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Abstrack The design, synthesis and in vitro biological analysis of a family of conformationally constrained 
nonpeptide mimetics incorporating a 4+1 ktom prosthetic unit to examine the proposed biological 
significance of this conformer is described. 

Introdllction 

The isolation and identification in 1975 of the endogenous opioid pentapeptides, methionine and 

leucine enkephalinl, initiated an intensive effort to delineate the relationship between enkephalin and 

morphine273P. The inherent mobility of the enkephalin framework, its rapid degradation in vi& and the 

existence of multiple receptor subtypes 697 have hampered the assessment of its bioactive conformations. 

Conformationally constrained peptidess or peptidomimetics gJo~11 should facilitate this task. Several 

turn conformations have been proposed based upon computational models12~13*14,15, X-ray 

crystallographyl6J7 and spectroscopic studie&l9,20. We have recently developed a third generation 

reverse turn mimetic system23.24. The retrosynthetic analysis is outlined in Scheme 1. This strategy, 
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through variation of the X group linker, provides access to a family of conformationally constrained 

reverse turn mimetics with reliable control and variation of side-chain orientations, backbone distances, 
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$ and v dihedral angles and flexibility/rigidity. This is a critical feature for assessing the importance of 

induced fit mechanisms, potentially addressing questions of agonism versus antagonism as well as the 

importance of mobility in antigenicity. The system allows for the introduction of natural or unnatural 

amino acid side chain functionality using a modular component synthesis which is readily amenable to 

solid phase peptide synthesis (SPPS). We have utilized our third generation mimetic system to 

synthesize small molecule conformationally contrained peptidomimetics of members of the 

immunoglobulin supergene family23,“. Previously, we have reported the design and synthesis of a 

conformationally constrained enkephahn analog which incorporated an 1 l-membered ring 5-2 b-turn 

mimetic21122. We now wish to report the design, synthesis and evaluation in an in virro binding assay, of 

a family of leucine-enkephalin analogs H (Fig 1) incorporating a family of 4+ 1 p-turn mimetics, to 

evaluate the significance of the proposed 32~3,35~37~*.39 bioactive relevance of this conformation. 

4)X=NH 

The syntheses of compounds M are outlined in Scheme 2. Reductive amination of the leu-phe 

dipeptide 5 with the requisite aldehyde (.U or m proceeded smoothly to afford 6 or 225. Acylation of 

the secondary amine was effected with the acid chloride of Fmoc glycine in high yield using the silver 

cyanide protocol26. Deprotection with diethylamine in acetonitrile provided & or 2. Aqueous diimide 

coupling with azetidinone JJ afforded the nascent P-turn mimetics JQ or JJ in 84% yield. Cyclization 

was effected either through catalytic hydrogenolysis to provide macrocycles 1 or 2 or under phase 

transfer conditions to afford 3 with near quantitative conversion. 

The synthesis of 4 is detailed in Scheme 3. Boc-phenylalanyl hydrazide methyl ester 16 was 

prepared according to the procedure of Hoffman 27. Saponification and aqueous carbodiimide coupling 

with methyl leucinate proceeded smoothly to afford 11 in 88% yield. Adduct J+$ was prepared via the 

mixed anhydride coupling of benzyl glycinate to azetidinone carboxylic acid 12. The coupling of 12 and 

J,&( was most effectively performed again utilizing the Rich procedure26 to provide the penultimate 

species 19. Deprotection and concomitant cyclization affords 4 in high yield. Syntheses of the synthetic 
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components .Q,.& 14 and JJ are depicted in Schemes 4 and 5 and described in the experimental 

section. 
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(a) (CBZ)NHC(CH3)2CHO (14) or (CBZ)NHC(CH& CH=CHCHo(IS), NaBH(GAc)g (2eq). THP, rt: (b) Fmoc Gly. SGCl2, CH2CI2, 

DMAP (cat); (c) AgCN. benz.e.ne., SO” c; (d) Et2NH. CH3CN. R.; (e) EDC (1.5 cq), HOBT (1.0 eq). THP/H20 (1: l), rt.: (f) H2 (1 atm.), 

5% PdK (cat), MeOH, rt; (9) HCVEtGAc; (h) cyclohexene: MeGH (1:4), palladium black (cat.), 60” C. 

Monte Carlo conformational searches were carried out for the mimetic ring structures using 

BATCHMIN 3.5x with MMUMMOD force field parameters. Hydration energies were included in the 

calculation using a generalized Born solvation model 28. All conformations within 4.18 kJ/mol from the 
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global minimum are listed in Table 1 for each mimetic ring system. The numbers listed for the 

population (pop) were calculated from the Boltzmann distribution assuming thermal equilibrium with 

low energy barriers between conformers29. 

To the best of our knowledge, no structural data on conformationally constrained biologically 

active 4+ 1 p-turn enkephalin analogues is available 30, therefore, we have compared mimetics 1_4 with 

idealized type I, I’, II and II’ p-turns. The idealized turns were generated by energy minimization of a 

tetrapeptide sequence consisting of either all alanines or alanines with one or two glycines depending on 

the steric requirements of the particular turn types with torsional constraints at the defined anglessl. 

The actual comparisons were made using six-position root-mean-square (rms) values at the four alpha 

carbons in the turn, the carbonyl carbon at the i, and the amide nitrogen at the i+3 positions. Two other 
parameters are also listed in the table which characterize B-turns, i.e., the distance between (d) the CL 

and CF carbons, and torsional angle (a) between the CL - c’ and Ni+3 - Cf’ bonds, of the equivalent 

bonds in the mimetics. 

The presence of glycine residues at the second and third position enables enkephalin to 

theoretically form any type of p-turn, although only a type I’ 4-+ 1 p-turn was observed by x-ray 

crystallagraphy32933. The lowest energy conformer in the 10 membered ring system (9 is an excellent 

mimic for an idealized type I’ p-turn with a 6-atom rms deviation of 0.22 A. The 12 membered ring 

mimetic c1) can also adopt a type I’ P-turn; however the CL to Ci distance is quite large (7A) (Table 1). 
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1.009 
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1.135 0.912 
0.736 0.599 
0.776 0.799 
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1.052 
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1.136 
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Pharmacologic Evaluation 

The 4+ 1 ~-turn enkephalin mimetics c1;4) were evahrated for their ability to bind at the ~1 and 6 

opioid receptors. Briefly, binding at p and 6 receptors was measured in a twice-washed P2 membrane 

fraction obtained from whole rat brain (minus cerebellum) using a 50 mM Tris-HCl buffer (pH 7.4 at 

37°C). Assay tubes contained 0.8 ml of membrane homogenate (0.5 mg of protein), 0.1 ml of 3H- 

labeled ligand (1.0 nM DTLET or 1.0 nM DSLET for 6,2.0 nM DAMGG for II), and 0.1 ml of the test 

compound in replicates of three. After 60 mm. incubation at 37 C, reactions were terminated by rapid 

filtration on Whatcom GF/B glass-fiber filters and a subsequent 10 ml wash with ice-cold buffer. Filters 

were prepared for liquid scintillation counting Specific binding was calculated as the difference in 

radioactivity bound in the absence and presence of 10 fl of levorphanol34. The results of these assays 

am depicted in table 2. 

Mimetic 6 p* 
concentration(M % mhrbiuon concentmtmn(~) % inhibition 

1 0 
0:: 

0% 1000 

: 
1000 z 

>I0 5:; 8 50% 
4 ,lO 50% >10 50% 

Fimue:! The tyramide and phenyl ring moieties of enkephalin mimetic 4 (solid line) can be 
perfectly aligned with those of the morphine analog PET, 7-[I-phenyl-3-hytixybutyl-3-I 
endoetbenotetrahydrothebaine (dashed line) by a flexible fitting procedure without any 
steric conflict. 
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DlSCUS810n 

The conformation(s) of enkephalin have been studied extensively over the past 15 years. Despite 

this effort, knowledge of the bioactive conformation of enkephalin at either the p or 6 receptor remains 

shrouded. Additionally, the fact that enlcephalin and rigid opiates bind to the same receptor(s) has 

tempted and intrigued chemists to decipher this structural relationship. In 1976, Bradbury et al proposed 

a P-bend model stabilized by an intramolecular hydrogen bond between the N-H of Phe4 and the C=O of 

Tyrl which produces a spatial disposition between the Phe4 aromatic ring and the tyramine segment of 

Tyrl, analogous to that existing between the corresponding moieties in the potent morphine analogue 

~~035336, Further support for the relevance of this confiiation was provided by energy calculations 

on the potent [DAlaz, Mets] enkephalin analogue, the lowest energy conformer of which contained a 

folded structure with a turn centered on residues 2 and 3.37*3813g. However, evidence contrary to the 

biological significance of a 441 p-turn has been presented by Freidiiger4u, and additionally by Schiller 

in the analysis of the conformations of 13- and 1Cmembered rigid cyclic analogues41. 

To further examine this hypothetical bioactive confirmation, we have synthesized a family of 

441 B-turn mimetics (l-4). The lowest energy conformer of the 10 membered ring system & is an 

excellent mimic of an idealized type I’ p-turn (6 atom rms deviation 0.22& table 1) and displays 

excellent overlap with the critical Phe4 aromatic ring and tyramine moieties of PET (Fig. 2) , yet it is 

essentially devoid of biological activity (table 2). Only the 14-membered ring analog 2, which has a 

rather expanded loop structure demonstrates any, albeit minimal, binding activity at the p receptor. The 

results of this investigation can be interpreted as casting signfkant doubt on the biological relevance of a 

4+1 p-turn conformation for enkephalin. A similar series of experiments involving conformationally 

constrained analogues of 542 enkephalm p-turn mimetics is underway. It is hoped that this type of a 

systematic approach to the synthesis of constrained reverse mm analogs in conjunction with multiple 

peptide synthetic strategies will clarify the situation as to the biological significance of these and other 

proposed receptor bound reverse turn conformations. These experiments and further details concerning 

the conformational properties of analogs U will be reported in due course. 



Nonpepride @-turn mimetics of enkephalin 3439 

0 

HO 

3 
0 N\ 

TBDMS 

DTBDMS 

18 h, i 
# 

4 

(a) N*O2. IN WSO4 (w); (b) WN2. (c)‘QO,Z,64utidine. H2NNHBOC, -78’ -+ 0’ C; (d) aq. NaOH, I&OH; (e) m, HOBT, 

methyl I=~=% (f). isobutyt ch~o~~~. NMN, fx%zyZ @y&ate, TKR (8) 10% IV/C, EtOH, Hz (t am), @I) (cog&, CH$Q, 0’ C, 

(0 c-mdl2 A&X hm=; (i) ‘VA, CH$b, 0” c; (k) Et3N: (t)TBAP, THf$ (m) Hcl, EtoAc. 
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OH 

(a) TBDMSCl(l.3 es). E13N (2.35 Ed), DMAP (cat), CH2Cl2. r.t.; (b) 1. i-BuOCOCl(l.1 es), NMM (1.1 eq), THF, 00 c, 2. CH2N2 in 

Et20 (3.0 eq); 3. A&WPh/Et3N (cat), MeOH. rt.; (c) HCI in EtOAc, 0’ C; (d) TBDMSCI (2.5 .q), Et3N (4.0 es), DMA~ @t); (e) t_ 

RoM@l io Et20 (1.05 eq), 00 C + fi.; (0 1. IDA (1.3 q), THF, -78” C. 30 min; 2. I-buteoyl bromide (1.45 q), -780 C + fi., 6 hrs; 19) 
NaI04 (4.1 ea.), R&13 (cat), 1:1:2 CCk$CH3CN:H20, rt. 
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(a) TsOH, EtOH, benzene, & (b) Benzyl chlomformate (1.1 eq). Et3N (2.5 eq). THF. 0’ C; (c) Dibal, Toluene, -78’ + 0’ C. (d) PDC, 

CH2Ci2. ct., 4 A mol sieves; (e) $3P=CHCO2Me, benzene, mflux. 

Experimental Section 
Gene& 1H and W spectra were recorded at 300 and 400 MHz (1H) and at 75.4 and 100.6 MHz (13C). 
The FAB mass spectra were recorded at the NIH Mass Spectral Facility, Department of Biochemistry, 
Michigan State University, East Lansing, MI. IR spectra were recorded on an FTIR spectrophotometer 
in CDCl3 solution using NaCl solution cells. Unless stated otherwise, all reactions were run under au 
atmosphere of argon in oven-dried glassware. Ether and tetrahydrofuran were distilled from sodium- 
benzophenone ketyl Methanol was distilked from sodium methoxide. Benzene and dichloromethaue 
were distilled from calcium hydride. Column chromatography was performed using E. Merck silica gel 
(230400 mesh). Analytical TLC was performed with precoated silica gel 60F 254 (E. Merck) plates. 
Chromatographic eluent composition is reported “volume:volume” without exception. . . 

of 12-w 4+1 6-V - 3 mg of glassine solid (10) was 
dissolved in 1.5 ml freshly distilled MeOH. A catalytic amount of 5% Pd/C was added and the reaction 
was stirred under 1 atm. Hz (g) for 12 hours. The reaction was filtered through a celite pad and the 
volatiles were removed under reduced pressure to yield 2.5 mg (95%) of glassine solid (1). rH NMR 
(~OOMHZ, CDCl3) 6 7.55 (br d, 3=8.4 Hz, 1 H), 7.37-7.14 (m, 5H), 6.82 (d, J=8.4 Hz, 2H), 6.66 (d, J=8.4 
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Hz, 2H), 5.72 (br s, 1 H),, 4.71 - 4.62 (m, 1 H), 4.62 - 4.52 (m, lH), 3.74 (s, 3H), 3.71- 3.38 (m, 3H), 3.23 
- 2.97 (m, 4H), 2.76 - 2.62 (m, &I), 2.58-2.43 (m, 2H), 2.39 - 2.18 (m. 2H), 2.15 - 1.98 (m, H-I), 1.94 - 
1.82 (m, IH), 1.68 - 1.48 (m, 3fI), 1.26 (s, 3H), 1.20 (s, 3H), 0.87 - 0.82 (m, 6H); t3C NMR (75.429 
MHz, CDC13) 6 173.09, 172.10, 171.17, 169.04, 164.48, 137.17, 137.13, 130.48, 128.98, 128.94, 
127.32, 127.25, 115.95,77.19, 63.07, 59.56, 57.87, S4.87, 52.40, 51.01, 42.52.40.86, 37.79, 34.07, 
29.61,29.26,29.00,24.89,22.84,21.57, 19.78; IR (CDCl3) 3405,3302,2%2,2930, 1740, 1655, 16OS, 
1520,1270,1160,1090; MS @AH) m/z 638 (of corresponding carboxylic acid). The hydro&loride salt 
was generated by dissolving 2.5 mg of the above glassine solid in 1.0 ml 5O/SO EtOAc/CH$X~ (v/v), 
cooliig to 0°C under argon, and adding S drops of EtOAc saturated with HCl The reaction was stirred 
for S minutes at 0°C. The volatiles were removed under reduced pressure to yield 2.5 mg of a water 
soluble white hydrochloride salt. 1H NMR (300 MHz, DzO) 6 7.36-7.17 (m. 5H), 6.96 (d, J=9.5 Hz, 
2H), 6.72 (4 J&.5 Hz, 2H), 4.83 - 4.74 (m, IH), 4.38 - 4.29 (m, IH), 3.84-3.78 (m, 3H), 3.77-3.27 (m, 

reaction was stirred under 1 atm. Hz (g) for 12 hours- The reaction was filtered through a celite pad and 
the volatiles were removed under reduced pressure to yield 16 mg (99%) of a glassine solid (2). Rr 0.25 
in 7:93 ~3-MeO~CH2Cl2; 1H NMR (400 MHz, CDC13) 6 7.38 - 7.11 (m, 5H), 6.97 (d, 5~8.4 Hz, 
2H), 6.77 (d, Jb9.0 Hz, El.), 6.68 (d, Jt8.4 Hz, 2H), 6.58 (br s, IH), 6.24 (br s, U-I), 4.58 - 4.52 (m, lH), 
4.13-4.02 (m, lH), 4.37 -4.28 (m, lH), 3.73 (s, 3H), 3.78-3.59 (m, 2H), 3.48-3.37 (m. U-I), 3.32-3.18 (m, 
2H), 3.11-2.98 (m, WI), 2.93 - 2.77 (m, 2H), 2.75 - 2.02 (m, 6H), 1.72 - 151 (m, 3H), 1.51 - 1.20 (m, 
2H), 1.12 (s, 3H), 1.08 (s, 3H), 0.98 - 0.92 (m, 6H), 0.87 (m, 2H); 13C! NMR (100.6 MHz, CDC13) 6 
171.39, 170.23, 169.92, 169.72, 155.89,137.10, 130.48, 129.29, 128.91, 128.76,127.11, 127.00, 115.50, 
54.94,52.33,51.11.50.10,42.75,41.69,4I.12,39.85, 39.19,34.49,30.10,30.09,29.92,25.10,24.88, 
23.94,23.92, 22.79,21.89, 18,88; MS (PAB) m/z 680. The hydrochloride was generated as previously 
described. 1H NMR (300 MHz, &O} 67.26-7.07 (m, 5H), 7.02 (d, J=8.4 Hz, 2H), 6.96 (d, J~8.6 Hz, 
U-I), 6.72 (d, J=W Hz, 2H), 4.28-4.20 (m, IH), 3.92-3.69 (m, 2H), 3.54 (s, 3H), 3.22-2.93 (m, 3H), 2.89 - 
2.70 (m, lH), 2.69-2.48 (m, 2H), 2.42-2.16 (m, 2H), 2.07-1.73 (m, 2H), 1.59 - 1.26 (m, 3H), 1.25-1.17 
(m, 2H), 1.12 (s, 6H), 0.79-0.65 (m, 8H). 

was dissolved m 1.5 
.-2mgglassinesolid(lI) 

adium black was added 
and the reaction was stirred for 10 mitmtes at 60” C. The p~~~urn was removed by vacuum fitration 
and volatiles were removed under reduced pressure to yield 1.7 mg clear solid which was 
chromatographed using 694 NH3-MeOHCH2Cl2 to yield 1.4 mg (84%) of a clear gla&ne solid (3). 
The hydrochloride was generated as previously described. 1H NMR (300 MHz, D20) 6 7.27 - 7.06 (m, 
JH), 7.00 (d, J=8.9 Hz, 2H), 6.73 (d, J=8.9 Hz, 2H), 5.63 (d, J = 16.6 Hz, U-I), S.58 - 5.42 (m, IH), 4.88 - 
4.80 (m, lH), 4.24 - 4.17 (m, iH), 4.06 - 3.64 (rn, 4H), 3.53 (s, 3H), 3.21 - 2.96 (n-r, 2H), 2.88 - 2.77 (m, 
JH), 2.67-2.45 (m, 2H), 2.38 - 2.18 (m, 2H.L 2.07 - 1.72 (m, 2H), 1.58 - 0.96 (m, 3H), 1.24 (s, 6H), 0.78- 

1 . 
4418 s - 10 mg of a clear oil (19) was 

and &x&xi to -10°C. SO0 &l of anhydrous WA was added 
hours. The volatiles were removed under reduced pressure, 

and the residue was dried under high vacuum for 30 minutes, and sub~uen~y dissolved in 2.5 ml of 
CH2Cl2. The solution was cooled to 0°C and 200 pl of Et3N was added. The reaction was stirred at 0°C 
for 1 hour. Volatiles were removed under reduced pressure and the residue was dissolved in 2 ml 
freshly distilled THF. The solution was cooled to 0°C and SO mg of TBAF was added. The reaction 
was stirred to room temperature over the course of 2 hours. The voIatiles wem removed under reduced 
pressure and the residue was c~~~~aph~ using 694 MeOH:CH$l~ as eluent to yield 8 mg(94%) 
glassine solid (4). rH NMR (300 MHz, CDCl3) 6 7.36-7.16 (m, SH). 6.98 (d, J = 8.4 Hz, 2H), 6.84 (d, J 
= 9.2 Hz. lH), 6.74 (d, J = 8.4 Hz, 2H), 6.42-6.38 (m, IH), 6.30 (s, lH), 5.42-5.36 (m, U-J), 4.55-4.43 (m, 
1H), 4.31 - 3.98 (m, 2H), 3.72 (s, 3H), 3.48-3.41 (m, IH), 3.37-3.04 (m, 2H), 2.88 - 2.74 (m, 3H), 2.13- 
2.03 (m, 2H), 2.02-1.83 (m, 2H), 1.66-1.46 (m, 3H), 0.94-0.83 (m, 6H); 13C NMR (75.429 MHz, 
CDC13) 6 173.12, 172.43, 172.21, 170.64, 170.19, 155.30, 136.01, 129.48, 129.00, 128.83, 128.51, 
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127.31, 115.89,58.29,58.24,56.43,56.27,55.10,52.55,50.94,41.70,40.73, 40.29,24.90, 24.00,22.71, 
21.86; MS (FAB) m/x 596. The hydrochloride salt was generated as previously described. 

~-4~~(l.5l~l)of~yll~c~,~~(l.sl 
-01) of N-t-Boc-pbenylalanine, and 204 mg (1.51 mmol) HOBT were dissolved in 7 ml of freshJy 
distilled CH$l2 and cooled to O’C. 435 mg (2.27 mmol) of BDC was added and the reaction was stirred 
to room temperature over the course of 2 hours. The reaction was diluted to 200 ml with CH2C12, 
wasbed with 40 ml sat. aq. NH&l, 40 ml sat. a~. NaHCO3,40 ml brine, and dried over Na$OJ.The 
volatiles were removed under reduced pressure and the residue c~oma~~aph~ using 3:97 
MeOH:CH$& to yield 540 mg of a white glassine solid. Rf0.4 in 3:97 MeOH:CH$J2; 1H NMR (300 
MHZ, CDCl3 ) S 7.35 - 7.18 (m,5H), 6.24 (d, J = 10.0 HZ, IH), 4.95 (br S, IH), 4.654.52 (m, RI), 4.40- 
4.29 (m. JH), 3.71 (s, 3H), 3.17-3.02 (m, 2H). 1.65-1.45 (m, 3H), 1.42 (s, 9H), 0.93-0.87 (m, 6H). S30 
mg of the solid was dissolved in 10 ml EtOAc and cooled to 0°C. 3 ml EtOAc saturated in HCl was 
added and the reaction was stirred to room temperature over 12 hours. The disappearance of starting 
material was monitored by thin layer chromatography. The volatiles were removed under reduced 
pressure to yield 390 mg (83%) of a $tite glassine solid (5). 

(128 ~~ in 4 ml of THF under argon. 82 mg (384 mmol) of sodim 
- 40 mg (0.128 mmol) of dipeptide fragment (5) and 29 mg 

~acetoxy~~hy~de was added and the reaction was stirred at room temperature overnight. The 
reaction was diluted to 100 ml with EtOAc, washed with 30 nil of sat. aq. NaHCO3,30 ml brine, and 
dried over Na2S04. The residue was cbromatographed usin 3:97 MeOH:C&Q as eluent to yield 51 
mg(81%) of a clear oil (6). Rf0.4 in 397 MeON: CH2Cl2; f H NMR (300 MHZ, CDC13) 6 7.59 (d, J = 
10.0 Hz, RI), 7.39-7.17 (m, lOH), 5.05-4.88 (m, 3H), 4.68-4.59 (m, E-J), 3.66 (s, 3H), 3.33-3.14 (m, 2H), 
2.78-2.50 (m, 3H), 1.66-1.40 (m, 3H), 1.28 (s, 3H), 1.24 (s, 3H), 0.95-0.89 (m, 6H). 

preaacation - The procedure used in the preparation of (6) was repeated 
using 45 mg (0.144 mmol) of dipeptide fragment (S), 36 mg (0.144 mmol) of aldehyde (15), 92 mg 
(0.432 mmol) of sodium triacetoxyborohydride, and 30:70 EtOAc:Hex as mobile phase during 
chromatographic purification to yield 60 mg (80%) of a clear oil (7). Rf 0.3 $n 4060 EtOAc:Hex; 1H 
NMR (300 MHx, CDCl3) S 7.62 (d, J=9.6 Hz, IH), 7.38-7.19 (m, lOH), 559 (d, J=16.‘7 Hz, IH), 5.44- 
5.35 (m, E-J), 5.03 (s, 2H), 4.82 (br s, lH), 4.68-4.60 (m, lH), 3.72 (s, 3H), 3.43-3.35 (m, ET), 3.28-3.03 

H), 1.39 (s, 3H), 1.35 (s, 3H), 0.98-0.87 (m, SW). 
- 26 mg (0.086 mmol) of Fmoc-glycine was suspended in 3 ml 
63 &tJ (0.860 mmol) of WC12 and SpJ of DMF were added and 

emu. Volatiles were removed under reduced pressum 
and the residue was dried for 30 min. under high vacuum. 43 mg (0.086 mmol) of secondary amine (6) 
was axeotroped with 3x4 ml of freshly distilled benzene and dissolved in 3 ml of freshly distilled 
benzene. This solution was added to the acid chloride of Fmoc-glycine along with 23 mg (0.172 mmol) 
AgCN. The reaction was stirred at room temperature for 12 hours, diluted to 7 ml with EtOAc and 
filtered througb a pad of celite. The volatiles were removed under reduced pressum and the residue was 
chromatographed using I:3 EtOAc: Toluene as eluent to yield 40 mg of a clear oil Rf 0.5 in 30~70 
EtOAc:Toluene; 1H NMR (300 MHz, CDC13) 6 7.79 (d, J = 8.0 Hz, 2H), 7.63 (d. J = 7.5 Hz, 2H), 7.SO- 
7.18 (m. 13H, 7.09 (d, J = 7.SHx, 2H), 5.7 (br s, lH), 5.59-5.54 (m, lH), 5.03 (d, J = 3.2 Hz, 2H). 4.63- 
4.53 (m, IH), 4.44-4.37 (m, 2H), 4.27-4.21 (m, JH), 4.11-3.96 (m, 2H), 3.62-3.57 (m, 2H), 3.52 (s,3H), 
3.26-3.18 (m, lH), 3.13-2.92 (m, 2H), 1.82-1.48 (m, 3H), 1.28 (s, 3H), 1.22 (s, 3H.), 0.89-0.92 (m, 6H). 
20mg of the above oil was dissolved in 2 ml of.CH$X lOOR Et2NH was added and the reaction was 
stirred at room temperature for 1 hour. The volatiles were removed under reduced pressure and the 
residue was chromatographed using 7:93 NH3-MeOHCH2Q as eluent to yield 12 mg (Sl%) of a clear 
oil (8). Rf 0.2 in 5:95 NH3 - MeOHCH2Q; 1H NMR (300 MHz. CDC13) 6 7.76 (d, J=8.9 Hz, lH), 
7.42-7.06 (m, TOH), 5.75 (br s, W), 5.10-4.98 (m, 2H). 4.62-4.53 (m, R-J), 4.02-3.94 (m, JH), 3.68-3.56 
(m, 2H), 3.52 (s, 3H), 3.49-3.39 (m, ))I), 3.24-3.14 (m, IH), 3.x2-2.93 (m. 2H). 1.82-1.48 (m, 3H), 1.26 
(s, 3H). 1.20 (s,?H), 0.99;0.92 (m. 6H). 

w - Compound (9) was prepared according to the procedure used 
to prepare (8) to afford 18 mg (64%) of clear oil (9). Rf 0.25 in 5:95 NH3-MeOH:CH$&; lH NMR 
(300 MfIz, CDC13) 67.38-7.17 (m, 1OH). 6.84 (d, J=7.6 Hz, lH), 5.72 (d, J=15.5 Hx, E-I), 5.32-5.22 (m, 
Bl), 5.01 (s, 2H), 4.90-4.80 (m. 2H), 4.56-4.46 (m, R-J), 3.86 - 3.55 (m, 2H), 3.65 (s, 3H), 3.40 (br s, 2H), 
3.36-3.17 (m, 2H), 1.78-1.49 (m, 3H), 1.33 (s, 6H), 0.96-0.84 (m, 6H). 
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. . 
~ - 4.5 mg (0.018 mmol) of azetidiuone (13), 10 mg (0.018 

mmol) of primary amiue (S), and 3mg (0.~0 mmol) of HOBT were dissolved in 1 ml of 5O:SO 
THF?HzO (v/v) and cooled to 0°C. 7 mg (0.032 mmol) of RDC was added and the reaction w&s stirred to 
room temperature over the course of 12 hours. The reaction was diluted to SO ml with CH$& washed 
with 15 ml sat. aq. NaHCO3, 15 ml sat. aq. NH&l, 15 ml brine, and dried over Na2SO4. The volatiles 
were removed under reduced pressure, and the residue was chromatographed using 5:95 
NH3:MeOH:CH~C12 as eluent to provide 12 mg (84%) glassine solid (10). Rf 0.3 in 7:93 NH3- 
MeO~~2Cl2; lH NMR (300 MHz, CDCi3) 6 7.41 - 7.18 (m, 9H), 7.06 (d, 3 = 7.5 Hx, 2H), 7.02 (d, J 
= 8.4 Hz, 2H), 6.76 (d, J = 8.4 Hx, 2H), 6.56-6.59 (m, IH), 5.69 (br s, IH), 5.63 (br s, RI), 5.04 (s, 2H), 
4.62-4.53 (m, R-J), 4.17-3.96 (m, 2H). 3.90-3.78 (m, IH), 3.77-3.58 (m, 2H), 3.57 (s, 3H), 3.27-3.18 (m, 
lH)), 3.17 -2.87 (m 2H)3.86-2.78 (in, 2H), 2.71-2.56 (m, 2H), 2.50 - 2.32 (m, 2H), 2.25 - 1.98 (m, 2H), 
1.72-1.40 (m, 3H), 1.26 (s, 3H), 1.23 (s, 3H), 0.94-0.86 (m, 6H). 

- Compound (11) was prepared according to the 
) of glassme solid ( 11) after c~~o~phy. Rf 0.3 in 

5.95 NH3-MeOHCH2Cl2; 1H NMR (300 MHZ, CDC13) 6 7.38-7.X6 (m, IOH), 6.98 (d, J = 8.4 Hz, 2H), 
6.73 (d, J=3.4 Hz, 2H), 6.15 (br s, IH), 5.74 (d, J =16.6 Hz, IH), 5.38 - 5.24 (rn, JH), 5.08 - 4.88 (m, 3H), 
4.56-4.42 (m, IH), 4.03-3.63 (m, 4H), 3.63 (s, 3H), 5.08-4.88 (m, 3H), 4.56-4.42 (m, R-J), 4.03-3.63 (m, 
4H), 3.63 (s, 3H), 3.39-3.11 (m, 2H), 2.79-2.70 (rn, 2H), 2.61-2.49 (m, 2H), 2.40-2.23 (m, RI), 2.20-2.02 
{nm lH&, 2.01-1.89 (m, fH), 1.84-1.66 (m, 2H), 1.63-1.43 (m, 3H), 1.36 (s, 3H), 1.32 (s, 3H), 0.90-0.81 

t * 
w. - 625 mg (1.36 mmol) of (22) was dissolved in 2.5 ml CC14, _ 

2.5 ml M&N, and S nil H20. 1.19 g (5.6 mmol, 4.1 eq) of Na104 and 50 mg of RuCl3 were added to 
the solution and the reaction was stirred at room temperature overnight. The aqueous layer was 
saturated with NaCl and the reaction was diluted with 25 ml EtOAc and 10 ml brine. The layers were 
separated and the aqueous layer was re-extracted with 3x25 ml EtOAc. The combined organic layers 
were washed with 30 ml brine, dried over NazS04, and the solvent removed in vacua to yield 630 mg 
(97%) of (12) as a tan oil 1H NMR (300 MHz, CDCl3) IV.01 (d, J = 8.4 Hz, 2H), 6.78 (d, J = 8.4 Hx, 
2HBI f.35 - 3.30 (m, HI), 3.20-3.13 (m, lH), 2.92 - 2.83 (m, IH), 2.53 - 2.42 (m, IH), 2.07 - 1.82 (m, 

t * 6 {s, 9H), 0.32 (s, 3H), 0.27 (s, 3H), 0.18 (s, 6H). 
10 mg (0.021 rnmol) of azetidinone (12) was dissolved in 3ml 

aceto~~e and cooled to 0°C. 200 pJ of 49% aqueous HP was added and the reaction was stirred at 0°C 
for 1 hour. The volatilea were removed under reduced pressure to yield 8 mg (9~) of glassine solid 
(13). 1H NMR (300 MHx, CD3QD) 6 6.91 (d, J = 8.6 Hz, 2H), 6.61 (d, J = 8.6 Hz, 2H), 3.82 - 3.74 (m, 

,2.41+- 2.29 (rn, 2H), 2.06 - I.&4 (m, 2H). 
- DDE i 14) - 2.32 g (8.75 mmol) of ethyl 
distilled toluene and cooled to -78” C under argon. 20.4 ml 

(30.6 mmol, 3.5 eq) of 1.5 M Dibal in toluene was added to the reaction, and warmed to 00 C over the 
course of 2 hours. The reaction was quenched with a saturated solution of Rochelle’s salt and extracted 
with 3x100 ml of Et20. The combined ethereal layers were dried over Na2SO4 and the volatiles were 
removed under reduced pressure. The nssuhing amorphous white solid was dissolved in 30 ml of freshly 
distilled CH2C12. 8.23 g (21.8 mmol, 2.5 eq) of PDC and 2.Og of 4A powdered molecular sieves were 
added to the reaction and the resulting suspension was stirred under argon overnight. The reaction was 
f&red through a pad of celiteaud the volatiles were removed under reduced pressure. The residue was 
c~~m~ph~ using 20:80 EtOAc:Hex to yield 1.80 g of (14) (93%) as a clear oil Rf 0.25 in 20~80 
EtOAc:Hex; 1H NMR (300 MHk, CDC13) 69.42 (s, I H), 7.37 - 7.29 (m, SH), 5.36 (br s, 1 H), 5.12 (s, 
2H), 1.38 (s, 6H). 

~. - 402 mg (1.82 mmol) of (14) and 730 mg (2.18 mmol, 1.2 eq), of 
carbomethoxy triphenylphosphorane were dissolved in 30 ml of freshly distilled benzene and mfluxed 
ov~ght. The volatiles were removed under reduced pressure and the residue c~~to~ph~ using 
20130 EtOAc:Hex to yield 420 mg(83%) of a clear oil 1H NMR (300 MHx, CDC13) 6 7.43 - 7.27 (m, 
SH), 7.03 (d, J = 15.1 Hz, lH), 5.86 (d, J = 15.1 Hz, lH), 5.05 (s, 2H), 4.86 (br s, HI), 3.76 (s, 3H), 1.48 
(s, 6H). 106 mg (.383 mmol) of the a&unsaturated ester was dissolved in 4 ml of freshly distilled 
toluene and cooled to -78” C under argon. 892 j.tl (1.34 mmol, 3.5 eq) of 1.5 M DibaI in toluene was 
added to the reaction. The solution was stirred 30 minutes at -78” C and an additional 30 minutes at 0” C. 
The reaction was quenched with aqueous Rochelle’s salt, diluted to 109 ml with EtzO, washed with 25 



3444 B. GARDNER et al. 

ml H20,25 ml brine, and dried over Na2SO4. The volatiles were removed in vacua to afford the crude 
allylic alcohol as an oily residue. Without purification the alcohol was dissolved in 5 ml of freshly 
di~t.illed CH2C12 under argon. 360 mg (0.958 rnrnol) of PDC and lg of crushed 4A molecular sieves 
were added and the reaction was stirred for 2 hours. The solution was diluted to 100 ml with Bt20, 
filtered through a pad of ceiite, and the volatiles were removed in vacua. The oily residue was 
chromatographed using 6:l Hexane: EtOAc to afford 82 mg (86%) of (15) as a clear oil 1H NMR 
(CDC13, 300 MHz) 6 9.18 (d, J = 4.1 HZ, lH), 7.38 - 7.02 (m. 5H), 6.76 (d, J = 15.6 Hz, lH), 5.96 (m, 
lH), 5.01 (s, 2H), 4.89 (br s. lH), 1.71 (s, 6H). . 

of Boc-phenvlalanvler (16L - 2.0 g (12.1 mmol) of (D)- 
phenylalanine was dissolved in 13 rnJ of 1N H2S04 (aq) To this solution 919 mg (13.3 mmol) of 
NaNO2 was gradually added over the course of 1 hour. The reaction was stirred at room temperature 
overnight and vigorously extracted with 4x25 ml EtOAc. The combined organic layers were washed 
with 25 ml brine and dried over Na2S04. Volatiles were removed under reduced pressure and the 
residue was dissolved in 7 ml EtOAc and treated with excess ethereal CH2N2. The volatiles were again 
removed under reduced pressure and the residue was chromatographed using 60:40 EtOAc:Hex as 
eluent to afford (73%) of clear oily hydroxy acid. lH NMR (300 MHz, CDC13) 6 7.19 - 6.84 (m, 5H), 
3.62 (s, 3H), 3.41-3.32 (m, lH), 3.19 - 2.83 (m. 2H). 1.59 g (8.83 mmol) of the hydroxy acid was 
dissolved in 5 ml of CH2C12 and cooled to -78°C under argon. 1.63 ml (9.7 1 mmol) of triflic anhydride 
was added, followed by 1.23 ml (10.59 mmol) of 2,dlutidine. The reaction was stirred for 5 minutes at 
-78°C. A solution of 2.33 g (17.7 mmol) of t-butyl carbazate in 3 ml CH$& was added dropwise. The 
reaction was stirred to room temperature over the course of three hours, diluted to 100 ml with CH2Cl2, 
washed with 25 ml sat. aq. NaHCO3,25 ml brine, and dried over Na2SO4. The volatiles were removed 
under reduced pressure and the residue was chromatographed using 25:75 EtOAc:Hex as eluent to yield 
2.10 g (81%) of glassine solid (16). Rf0.3 in 25:75 EtOAc:Hex; 1 H NMR (300 MHz, CD@) 6 7.21 - 
6.85 (m, 5H), 5.20 (br s, lH), 3.76-3.66 (m, lH), 3.59 (s, 3H), 3.20-2.83 (m, 2H), 1.41 (s, 9H). . . 

n of m - 140 mg (0.476 mmol) of phenylalanyl hydrazide 
methyl ester (16) was dissolved in 2 ml of MeOH. 520 p.l of 1N aqueous NaOH was added and the 
reaction was stirred for 2 hours at room temperature. The volatiles were removed under reduced 
pressure and the residue was dissolved in 10 ml of distilled water. The pH was adjusted to 3 with 1N 
aqueous HCl and the resulting suspension was extracted with 3x30 ml EtOAc. The combined organic 
layers were washed with 20 ml of brine and dried over Na2S04. The volatiles were removed to yield 130 
mg of a clear glassine solid. 1H NMR (300 MHz, CD3OD) 6 7.17-7.08 (m, 5H), 3.73-3.67 (m, lH), 
2.96-2.79 (m, 2H), 1.35 (s, 9H). 130 mg (0.464 mmol) of the above acid, 63 mg (0.464 mmol) of 
HOBT, 84 mg (0.464 mmol) of methyl leucinate hydrochloride, and 65 p.l(0.464 mmol) of Et3N were 
dissolved in 5 ml of freshly distilled THP and cooled to 0°C. 133 mg (0.696 mmol) BDC was added and 
the reaction was stirred to room temperature over the course of two hours. The reaction was dihrted to 
100 ml with CH2C12, washed with 30 ml sat. aq. NH&l, 30 ml sat. aq. NaHC03,30 ml brine, and dried 
over Na2SO4. The volatiles were removed under reduced pressure and the resulting crude oil was 
chromatographed using 35:65 EtOAc:Hex as eluent to yield 171 mg (88%) of a white glassine solid 
(17). Rf 0.4 in 4060 EtOAc:Hex; lH NMR (300 MHz, CDC13) S 7.62 (br s, lH), 7.38-7.23 (m, 5H), 
6.21 (br s, lH), 4.62-4.53 (m, 1H). 3.79-3.76 (m, HI), 3.65 (s, 3H), 3.28 - 2.76 (m, 2H), 1.68-1.56 (m 
3H), 1.41 (s, 9H), 0.98 - 0.89 (m, 6H). 

t (181 - 202 mg (0.423 mmol) of azetidinone (12) was 
dissolve- under argon and cooled to O’C. 5Op.l(O.444 mmol) of NMM 
and 58 pJ(O.444 mmol) of isobutyl chloroformate were added sequentially. The reaction was stirred for 
15 minutes at O’C. To the resulting solution was added 90 mg (0.444 mmol) of benzyl glycinate 
hydrochloride and an additional 5Opl of NMM. The reaction was warmed to room temperature over the 
course of 3 hours. The reaction was diluted to 100 ml with EtOAc, washed with 20 ml sat. aq. NH4C1, 
20 ml sat. aq. NH&l, 20 ml brine, and dried over Na2S04. The volatiles were removed under reduced 
pressure, and the residue was chromotographed using 4060 EtOAc:Hex as eluent to provide 250 mg of 
a clear oil The residue was dissolved in 3 ml of EtOH and stirred with a catalytic amount of 10% Pd/C 
for 12 hours under 1 atm. of Hz(g). The solids were removed by vacuum filtration and the volatiles were 
removed under reduced pressure to yield 170 mg (91%) of a white glassine solid (18). 1H NMR (300 
MHz, CDC13) 6 7.01 (d, J = 8.7 Hz, 2H), 6.77 (d, J = 8.7 Hz, 2H), 4.03-3.98 (m, 2H), 3.49-3.41 (m, lH), 
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3.19-3.11 (m, lH), 2.98 - 2.93 (m, lH), 2.58-2.49 (m, lH), 2.25-2.19 (m, 2H), 1.91-1.66 (m. 2H), 0.97 

ursor (19). - 62 mg (0.116 mmol) of azetidinone (18) was azeotroped 
with 3x4 ml of benzene, dissolved in 1 ml of 2080 THF:EtzO, and cooled to 0°C under argon. 11 p.l 
(0.127 mmol) of oxalyl chloride was added followed by 3 JJ.~ of DMF. The reaction was stirred for 2 
hours at O’C and 45 minutes at room temperature. Volatiles were removed under reduced pressure and 
the residue was dissolved in 1 ml of freshly distilled benzene. 61 mg (0.15 1 mmol) of hydrazide (17) 
was added to the solution, followed by 31 mg (0.232 mmol) of AgCN. The reaction was stirred at 50 
for 12 hours, diluted to 10 ml with EtOAc and filtered through a pad of celite. The volatiles were 
removed under reduced pressure and the residue was chromatographed using 50~50 EtOAc: Hex as 
eluent to yield 52 mg (49%) of a white glassine solid (19). Rf 0.4 in 6040 EtOAc:Hex; 1~ NMR (300 
MHz, CDC13) 6 7.38 - 7.18 (111, 5H), 7.01 (d, J = 8.7 Hz, 2H), 6.77 (d, J = 8.7 Hz, 2H), 6.37 @r s, lH), 
6.23 (br s, lH), 4.59 - 4.32 (m, 2H), 4.21 - 3.99 (m, 2H), 3.69 (s, 3H), 3.39-3.10 (m, 3H), 3.02-2.93 (m, 
1 H), 2.58-2.44 (m, 2H), 2.07-1.46 (m, 7H), 1.42 (m, 9H), 0.98 (s, 9H), 0.95 (s, 9H), 0.90 - 0.82 (m, 6H), 

_ _ ~emvlsilvl_hQmo_ J _wl ester (201 

- 2.OOg (7.11 mmol) N-t-Boc-(L)-tyrosine was dried for 3 hours under high vacuum at 35°C in a 200 ml 
round-bottom flask. To tbis was added 1.39 g (9.24 mmol, 1.3 eq.) of TBDMSCl and 50 mg of DMAP, 
followed by 40 ml of CHzClz. 2.33 ml (16.7 mmol, 2.35 eq) of Et3N was added slowly to the reaction. 
The resulting solution was stirmd at room temperature overnight under argon. The reaction was diluted 
to 200 ml with CH2C12 and washed with 2x40 ml sat. aq. NH4Cl,40 ml b0, and 40 ml brine. The 
organic layer was dried over Na$304 and the solvent was removed under reduced pressure to yield 3.19 

g of a light pink oil tH NMR (300 MHz. CDC13) 6 7.01 (d. J = 9.4 Hz, 2H), 6.75 (d, J = 9.4 Hz, 2H), 
4.92 (br d, J = 10.1 Hz, lH), 4.54 - 4.45 (m, lH), 3.13 - 2.93 (m, 2H). 1.42 (s, 9H), 0.95 (s, 9H), 0.18 (s, 
6H). The oil was dissolved in 25 ml of freshly distilled THF and cooled to 8 C. 860 pJ(7.82 mmol, 1.1 
eq) of NMM was added, followed by 1.01 ml (7.82 mm01, 1.1 eq.) of isobutyl chloroformate. The 
reaction was stirred at 0” C for 15 minutes at which time 75 ml of cold ethereal CH2N2 in (3.5 eq) was 
added. The reaction was allowed to warm to room temperature with stirring overnight. The volatiles 
were removed under reduced pressure and the solids removed by vacuum filtration through a pad of 
celite to yield 3.4 g of a light yellow oil, which was dissolved in 35 ml of freshly distilled methanol To 
this was added 2.0 ml of a methanolic solution containing 50 mg silver benzoate and 50 pJ of Et3N. The 
reaction was stirred for 1 hour at room temperature and filtered through celite. The volatiles were 
removed under reduced pressure and the residue redissolved in CH2C12. The organic layer was washed 
with 1N HCl, sat. aq. NaHC03, and brine. The organic layer was dried over Na2SO.t and the solvent 
removed in vacua to provide 3.0 g of a clear oil, which was chromatographed using 20~80 EtOAc:Hex to 
provide 2.21 g (73%) of a clear oil (20). Rf 0.5 in 30~70 EtOAc:Hex; 1~ NMR (300 MHz, CDC13) 
67.03 (d, J = 8.8 Hz, 2H), 6.73 (d, J = 8.8 Hz, 2H), 5.02 (br d, J = 12.4 Hz, lH), 3,62 (s, 3H), 4.10 (m, 
H-I), 2.78 (m, 2H), 2.48 (m, 2H), 1.40 (s, 9H), 0.96 (s, 9H), 0.18 (s, 6H). 

mation of 6-&&m (21). - 430 mg (1.02 mmol) of (20) WAS dissolved in 25 ml of EtOAc 
and cooled to 0°C. 5.0 ml of EtOAc saturated with HCl was added and the reaction was stirred to room 
temperature overnight. The volatiles were removed under reduced pressure and the residue was dried 
for 2 hours under high vacuum and then placed under an argon atmosphere. 384 mg (2.55 mmol, 2.5 eq) 
of TBDMSCl and 50 mg of DMAP were added to the residue. 22 ml of freshly distilled CH2C12 was 
added followed by 569 pl(4.08 mm01,4.0 eq) of Et3N dropwise. The reaction was stirred overnight at 
mom temperature, and diluted to 200 ml with CH2C12. The organic layer was washed with 2x40 ml sat. 
aq. NH&l, 40 ml sat. aq. NaHC03, 40 ml brine, and dried over Na2S04. The solvent was removed 
under reduced pressure and the residue was azeotroped 3x30 ml with freshly distilled benzene. The 
residue was dissolved in 60 ml of freshly distilled Et20 under argon and cooled to 0” C. 536 ~1 (1.05 eq) 
of 2.OM t-BuMgCl was added slowly to the reaction. The solution was allowed to warm to room 
temperature and quenched with sat. aq. NH&l The reaction was partitioned between 30 ml Hz0 and 
150 ml Et20. The aqueous layer was extracted with two additional 30 ml portions Qf ether, and the 
combined ethereal layers were washed with brine and dried over Na2S04. The volaules were removed 
under reduced pressure and the residue was chromatogmphed on silica gel using 15:85 BtOAc:Hex as 
eluent to provide 320 mg (83%) of (21) as a clear oil Rf0.5 in 20:30 EtOAc:Hex; 1H NMR (300 MHz, 
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CDCl3) 6 7.02 (d, J = 8.8 Hz, 2H), 6.26 (d, J = 8.8 Hz, 2H). 3.76-3.63 (m, lH), 3.22-2.95 (m, 2H), 2.72- 
2.42 (m, 2H), l.pO (s, 9H), 0.97 (s, 9H), 0.31 (s, 3H), 0.26 (s,3H), 0.19 (s, 6H). 

m - 760 mg (2.01 mmol) of (21) was azeotroped with 3x10 ml of 
benzene and dissolved m 3 ml of THF. This solution was added to a solution of LDA (2.01 mmol, 1.3 
eq) in THF and stirred at -780 C for 30 minutes. 296 pJ(2.91 mmol, 1.45 eq) of 4-bromo-l-butene was 
added slowly to the resulting enolate. The reaction was stirred for an additional 1 honr at -78” C and then 
allowed to warm to room temperature over the course of 5 hours. The reaction was cooled to 0” C and 
quenched with sat. aq. NH4Cl The reaction was diluted to 100 ml with Et20, washed with 30 ml sat. aq. 
NH&l, 30 ml H20,30 ml brine, and dried over Na$O4. The volatiles were removed under reduced 
pressure and the residue was chromatographed using 1090 EtGAc:Hex to yield 780 mg (84%) of (22) as 
a clear oil Rf 0.5 in 15:85 EtOAc:Hex; 1H NMR (300 MHz, CDC13) 6 7.02 (d, J = 8.8 Hz, 2H), 6.77 (d, 
J = 8.8 Hz, 2Ii), 5.66 - 5.51 (m, IH), 4.88-4.78 (m, 2H), 3.38-3.31 (m. lH), 3.20-3.12 (m, III), 2.84-2.78 
(m, IH), 2.53 - 2.42 (m, III), 1.76 - 1.31 (m, 4H), 0.99 (s, 9H), 0.95 (s, 9H), 0.31 (s, 3H), 0.27 (s, 3H). 

. . 
ofi&ylNh _ _ . 

benzyloxycarbonyl 
- 2.0 g (19.4 mmol) of 

aminoisobutyrlc acid and 4.06 g (2 1.3 m mol. 1.1 eq) of toluenesulfonic acid were 
placed in a 200 ml round bottom flask and dissolved in 60 ml of benzene and 5 ml of ethanol The 
reaction was refluxed with a Dean Stark trap for 6 hours. The volatiles were removed and the resulting 
white solid was washed with 2x30 ml Et20 and dried for 3 hours under high vacuum. The white solid 
was dissolved in 175 ml of THF and cooled to 9°C. 6.75 ml (48.5 mmol. 2.5 eq) of Et3N was added, 
followed by 3.03 ml (21.3 mmol, 1.1 eq) of benzyl chloroformate. The reaction was warmed to room 
temperature over 2 hours, filtered through a pad of celite, and the solvent was removed under reduced 
pressure. The residue was chromatographed using 20:80 EtOAc:Hex as eluent to afford 3.80 g (74%) of 
(23) as a clear oil Rf0.4 in 4060 EtGAc:Hex; lH NMR (300 MHz, CDC13) 67.38 - 7.29 (m, 5H), 5.42 
(br s, IH), 5.09 (s, 2H), 4.19 (q, J =9.3Hz, 2H), 1.57 (s, 6H), 1.23 (t, J = 7.2Hz, 3H). 
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