©2000 ZAmerican Chemical Society, J. Org. Chem., Martin j0991288h Supporting Info Page 1

(E)-3-Phenyl-2-propenyldiazoacetate (27). Prepared from cinnamyl alcohol in 85% yield.
The crude diazoacetate was puriﬁed by flash chromatography eluting with hexanes/EtOAc (15:1). This

‘material was identical by 1H and 13C NMR spectroscopy as to the material reported by Doyle.!
' _ : 11 » . .

[IS,2S,2(1‘R)]-2-(2'-Azido-l'-hydroxy)ethyl-cyclopropyl-lfc&arboxy-L-

. phenylalanyl;L-*leucine. Prepared in 61% yield from 21 as a wax;r white solid; CH,Cl,/MeOH
(15:1); mp 146-148 °C; IH NMR (300 MHz, CD30D) & 7.29-7.15 (comp, 5 H), 4.66-4.61 (m, 1 H),
4.49-4.42 (m, 1 H), 3.69-3.63 (m, 1 H), 3.20-3.09 (comp, 3 H), 2.85 (dd, J = 9.7, 13.9 Hz, 1 H),
1.79-1.59 (comp, 4 H), 1.29-1.23 (m, 1 H), 1.08-1.02 (m, 1 H), 1.00-0.95 (m, 1 H), 0.94 d,J= 8.9
Hz,3H),092(d,J= 89 Hz, 3 H)r 13C NMR (75 MHz, CD30D) § 175.9, 173.7, 173.4, _1‘3.8.4,‘ 130.2
(2), 129.3 (2), 127.6, 70.3, 57.4, 56.0, 52:1, 41.8, 38.9, 25.8, 244, 23.3, 22.0, 20.0, 11.1; IR (nujol)
v 3290, 2095, 1635, 1540, 1660 cmrl; mass Spectrlrm (CD) m/z 432.2256 (C21H29N505+H requires
432.2247), 242 (base). |

7 [1S,ZS,2(1'R)]-Z-(Z'-Azido-l'-hydroxy)ethyl-cyclopropyl-1-c:irb0xy-L- |
phenylalanyl-L-leucyl methyl :ester. : Prepared in 94% yield froﬂl requisite acid as a glassy solid;
MéOH/CHgClz (25:1); mp 156-158 °C; IH NMR (300 MHz, CD;0D) § 7.27-7.19 (cornp, 5 H), 4.64
(dd, J7=55,9.3 Hz, 1 H), 4.46 (dd, J = 6.3; 8.7 Hz,.l H), 3.67 (s, 3 H) 3.66-3.63 (m, 'I'H)l, 3.21 (dd,
J=135,127Hz, 1 H), 3.16 (dd, J = 6.9, 12.7 Hz, 1 H), 3.11 (dd, J = 56 13.9 Hz, 1 H), 2.85 (dd, J
=97, 13.9 Hz, 1 H), 1.79-1.55 (comp, 4 H), 1.31-1.25 (rrr, 1 H), 1.10-1.00 (m, 1 H), 0.97 (dt, J =

6.3,8.7 Hz, 1 H), 0.92 (d, J = 6.6 Hz, 3 H), 0.90 (d, J = 6.6 Hz, 3 H); 13C NMR (75 MHz, CD;0D) &
A .
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174.4, 173.7, 1734 1384 130.2 (2), 129.4 (2), 12717, 704 574, 560 527 52.1, 41.6, 389
25 8, 24.5, 23.2, 22.0, 20 1 11.1; IR (nu_]ol) \Y 3305 2095, 1730 1645 cml; mass spectrum (CI) m/z
446 2387 (C22H31N505+H requires 446. 2403), 212,-186. |

[1S,2S,2(1'R)]-2-(2'-Aminoj_1'-ﬁydroxy)etliyl-'c.yc.lopropyl;'l-ca:‘boxy-L-
phenylalanyl-L-l_eucyl methyl ester' (22).. Prepared in 92% yield from the preseeding azide as pale
yelloW solid; mp 136-138 °C; 1H NMR (300 MHz, CD30D) & 7.30;7.18 (comp, 5 H), 4.65-4.61’ (m, 1

- H), 4.47-4.40 (rﬁ, 1 H), 3.67 (s, 3 H)'3.43-3.39 (m, 1 H), 3.15 (dd, J = 5.4, 13.9 Hz, llH), 2.86 (dd, J
=94, 139 Hz, 1 H), 2.70-2.56 (m, 2 H, C5-H), 1.80-1.56 (comp, 4 H), 1.30-1.21 (m, 1 H), 1.19-
0.97 (comp, 2 H), 0.93 (d, J = 10.8 Hz, 3 H), 0.90 (d"J— 10.8 Hz, 3 H; 13C NMR (75 MHz CD36D)
o 1743 1739 1738 138.4, 130.3 (2), 129.4 (2), 1277 71.8, 562 526 52.1, 49.3, 41.5, 38.9,
25.8, 25. 1 23.3, 21. 9 20.3, 10.3; IR (nujol) v 3298 1735,. 1640 1534 1096 cm-!; mass spcctrum (CI)
m/z 420.2499 (C22H33N205+H requires 420. 2498) 261, 212(base)

N-[IS,ZS,Z(I'R)]-2-[2'-(N-tert-Butbxycarbonyl-L-t.'yros.y-l)amino-1'-
hydroxy]ethy]fcyclopropyl-l-carboxy-L;phenylalanyl-L-léucyl méthyl' ester. r- Prepared in
70% yield from 22 as a white éolvid; ‘CH,Cl»/MeOH -(25:1);'mp 1.21-123' °C; H NMR“ (300 MHz,
CD30D) § 7.30-7.17 (comp, 5 H), 7.06 (d, J = 8.5 Hz, 2-H), 6.70.(d, J = 8.5 Hz, 2 H), 4.61 (dd, J =

3
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4.8, 10.4 Hz, 1 H), 4.56-4.50 (comp, 2 H), 3.72 (s, 3 .I-'I) 3.69-3.65 (m, 1 H), 3.37 (dt, J = 5.2, 9.6 Hz,
1 H),3.14 (dd, /= 4.2, 143 Hz, 1 H),A2.'9O-2.84 (comp, 2 H), 2.81 (dd, J = 10.8, 14.3 Hz, 1 H), 2.71 |
(dd,1=9.7, 13.7 Hz, 1 H), 1..76-1.60‘(comp, 4 H), 1.37 (s,‘9 H), 1.13-1.10 (m, 1 H), 1.07-1.03 (m, 1
H), 0.95 (d, J= 6.6 Hz, 3 H), 0.89 (d, J = 66 Hz, 3 H), 0.81-0.78 (m, 1 H); 13C NMR (75 MHz,
CD30D) 8 175.5, 1754 1746 174.1, 158.3, 157.2, 138.6, 131.5 (2) 130.1 (2), 1296 (2), 1294,
127.7, 116.1 (2), 80.7, 69.0, 58.2, 57.1, 52.8 52.1, 45.1, 41.7, 38.8, 38. 5 28.8, 25.7, 25. 3 23. 5
21.7, 21.0, 8.5; IR (CHCI3) v 3307, 2938, 1739 1688 1516, 1456, 1418, 1171 cml; mass spectrum
(CD) m/z 683.3664 (C36H50N409+H requ1res 683.3656), 583, 293 (base).

Nu43
N3 ' ‘,H 0o 14'\15r16'

16 -
N-[1-(2_'-Azido-1'vR-hydroxy)bu_tylc‘arboxy]-L-phen-yl.alanyl-L-leucine. | Prepared in
73% yield from 40 as a waXy éolid; CH,Cl»/MeOH (10:1); mp 56—58 °C; 1H NMR (300 MHz, CD3OD) by
7.29-7.16 (m, 5 H), 4.72-4.67 (m, 1 H), 4.45-4.41 (m, 1 H), 3.58-_3'.51'(m, 1H), 3;2_1-3.11 (comp, 3
H), 2.83 (dd, J = 4.0, 9.9 Hz, 1 H), 2.32-2.15 (m, 2 H), 1.72-1.554 (comp, 5 H), 0.95 (d, J = 6.2 Hz, 3
H), 0.91(d, J = 6.2 Hz, 3 H); 13C NMR (75 MHz, CD30D) & 175.4, 173.8 (2), 138.6, 130.3 (2), 129.4

| (2), 127.7, 71.0, 57.6, 55.7, 52.3, 41.8, 38.8, 32.8, 31.2, 26.0, 2.3.4,»2'1.9; IR (CHCI3) v 3336, 2960, -
2105, 1718, 1662, 1516 cmfl; mass spectrurh (C) m/z 420.2247 (C20H29N505+H requires 429.2247),

391, 377, 120. | )

N3 . 0. 14:.‘1Y5-16| '

16
N-[l-(2'-Azido-1'R-hydroxy)butyléarboxy]-L-phenylanalyl-L-leucyl methyl ester
(41). Prépared in 95% yield from the requisite acid as a glassy solid; MeOH/CH,Cl, (25:1); mp 99-101

4
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°C; TH NMR (300 MHz, CD30D) § 7.26-7.17 (comp, 5 H), 4.69 (dd, J = 5.3, 9.5 Hz, 1H), 446 (dd, J
=6.1,8.7Hz, 1 H), 3.67 (s, 3 H), 3.61-3.56 (m, 1 H), 3.18-3.11 (comp, 3 H), 2.84 (dd, J = 9.6, 13.9
Hz, 1 H), 225 (t, J = 7.5 Hz, 2 H), 1.70-1.54 (cornp, 5 H), 0.94 d, J = 6.2 Hz, 3 H), 0.90 (d, J = 6.2
Hz, 3 H); 13C NMR (75 MHz, CD30D) & 1753, 174.3, 173.9, 138.4, 130.3 (2), 1294 (2), 127.7,
70.9, 57.6, 52.7, 52.1, 41.4, 38.8, 327, 31.1, 25.8, 23.3, 21.8: IR (nujol) v 3280, 2096, 1745, 1654,

1624 cm-1; mass spectrum (CI) m/z 434.2394 (C»1H31NsOs+H requires 434.2403), 416, 391, 290.
_ 10 ‘ .

N-[l-(2'-Amino-l'R-hydroxy)butylcarboxy]-L-phénylanalyl-L-leucyl methyl
- ester. Prepared in 90% yield asa crystaliine solid; mp‘,68,-70- G, .1H NMR (300 MHz, CD3OD) S 7.29—\-
7.17 (comp; 5 H), 4.68 (dd, J = 5.2, 9.5 Hz, 1 H), 4.45 (dd, J = 6.1, 8.8 Hz, 1 H), 3.42-3.38 (m, 1 H),
3.15(dd, J = 5.2, 14.0 Hz, 1 H), 2.84 (dd, J = 9.6, 14.0 Hz, 1 H), 2.57 (dd, J =40, 13.1 Hz, 1 H),
2.45(dd, /=175, 13.1 Hz, 1 H), 2.27-2.23 (r_ri, 2 H),. 1.69-1.51 (c'omp, 5 H), 0.94 (d, J=64 Hz, 3
- H),090(d,J=64Hz, 3 H);~13C NMR (75 MHz, CD30D) 6 175.7, 174.3, 173.8, 138.5, 130.3 (2),
’129.4 (2), 1277, 72.8, 55.7, 52.7, 5_2.2, 49.3, 41.6, 38.8, 33.1, .31.5, 25;9; 23.2, 22.0; IR (nujol) v
3292, 1745, 1644, 1565, 1105 cm'l; mass speéfmm (CDH) m/z 408.2495 (C21H33N305+H requires
408.2498), 307, 298 (base), 261. )
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N-[l‘-(2'[N-tert-Butoxyc‘a«rb'onyl-L-tyrosyl]amino-l'(R)-hydroxy)butylearboxy]-L-
phenylanalyl-L-leucyl methyl ester. - Prepared in 74% yield as an off-white solid; CHyCly/MeOH
(25:1); mp 100-102 °C; IH NMR (300 MHz, CD30D) 8 7.32-7.16 (comp, 5H), 7.02 (d, J= 8.3 Hz 2
H), 6.68 (d, J = 83Hz 2 H), 467(dd = 5.4, 9.5 Hz, 1 H), 4.45 (dd, J 60 9.0 Hz, 1 H), 4.21-
4.16 (m, 1 H), 3.67 (s, 3 H), 3:49-3.43 (m, 1 H), 3.18-3.05 (comp, 3 H), 2.96 (dd, J = 6.0, 13.8 Hz, 1 |
H), 2.84 (dd, / = 8.9, 14.0 Hz, 1 H), 2.72 (dd, J = 8.9, 13.8 Hz, I.H), 2.24 (app t, J = 7.6 Hz, 2 H),
1.69-1.41 (comp, 5 H), 1.36 (s, 9 H), 0.94 (d, J=6.3 Hz, 3 H) 0.89 (d, J = 6.3 Hz, 3 H); 13C NMR
(75 MHz, CD30D) & 175.6, 174.7, 174.3, 173.9, 156.9, 156.2, 138.5, 131.4, 130.3, 129.4, 129.3,
127.7, 116.2, 80.7, 70.5, 57.8, 55.7 52.7, 52.2, 46.1, 41‘5 38.9, 38.6, 32.8, 31.3 287, 25.9, 23.3,

219, R (nujol) v 3280, 1730 1655 1516, 1396, 1176 1060 cm-l; mass spectrum (CI) m/z 671.3644
(C35H50N404+H I'qu.IerS 671.3656), 571, 305 (base), 279.

.10 .

N-[1- (2'-Az1do 1'(S) hydroxy)butylcarboxy] L phenylalanyl L- leucme Prepared
in 70% yleld from 40 as a waxy solid; CH;Clo/MeOH (10:1); mp 58-60 °C; 1H NMR (300 MHz,
CD30D) 8 7.29-7.16 (comp, 5 H), 4.72-4.67 (m, 1 H), 4.45-4.41 (m, 1 H), 3.58-3.51 (m, 1H), 3.21-
3.11 (comp, 3 H), 2.83 (dd, J = 4.0, 9.9 Hz, 1 H), 2.32-2.15 (m, 2 H), 1.72-1.55 (comp, 5 H), 0.95
(d, J=-6.2 Hz, 3H), 091 (d, J= 6.‘27 Hz, 3 H); 13C NMR (75 MHz, CD30D) 8 175.5, 173.7 (2),
138.6, 130.3 (2), 129.4 (2), 127.7, 71.2, 57.6, 55.6, 52.3, 41.8, 38.8, 32.9, 31._2,‘ 25.9, 234, 2i‘.9; IR

~ (CHCl) v 3340, 2960, 2105, 1720, 1662, 1522 cmrl; mass spectrum (CT) m/z 4202234
(C20H29N5Os+H requires 420.2247), 403, 345, 116 - |

9" 0
12‘“» 13 18
, T 17 OCHj3
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N-[1-(2’-Azido-l',(S)-ﬁydroxy)butylcarboxy]-L-phenylalanyl-L-leucyl methyl
“ester. Prepared in 92% yield from thé requisite acid_as a glassy solid; MeOH/CH,Cly (25:1); mp 142- |
144 °C; 1H NMR (300 MHz, CD30D) 8 7.29-7.17 (comp, 5 H), 4.70-4.65 (m, 1 H), 4.48-4.43 (m, 1
H), 3.67 (s, 3 H), 3.60-3.54 (m, 1 H), 3.20-3.12 (comp, 3 H), 2.83 (dd, J = 4.0, 9.8 Hz, 1 H), 2.32-
- 218 (m, 2 H),11.69-1.54 (comp, 5 H), 0.94 (d,‘J=I6.1 Hz, 3 H), 0.90 (d, J = 6.1 Hz, 3 H); 13C NMR
(75 MHz,vCD3OD) 8 175.5,174.3, 173.8, 138.5, 130.3 (2),: 129.4 (2), 127.7, 71.2, 57.6, 55.6, 52.7,
41.‘3, 38.9, 3‘2.9-, 31.2, 25.8, 23.3, 21.8; IR (nujol) v 2094, 1745, 1654, 1615, 1100 cml; mass

spectrum (CI) m/z 434.2395 (C21H31N505+H requires 434.2403), 359 (base), 219.

16

N-[1- (2'-Ammo 1'(S)- hydroxy)butylcarboxy] L- phenylalanyl L- leucyl -methyl

ester. Prepared in 90% yield as a crystalline solid; mp 60—62 °C; 'TH NMR (300 MHz, CD30D) § 7. 29-

7.17 (comp, 5 H), 4.67 (dd, J = 5.5, 9.4 Hz, 1 H), 4.44 (dd, J = 6.1, 8.7 Hz, 1 H), 3.67 (s, 3 H), 3.40-

3.34 (m, 1 H), 3.15 (dd, J = 5.5, 14.0 Hz? 1 H), 2.84 (dd, J= 9.5, 14.0 Hz, 1 H), 2.58 (dd, J = 3.9,

13.0 Hz, 1 H)‘, 2.45 (dd, J = 7.7, 13.0 Hz, 1 H), 2.30-2.20 (m, 2-H), 1.69-1.52 (comyp, 5A H),0.94 (d, J

=6.3Hz,3H),090(d,J=6.3Hz,3 H); 13C NMR (75 MHz, CD3OD) 8 175.7, 174.3, 173.7, 138.4,

130.3 (2), 129.4 (2), 127.7, 72.9, 55.6, 52.7, 52.2, 49.2, 41.5, 38.9, 33.1, 31 5 259 23.2, 219 IR

(nujol) v 3291, 1744, 1642, 1550, 1104 cml; mass spectrum (CI) m/z 408.2493 (C21H33N3O5+H
requires 408.2498), 359, 261 (base).
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N-[1-(2'[N-tert-Butoxycarbouyl-L-tyrosyl]amin_o-l'(S)-hydroxy)butylcarboxy]-Lé
phenylanalyl-L-leucyl methyl esterl .Prepared in 73% yield as a pale yellow solid; CH2C12MeOH
(25:1); mp 102-104 °C; TH NMR (300 MHz, 'CD3OD) o 7126-7;1'6 (comp, 5 H), ;7'.02 (d, J=83 Hz, 2
H), 6.68 (d, J = 8.3 Hz, 2 H), 4.67 (dd, J= 53,9.1 Hz; 1 H), 4.45 (dd, J = 6.1, 8.9 Hz, 1 H), 4.20-
4.05 (m, 1 H), 3.67 (s, 3‘H), 3.46-3.43 (m, 1 H), 3.19-3.07 (comp,‘3 H),2.95 (dd, J = 6.2, 13.8 Hz, 1
H), 2.85 (dd, J=9.4, 13.8 Hz, 1 H), 2.73 (dd, J = 8.6, 13.6 Hz, 1 H), 2.29-2.18 (comp, 2 H); 1.66-
1.41 (comp; 5 H), 1.36 (s, 9 H), 0.93 (d; J= 6.1 Hz, 3 H), 0.89 (d, J = 6.1 Hz, 3 H); 13C NMR (75
MHz, CD30D) 8 175.7, 174.7, 174.3, 173.8, 157.6, 157.2, 138.4, 1>31.‘4, 4130.3, 129.4, 129..2, 127.7,
116.2, 807, 70.5, 57.8, 557, 52.7, 52.1, 46.1, 41.5, 38.9, 38.6, 32.9, 31 3,287, 259, 233, 21.9;
IR (IIUJOI) v 3301, 1746, 1655, 1562, 1052 cmrl; mass spectrum (CI) m/z 671 3650 (C35H50N409+H ‘
requlres 671.3656), 572 463, 293 (base) '

2(S)-Methyl-(R)-(-)- 7—trltyloxymethyl-y-butyrolactone (43) and 2(R)-Methyl- (R)
(-)-'y-trltyloxymethyl-y—butyrolactone (44) To a solutlon of i- PerH (1.3 mL, 9.6 mmol) in
THF (25 mL) at-78 °C was added n-BuLi 25M,36 mL) dropwise, and the reaction rmxture was stirred
at -78 °C for 15 min, 0 °C for 15 min, and then recooled to -78 °C. To this solution was added dropwise a
solution 422 (2. 7 g, 714 mmol) in’ THF 35 mL) and the mlxture was stirred for 30 min at -78 °C; Mel
(0.55 mL 8.9 mmol) was then added After 30 'min, the reactlon mlxture was warmed to -40 °C and
stlrred for 3 h Saturated aqueous NH4Cl (15 mL) was added, and ‘the mixture was warrned to rt. The
reaction mixture was dlluted with EtyO (30 mL) and ‘HzO (5 mL), and the layers were separated. The

aquedus layer was extracted with Et;O (2 x 20 mL), and the organic layers were cdmbined, washed with

8
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brine (2 x 20 mL), dried (Na3S0j4),-and concentrated under reduced pressure to yield an orange sohd as an
(8:1) mixture of 43 to 44 by IH NMR. The crude oil was taken on crude to the next step
To a solution of i-ProNH (0.56 mL, 4.3 mmol) in THF (15 ml) at -78 °C was added n-BuLi (2.3
M, 1.7 mL) dropwise, and the reaction mixture was stirred for 15 min. The reaction mixture was warmed
~ to 0 °C and stirred for 15 min, and then recooled to -78 °C. To this solution was \thenadded dropwise a
solution of 43 and 44 (1.2 g, 3.3 mmol) in THF (12' mL).‘ The reaction mixture was stirred for 1 h at -78
°C, saturated aqueous NapSO4 (10 mL) was added, and the mixture was warmed to rt. Water (10 mL)
and Ety,O (2() mL) were added, and the layers separated. The aqueous layer was extracted Wi’th"EtzO(Z X
420. mL). The organic layers were combined, washed with brine 2x2 ‘mL),‘ dried (Na3SOg4), and
concentrated under reduced pressure to yield 1.20 g of a yellow solid that was .puri_ﬁed by flash
chromatography eluting with hexane/EtOAc/Et3N (80/19/1) to yield 0.90 g (70%) of 44 together with
0.21 g (19%) of 43. | )
2(R)-Methyl-(R)-(-)-7—trityloxymethyl-'y-butyrolactone (44). Isolated as a white solrd'
mp 113-115 °C; IH NMR (300 MHz) & 7 45 (d J =7.0 Hz, 6 H), 7.32-7.20 (comp, 9 H), 4.54-4.45 (m,
1 H), 3.31- 320(m 2 H), 270258(m 1 H), 2.37-2.28 (m, IH) 1.66 (q, /= 11.8 Hz, 1 H), 125 (d,
J=17.1 Hz, 3 H); 13C NMR (75 MHz)8 1793 143.4, 128.5, 1278 127.1, 86.6, 64.9, 35.2, 32.9,
15.2; IR (CHCI3) v 3018, 1765, 1491, 1449, 1172, 1035 cm‘l mass spectrum (CI) m/z 372 1723
(C25H24O3 requires 372.1725), 271, 243 (base) ‘
(R)-(-)-'y-Hydroxymethy_l-[2(R)-methyl]-Y-butYrolactone. To a solution of 44 '(0 33 g,
0.89 mmol) in MeOH (10 mL) at rt were added 6 drops of conc HCI. The mixture was stirred for 2hat
rt, whereupon saturated aqueous NaHCO3 was added until pH=8 was reached. The mixture was
concentrated under reduced pressure, and the resultlng aqueous layer was extracted with CH2C12 3x10
mL). The organic layers were combined, dried (MgSO4) flltered and concentrated under reduced
pressure to yield a light yellow oil. The crude product was purlﬁed by flash chromatography elutmg w1th ‘
‘ CH2C12/MeOH toyield 0.10 g (87%) of alcohol as.a hght yellow oil. 1H NMR (300 MHz) 8 4.54-4.46
~(m, 1 H),3.92 (dd, J=2.7, 12.5 Hz, 1 H), 3.63 (dd, J = 5.0, 12.5 Hz, 1 H), 2.79-2.67 (m, 1 H), 2.44-
2.35(m, 1 H); 1.86-1.74 (m, 1 H)‘, 1.30(d, J=17.1 Hz,r3'H); 13C NMR (75 MHz) 6 179.3, 78.5, 63.7,




)
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: 35.6,'31.6, 15.1; IR (CHCl3) v 3407, 1768_, 1455, 1168, 1090 cm-l; mass spectrum (CI) m/z 131.0705
(CeH1003+H requires' 131.0708), 113, 85.
2(R)-Méthyl-(R)-(-)-y-[(4-methy.lphenyl)sulfonyl]-y—butyrblactdne. To a solution of
the alcohol from the preceeding.expen'ment (0.10 g, 0.77 mmol) at rt i_n CH,Cl, (3 mL) was added TsCl
(0.16 g, 0.85 mmol), EtsN (0:13 ml, 0.92 mmol), and DMAP (0.10 g, 0.85 mmol). The mixture was
stirred for 14 h at rt and concentrated under reduced pressure to yield a pale yellow solid. The cfude solid
was purified by flash chromatography eluting with hexane/EtOAc (2:1) to yield 0.20 g (91%) of mesylate
as a white solid; mp 118-120 °C (dec); !H NMR (300 MHz) & 7.80 (d, J=8.0Hz, 2 H),7.37(d,J= 8.0
Hz, 2 H), 4.57-4.52 (m, 1 H), 4.22 (dd, J = 3.5, 11.1 Hz, 1 H), 4.11 (dd, J = 5.0, 11.1 Hz, 1 H);
2.73-2.64 (m, 1 H), 2.50-2.43 (m, 1 H), 2.46 (s, 3 H), 1.76-1.65 (m, 1 H), 1.27 (d, J = 7.1 Hz, 3 H);
I3C NMR (75 MHz) & 178.2, 145.2, 132.1, 129.9, 127.8, 74.4, 69.4, 34.9, 319, 21.5, 149; IR
(CHCl3) v 2940, 1779, 1600, 1368, 1177 cm;l; mass spectrum (CI) m/z 285.0793 (C13H1605S+H
requires 285.0797), 113; R
(R)-(-)-y-Azidomethyl-[2(R)-methyl]_—y—butyrolactone (45). To a solution of the
mesylate from the preceéding experiment (0.20 g, 0.70 mmol) in DMF (3 mL) Was added NaN3 (0.23 g,
3.5 mmol) in one portioh. The mixture was heated to 65-°C and étirred for 5 h and cooled to rt. The
mixture was diluted with Et;0 (5 mL) and the resulting organié solution was washed with water (2 x 2
mL) and brine (2 x 2 mL). The organic ‘layer was dried (Na2S0y), filtered, and concentrated under
reduced pressure to yield a yellow oil. The crude oil was purified by flash chromatography eluting with
hexane/EtOAc (3:1) to yield 89 mg (82%) of 45 as a light yellow oil. !H NMR (300 MHz) 6 4.55-4.46
(m, 1 H), 3.58 (dd, /= 3.9, 134 Hz, 1 H), 3.43 (dd, J =54, 13.4 Hz, 1 H), 2.76-2.64 (rﬁ, 1 H),
2.50-2.41 (m, 1 H), 1.77-1.65 (m, 1 H), 1.29 (d, J = 8.1 Hz, 3 H) I3C NMR (75 MHz) § 178.4, 76.1,
53.6, 35.3, 33.4, 15.1; IR (CHCI3) v 2936, 2109, 1775, 1164, 1035 cnrl; mass spectrum (CI) m/z

156.0777 (CgHoN30,+H requires 156.0773), 154, 136,
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N-[1-(2'-Azido- 1'(R) hydroxy-l(R) -methyl)butylcarboxy]-L-phenylalanyl-L-
leucme Prepared in 70% y1e1d from 45 as a whlte solid; CH2C12/MeOH (20:1); mp 63-65 °C; 'H NMR
(300 MHz, CD30D) & 8.27 (d J 8.2 Hz 1 H) 8.03 (d, J = 84 Hz, 1 H), 7.30-7.16 (comp, 5 H),
4.69 (ddd, J=5.0, 10.2, 13.4 Hz, 1 H), 4.48-4.40 (m, 1 H), 3.51-3.44 (m, 1 H), 3.20 (dd, J = 4.6,'
14.1 Hz, 1 H), 3.09 (dd, J = 3.6, 12.7 Hz, 1 H), 3.00 (dd, J.= 6.1, 12.7 Hz, 1 H), 2.85 (dd, J = 10.2,
14.1 Hz, 1 H), 2.40 (q, J = 6.8 Hz, 1 H), 1.76-1.42 (comp, 3 H), 1.37-1.28 (comp, 2 H), 1.03 @@, J =
6.8 Hz», 3H), 095 (d, J=6.4 Hz, 3 H), 0.92 (d, J= 6.4 Hz, 3 H); 13C NMR (75 MHz, CD3OD) o
178.9, 175.7, 173.7, 138.7, 130.3 (2), 129.4 (2), 127.7, 69.4, 5/7.7, 55.4, 52.1, 41.8, 39.1, _38,6,A
38.2, 25.9, 23.3, 21.9, 17.8; IR (CHCl3) v 3336, 2961, 2105, 1722, 1661, 1513, 1286, 1093 cml;

mass spectrum (CI) m/z 434.2408 (C21H31N505+H requires 434. 2403) 279 (base).

N-[l-(2'-Azido-1'(R)-hydroxy-1(R)-mefhyl)butylcarboxy]-L-phenylalanyl-L-

- leucyl methyl ester (46). Prepared in 93% yield from the requisite acid as a. white solid;’
MeOH/CH,Cl, (25:1); mp 117- 119 °C; 1H NMR (300 MHz CD30D) 8 7.30- 7.17 (comp, 5 H), 4.73-
467 (m lH) 450444 (m, 1 H), 3.68 (s, 3 H), 3.53- 347 (m; lH) 3.21- 307 (comp,2 H), 301
(dd, /=62, 12.8 Hz, 1 H), 2.85 (dd J =10.0, 14.1 Hz, 1H) 2.41 (g, J= 7.1 Hz, 1 H), 1.69- 1.54
‘(comp,3H) 1.39-1.31 (comp,2H) 1.03d,J = 6.8 Hz, 3H) 0.93 (d J= 6.4 Hz, 3H), 089 (d, /= .
6.4 Hz, 3 H); 13C NMR (75 MHz, CD30D) & 178.9, 174.4, 173.9, 138, 6, 130.3 (2), 129. 4 (2) 127.7,
69.4, 57.5, 55.4, 52.7, 52.1, 41.1, 39.0, 38.7, 38.1, 25.8, 23.3, 21.8, 17.8; IR (CHCI3) v 3418, 2960,

11
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12105, 1740, 1668, 1510, 1439 cm-l; mass spectrum m/z. (CI) 448.2554 (C22H33N505+H_requircs
448.2560), 373 (base), 293.

17"
N-[1-(2'-Amino-l'(Rj-hydroky-l(R)-methyl)butyléar_bdxy]-L-phenylalanyl-L-

leucyl methyl ester. Prepared in‘ 90% yield from 46 as a glassy solid; fnp 98-100 °C; 'H NMR (300
MHz, CD30D) & 7.27-7.19 (comp, 5 H), 4.68 (dd, J = 5.5, 9.8. Hz, 1 H), 4.46 (dd, J = 6.1,’ 8.9 Hz, 1
H), 3.68 (s, 3 H); '3'.35-3.31 (m, 1 H),3.17 (dd, J = 5.2,.13.9 Hz, 1 H), 2.86 (dd, J = 9.8, 13.9 Hz, 1
H), 2.50 (dd, J = 3.6, 13.2 Hz, 1 H), 2.45-2.33 (comp, 2 H);f1.68-1.46 (comp, 3 H), 1.36-1.28 (comp,
2 H)-, 1.04 (d, J= 6.8 'Hz, 3 H), 0.94 (d, /= 6.4 Hz, 3 H), 0‘.90 d, J ‘=n6.4 Hz, 3 H); 13C NMR (75
MHz, CD30D) & 179.3, 174.4, 173.8, 138.7, 130.4 ’(2) 129.4 (2), 127-.7 71' 2, 55'4 52.6, 50.1, |
41.6, 39.5, 38.6, 38.3, 25.8, 23.2, 21.9, 17 8; IR (CHCl3) \% 3304 2954, 1742, 1665, 1602 1502
cm~1; mass spcctrum (el)} m/z 422.2645 (C22H35N3O5+H requires 422. 2655) 293, 130.

N-[1-(2'[N-tert- Butoxycarbonyl L- tyrosyl]ammo 1'(R)- hydroxy-l(R)
methyl)butylcarboxy]-L- phenylanalyl L-leucyl methyl ester. Prepared in 72% yleld as an off-
white solid; CH2Clp/MeOH (25:1); mp. 114 116 °C; TH NMR (300 MHz, CD30D) 8 7.26-7. 18 (comp,
H), 7.02 (d, J 8.3.Hz, 2 H), 6.69 (d, J = 8.3 Hz, 2 H), 467(dd J=35.5,9.8 Hz, 1 H), 4.45 (dd, J-

6.0, 8.9 Hz, 1 H), 4.18 (app t, J = 5.7 Hz, 1 H), 3.67 (s, 3 H), 3.40-3.30 (m, 1 H), 3.16 (dd, J=5.2,
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14.1 Hz, 1 H), 3.07 (dd, J = 6.2, 13.4 Hz, 1 H), 3.00-2.94 (comp, 2 H), 2.86 (dd, J = 9.6, 14.1 Hz, 1
H), 2.75-2.68 (m, 1 H), 2.42 (g, J = 7.0 Hz, 1 H), 1.65-1.48 (comp, 3 H), 1.36 (d, 9H), 1.01 (d, J =
6.8 Hz, 3 H), 0.94 (d, J= 6.1 Hz, 3 H), 0.90 (d, J = 6.i Hz, 3 H);__13C NMR (75 MHz, CD30D) &
179.2, 174.8, 174.4, 173.8, 158.2, 155.8, 138.6, 131.3', 130.4, 129.5, 129.3, 127.7, 116.2, 79.9,
68.8, 55.5, 52.7, 52.1, 45.2, 41.5, 39.2, 38.7, 38.2, 28.7, 25.8, 23.3, 21.8, 18.0; IR (CHClgj \ 3450;
2928, 1732, 1665,. 1375, 1265 cm‘ll; mass spectrum (CI) m/z 685.3811 (C36H52N'409+H requires

685.3813).
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