 1325. 
1165. 11&O. 1105. lo*). 980. 'H-NMR: 0.88 (a, 3 H); 0.92 (I. 3 H); 1.00-1.85 (25 H); 1.90-2.05 
(2 H); 2.SG-2.71 (2 H); 2.67 (d. J - 13.5. 1 H); 2.99 (c. J - 8. 2 H); 3.20-3.32 (2 H); 3.25 (d. 
J - 13.5 1 H); 4.97 (dd. J - 3.S. 8. 1 H); 7.17-7.33 (5 H). "C-NW (50 )(Hr): 171.23 (s), 110.12 
(I). 128.61 Cd). 120.9 (d), 126.17 (d), 78.55 Cd). 57.65 (d). 53.71 (c). 09.32 (s). 49.06 (8). 
b4.64 (d). 39.50 (e), 36.07 (c), 32.72 (f). 30.80 (c). 30.12 (c). 26.98 (t), 26.65 (t). 25.13 
(C). 20.60 (q), 19.91 (q).. MS: 529 (6, C lH 
181 (67). 135 (96), 105 (92). 91 (100). 8 3 

lio,S'.), 380 (68). 298 (GO). 2U (66). 228 (17). 
&). 67 (17). 55 (65). HR-MS: 529.3214. 

(C31H6 lU+,S'. talc.: 529.3226.) 
~(~S,2R)-10-(N.N-Dlc~cIoh~1~ln~If~~l~~m-2-~I~ 1(2R)-2-(N,N'-dl-corr- 

buto~~c~rbon~I)h~dr~~lno-3-phar~lpmplon~ce (1ph) and [(lS.lR)-lo-(N.N- 
OlcPcloho~l~lno~ulfon~l)~m-2-~l] ~(2S)-2-(N,N’-dl-t~rc-buco~c~r&n~I)h~d~~~lno-3- 
phonylproplonare (u).- Using the gonoral procedure. 3-phonylproplonato fi (2.12 .6. G mol) was 
converted to a cruda mlxtura m. HFLC (hoxma/EtOAc 9:l. 1 ml/min.) 7.3 (91.6). 11.3 (1.7). 
which wax chrcaatographad (hauno/RtOAc 13:l) co 61~0 recoverad & (127 m6. 6a) followed by tha 
lerx polar ujor product m (2.36 6. 768. uorphotu l olld). [o] - -35.2'(20'. c - 0.59). HPLC 
(haxana/ErOAc 9:l. 1 ml/rln.): 7.6 (100). IR: 3380, 3310. 2960. 9860. 1735, 1605. 1500. 1480. 
lG55. 1395. 1370. 1325. 1170. 11Cr5. 1110, 1050. 965. 'H-IWR (m0d6, 100'): 0.89 (s, 3 H); 0.96 
(a. 3 H); 1.00-1.95 (29 H): 1.37 (8. 9 H); 1.60 (s. 9 H); 2.76 (d. J - 13.5. 1 H): 3.25-3.40 (2 

:~i)~'%(~i3:. 
- 13.5. 1 H); 6.76-4.68 (2 H); 7.20-7.40 (5 N). NS: zm C H6 N30 S' -760. 380 
228 (18). 161 (23). 163 (33). 135 (100). 03 (50). 56 (6(J). 35 (!2). Iha minor 

product l& was IY)t isolated. 
[(1S,2R)-IO-(N.N-DlcPcIob~I~~wulf~~l)born-2-~l~ (ZS)-2-rslno-J-cPcloh~lpmplon~c~ 

(m).- Using th* 6wnra1 procedure. hydrulnoater m (2.15 1. 2.83 rol) gave after N.N- 
dmcylarlon and hydropnolymlm (13h). FC (hexano/EtOAc 4:l. thmn EtOAc) and cystalllratlon 
aminoaster m (980 l 6. 6&a). ~.p. - 95-97'. [all, - -28.6' (20'. c - 1.07). II: 3380, 2960. 
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2860. 1730. 1600. 14SO. 1390. 1370. 132s. 1165. 1143. 1110. lOSO. 980. *H-MB: 0.85 (e. 3 Hi): 
0.96.(,, 3-H); l;OO-l.iS (38-H); 1.8S-2.04 (2 ti,; 2.65 (6, J - 13.s, 1 H); 3.10-3.30 (2 H);. 3.23 
(d. J - 13.~. 1 H); 3.43 (dd, J - 6, 8, 1 H); 4.98 (dd, J - 3.5. 8, 1 HI. uC-l#: 17S.90 (s). 
78.64 (d), 57.51 (d), S3.90 (c), 51.9) (d), 49.46 (I), 49.08 (s), 40.42 fd). 42.26 (c), 39.41 
(t), 34.10 (d). 33.S6 (t). 32.7g (c). 32.74 (t), 30.42 (t), 26.93 (c). 26.42 (t). 26.06 (t), 
25.97 (t), 2S.16 (c), 20.31 (q), 19.W (0)s KS: no C $I I 04S*.-, 409 (11). 360 (19), 31s (23), 
298 (19). 272 (14). 259 (41). 244 (20). 181 (26). 124 (&f. 107 (lo), 93 (It). 83 (18). 55 
(22). 

(2S)-34Pcloharytalanlne Mydrochlorldo (ml.- Uxln& the Ronerel, procedure. 
transost*rlfication of uinoeeter 1zb (5Sl mg. 1 mol) ud PC (heuru/IItU&c 7:1, then EtOAc. 
then EcOH) furnfahod auxiliary L (400 w,-lOOr> to glvo, after acidic hydrolysis of th en& 
ethyl *star, l& as a colorloma solid (183 mg. MN). [a]0 - +3.4*(20*, H20. c - 0.53). 'H-m 
(D 0.): 0.65-0.85 (2 ii); 0.90-1.15 (3 H); 1.22 (8, 1 Hf; 1.3g-1.60 (6 H): 1.65 (0, 1 Hf; 3.g4 
& J - 5.5. 8.5, 1 H). 

n-Prop)‘1 (2S)-2-~rtfluor~e*culdo-3-cyc2~~lprop~~te.- Using the goneral procedure crude 
A& (20 14; 0.1 mol) g8w tlw correrpondlng (R-triflwr~etyl)-n-propyLr8t~r (30 mg, -1008). GC 
(Chlresfl-V41. 100+140*. llO'.l(kln): 15.69 (0.8), 17.16 (99.2). IR: 3420, 3020, 2980. 2930. 
1730. 153s. 1450, 1170,. ‘H-NMR: 0.94 (t, J - 7, 3 H); 0.0 - 1.0 (2 H). 1.02.1.31) (4 H): l.SO- 
2.05 (9 H): 4.14 (2 H); 4.68 (I). 1 H); 6.68-6.Yr ( 1 H). I(s: M C It 2P HO l .-309, 306 (13). 270 
(7). 240 (5). 212 (S), 170 (3). 149 (Sf 140 (191, 126 (lOO), 109 fj7$, 47 17). 83 (2s). 69 (17). 
57 (18). 55 (SS). The (I-trlfIuor~co~l)-n.prop)tl ester prepared via hydrogenetion fror 
co=rciel f2S)-3-phenylelanlne shows identical Ill. ‘H-W end NS l pectra. CC (Chlrreil-Vel) of 
(N-trtfluorecetylf-n-propyl esters preperod vfr hydrogwmtfon fra cocwrcial (2S)-3- 
phenylelanine: 16.97 (LOO); via hydrogwution from comerclel (2RS)-3-phenylalenfne: 16.12 
(49.7). 17.27 (49.8). (2S)-Phenylalanlm (190 mg, 1.15 -1) unl Pto2 (SO mg) in W eq HCl (22 
nl) uere shaken under X2 (75 psi, Pur) et r.t. for lbh to glvo after filtrrtlon throu&h &tire 
eveporetion of the filtrem and drying of the rwldue l coqerfson sqle of m (260 mg, 
-10011. 
_(2S)_ 

3-uricFclof3.3.t.f ’ Jdeean-I-~l)proplarfc &id.- Dry Ol4.90 (1.76 g. 22.5 rol) WAS added 
dropvise et -60' to l l olutton of oulyl chloride (1.43 g. 12.25 ~1) in M2C12 (40 l i). 
Sclrrlng of the mixture at -60' for 10 min. addition (over 15 min) of 1-aduur+yluthanol (1.50 
g, 9 -1) in CH2C12 (1s rl), stirring for 15 min. slow eddftion of Nllt3 (11.16 g. Sl ml), 
warming of the reectlon mixture co 0'. qusnchlnd; vfth water (30 ml), work-up (Ch2C12). end FC 
(~oluene/EcOAc 6O:l) g.". l-adamuttylcarbouldehyde (1.5g, -1001) which YU directly subjected 
to the follovlng transformations. A 1.64 N solution of n-butyllirhtum in hexans (5.5 ml, 9 molf 
;,a" added dropvfse it 10' to l solution of dfrthyl trlmetbylrilyloxycubony~thenephosphonete 

(2.16 g. 9 wl) in IHF (75 ml). Stirring the l ixture for 40 rln, addition of l- 
eduantylcarboxrldehyde (1.38 (I, 8 rrrl) in THF (9 ml), l tirring for lh, pouring the reaction 
mixture into 5% l q. N&H (150 ~1). veehing with St.20 ( 2x100 ml), l cldiflc~tlon of the xq. phesc 
to pH - 1 with 37t aq. HCl, utrectlon with CH2Cl 
l xtrects afforded crude 3-(1.•wntylf-2-propeno c 1 

drying (N&W,) and l veporatfon of the orgenic 
acid (1.47 g. 88@) which was stirred Ln EtOH 

(25 ~1) vlth 101 Pd/C (210 mg) under Hi (1 AU) for 16h. Ffltration through Celite end 
l wporatIon of the filtrate furnished crude 3.(l-•damantyl)proplonic l cfd IR: 3S20, 3500-2400. 
2910. 2850, 1715, 1450.. ‘H-I’MR: 1.45 (f. J - 7. 2 H); 1.47 (8, br.. 6 H); 1.67 (6 H): 1.98 (I, 
br. 3 H); 2.32 (t, J - 7. 2 H), vhlch was transformed tnto the aster a as described below. 

~(lS,2R)-lO-(N,N-Dfc)rclohr~t~~~u~fonPf)~~-2-~1] 3-(t-•dannt~l)pxvpfaset~ (a).- 
H44tlnr of crude 3.(l-•demantyl)proplonic acid (1.43 R. 6.84 -1) rich oxalvl chloride <excess) 
in beGene 8t reflux for l.Sh-, &&retlon and heating of the ra&n with l &xiliwy 9 (2.16 g,' 
5.44 mot) end AgCN (1.10 g, 8.16 1~31) ln tolueno et 90' for 18h gave after work-up, FC 
(hexane/EtOAc 4O:l) end crystallltatlon a (3.06 g, 968 frw 4). H;p. 175-176'. M-2940, 2915, 
2870, 1730, 1450, 1330, 1170, 1145. 1110, 1050, 985. ‘H-N?lR: 0.89 (I, 3 H); 1.00 (8, 3 H): 1.00. 
1.90 (39 H); 1.92-2.04 (5 Hf: 2.21-2.30 (2 H): 2.67 (d, .I - 13.5, 1 H); 3.20-3.30 (2 it); 3.27 
(d. J - 13.5. 1 H); 4.93 (dd, J - 3.5. 8, 1 Hf. “C-lZNR (50 Wx): 172.81 (s). 78.29 (d), 57.46 
fd), 53.61 (t), 49.25 (s), 49.06 (s). 44.43 (d), 42.04 (c), 39.5s (t). 38.62 (t), 37.00 (t). 
32.72 (t), 31.76 (C). 30.10 (t), 28.51 fd), 28.17 (e), 26.97 (cf. 26.47 (cf. 25.14 (t), 20.41 
(q). 20.01 fq). XS: S87 (16. C3 US7N04S*.), 380 (11). 298 (40). 244 (47). 191 (8S), 179 (60). 
135 3.25 - 3.37 (2 H), 4.70 - 6.84 (2 

~:;,"18~(~~3H7~:309s"' 
- 817, 717 (<l), 617 (3) 1187 (S.S), 380 (5.5). 298 (15). 264 (19). 191 

100). 107 f30), 93 (36). 83 (411, 56 (91). HPCL (h.xane/ttO& 1:l. 1 
ml/&.) : 6.7t (0.95) 8.47 (98.3). IR . 3390. 2930, 28S0, 1743, 1710. 1480. 1435. 1393, 1370. 
1325. 1165, 1145, 1048, 980. ‘H-RKR (D&d,, 100') O.g4 (S, 3 H), 1.00 (S, 3 H). 1.40 (S, 9 H), 
1.43 (s. 9 H). 1.06 - 2.06 (is, 4s H). 2.60 - 2.70 (P, 1 H). 3.25 - 3.45 fm. 3 H), 4.6 - 4.75 (0. 
2 H). KS: no C4,H W30 S’.- 817. 717 (S). 617 (40). 587 (19), 380 (6). 296 (0). 221 (18). 193 
(68). 13s (100). 237 (!6). 93 (331, 83 (40). 67 (14). S5 (47). 

~(lS.2R)-~0-(N,W-Vlc~cloh~1~fnorulf~Pl)&~-2-ylj (2R)-2.a&no- 3.(I- 
~daa~cyl)proploruto (m).- UslnR tb general procedure, hydratlnoeatw m (1.39 g, 1.7 rol) 



5552 w. o?- aad R. Monarn 

&a~. *fur N,N-dacyl.tion .nd hydro~ono1y.i. (2Ob). FC (h.un./EtOAc 6:1, than RtOAc) and 
cryst.lliution aairrre8t.t m (797 w. 781). K.p. 161 - 163’. [o] - - 25.7’ (20’. c - 1.33). 
IR : 2935. 2910. 2865. 173). 1435, 1325. 1185, 1165. 11411, 1110, 1349. 980 ‘H-rSm: 0.85 (s, 3 
H), 0.98 (s. 3 H), 1.00 - 2.02 (66 If). 2.66 (d. J - 13.5. 1 H). 3.25 (d, J - 13.5. l H), 3.18 - 
3.32 (2 ii). 3.43 (dd. J - 5.7. 1 H). 4.95 (dd. J - 3. 8. 1 I). %-NNR: 176.27 (8). 78.60 (dl. 

!sJ.U-(d);-S4:OO if,, 50.18-(d), bb:49 (,)[ 49.28 (.j. i9.12.(s), 44.60 (.), bi.6i (c). 36.(ii 
(t), 36.87 (c). 32.82 (t). 32.73 (t), 32.30 (t). 30.19 (c)a 28.55 cd). 26.95 (cl. 26.66 (c). 
26.62 (c), 25.16 (c). 20.33 (91, 20.04 (9). MS: no C H> It20 S+,- 602, 531 (cl), 430 (cl1 379 
(<3). 315 (12). 239 (22). 178 (47), 135 (100). 83 (6aj, !S $6). 

(2s) -3- (i-~da~acyf~~I~afno #TdmchZorldo UU) . - Uoinr th. ronar.1 ~rocedur.. - 
cr.n&t.rffic.cion 6f Pi-std U (440 q, 0.73 ml,-&) u;h FC (h;un./RcO& 6:1, thm 
etiMc/%tM) furn1.h.d l uxili.ry 4 (288 mg, 99b) to @a., aftor .eidic hydroly.ir of the cruda 
*thy1 ..t.r, m as. eolor1.s; solid (112 y;, 6%): [o] - +16.1‘ (21’; K&t. c-0.85); Ike *m 

IR fRBr): 3450. 2910, !850, 1740, 1575, 1690. 1655. 1609, 
(17 H), 3.52 - 3.68 (1 ii). H.5: no C H 2c1N0 t’-259, 178 (71). 

(28). 81 (lb), 79 cut), 76 (16). 67 \18$, $7 112). 55 (19). 
n-PropFi (2S)-2-TrlfIucrr8eotllfdo-3-(I-~d~~l)proploNto. - Uoin& th. gwner.1 procodur. crud. 
u g.v. th. corresponding (N-trifluotAceSpl)-n-propyl ..t.r. CC (Chir..ll-V&l, 150’, 
5’/8irrl%O’, 10 sin): 16.92 (2.6)‘ 18.63 (97.6). IR: 3640. 3025, 2970, 2910, 2860, 1735. 1560, 
1655. 117s. '-?UR: 0.98 (f, J - 7.5, 3 HI, 1.6 - 1.8 (13 R), 2.0 (3 H), 2.2 (2 H). 6.12 (dc, J - 
7. 4, 2 H), 4.7 fdr J - d.5, 3.5. 1 H). 6.52 - 6.62, (1 H). NS: no C H26P3N03t‘-361. 343 (<l). 
301 (13), 274 (29). 135 (100). 107 (6). 93 (16). 79 (18). 67 (9), SS It, 

of 0-p 
1.6tl n-butylllthitr in haxuu (0.7 ml. 1.1 ~1) vaa .dd.d at -20’ to . .olution of 

diisopr~ylui& (0.16 ml. 1.1 rol) in THF (3 11). ‘Slow .ddition of proplone. b (at3 og, 1 
-1) in MP (0.8 ml) at -?a*. than rapid l ldltion of chlorotriuthylsi1.n. (0.22 al 1.1 mol). 
u.rming to r.t. ov.r . paiod of 3h, &.por.tlon, tritumtion of th; r.aidw rith panta., .nd 
.v.por.tion g.v. O-•ilyl k.t.ru Amt.1 k (622 q, 821, color1.s. oil). IR: 2995, 2888, 2600, 
2360, 1685, 1663, l331, 1256, 1150, 1112, 981, 856, 737, 575. 'H-W: 0.25 (8, 9 H): 0.88 (8, 3 
H): 1.03 (s, 3 H): 1.08-1.6 (10 IQ: 1.67 (d, J - 6. 3 N): 1.14-1.92 (16 ii): 2.03 (a. 1 H): 2.68 
(d, J - 16. 1 H): 3.2-3.36 (2 H); 3.69 (d;J - 16, 1 H);.j.S3 (9, J --6, 1.H); 6.M idd, j.- 3, 
8, 1 H). Spin reuratim of H-C(2’) - llOC (2.1@) of H C-81; #pin ..tur.tfon of H-C-S1 + NOR 
(9.8%) of olofinic H-C(2); *pin ..tur.tlon of ti3C-C(2 3 - NOB (7.28) of ol.finic H-C(2). 
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