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Experimental Section

Z-Ala-Oxime Resin (221).1 A mixture of oxime resin (5.26 g, 0.76 mmol/g, 4.0
mmol), Z-Ala-OH (1.79 g, 8.0 mmol) and HBTU (3.03 g, 8.0 mmol) in CH,Cl, (60 mL)
was placed in a peptide synthesis apparatus. DIPEA (2.07 g, 16.0 mmol) was added to the
mixture, which was then bubbled with N3 at room temperature for 16 h. The solution was
drained and the resin was washed with DMF x 3, MeOH x 3, CH,Cl, x 3 and dried in
vacuo. The unreacted oxime grbups were capped by reaction with pivaloyl chloride (2.41
g, 20 mmol) and DIPEA (2.59 g, 20 mmol) in DMF (60 mL) at room temperature for 2 h.
The solution was drained and the resin was washed with DMF x 4, MeOH x 4, CH,Cl, x 3
and dried in vacuo to obtain 2a (6.04 g, 0.66 mmol/g). ' '
Boc-Leu-Ala-Oxime Resin (2b).1 A mixture of oxime resin (5.26 g, 0‘.76 mmol/g,
4.0 mmol), Boc-Ala-OH (1.51 g, 8.0 mmol), DMAP (0.98 g, 8.0 mmol) and DIC (1.25
mL, 8.0 mmol) in CH,Cl, (80 mL) was placed in a peptide synthesis apparatus and was
bubbled with N3 at room temperature for 11 h. After the solution was drained, the resin
was washed with DMF x 3, MeOH x 3, CH,Cl, x 3, DMF x 3. The unreacted oxime
groups were capped by reaction with pivaloyl chloride (2.46 mL, 20 mmol) and DIPEA
(3.48 mL, 20 mmol) in DN[F (30 mL) at room temperature for 2 h. After the solution was
drained, the resin was washed with DMF x 3, MeOH x 3, CH,Cl, x 3. The Boc-Ala-
Oxime resin was then deprotected with 25% TFA in CH,Cl, (60 mL) for 40 min. After the
solution was drained, the resin was washed with CH,Cl, x 3, MeOH x 3, DMF x 3. The _
resin was coupled to Z-Leu-OH+H>0 (1.99 g, 8.0 mmol) with HBTU (3.03 g, 8.0 mmol),
HOBt*H;O0 (1.22 g, 8.0 mmol) and DIPEA (4.18 mL, 24.0 mmol) in DMF (30 mL) for 2
h. After the solution was drained, the resin was washed with DMF x 3, MeOH x 3,
CH,Cl, x 3 and then dried in vacuo (6.46 g of 2b, 0.62 mmoV/g).

Z-Leu-Ala-Oxime Resin (2c).1' A similar manner as 2b was used from oxime resin
(5.26 g, 0.76 mmol/g, 4.0 mmol) to prepare 2¢ (6.46 g of the titled resin, 0.62 mmol/g).
Boc-Tyr(OBut)-Gly-Gly-Phe-Oxime Resin (2d).1 This resin was prepared in a
similar mammer as 2b using Boc-Phe-OH, Boc-Gly-Gly-OH and Boc-Tyr(But)-OH in
order to avoid diketopiperazine formation at the dipeptide stage. A mixture of oxime resin
(2.63 g, 0.76 mmol/g, 2.0 mmol), Boc-Phe-OH (2.12 g, 8.0 mmol), DMAP (25 mg, 0.20
mmol) and DIC (1.25 mL, 8.0 mmol) in CH,Cl, (30 mL) was placed in a peptide synthesis
apparatus and was bubbled with N at room temperature for 62 h. After the solution was
drained, the resin was washed with CH,Cl, x 4, DMF x 4. The unreacted oxime groups .
were capped by reaction with acetic anhydride (1.89 mL, 20 mmol) and DIPEA (3.48 mL,
20 mmol) in DMF (30 mL) at room temperature for 2 h. After the solution was drained,
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the resin was washed with DMF x 4, MeOH x 3, CH,Cl, x 3. The Boc group was then
deprotected with 50% TFA in CH,Cl, (30 mL) for 1 h. After the solution was drained, the
resin was washed with CH,Cl, x 3, MeOH x 3, CH,Cl, x 3. The resin was added a
solution of Boc-Gly-Gly-OH (928 mg, 4.0 mmol), HBTU (1.52 g, 4.0 mmol),
HOBt*H>0 (612 mg, 4.0 mmol) and DIPEA (2.09 mL, 12 mmol) in DMF (30 mL) for 19
h. After the solution was drained, the resin was washed with DMF x 4, MeOH x 3,
CH,Cl, x 3. The Boc group was then deprotected with 50% TFA in CH,Cl, (30 mL) for 1
h. After the solution was drained, the resin was washed with CH,Cl, x 3, MeOH x 3,
CH,Cl, x 3. The resin was added a solution of Boc-Tyr(OBut)-OH (1.35 g, 4.0 mmol),
HBTU (1.52 g, 4.0 mmol), HOBt*H,O (612 mg, 4.0 mmol) and DIPEA (2.09 mL, 12
mmol) in DMF (30 mL) for 20 h. After the solution was drained, the resin was washed
with DMF x 4, MeOH x 3, CH,Cl; x 3 and then dried in vacuo (3.69 g, 0.54 mmol/g).
Boc-Tyr(OBut)-Gly-Gly-D-Phe-Oxime Resin (D-2d).1 The titled resin was
prepared in a similar manner as the L-Phe isomer (3.68 g, 0.54 mmol/g).

H-Phe-Wang Resin (5a).2 Fmoc-Phe-Wang resin (4.97 g, 0.51 mmol/g, 2.53 mmol)
was placed in a peptide synthesis apparatus. To the resin was added 20% piperidine in
DMF (50 mL) and N7 was bubbled for 45 min. After the solution was drained, the resin
was washed with DMF x 3, MeOH x 3, CH,Cl, x 3 and dried in vacuo to obtain 5a (4.35
g, 0.58 mmol/g).

H-Ala-Phe-Wang Resin (5b).2 5b was prepared as described for the synthesis of L-
7ba below.

H-Val-Phe-Wang Resin (5¢).2 5c was prepared in a similar manner as Sb.
H-Leu-Wang Resin (5d).2 Fmoc-Leu-Wang resin (2.50 g, 0.40 mmol/g, 1.0 mmol)
was placed in a peptide synthesis apparatus. To the resin was added 20% piperidine in
DMF (30 mL) and N3 was bubbled for 15 min. After the solution was drained, the resin
was washed with DMF x 3, MeOH x 3, CH,Cl, x 3 and dried in vacuo (2.26 g, 0.44
mmol/g).

H-Met-Wang Resin (Se).2 The titled resin was prepared in a similar manner as H-
Leu-Wang resin (1.14 g, 0.88 mmol/g).

H-Leu-Ala-Phe-OH (L-7ba).2 Fmoc-Phe-Wang resin (2.45 g, 0.51 mmol/g, 1.25
mmol) and 20% piperidine in DMF (20 mL) were placed in a bench-top peptide synthesis
apparatus and N2 was bubbled at room temperature for 20 min. The solution was drained
and the resin was washed with DMF x 3, i-PrOH x 3, DMF x 3. A solution of Fmoc-Ala-
OH (778 mg, 2.5 mmol, 2.0 eq.), HBTU (948 mg, 2.5 mmol, 2.0 eq.), HOBt<H,0 (383
mg, 2.5 mmol, 2.0 eq.) in DMF (10 mL) was added to the resin. DIPEA (0.87 mL, 5.0
mmol, 4.0 eq.) was added to the mixture, which was then bubbled with N5 at room
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temperature for 1 h. The solution was drained and washed with DMF x 3. 20% piperidine
in DMF (20 mL) was added to the resin and N3 was bubbled at room temperature for 10
min. The solution was drained and the resin was washed with DMF x 3,1-PrOH x 3,
DMF x 3. A solution of Boc-Leu-OH (578 mg, 2.5 mmol, 2.0 eq.), HBTU (948 mg, 2.5
mmol, 2.0 eq.), HOBt*H»O (383 mg, 2.5 mmol, 2.0 eq.) in DMF (8 mL) was added to the
resin. DIPEA (0.87 mL, 5.0 mmol, 4.0 eq.) was added to the mixture, which was then
bubbled with N> at room temperature for 2 h. The solution was drained and washed with
DMF x 3, CH,Cl, x 3, MeOH x 3. The resulting resin was treated with 50% TFA in
CH,Cl, (15 mL) at room temperature for 1 h. The solution was collected and the resin was
washed with CH,Cl, x 3. All filtrates were combined and evaporated to give the crude
product as a yellow syrup. The crude product was triturated from Et,O and an ivory gel
appeared. The gel was collected on a Buchner funnel and dried in vacuo to obtain the
tripeptide as an ivory powder (393 mg, 90%): HPLC retention time (0% B ---> 40% B in
30 min), 19.0 min; mp 185 - 187 °C; 'H NMR (250 MHz, DMSO-dg) 68.64 (d,1=7.7
Hz, 1H, NH), 8.39 (d, J = 7.8 Hz, 1H, NH), 8.12 (br, 2H, NHj), 7.24 (m, 5H, Ph),
4.40 (m, 2H, 2 x NHCH), 3.77 (m, 1H, NH,CH), 3.07 (dd, J = 13.8, 4.9 Hz, 1H,
CHCHHPh), 2.99 (dd, J = 13.8, 9.0 Hz, 1H, CHCHHPh), 1.62 (m, 1H, CH(CH,),),
1.48 (m, 2H, CH,CH(CHs3),), 1.22 (d, J = 7.0 Hz, 3H, Ala-CH,), 0.86 (t, J = 5.8 Hz,
6H, Leu-CHs); °C NMR (125 MHz, DMSO-dq) & 172.6, 171.5, 168.3, 158.1, 157.9,
137.4, 129.0, 128.1, 126.3, 53.3, 50.6, 48.0, 36.5, 23.3, 22.6, 21.8, 18.3; HRMS m/e
calcd for C;3H,5N30, (M + H") 350.2080, found 350.2061.

H-Leu-D-Ala-Phe-OH (D-7ba). The titled tripeptide was synthesized in 96% yield
by standard Fmoc peptide chemistry starting from commercially available Fmoc-Phe-Wang
resin in a similar manner as L-7ab: HPLC retention time (0% B ---> 40% B in 30 min),
21.8 min; mp 70 - 73 °C; 'H NMR (250 MHz, DMSO-dg) 6 8.72 (d,J =7.8 Hz, 1H,
NH), 8.50 (d, J = 8.5 Hz, 1H, NH), 8.13 (br, 2H, NHj), 7.25 (m, 5H, Ph), 4.46 (m,
2H, 2 x NHCH), 3.81 (br, 1H, NH,CH), 3.11 (dd, J = 13.8, 4.9 Hz, 1H, CHCHHPh),
2.85 (dd, J = 13.8, 3.3 Hz, 1H, CHCHHPh), 1.57 (m, 3H, CH,CH(CHs),), 0.96 (d, J =
7.0 Hz, 3H, Ala-CH3), 0.86 (m, , 6H, Leu-CH;); *C NMR (125 MHz, DMSO-dy) &
127.8, 171.3, 168.3, 137.4, 129.1, 128.0, 126.3, 53.1, 50.6, 47.9, 37.0, 23.5, 22.5,
22.1, 18.8; HRMS mv/e calcd for C;gHN30, (M + H") 350.2080, found 350.2076.
Z-Ala-Ala-Phe-OH (7ab). A pale yellow powder (90%): HPLC retention time (0% B
--->100% B in 60 min), 27.9 min; mp 159 - 162 °C; 'H NMR (300 MHz, DMSO-dg) 6
8.02 (d,J =78 Hz, 1H, NH), 7.87 (d,  =7.6 Hz, 1H, NH), 7.4 - 7.1 (m, 11H, 2 x Ph,
OCONH), 5.01 (s, 2H, OCH3Ph), 4.41 (m, 1H, NHCH), 4.28 (quintet, J = 7.2 Hz, 1H,
Ala-Ala-NHCH), 4.04 (quintet, J = 7.2 Hz, 1H, Z-Ala-NHCH), 3.05 (dd, J = 14.0, 4.0
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Hz, 1H, CHCHHPh), 2.90 (dd, J = 13.9, 8.5 Hz, 1H, CHCHHPh), 1.17 (m, 6H, 2 x
Ala-CHs); °C NMR (125 MHz, DMSO-de) 6 172.6, 172.0, 171.9, 155.6, 137.3, 137.0,
129.1, 128.3, 128.1, 127.7, 127.6, 126.3, 65.3, 53.4, 49.8, 47.8, 36.6, 25.2, 18.2,
18.0; HRMS m/e calcd for C3H,7N3;04Na (M + Na*) 464.1798, found 464.1781.
Z-Ala-Val-Phe-OH (7ac). A pale yellow powder (75%): HPLC retention time (0% B
-—->100% B in 60 min), 30.7 min; mp 199 - 200 °C: 'H NMR (300 MHz, DMSO-dy) &
12.56 (br, 1H, COOH), 8.20 (d, J = 7.7 Hz, 1H, NH), 7.57 (d, J = 9.0 Hz, 1H, NH),
7.46 (d, ] =7.7 Hz, 1H, OCONH), 7.4 - 7.1 (m, 10H, 2 x Ph), 5.01 (s, 2H, OCH,Ph),
4.44 (m, 1H, Phe-NHCH), 4.19 (m, 1H, Ala-NHCH), 4.09 (t, J = 7.3 Hz, 1H, Val-
NHCH), 3.05 (dd, J = 14.0, 5.3 Hz, 1H, CHCHHPh), 2.89 (dd, J = 14.0, 9.0 Hz, 1H,
CHCHHPh), 1.92 (m, 1H, Val-CH(CHa),), 1.15 (d, J = 7.1 Hz, 3H, Ala-CH>), 0.79 (m
6H, Val-CH;); °C NMR (125 MHz, DMSO-d¢) 6 172.7, 172.1, 170.7, 137.4, 137.0,
129.0, 128.3, 128.1, 127.7, 127.6, 126.3, 65.3, 57.0, 53.2, 50.0, 36.6, 30.9, 19.0,
17.8; HRMS m/e calcd for C,5H3,N30g (M + H') 470.2291, found 4670.2310.
H-Leu-Ala-Ala-Phe-OH (7bb). A pale brown powder (70%): HPLC retention time
(0% B ---> 100% B in 60 min), 18.6 min; mp 190 - 193 °C; 'H NMR (300 MHz, DMSO-
dg) 8 8.59 (d, J = 7.5 Hz, 1H, NH), 8.05 (d, ] = 7.8 Hz, 1H, NH), 7.99 (d,J=7.5Hz,
1H, NH), 7.23 (m, S5H, Ph), 4.39 (m, 2H, 2 x NHCH), 4.28 (quintet, J = 7.2 Hz, 1H,
Ala-NHCH), 3.76 (t, ] = 7.0 Hz, 1H, Leu-NHCH), 3.05 (dd, J = 13.9, 5.2 Hz, 1H,
CHCHHPh), 2.90 (dd, J = 13.8, 8.5 Hz, 1H, CHCHHPh), 1.64 (m, 1H, CH(CH,),),
1.52 (m, 2H, CH,CH(CHj;),), 1.20 (d, J = 7.1 Hz, Ala-CH,), 1.17 (d, ¥=7.1 Hz, Ala-
CHj), 0.89 (m, 6H, Leu-CHj); °C NMR (125 MHz, DMSO-dg) § 173.0, 172.3, 171 4,
168.8, 137.7, 129.5, 128.5, 126.8, 53.7, 51.0, 48.4, 48.3, 37.0, 23.8, 23.0, 22.3,
18.6, 18.5; HRMS m/e calcd for C,;H33N4Os (M + H") 421.2451, found 421.2452.
H-Leu-Ala-Val-Phe-OH (7bc). A pale brown powder (80%): HPLC retention time
(0% B ---> 100% B in 60 min), 28.2 min; mp 287 - 290 °C; 'H NMR (300 MHz, DMSO-
dg) 6 12.66 (br, 1H, COOH), 8.60 (d, J = 7.5 Hz, 1H, NH), 8.19 (d, ] = 7.8 Hz, 1H,
NH), 8.08 (br, 2H, NHy), 7.78 (d, ] = 9.0 Hz, 1H, NH), 7.3 - 7.1 (m, 5H, Ph), 4.45
(m, 2H, 2 x NHCH), 4.18 (dd, J = 8.9, 6.8 Hz, 1H, Val-NHCH), 3.77 (t, ] = 6.9 Hz,
1H, Leu-NHCH), 3.06 (dd, J = 14.0, 5.2 Hz, 1H, CHCHHPh), 2.89 (dd, J = 14.0, 9.1
Hz, 1H, CHCHHPh), 1.93 (m, 1H, Val-CH(CHjs),), 1.63 (m, 1H, Leu-CH(CH3),), 1.51
(m, 2H, CH,CH(CH3),), 1.18 (d, J = 7.0 Hz, 3H, Ala-CH3), 0.9 - 0.7 (m, 12H, Leu-
and Val-CH3); ">C NMR (125 MHz, DMSO-dg) 6 172.7, 171.2, 170.6, 168.4, 137.4,
129.0, 128.0, 126.3, 64.8, 57.2, 53.2, 50.7, 48.1, 36.6, 30.8, 23.4, 22.5, 22.0, 19.0,
17.8; HRMS m/e calcd for C,3Hy;N4Os (M + H') 449.2764, found 449.2771.

el
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Z-Leu-Ala-Phe-OH (7ca). A pale brown powder (83%): HPLC retention time (0% B
--->100% B in 60 min), 33.7 min; mp 179 - 180 °C; '"H NMR (300 MHz, DMSO-dg) 6
7.92 (m, 2H, 2 x NH), 7.4 - 7.1 (m, 11H, 2 x Ph, OCONH), 5.02 (s, 2H, OCH>,Ph),
4.36 (m, 1H, NHCH), 4.27 (quintet, ] = 7.2 Hz, 1H, Ala-NHCH), 4.03 (m, 1H,
NHCH), 3.05 (dd, J = 13.8, 5.2 Hz, 1H, CHCHHPh), 2.90 (dd, J = 13.8, 8.0 Hz, 1H,
CHCHHPh), 1.60 (m, 3H, CH(CH3;),), 1.41 (m, 3H, CH,CH(CH3),), 1.18 (d,J = 7.0
Hz, 3H, Ala-CH3), 0.84 (m, , 6H, Leu-CH;); *C NMR (125 MHz, DMSO-d¢) 6 172.7,
171.8 (2C), 155.9, 137.5, 137.0, 129.1, 129.2, 128.0, 127.7, 127.5, 126.2, 65.3, 53.6,
52.9,47.9, 36.7, 24.1, 23.0, 21.3, 18.2; HRMS m/e calcd for C,gH33N304Na (M + Na*)
506.2267, found 506.2284.

Z-Leu-Ala-Ala-Phe-OH (7cb). A pale brown powder (67%): HPLC retention time
(0% B ---> 100% B in 60 min), 33.2 min; mp 162 - 164 °C; 'H NMR (300 MHz, DMSO-
d¢) 6 12.69 (s, 1H, COOH), 8.02 (d, J = 7.8 Hz, 1H, NH), 7.94 (d, J = 7.4 Hz, 1H,
NH), 7.84 (d,J =7.5 Hz, 1H, NH), 7.4 - 7.1 (m, 11H, 2 x Ph, OCONH), 5.02 (s, 2H,
OCH,Ph), 4.41 (m, 1H, NHCH), 4.26 (m, 2H, 2 x NHCH), 4.03 (m, 1H, NHCH),
3.05 (dd, J = 13.9, 5.3 Hz, 1H, CHCHHPh), 2.90 (dd, J = 13.9, 8.5 Hz, 1H,
CHCHHPh), 1.62 (m, 1H, CH(CHs),), 1.42 (m, 2H, CH,CH(CH,),), 1.16 (d, ] = 7.0
Hz, 6H, 2 x Ala-CHs), 0.85 (m, 6H, Leu-CHz); >C NMR (125 MHz, DMSO-dg) &
172.6, 171.9, 171.8, 171.5, 155.9, 137.3, 137.0, 129.1, 128.3, 128.1, 127.7, 127.5,
126.4, 65.3, 53.3 (2C), 53.0, 47.8, 36.6, 24.1, 23.0, 21.3, 18.2, 18.0; HRMS m/e calcd
for CpoH33N4,O/Na (M + Na™) 577.2638, found 577.2643.

Z-Leu-Ala-Val-Phe-OH (7cc). A pale brown powder (68%): HPLC retention time
(0% B ---> 100% B in 60 min), 35.2 min; mp 216 - 218 °C; "H NMR (300 MHz, DMSO-
de) 8 12.53 (br, 1H, COOH), 8.16 (d, J = 7.8 Hz, 1H, NH), 8.00 (d, ] = 7.4 Hz, 1H,
NH), 7.55 (d, J = 9.1 Hz, 1H, NH), 7.5 - 7.1 (m, 11H, 2 x Ph, OCONH), 5.02 (s, 2H,
OCH3Ph), 4.44 (m, 1H, NHCH), 4.31 (quintet, J = 7.2 Hz, 1H, Ala-NHCH), 4.16 (dd,
J=8.9, 6.5 Hz, 1H, Val-NHCH), 3.05 (dd, J = 14.0, 5.3 Hz, 1H, CHCHHPh), 2.89
(dd, J = 14.0, 9.0 Hz, 1H, CHCHHPh), 1.92 (m, 1H, Val-CH(CH,),), 1.62 (m, 1H,
Leu-CH(CHj3),), 1.42 (m, 2H, CH,CH(CH3),), 1.15 (d, J = 6.9 Hz, 3H, Ala-CH;), 0.9 -
0.7 (m, 12H, Leu- and Val-CH;); °C NMR (125 MHz, DMSO-dg) 6 172.7, 172.0,
171.7, 170.6, 155.9, 137.4, 137.0, 128.9, 128.3, 128.1, 127.7, 127.5, 126.3, 65.3,
57.1, 53.2, 52.9, 47.9, 36.6, 30.8, 24.1, 23.0, 21.3, 19.0, 17.7; HRMS m/e calcd for
C31H43N,0; (M + HY) 583.3132, found 583.3148.

Leu-Enkephalin (H-Tyr-Gly-Gly-Phe-Leu-OH, 7dd). A pale brown powder
(87%): HPLC retention time (0% B ---> 100% B in 60 min), 21.2 min (the same retention
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time as the authentic sample from Sigma); LRMS m/e calcd for C,gH3,N5sO; (M + H"
556.3, found 556.4.

[D-Phe4]-Leu-Enkephalin (H-Tyr-Gly-Gly-D-Phe-Leu-OH, D-7dd). A pale
brown powder (61%): HPLC retention time (0% B ---> 100% B in 60 min), 24.2 min;
LRMS m/e calcd for CpgH37NsO; (M + HY) 556.3, found 556.4.

Met-Enkephalin (H-Tyr-Gly-Gly-Phe-Met-OH, 7de). A pale brown powder
(87%): HPLC retention time (0% B ---> 100% B in 60 min), 24.0 min (the same retention
time as the authentic sample from Sigma); LRMS m/e calcd for C»;H;sNsO,S (M + H* )
573.3, found 573 .4.

[D-Phe4]-Met-Enkephalin (H-Tyr-Gly-Gly-D-Phe-Met-OH, D-7de). A pale
brown powder (61%): HPLC retention time (0% B ---> 100% B in 60 min), 19.1 min;
LRMS m/e calcd for C,7H3sNsO;S (M + H') 573.3, found 573.4.

References
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2) For a manual peptide synthesis on Wang resin, see Novabiochem Catalog &
Peptide Synthesis Handbook; 1997, pp S58-S59.
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