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Experimental Section

General

Chromatographic separations were performed onastiel (Kieselgel 60, Merck) using flash-
column techniqued® values refer to TLC carried out on 25-mm silichglates (Merck Bs4) with
the same eluant as indicated for column cromatdyrapi and**C NMR spectra were recorded
with Varian Gemini spectrometers operating at 2a9zMor *H and 50 MHz forC, respectively.
ESI mass spectra were carried out on a ion-trapbldogquadrupole mass spectrometer using
electrospray (ES ionization techniques. Purity grade of librarymieers was assessed by HPLC
with an analytical C-18 1@m, 250 x 4.6 mm, reverse-phase column, ap® H CHCN eluant
buffered with 0.1% TFA using the following gradiert0% acetonitrile/5 min, then 10 — 25%
acetonitrile/20 min, then 25 — 30% acetonitrile/tinthen 30 — 90% acetonitrile/15 min. All the
compounds showed a purity grade > 90%.

Compoundsdla, 1b and2 were prepared following reported procedures (S&ulch, F.; Trabocchi,
A.; Guarna, A.; Convenient route to enantiopure Eipmtected morpholine-3-carboxylic acid,
Org. Chem2007, 72, 4254; F. Sladojevich, A. Trabocchi, A. Guar@ag. Biomol. Chem 2008, 6,

3328).

(2R,3S,6S)-6-M ethoxy-2-methyl-6-phenyl-mor pholine-3-car boxylic acid methyl ester (3). L-
Threonine methyl ester hydrochloride (730 mg, 4r800l) was dissolved iN-methylpyrrolidone
(4 mL), then DIPEA (1.47 mL, 8.61 mmol) and pherassomide (571 mg, 2.87 mmol) were
successively added, and the resulting mixture wased at room temperature for 6 h.
Subsequently, water (30 mL) was added, and thenargzhase was extracted with EtOAc and
washed with brine. Crude product was obtained #éiftestion over Celite and solvent evaporation.
The resulting mixture was partitioned between wated EtO. The combined organic layers were
washed with brine, dried over p&0O, and concentrated under reduced pressure. Thermrude

mixture was dissolved in MeOH (14 mL) and S@(L.02 mL, 14 mmol) was added dropwise, at O
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°C. The resulting mixture was refluxed for 4.5 hgdahen concentrated under reduced pressure. The
crude material was dissolved again in MeOH, treatétd Amberlist A-21, and the solvent was
evaporated to dryness. PuB€265 mg) was obtained in 50% vyield after purificatthrough flash
column chromatography EtOAc - Petr. ether 1:1, R3.87). (Found: C, 63.52; H, 7.23; N, 5.12.
C14H10NO4 requires C, 63.38; H, 7.22; N, 5.28%)]%p +45.6 € = 1.2, CHCY). & (200 MHz,
CDCly) 7.48-7.46 (m, 2H), 7.39-7.32 (m, 3H), 3.97-3.88 (H), 3.77 (s, 3H), 3.30 (d,= 9.9 Hz,

1H), 3.09 (dJ = 13.9 Hz, 1H), 3.05 (s, 3H), 2.67 (=13.9 Hz, 1H), 2.10 (br, 1H), 1.27 @= 6.0

Hz, 3H) ppm.& (50 MHz, CDC}) 171.3 (s), 150.8 (s), 139.6 (d), 128.1 (d, 2@8.Q (d), 125.9

(d, 2C), 97.1 (s), 67.4 (d), 63.2 (d), 54.0 (t), &), 49.2 (q), 18.4 (q) ppm. ESI-M&z 266.25
(M¥+1).

(3R/S,7S,9a9)-7-1 sobutyl-3-methoxy-hexahydr o-pyrazino[ 2,1-c][ 1,4] oxazine-6,9-dione  (4).
Compound4 was obtained from morpholine acefa (66 mg, 0.38 mmol) and Fmoc-(L)-Leu-ClI
(130 mg, 0.38 mmol) following general procedure Rure 4 was obtained after flash
chromatography purification (1:1 EtOAc/petr. ethigr= 0.2), in 84% vyield. (Found: C, 56.51; H,
7.91; N, 10.68. GH20N2O4 requires C, 56.23; H, 7.87; N, 10.93%). Major @womer: dy (200
MHz, CDCk) 6.20 (br, 1H), 4.56 (dd] = 13.4, 2.9 Hz, 1H), 4.45-4.37 (m, 2H), 4.10 (rH),13.79
(m, 1H), 3.65 (ddJ = 11.7, 9.9 Hz, 1H), 3.53 (s, 3H), 2.65 (dd; 13.2, 8.7 Hz, 1H), 1.66 (m, 3H),
0.98 (ddJ =6.7, 6.6 Hz, 6H) ppmX (50 MHz, CDC}) 163.7 (s), 162.5 (s), 95.1 (d), 72.3 (d), 69.0
(d), 66.1 (t), 53.7 (q), 40.5 (t), 33.4 (t), 23d,(22.5 (q), 20.5 (q) ppm. ESI-M&z 257.3 (M +1).

4-[2(S)-(9H -Fluor en-9-yImethoxycar bonylamino)-3-methyl-butyryl]-3,4-dihydr o-2H-
[1,4]oxazine-3(R)-carboxylic acid methyl ester (5). Morpholine compoundlb (100 mg, 0.57
mmol) was dissolved in anhydrous &, (2 mL), then 2,6-lutidine (133 pL, 1.14 mmol) and
Fmoc-(L)-Val (245 mg, 0.69 mmol) were added. Thact®n mixture was brought to 60 °C and
stirred for 2 h under a nitrogen atmosphere. Thetren mixture was then diluted with @El, and
sequentially washed with 5% HCI, 5% NaHg£énd brine. The organic layers were dried over

NaSQy, filtered and evaporated to give a brownish fodhen, toluene (10 mL) and pTsOH (180
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mg, 0.91 mmol) were added, and the mixture wasixefl over molecular sieves for 2 h. Then, the
mixture was diluted with EtOAc (20 mL) and sequalhyiwashed with 5% HCI, 5% NaHG@nd
brine. The organic layers were dried over®l@,, filtered and evaporated to give p&rafter flash
chromatography purification (1:3 EtOAc/petr. ethen) 54% vyield. (Found: C, 67.61; H, 6.28; N,
5.74. GgH,gN,Og requires C, 67.23; H, 6.08; N, 6.03%)]1 +27.7 € = 0.8, CHCJ). 1:1 Mixture

of rotamersdy (200 MHz, CDCJ) 7.78 (d,J = 7.3 Hz, 2H), 7.59 (m, 2H), 7.37 (m, 4H), 6.40J¢

5.1 Hz, 1H, rot. A), 6.18 (d] = 4.2 Hz, 1H, 0.5 rot. A and 0.5 rot. B), 5.63 @H{), 4.68-4.46 (m,
3H), 4.31-4.07 (m, 2H), 3.90-3.73 (m, 2H), 3.811KH, rot. A), 3.79 (s, 1.5H, rot. B), 2.44-2.34
(m, 1H), 0.89 (m, 6H) ppmd (50 MHz, CDC}) 162.5, 161.8, 143.3, 141.3, 127.8, 127.5, 127.1,
125.0, 124.9, 124.8, 124.5, 124.3, 124.1, 120.84,311113.9, 109.7, 108.8, 68.0, 67.8, 67.7, 67.6,
52.6, 47.2, 31.9, 30.0, 22.7, 19.1 ppm. ESI4M$465.3 (M +1).

(3R,9aR)-3-M ethoxy-7,7-dimethyl-hexahydr o-pyrazino[ 2,1-c][1,4] oxazine-6,9-dione (6) and
(3S,9aR)-3-methoxy-7,7-dimethyl-hexahydr o-pyrazino[ 2,1-c][1,4] oxazine-6,9-dione (7).
Compounds and7 were obtained from compourig (100 mg, 0.57 mmol) and FmeeMe-Ala-

Cl (217 mg, 0.63 mmol) following the general progerlA in 41% and 35% yields, respectively,
after flash chromatography purification (1:1 EtOpett. ether, 6: R= 0.11, 7: R = 0.09).6:
(Found: C, 52.88; H, 7.12; N, 12.01,08:6N-O;4 requires C, 52.62; H, 7.07; N, 12.27%3]%o
+100.7 € = 1.3, CHC4). d; (200 MHz, CDC}) 7.41 (br, 1H), 4.54, (dd, = 13.2, 2.9 Hz, 1H), 4.38
(m, 2H), 4.09 (m, 1H), 3.61 (dd,= 11.3, 9.9 Hz, 1H), 3.50 (s, 3H), 2.61 (d&; 13.4, 8.6 Hz, 1H),
1.50 (s, 3H), 1.47 (s, 3H) ppnk (50 MHz, CDC}) 161.8 (s), 160.2 (s), 98.2 (d), 65.7 (t), 59.8 (d
56.4(q), 55.1 (q), 44.4 (t), 28.5 (q), 27.8 (q) pEESI-MSM/z 229.4 (M+1). 7: (Found: C, 53.11;
H, 7.10; N, 12.08. GH1eN-O4 requires C, 52.62; H, 7.07; N, 12.27%x]¥b -43.5 € = 0.4,
CHCL). & (200 MHz, CDC}) 6.92 (br, 1H), 4.72, (d] = 2.2 Hz, 1H), 4.51 (d) = 13.6 Hz, 1H),

4.20 (dd,J = 11.0, 4.0 Hz, 1H), 3.99 (d,= 4.0 Hz, 1H), 3.90 (m, 1H), 3.37 (s, 3H), 2.80,(d =
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13.5, 2.5 Hz, 1H), 1.53 (s, 3H), 1,48 (s, 3H) p@a(50 MHz, CDC}) 162.1 (s), 160.2 (s), 88.3 (d),
77.2 (), 60.1 (d), 56.4 (), 44.3 (1), 29.3 (,2(q) ppm. ESI-M$Wz 229.5 (M+1).
(1R,3R,7R,9aS)-7-1 sobutyl-3-methoxy-1-methyl-hexahydr o-pyrazino[ 2,1-c][ 1,4] oxazine-6,9-
dione (8 and (1R,3S,7R,9aS)-7-1sobutyl-3-methoxy-1-methyl-hexahydro-pyrazino[2,1-
c][1,4]oxazine-6,9-dione (9). Compounds3 and9 were obtained from compour&d(101 mg, 0.53
mmol) and Fmoc-D-Leu-Cl (239 mg, 0.64 mmol) follogithe general procedure A in 33% and
43% vyields, respectively, after flash chromatogyaptrification (1:1 EtOAc/petr. ethe8; Ry = 0.
0.22,9: Ry = 0.19).8: (Found: C, 57.84; H, 8.22; N, 10.01;38,,N,0O,4 requires C, 57.76; H, 8.20;
N, 10.36%). f1]%% -18.4 € = 0.1, CHC}). d; (200 MHz, CDCJ) 6.33 (br, 1H), 4.60 (dd] = 13.0,
2.5 Hz, 1H), 4.44 (dd] = 8.9, 2.4 Hz, 1H), 4.05 (m, 1H), 3.73 (m, 2HBHB(s, 3H), 2.60 (dd] =
12.9, 9.0 Hz, 1H), 1.67 (m, 3H), 1.51 (tk 5.3 Hz, 3H), 0.96 (dd} = 5.5, 5.2 Hz, 6H) ppmX (50
MHz, CDCk) 161.1 (s), 159.9 (s), 93.8 (d), 66.1 (t), 62.y, @1.2 (d), 53.7 (q), 45.5 (t), 31.2 (d),
30.1 (q), 23.6 (d), 22.4 (9), 17.9 (9) ppm. ESI-M&271.2 (M+1).9: (Found: C, 57.86; H, 8.23;
N, 10.07. GaH2N,0;4 requires C, 57.76; H, 8.20; N, 10.36%)] %, +58.4 € = 0.8, CHCY). &,
(200 MHz, CDC4) 6.71 (br, 1H), 4.69-4.57 (m, 2H), 4,08 (m, 2HBB(d,J = 9.6 Hz, 1H), 3.37 (s,
3H), 2.89 (dd,J = 13.5, 2.3 Hz, 1H), 1.91-1.63 (m, 3H), 1.42J¢& 6.1 Hz, 3H), 0.94 (dd] = 5.8,
4.0 Hz, 6H) ppmd (50 MHz, CDC}) 163.1 (s), 160.2 (s), 94.9 (d), 66.2 (t), 62 64.7 (d), 54.4
(q), 45.1 (t), 30.7 (d), 30.5 (q), 23.9 (d), 299, (L7.9 (q) ppm. ESI-M8&Vz271.2 (M+1).
(3R/S,7S,9aR)-7-1 sopr opyl-3-methoxy-hexahydr o-pyrazino[ 2,1-c] [ 1,4] oxazine-6,9-dione (10).
CompoundlO was obtained from compourdth (100 mg, 0.57 mmol) and Fmoc-L-Val-CI (225 mg,
0.63 mmol) following the general procedure A asiatane of epimers in 66% overall yield after
flash chromatography purification (1:1 EtOAc/pedther). (Found: C, 54.56; H, 7.50; N, 11.49.
C11H18N,04 requires C, 54.53; H, 7.49; N, 11.56%).(200 MHz, CDC}) 6.76 (br, 1H), 4.57 (dd,
J=13.4, 2.5 Hz, 1H), 4.40 (dd,= 8.7, 3.1 Hz, 1H), 4.09 (dd,= 9.8, 4.0 Hz, 1H), 3.91 (m, 2H),

3.67-3.56 (m, 1H), 3.03 (m, 1H), 2.61 (dds 13.4, 8.8 Hz, 1H), 2.37 (m, 1H), 1.01 {5 7.0 Hz,
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3H), 0.89 (dJ = 6.9 Hz, 3H) ppmd: (50 MHz, CDC4) 165.2 (s), 160.1 (s), 99.1 (d), 88.2 (d), 66.0
(t), 60.7 (d), 54.8 (q), 43.9 (1), 33.5 (d), 189, (16.1 (q) ppm. ESI-M8Vz 243.4 (M'+1).
(1R,7S,9aS)-7-1 sobutyl-1-methyl-3-phenyl-1,7,8,9a-tetr ahydr o-pyrazino[ 2,1-c][ 1,4] oxazine-
6,9-dione (11). Compoundll was obtained from morpholire(100 mg, 0.38 mmol) and Fmoc-L-
Leu-Cl (140 mg, 0.38 mmol) according to generalcpdure B in 41% vyield after flash
chromatography purification (1:1 EtOAc/petr. ethgr= 0.34). (Found: C, 68.87; H, 7.35; N, 8.80.
C1aH22N203 requires C, 68.77; H, 7.05; N, 8.91%)]1 -33.7 € = 0.1, CHC}). &4, 7.56 (d,J = 6.8
Hz, 2H), 7.33 (m, 3H), 7.25 (s, 1H), 6.29 (s, 1613 (M, 1H), 4.35 (s, 1H), 4.11 (m, 1H), 1.81 (m,
2H), 1.71 (m, 1H), 1.26 (d] = 6.3 Hz, 3H), 0.99 (dd) = 6.3, 5.9 Hz, 6H) ppmd (50 MHz,
CDCl;) C18 163.9 (s), 160.3 (s), 137.1 (s), 133.0 (83.2 (d, 2C), 128.0 (d), 123.9 (d, 2C), 100.5
(d), 98.1 (d), 70.2 (d), 53.7 (d), 44.4 (t), 24d),(22.8 (), 21.1 (), 20.1 (q) ppm. ESI-M%z
315.3 (M+1).
(1R,9aS)-1,7,7-Trimethyl-3-phenyl-1,7,8,9a-tetr ahydr o-pyrazino[ 2,1-c][ 1,4] oxazine-6,9-
dione (12). Compoundl2 was obtained from morpholire(140 mg, 0.53 mmol) and FmecMe-
Ala-Cl (250 mg, 0.73 mmol) according to general gadure B in 62% yield after flash
chromatography purification (1:1 EtOAc/petr. ethigr= 0.31). (Found: C, 67.14; H, 6.35; N, 7.75.
Ci6H18N205 requires C, 67.12; H, 6.34; N, 9.78%)]{5 -26.1 € = 1.6, CHCY). d; (200 MHz,
CDCl) & 7.58 (d,J = 8.0 Hz, 2H), 7.36-7.29 (m, 3H), 7.32 (s, 1HB®B(br, 1H), 4.22 (m, 1H),
4.05 (d,J = 8.6 Hz, 1H), 1.84 (d) = 5.9 Hz, 3H), 1.55 (s, 3H), 1.54 (s, 3H) ppés.(50 MHz,
CDCly) 164.3 (s), 161.5 (s), 141.1 (s), 133.0 (s), 128,2C), 126.7 (d), 123.9 (d, 2C), 100.1 (d),
72.6 (d), 58.8 (d), 56.0 (q), 28.3 (q), 27.3 (§.,91(q) ppm. ESI-MSVz 287.3 (M+1).
(4aS,5R,9aS)-5-M ethyl-7-phenyl-1,2,3,4a,5,9a-hexahydr o-6-oxa-3a,8a-diaza-
cyclopentalb]naphthalene-4,9-dione (13). Compoundl13 was obtained from morpholing (102
mg, 0.38 mmol) and Fmoc-L-Pro-Cl (135 mg, 0.38 mnagtording to general procedure B in 92%

yield. (Found: C, 68.51; H, 6.11; N, 9.32,/8:¢N,O; requires C, 68.44; H, 6.08; N, 9.39%]%
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-2.1 €= 1.0, CHCY). & (200 MHz, CDCJ) 7.57-7.56 (dJ = 7.2 Hz, 1H), 7.35-7.25 (m, 5H), 4.23
(m, 2H), 4.03 (dJ = 9.0 Hz, 1H), 3.56 (M, 2H), 2.39 (m, 1H), 2.28 (thl), 2.02 (m, 1H), 2.00 (m,
1H), 1.83 (d,J = 6.0 Hz, 3H) ppmc&: (50 MHz, CDC}) 163.7 (s), 162.5 (s), 140.5 (s), 133.0 (s),
128.3 (d, 2C), 128.1 (d), 123.7 (d, 2C), 100.6 7d)2 (d), 59.6 (d), 58.6 (d), 45.9 (t), 28.5 3,1
(t), 20.3 (q) ppm. ESI-M8&Vz299.2 (M+1).

(1R,7S,9aS)-7-1 sopropyl-1-methyl-3-phenyl-1,7,8,9a-tetr anydr o-pyrazino|[ 2,1-c][ 1,4] oxazine-
6,9-dione (14). Compoundl4 was obtained from morpholirg2(100 mg, 0.38 mmol) and Fmoc-L-
Val-Cl (136 mg, 0.38 mmol) according to generalgaaure B in 62% vyield. (Found: C, 68.09; H,
6.75; N, 9.29. GHoN,O; requires C, 67.98; H, 6.71; N, 9.33%)]15 -70.8 € = 0.2, CHCY). &y
(200 MHz, CDC}) 7.57 (d,J = 7.2 Hz, 2H), 7.33 (m, 4H), 6.14 (s, 1H), 4.22 @Hl), 4.02 (d,) =
7.7 Hz, 1H), 4.01 (s, 1H), 2.61 (m, 1H), 1.80J¢ 6.0 Hz, 3H), 1.07 (d] = 7.1 Hz, 3H), 0.91 (d]
= 6.8 Hz, 3H) ppm& (50 MHz, CDC}) 165.2 (s), 161.7 (s), 141.3 (s), 132.8 (s), 1268,23C),
123.8 (d, 2C), 99.7 (d), 73.4 (d), 59.4 (d), 5818 0.7 (d), 19.3 (q), 18.8 (q), 15.9 (q) ppm. ESI
MS m/z 299.25 (M- 1).

(1R,7S5,9aS)-7-1 sobutyl-1-methyl-1,7,8,9a-tetr ahydr o-pyrazino[ 2,1-c][ 1,4] oxazine-6,9-dione
(15). Compoundl5 was obtained from morpholin2 (102 mg, 0.53 mmol) and Fmoc-L-Leu-CI
(197 mg, 0.53 mmol) according to general proce@une 15% yield. (Found: C, 60.59; H, 7.66; N,
11.73. GoH1gN,05 requires C, 60.49; H, 7.61; N, 11.76%)]%5-55.8 € = 0.3, CHCY). & (200
MHz, CDCk) 6.65 (d, 4.9 Hz, 1H), 6.60 (br, 1H, NH), 6.17 Jc& 4.9 Hz, 1H), 4.05 (m, 1H), 3.94
(d,J = 8.6 Hz, 1H), 1.98 (ddl = 9.9, 3.9 Hz, 1H), 1.78 (m, 1H), 1.65 (t; 6.0 Hz, 3H), 1.60 (dd,
J=9.4, 4.9 Hz, 1H), 0.98 (d,= 6.6 Hz, 3H), 0.95 (d] = 6.6 Hz, 3H) ppmd: (50 MHz, CDC})
165.1 (s), 162.7 (s), 132.3 (d), 103.8 (d), 72)1%8.9 (d), 52.2 (d), 40.5 (t), 24.3 (d), 23.4, @)).2
(9), 19.6 () ppm. ESI-M8Vz 260.67 (M+Na).

(4aS,5R,9aS)-5-M ethyl-1,2,3,4a,5,9a-hexahydr 0-6-oxa-3a,8a-diaza-

cyclopentalb]naphthalene-4,9-dione (16). Compoundl6 was obtained from morpholin2 (101
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mg, 0.53 mmol) and Fmoc-L-Pro-Cl (189 mg, 0.53 mnagtording to general procedure B in 76%
yield. (Found: C, 59.51; H, 6.38; N, 12.57;1814N,03 requires C, 59.45; H, 6.35; N, 12.60%).
[0]%% -43.0 € = 1.0, CHCY). d; (200 MHz, CDCY) 6.62 (d,J = 4.6 Hz, 1H), 6.10 (dJ = 4.6 Hz,
1H), 4.14 (t, J = 8 Hz, 1H), 4.05 (m, 1H), 3.93J4; 8.8 Hz, 1H), 3.50 (m, 1H), 2.34 (m, 1H), 2.19
(m, 1H), 1.97 (m, 1H), 1.87 (m, 1H), 1.63 (&= 2.0 Hz, 3H) ppmdJ: (50 MHz, CDC}) 163.6 (s),
162.3 (s), 131.7 (d), 104.1 (d), 70.6 (d), 59.4 &B.4 (d), 45.9 (1), 28.4 (t), 23.0 (t), 20.3 fPm.
ESI-MSm/z223 (M'+1).
(1R,7S,9aS)-7-Benzyl-1-methyl-1,7,8,9a-tetr ahydr o-pyrazino[ 2,1-c][ 1,4] oxazine-6,9-dione
(17). Compoundl?7 was obtained from morpholin2 (100 mg, 0.53 mmol) and Fmoc-L-Phe-ClI
(215 mg, 0.53 mmol) according to general procedune 34% vyield. (Found: C, 66.34; H, 5.98; N,
10.88. GsH16N,O5 requires C, 66.16; H, 5.92; N, 10.92%]%, —4.8 € = 0.3, CHCY). & (200
MHz, CDCk) 7.35-7.25 (m, 3H), 7.20-7.18 (m, 2H), 6.52Xt 4.3 Hz, 1H), 6.42 (br, 1H, NH),
6.12 (t,J = 4.2 Hz, 1H), 4.36 (br, 1H), 3.76 (dii= 8.2, 2.8 Hz, 1H), 3.24 (d1,=13.9, 3.5 Hz, 1H),
3.13 (dd,J = 6.5, 3.8 Hz, 1H), 1.39 (dd,= 6.2, 3.8 Hz, 3H) ppmX: (50 MHz, CDC}) 165.9 (s),
163.6 (s), 134.6 (s), 133.4 (d), 129.9 (d, 2C),.828, 2C), 127.6 (d), 103.0 (d), 73.5 (d), 59.% (d
55.5 (d), 39.7 (t), 18.7 (q) ppm. ESI-M$z 273.08 (M+1).
(1R,7S,9aS)-7-Benzyloxymethyl-1-methyl-1,7,8,9a-tetr ahydr o-pyrazino[ 2,1-c][ 1,4] oxazine-
6,9-dione (18). Compoundl8 was obtained from morpholir®e(101 mg, 0.53 mmol) and Fmoc-L-
Ser(OBn)-Cl (231 mg, 0.53 mmol) according to gehpracedure B in 48% vyield as a 6:1 mixture
of inseparable diastereomers. (Found: C, 63.65.64; N, 9.11. ¢H1sN.0O,4 requires C, 63.56; H,
6.00; N, 9.27%). Major stereoisome¥; (200 MHz, CDC}) 7.31 (m, 5H), 7.21 (m, 2H), 6.96 (br,
1H), 6.61 (dJ = 4.9 Hz, 1H), 6.19 (d] = 4.9 Hz, 1H), 4.72 (m, 1H), 4.55-4.49 (m, 3HB2(dd,J
=10.0, 3.10 Hz, 1H), 4.10 (m, 1H), 3.91 (dd; 9.6, 3.5 Hz, 1H), 3.84 (d,= 10.4 Hz, 1H), 3.66

(dd,J = 9.5, 2.5 Hz, 1H) ppm (50 MHz, CDC}) 164.4 (s), 160.4 (s), 136.9 (s), 133.4 (d), 128.5
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(d, 2C), 128.0 (d, 2C), 127.9 (d), 103.2 (d), 7@ly, 73.6 (d), 70.4 (d), 59.4 (t), 54.5 (t), 19 (
ppm. ESI-MSWz303.2 (M+1).

(1R,7R,9aS)-7-1sopr opyl-1-methyl-1,7,8,9a-tetr ahydr o-pyrazino[ 2,1-c][ 1,4] oxazine-6,9-dione
(19). Compoundl9 was obtained from morpholin2 (100 mg, 0.53 mmol) and Fmoc-D-Val-Cl
(190 mg, 0.53 mmol) according to general procetune 77% yield. (Found: C, 59.00; H, 7.22; N,
12.38. GiH16N,0;5 requires C, 58.91; H, 7.19; N, 12.49%]5 —41.9 € = 2.2, CHCJ). d; (200
MHz, CDCk) 6.86 (br, 1H), 6.67 (d] = 14.9 Hz, 1H), 6.20 (d} = 15.0 Hz, 1H), 4.02-3.92 (m, 2H),
3.84 (t,J = 4.0 Hz, 1H), 2.35 (m, 1H), 1.68 @= 5.9 Hz, 3H), 1.05 (d] = 7.0 Hz, 3H), 0.95 (d]
= 7.0 Hz, 3H) ppmd&: (50 MHz, CDC}) 164.6 (s), 161.3 (s), 132.7 (d), 103.0 (d), 7@Lp 60.8
(d), 58.1 (d), 33.5 (d), 19.5 (q), 18.9 (q), 1 7L gpm. ESI-MSM/z225.3 (M+1).

(1R,7R,9a9)-7-1 sobutyl-1-methyl-1,7,8,9a-tetr ahydr o-pyrazino[ 2,1-c][ 1,4] oxazine-6,9-dione
(20). Compound20 was obtained from morpholinz (101 mg, 0.53 mmol) and Fmoc-D-Leu-ClI
(239 mg, 0.64 mmol) according to general procedune 47% yield. (Found: C, 60.54; H, 7.67; N,
11.67. GoH1gN,O5 requires C, 60.49; H, 7.61; N, 11.76%)]%5—-32.8 € = 0.5, CHCY). & (200
MHz, CDCL) 8 6.87 (br, 1H), 6.65 (d, 1H,= 4.9 Hz), 6.19 (d) = 4.9 Hz, 1H), 4.08-3.93 (m, 2H),
3.92 (d,J = 8.6 Hz, 1H), 1.83-1.73 (m, 1H), 1.71-1.65 (m)56199 (d,J = 6.4 Hz, 3H), 0.96 (d]
= 6.5 Hz, 3H) ppmd (50 MHz, CDC}) 3 164.8 (s), 162.6 (s), 132.4 (d), 103.3 (d), 7H)0 57.9
(d), 53.9 (d), 43.0 (t), 24.3 (d), 23.1 (q), 2192, (19.7 (q) ppm. ESI-M8&Vz 239.3 (M+1).

(4aS,5R,9aR)-5-M ethyl-1,2,3,4a,5,9a-hexahydr 0-6-oxa-3a,8a-diaza-
cyclopenta[b]naphthalene-4,9-dione (21). Compound2l (82 mg, 0.37 mmol) was obtained from
morpholine2 (103 mg, 0.53 mmol) and Fmoc-D-Pro-Cl (189 mg3himol) according to general
procedure B in 69% vyield. (Found: C, 59.54; H, 6. M012.53. GH14N,03 requires C, 59.45; H,
6.35; N, 12.60%).d]*p +7.6 € = 1.0, CHC}). & (200 MHz, CDC)) 6.43 (d,J = 4.6 Hz, 1H),
6.18 (d,J = 4.6 Hz, 1H), 4.05 (m, 2H), 3.85 (m, 2H), 3.40, (), 2.43 (m, 1H), 2.01 (br, 1H),

1.84 (m, 1H), 1.49 (d] = 6.3 Hz, 3H) ppmd (50 MHz, CDC}) 161.3 (s), 159.6 (s), 134.1 (d),
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102.8 (d), 74.9 (d), 62.1 (d), 58.4 (d), 45.8 8),0 (t), 21.5 (t), 17.8 (q) ppm. ESI-M&z 223
(M*+1).

(4aS,9a95)-1,2,3,4a,5,9a-Hexahydr o-6-oxa-3a,8a-diaza-cyclopenta[b]naphthalene-4,9-dione
(22). Compound22 was obtained from morpholinta (100 mg, 0.57 mmol) and Fmoc-L-Pro-Cl
(223 mg, 0.63 mmol) according to general proce@une 59% vyield. (Found: C, 57.74; H, 5.88; N,
13.39. GoH12N,0;5 requires C, 57.68; H, 5.81; N, 13.45%]15 +39.2 € = 4.5, CHCY). &, (200
MHz, CDCk) 6.51 (d,J = 4.6 Hz, 1H), 6.14 (d] = 4.6 Hz, 1H), 4.64 (m, 2H), 3.51 (m, 2H), 3.33
(m, 1H), 2.41 (m, 1H), 2.03 (br, 1H), 1.88 (m, Ippm. & (50 MHz, CDC}) 162.0 (s), 161.1 (s),
132.4 (d), 102.2 (d), 67.2 (t), 58.7 (d), 56.3 @B,3 (t), 28.8 (t), 21.2 (t) ppm. ESI-M&z 209.3
(M*+1).

(4aS,9a95)-1,2,3,4a,5,9a-Hexahydr o-6-oxa-3a,8a-diaza-cyclopenta[b]naphthalene-4,9-dione
(23). Compound23 was obtained from morpholinka (102 mg, 0.57 mmol) and Fmoc-D-Pro-Cl
(225 mg, 0.63 mmol) according to general proce@une 61% yield. (Found: C, 57.73; H, 5.86; N,
13.40. GoH1N,05 requires C, 57.68; H, 5.81; N, 13.45%Wn]%p +58.7 € = 0.3, CHCY). d; (200
MHz, CDCk) 6.56 (d,J = 4.8 Hz, 1H), 6.23 (d] = 4.9 Hz, 1H), 4.77 (dd] = 10.4, 2.5 Hz, 1H),
4.28 (d,J = 9.6 Hz, 1H), 4.10-3.95 (m, 1H), 3.90 (d= 10.0 Hz, 1H), 3.51-3,32 (m, 2H), 2,48 (m,
1H), 2,09-1,68 (m, 3H) ppnik (50 MHz, CDC}) 159.8 (s), 159.5 (s), 133.6 (d), 102.1 (d), 9.4
58.0 (d), 54.0 (d), 45.0 (t), 29.6 (t), 22.2 (thpESI-MSM/z 209.2 (M+1).

(7S,9a9)-7-Benzyloxymethyl-1,7,8,9a-tetr ahydr o-pyrazino[2,1-c][1,4] oxazine-6,9-dione (24).
Compound24 was obtained from morpholiri@ (101 mg, 0.57 mmol) and Fmoc-(OBn)Ser-Cl (273
mg, 0.63 mmol) according to general procedure B5% yield. (Found: C, 62.55; H, 5.62; N, 9.69.
CisH16N204 requires C, 62.49; H, 5.59; N, 9.72%)]1{% -12.2 € = 2.2, CHC)). & (200 MHz,
CDCls) 7.33-7.20 (m, 5H), 6.62 (d,= 5.0 Hz, 1H), 6.20 (d] = 5.0 Hz, 1H), 4.72 (dd = 11.1, 3.2
Hz, 1H), 4.56-4.99 (m, 3H), 4.33 (dd= 9.9, 7.1 Hz, 1H), 4.10 (d, = 3.9 Hz, 1H), 3.91 (dd] =

9.7, 3.4 Hz, 1H), 3.79 (d,= 10.1 Hz, 1H), 3.73-3.63 (M, 1H) ppe (50 MHz, CDC}) 165.5 (s),
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160.0 (s), 136.9 (s), 133.1 (d), 128.4 (d, 2C),.84d, 2C), 127.3 (d), 102.7 (d), 73.5 (1), 72 (t
66.1 (t), 56.2 (d), 53.2 (d) ppm. ESI-M$z 289.2 (M +1).

(9aR)-7,7-Dimethyl-1,7,8,9a-tetr ahydr o-pyrazino[ 2,1-c][ 1,4] oxazine-6,9-dione (25).
Compound25 was obtained from morpholindb (101 mg, 0.57 mmol) and FmacMe-Ala-Cl
(217 mg, 0.63 mmol) according to general procedunme 14% yield. (Found: C, 55.14; H, 6.23; N,
14.21. GH1.N,O3 requires C, 55.09; H, 6.16; N, 14.28%)]%, +45.3 € = 0.4, CHCJ). J; (200
MHz, CDCk) 6.62 (d,J = 4.8 Hz, 1H), 6.51 (br, 1H), 6.22 (@= 5.1 Hz, 1H), 4.78 (dd] = 11.0,
3.3 Hz, 1H), 4.33 (dd] = 9.5, 3.3 Hz, 1H), 3.84 (dd,= 21.2, 9.9 Hz, 1H), 1.54 (s, 3H), 1.52 (s,
3H) ppm. & (50 MHz, CDC$) 163.7 (s), 161.2 (s), 133.5 (d), 102.1 (d), §5.861.1 (d), 53.4 (s),
18.8 (), 16.6 (q) ppm. ESI-M®/z 197.3 (M+1).

(7S,9aR)-7-1 sopropyl-1,7,8,9a-tetr ahydr o-pyr azino[ 2,1-c][ 1,4] oxazine-6,9-dione (26).
Compound26 was obtained from morpholinh (100 mg, 0.57 mmol) and Fmoc-L-Val-CI (225
mg, 0.63 mmol) according to general procedure B5f0 yield. (Found: C, 57.21; H, 6.75; N,
13.28. GoH14N,0;5 requires C, 57.13; H, 6.71; N, 13.33%9]%p +89.7 € = 1.9, CHCY). &, (200
MHz, CDCk) 7.48 (br, 1H), 6.61 (d] = 4.9 Hz, 1H), 6.20 (d] = 4.9 Hz, 1H), 4.76 (dd] = 11.1,
3.2 Hz, 1H), 4.28 (dd] = 9.7, 3.1 Hz, 1H), 3.88 (m, 1H), 3.80 (= 11.0 Hz, 1H), 2.35 (m, 1H),
1.04 (d,J = 7.0 Hz, 3H), 0.94 (d] = 6.8 Hz, 3H) ppmd: (50 MHz, CDC}) 164.7 (s), 160.7 (s),
133.2 (d), 102.8 (d), 66.2 (t), 60.6 (d), 52.9 @8,9 (q), 18.9 (q), 16.8 (q) ppm. ESI-M$z211.4
(M*+1).

(3R,6R,8aR/S)-6-1 sobutyl-5-oxo-hexahydr o-oxazol o[ 3,2-a] pyr azine-3-car boxylic acid methyl
ester (27 and 28). Compound=27 and28 was obtained from morpholir (80 mg, 0.46 mmol)
and Fmoc-D-Leu-CI (209 mg, 0.55 mmol) accordingéneral procedure C in 24% and 20% vyield,
respectively, after flash chromatographic puriiieat(EtOAc/petr. ether 3:1,;R= 0.54 and 0.44).
27: (Found: C, 56.35; H, 7.79; N, 10.88,,8,0N,0, requires C, 56.23; H, 7.87; N, 10.93%9]%5

+35.9 ¢ = 0.7, CHCY). &; (200 MHz, CDCJ) 4.82 (ddJ = 10. 0, 3.9 Hz, 1H), 4.67 (d,= 4.0 Hz,
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1H), 4.38 (dJ = 9.7 Hz, 1H), 4.06 (dd] = 10.9, 4.0 Hz, 1H), 3.75-3.68 (m, 1H), 3.79 (d),33.53
(dd,J = 11.7, 6.2 Hz, 1H), 3.05 (dd, . = 10.8, 10.1 Hd), 1.84-1.72 (m, 3H), 0.95 (dd= 6.5, 6.3
Hz, 6H) ppm.& (50 MHz, CDC4) 171.1 (s), 170.5 (s), 86.3 (d), 76.2 (d), 63.2 &.2 (q), 43.9
(t), 43.1 (1), 39.8 (1), 24.2 (d), 21.5 (q), 18.@9 ppm. ESI-MS1z 257.2 (M+1). 28: (Found: C,
56.31; H, 7.84; N, 10.91.,@H,0N,04 requires C, 56.23; H, 7.87; N, 10.93%9] 15 +56.2 € = 0.9,
CHCL). &y (200 MHz, CDC}) 4.80 (dd,J = 9.9, 4.0 Hz, 1H), 4.66 (d,= 4.0 Hz, 1H), 4.37 (d] =
11.4 Hz, 1H), 4.04 (dd) = 11.0, 4.0 Hz, 1H), 3.70 (dd,= 10.7, 3.2 Hz, 1H), 3.78 (s, 3H), 3.51
(dd,J = 11.7, 4.4 Hz, 1H), 3.00 (dd,= 10.8, 10.0 Hz, 1H), 2.03 (br, 1H), 1.85 (m, 361P5 (dd,J
= 6.2, 6.1 Hz, 6H) ppmX: (50 MHz, CDC}) 170.6 (s), 170.0 (s), 86.6 (d), 76.8 (d), 62.)f &.9
(q), 44.6 (), 43.2 (t), 39.6 (t), 24.9 (d), 21c0,(19.2 (q) ppm. ESI-M8Vz 257.3 (M+1).
(3R,6S,8aR/S)-6-1 sopr opyl-5-oxo-hexahydr o-oxazol o[ 3,2-a] pyr azine-3-car boxylic acid
methyl ester (29 and 30). Compound<29 and30 was obtained from morpholir (100 mg, 0.57
mmol) and Fmoc-L-Val-Cl (245 mg, 0.69 mmol) accaglio general procedure C in 24% and 22%
yield, respectively, after flash chromatographicifization (EtOAc/petr. ether 3:1,{R= 0.41 and
0.24).29: (Found: C, 54.62; H, 7.54; N, 11.49,;813N,0, requires C, 54.53; H, 7.49; N, 11.56%).
[a]?% +22.6 € = 0.5, CHCY). d; (200 MHz, CDCY) 4.48 (dd,J = 9.8, 3.7 Hz, 1H), 4.05 (m, 3H),
3.81 (s, 3H), 3.59-3.47 (m, 2H), 3.21 (dd= 10.9, 9.5 Hz, 1H), 2.13 (m, 1H), 1.80 (br, 1B)96
(dd,J = 18.5, 6.7 Hz, 6H) ppmXx (50 MHz, CDC}) 169.6 (s), 169.3 (s), 86.5 (d), 76.4 (d), 62.7
(d), 45.8 (t), 52.4 (q), 45.8 (t), 30.0 (d), 19d),(17.6 (g) ppm. ESI-M$n/z 243.3 (M+1). 30;
(Found: C, 54.60; H, 7.51; N, 11.51;,8:gN,O,4 requires C, 54.53; H, 7.49; N, 11.56%}]%o
+23.0 € = 0.6, CHCY). d; (200 MHz, CDCY) 4.85 (dd,J = 8.8, 2.6 Hz, 1H), 4.74 (d,= 4.0 Hz,
1H), 4.36 (d,J = 11.8 Hz, 1H), 4.00 (dd] = 11.0, 4.1 Hz, 1H), 3.78 (s, 3H), 3.56-3.47 (H),2
3.04 (dd,J = 10.6, 10.3 Hz, 1H), 2.19 (m, 1H), 1.03 (dds 9.0, 6.8 Hz, 6H) ppmk (50 MHz,
CDCl;) 169.4 (s), 169.1 (s), 86.3 (d), 76.8 (d), 62)1 4d.9 (1), 53.8 (q), 45.1 (1), 31.2 (d), 19.1,(q)

17.1 () ppm. ESI-M®Vz243.2 (M +1).
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6,6-Dimethyl-5-oxo-hexahydr 0-oxazol o[ 3,2-a] pyr azine-3-carboxylic acid methyl ester (31).
Compound3l was obtained as a mixture of inseparable diasteees from morpholindb (100
mg, 0.57 mmol) and Fmaa-Me-Ala-Cl (217 mg, 0.63 mmol) according to gengyadcedure C in
57% yield, after flash chromatographic purificati@iOAc/petr. ether 3:1,:R 0.2). 3:2 Mixture of
steroisomers: (Found: C, 52.77; H, 7.11; N, 1208H1sN.O,4 requires C, 52.62; H, 7.07; N,
12.27%).d (200 MHz, CDC}) 4.90 (dd,J = 7.9, 4.5 Hz, 1K), 4.78 (dd,J = 9.8, 3.9 Hz, 1),
4.62 (d,J = 4.0 Hz, 1H), 4.41 (d,J = 7.5 Hz, 1K), 4.38 (d,J = 12.0 Hz, 1H), 4.18 (ddJ = 11.4,
3.5 Hz, 1h), 4.05 (dd,J = 10.8, 3.9 Hz, 1k), 3.87-3.72 (m, 1k), 3.78 (s, 3H), 3.76 (s, 3H),
3.54 (dd,J = 11.7, 4.2 Hz, 1K), 3.41 (d,J = 8.8 Hz, 1H), 3.04 (ddJ = 10.5, 10.3 Hz, 1), 2.77
(dd, J = 13.3, 8.5 Hz, 1K) 1.84 (br, 1H) 1.34 (m, 12H) ppnd= (50 MHz, CDC}) 169.0, 169.6,
130.4, 128.2, 86.5, 72.9, 68.2, 67.6, 64.1, 5%628,%52.8, 43.1, 27.5, 26.3, 25.2, 24.9, 24.4 ppm.
ESI-MSm/z229.2 (M+1).

(3S,6S,8aR/S)-6-1 sobutyl-5-oxo-hexahydr 0-oxazol o 3,2-a] pyr azine-3-car boxylic acid methyl
ester (32 and 33). Compounds32 and33 was obtained from morpholira (66 mg, 0.38 mmol)
and Fmoc-L-Leu-Cl (134 mg, 0.38 mmol) accordinggémeral procedure C in 24% and 25% vyield,
respectively, after flash chromatographic purifieat(EtOAc/petr. ether 3:1,:R= 0.35 and 0.31)
with same characterization data as 2@rand 28, respectively32: (Found: C, 56.32; H, 7.91; N,
10.86. G,H-oN,04 requires C, 56.23; H, 7.87; N, 10.93%)]%, -32.6 € = 0.3, CHC)). 33:
(Found: C, 56.31; H, 7.92; N, 10.88,.H,N,0; requires C, 56.23; H, 7.87; N, 10.93%]75 -
52.8 £=0.2, CHCG)).

(2R,3S,6S,8aS)-6-Benzyl-2-methyl-5-o0xo-hexahydr o-oxazol o[ 3,2-a] pyr azine-3-car boxylic
acid methyl ester (34). Compound34 was obtained from morpholir#z(103 mg, 0.53 mmol) and
Fmoc-L-Phe-Cl (215 mg, 0.53 mmol) according to gahprocedure C in 67% vyield. (Found: C,
63.27; H, 6.67; N, 9.14. H-oN,O, requires C, 63.14; H, 6.62; N, 9.20%] ¥ -102.3 ¢ = 1.1,

CHCly). & (200 MHz, CDCY) 7.32-7.18 (m, 5H), 4.92 (dd,= 7.2, 4.4 Hz, 1H), 4.26 (d, J = 7.5
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Hz, 1H), 4.09 (m, 1H), 3.77 (s, 3H), 3.64 (dd= 10.4, 3.6 Hz, 1H), 3.28-3.20 (M, 2H), 2.89-2.79
(m, 2H), 1.48 (dJ = 6.0 Hz, 3H) ppmd (50 MHz, CDC}) 169.6 (s), 169.0 (s), 138.2 (s), 129.1 (d,
2C), 128.4 (d, 2C), 126.5 (d), 86.6 (d), 76.8 @B,7 (d), 58.3 (d), 52.6 (q), 43.3 (1), 36.7 (9.2
() ppm. ESI-MSWz305.33 (M+1).

(2R,3S,8a5)-2,6,6-Trimethyl-5-oxo-hexahydr o-oxazol o[ 3,2-a] pyr azine-3-car boxylic acid
methyl ester (35). Compound35 was obtained from morpholirig(101 mg, 0.53 mmol) and Fmoc-
o-Me-Ala-Cl (182 mg, 0.53 mmol) according to gengpabcedure C in 55% vyield. (Found: C,
54.61; H, 7.55; N, 11.62.,@H:gN,O. requires C, 54.53; H, 7.49; N, 11.56%)] o —61.6 ¢ = 1.4,
CHCL). & (200 MHz, CDC}) 4.93 (dd,J = 9.9, 4.4 Hz, 1H), 4.16 (d,= 7.7 Hz, 1H), 4.07 (m,
1H), 3.74 (s, 3H), 3.73 (m, 1H), 3.29 (db= 13.7, 4.4 Hz, 1H), 2.74 (dd,= 13.2, 8.6 Hz, 1H),
1.45 (d,J = 6.2 Hz, 3H), 1.34 (s, 3H), 1.32 (s, 3H) pp#s.(50 MHz, CDC}) 172.3 (s), 169.4 (s),
86.6 (d), 76.9 (d), 62.4 (d), 55.8 (s), 52.3 (P.04t), 27.3 (q), 25.0 (q), 18.8 () ppm. ESI-Mx
243.08 (M+1).

(1R,3R/S,9aS)-8-Biphenyl-4-yImethyl-1-hydr oxymethyl-3-methoxy-hexahydr o-pyrazino[ 2,1-
c][1,4]oxazine-6,9-dione (36). Compound36 was obtained from scaffold/ (50 mg, 0,17 mmol)
and 4-phenyl-benzylamine (156 pL, 0.85 mmol) acegydo general procedure D in 88% yield.
(Found: C, 66.74; H, 6.15; N, 6.89,8,N.0s requires C, 66.65; H, 6.10; N, 7.07%). Major
steroisomerdy (200 MHz, CDCY) 7.56 (d,J = 7.9 Hz, 2H), 7.39 (m, 7H), 4.88 &= 4.5 Hz, 1H),
4.74 (d,J = 5.6 Hz, 1H), 4.67-4.53 (m, 3H), 4.42 (dd= 14.0, 4.3 Hz, 1H), 3.99 (d,= 9.7 Hz,
1H), 3.90 (dJ = 10.1 Hz, 1H), 3.85 (d} = 3.9 Hz, 1H), 3.51 (d] = 2.4 Hz, 1H), 3.39 (s, 3H), 2.89
(dd, J = 13.4, 4.5 Hz, 1H), 2.31 (br, 1H) ppek (50 MHz, CDC4) 162.7 (s), 160.5 (s), 140.9 (s),
140.2 (s), 133.5 (s), 128.7 (d, 2C), 128.6 (d, 2Q).6 (d), 127.4 (d, 2C), 126.8 (d, 2C), 94.8 (d),
72.7 (d), 63.3 (1), 61.5 (t), 56.1 (d), 55.7 (c§,9H(t), 45.1 (t) ppm. ESI-M8vVz 397.3 (M+1).

(1R,3R/S,9aS)-8-Cyclopr opyl-4-ylmethyl-1-hydr oxymethyl-3-methoxy-hexahydr o-

pyrazino[2,1-c][1,4]oxazine-6,9-dione (37). Compound37 was obtained from scaffold/ (50 mg,
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0.17 mmol) and 4-phenyl-benzylamine (59.5 pL, 0W@%ol) according to general procedure D in
70% vyield. (Found: C, 53.40; H, 6.77; N, 10.28.,H;sN.Os requires C, 53.33; H, 6.71; N,
10.36%). Major steroisomer; (200 MHz, CDC}) 4.87 (t,J = 4.6 Hz, 1H), 4.74-4.69 (m, 1H),
4.59 (d,J = 5.9 Hz, 1H), 4.35 (dd] = 16.5, 5.1 Hz, 1H), 3.99 (d,= 10.9 Hz, 1H), 3.93 (dl = 10.6
Hz, 1H), 3.78 (dJ = 4.2 Hz, 1H), 3.50 (d] = 2.0 Hz, 1H), 3.45 (s, 3H), 2.84 (db= 13.3, 4.4 Hz,
1H), 2.63 (m, 1H), 2.22 (br, 1H), 0.91-0.57 (m, 44m. & (50 MHz, CDC}) 164.8 (s), 163.2 (q),
94.8 (d), 72.7 (d), 63.2 (t) 59.8 (d), 56.1 (q),4@), 44.4 (d), 29.2 (1), 6.6 (t), 6.4 (t) ppnBIEMS
mz271.2 (M+1).

(1R,3R/S,9a5)-8-1 sobutyl-4-ylmethyl-1-hydr oxymethyl-3-methoxy-hexahydr o-pyrazino[ 2,1-
c][1,4]oxazine-6,9-dione (38). Compound38 was obtained from scaffold/ (33 mg, 0.11 mmol)
and isobutylamine (56 pL, 0.56 mmol) according ¢éneral procedure D in 68% vyield. (Found: C,
54.72; H, 7.79; N, 9.72. gH2:N.Os requires C, 54.53; H, 7.74; N, 9.78%). Major s&vmer: o,
(200 MHz, CDC}) 4.93 (t,J = 4.3 Hz, 1H), 4.76-4.67 (m, 1H), 4.69 (& 5.6 Hz, 1H), 4.44 (ddl
= 13.5, 4.9 Hz, 1H), 3.99 (m, 1H), 4.01 {d= 6.7 Hz, 1H), 3.92-3.86 (m, 1H), 3.82 (t= 3.9 Hz,
1H), 3.48 (s, 3H), 3.32 (d, = 8.0 Hz, 1H), 3.09 (dd] = 13.5, 7.3 Hz, 1H), 2.93 (dd,= 13.5, 4.3
Hz, 1H), 2.01 (m, 2H), 0.93 (d,= 5.7 Hz, 6H) ppm&: (50 MHz, CDC}) 164.4 (s), 163.6 (), 93.6
(d), 72.3 (d), 61.7 (d), 55.7 (q), 54.8 (t), 4%B 44.4 (t), 25.8 (t), 25.9 (d), 19.2 (g, 2C) pHESI-
MS m/z 287.2 (M+1).

(1R,3R/S,9aS)-8-Propar gyl-4-ylmethyl-1-hydr oxymethyl-3-methoxy-hexahydr o-
pyrazino[2,1-c][1,4]oxazine-6,9-dione (39). Compound39 was obtained from scaffold/ (50 mg,
0.17 mmol) and propargylamine (54.5 pL, 0.85 mnaai¢ording to general procedure D in 95%
yield. (Found: C, 53.81; H, 6.09; N, 10.37:J816N>0s requires C, 53.73; H, 6.01; N, 10.44%).
Major steroisomerdy (200 MHz, CDC}) 4.93 (t,J = 4.8 Hz, 1H), 4.75-4.64 (m, 1H), 4.69 (W=
5.6 Hz, 1H), 4.49 (dd] = 13.4, 5.1 Hz, 1H), 4.30 (m, 1H), 4.25 {ck 2.4 Hz, 1H), 4.12 (d] = 4.8
Hz, 1H), 3.83 (dJ = 3.8 Hz, 1H), 3.53 (m, 1H), 3.48 (s, 3H), 3.39 (@Hl), 2.91 (ddJ = 13.5, 5.0

Hz, 1H), 2.52 (br, 1H), 2.31 (m, 1H) pprk (50 MHz, CDC}) 162.7 (s), 162.6 (s), 95.0 (d), 73.6
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(d), 72.5 (d), 63.3 (t), 61.5 (t), 56.2 (), 5508, 8.8 (t), 45.2 (t), 34.7 (d) ppm. ESI-M$z 269.3
(M*+1).

(1R,3R/S,9a9)- 1-Hydroxymethyl-8-[1(S)-hydr oxymethyl-3-methyl-butyl]-3-methoxy-
hexahydro-pyrazino[2,1-c][1,4]oxazine-6,9-dione (40). Compound40 was obtained from scaffold
IV (50 mg, 0.17 mmol) and L-leucinol (110 uL, 0.85 atjraccording to general procedure D in
72% yield. (Found: C, 54.62; H, 8.00; N, 8.4Q¢H36N20g requires C, 54.53; H, 7.93; N, 8.48%).
Major steroisomerdy (200 MHz, CDCY) 4.89 (t,J = 4.5 Hz, 1H), 4.77-4.62 (m, 1H), 4.67 (b=
4.7 Hz, 1H), 4.44 (dd] = 5.0, 4.2 Hz, 1H), 4.37-4.28 (m, 1H), 4.23-4.09 (), 3.99 (d,) = 4.0
Hz, 1H), 3.93-3.79 (m, 1H), 3.84 @@= 3.7 Hz, 1H), 3.64 (dd] = 12.3, 4.9 Hz, 1H), 3.53-3.50 (m,
1H), 3.48 (s, 3H), 2.76 (dd,= 12.6, 4.1 Hz, 1H), 2.53 (br, 1H), 2.09 (m, 2H)KE7 (m, 1H), 0.93
(d,J = 6.2 Hz, 6H) ppm&: (50 MHz, CDC}) 163.6 (s), 163.1 (s), 94.8 (d), 72.8 (d), 62.2 €4.5
(t), 56.9 (d), 55.9 (q), 47.8 (1), 45.1 (t), 3614 5.7 (), 24.8 (d), 23.3 (q), 22.1 (q) ppm. BES
m/z331.3 (M+1).

(5R,4aS,7R/S,9aS)-5-Hydr oxymethyl-7-methoxy-octahydr o-6-oxa-3a,8a-diaza-
cyclopenta[b]naphthalene-4,9-dione (41). LactonelV (330 mg, 1.9 mmol) was treated with
Fmoc-L-Pro-CI(1.0 g, 1.92 mmol) and 2,6-lutidine (442, 3.8 mmol) in CHCI, (10 mL) until
consumption of the reagents, then the mixture wgsentially washed with 5% HCI, 5% NaHgO
and brine. After solvent evaporation, the resultfAgoc-L-Pro-lactone was treated with 30%
diethylamine in acetonitrile (6 mL) for 1.5 h. Aftsolvent evaporation, pudl was obtained by
flash chromatography purification in 75% yield (&€ R = 0.1). (Found: C, 53.65; H, 6.76; N,
10.29. G,H1gN20s requires C, 53.33; H, 6.71; N, 10.36%). Major giesmer:dy 4.86 (t,J = 2.8
Hz, 1H), 4.61 (m, 1H), 4.26-4.18 (m, 2H), 4.10-3(8% 2H), 3.64-3.52 (m, 1H), 3.48 (m, 1H), 3.43
(s, 3H), 3.37 (ddJ = 13.7, 5.1 Hz, 1H), 2.38 (m, 2H), 2.03-1.86 (1H) £pm. & (50 MHz, CDC})
166.7 (s), 162.8 (s), 96.1 (d), 95.4 (d), 72.9 {@.3 (d), 63.9 (), 61.7 (t), 59.2 (d), 58.8 (63,1

(d), 56.5 (d), 55.4 (d), 45.4 (t), 43.5 (1), 438 29.3 (1), 29.0 (1), 22.2 (1), 21.7 (t) ppm.
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(1R,3R/S,9aS)-1-Hydr oxymethyl-8-(4-methoxy-benzyl)-3-methoxy-hexahydr o-pyrazino| 2,1-
c][1,4]oxazine-6,9-dione (42). Compound42 was obtained from scaffold/ (200 mg, 0.68 mmol)
and 4-methoxy-benzylamine (444 uL, 3.4 mmol) acegydo general procedure D in 76% vyield.
(Found: C, 58.42; H, 6.39; N, 7.91,;48,,N,0Os requires C, 58.28; H, 6.33; N, 8.00%). Major
steroisomerdy; (200 MHz, CDC}) 7.21-7.16 (m, 2H), 6.88-6.83 (m, 2H), 4.87)t 4.6 Hz, 1H),
4.73-4.67 (m, 2H), 4.57-4.49 (m, 3H), 4.40 (dds 13.5, 4.5 Hz, 1H), 3.92 (d,= 7.7 Hz, 1H),
3.80-3.74 (m, 2H), 3.77 (s, 3H), 3.50 (d= 2.4 Hz, 1H), 3.46 (s, 3H), 2.86 (dbi= 13.5, 4.7 Hz,
1H) ppm. & (50 MHz, CDCY) 164.3 (s), 162.6 (s), 159.3 (s), 130.1 (d, 2@%K.4 (q), 114.2 (d,
2C), 94.9 (d), 72.3 (d), 66.3 (t), 61.7 (d), 567, 55.1 (q), 48.4 (t), 48.3 (t), 44.4 () ppm.IBEES
m/z351.3 (M+1).

(5R,4aS,7R/S,9aS)-Tetradecanoic acid 7-methoxy-4,9-dioxo-octahydr 0-6-oxa-3a,8a-diaza-
cyclopenta[b]naphthalen-5-ylmethyl ester (43). Compound4l (100 mg, 0.37 mmol) was
dissolved in CHCI, (20 mL), then myristic acid (101 mg, 0,44 mmol)PQ (57 pL, 0.7 mmol)
and catalytic DMAP were added, and the mixture \eéisreacting overnight at r.t. After solvent
evaporation, purd3 was obtained in 64% yield after chromatografiafpeation (EtOAc/petr. ether
1:1, R = 0.22). (Found: C, 65.54; H, 9.44; N, 5.74¢€4N>0Os requires C, 64.97; H, 9.23; N,
5.83%).d; (200 MHz, CDC}) 4.87 (dd,J = 5.1, 4.1 Hz, 1H), 4.59 (m, 2H), 4.28-4.17 (m, 2H)
4.12-4.03 (m, 2H), 3.63-3.55 (m, 1H), 3.52-3.36 (iH), 3.44 (s, 3H), 3.23 (dd,= 14.1, 5.3 Hz,
1H), 2.41 (m, 1H), 2.31 (] = 7.5 Hz, 2H), 1.98 (m, 3H), 1.60 (m, 2H), 1.2546H), 0.87 (tJ =
6.4 Hz, 3H) ppm<&: (50 MHz, CDC}) 173.5 (q), 166.7 (q), 162.0 (s), 96.0 (d), 7@B 62.5 (d),
58.8 (d), 56.0 (q), 55.3 (t), 45.2 (t), 43.5 (2 (), 34.2 (t), 31.9 (t), 29.6 (t, 3C), 29.4 @9.3 (1),
29.1 (1), 24.8 (t), 23.4 (t, 2C), 22.6 (t), 22}, {t4.1 (q) ppm. ESI-M&Vz 481.4 (M +1).

(1R,3R/S,9aS)-Tetradecanoic acid 3-methoxy-8-(4-methoxy-benzyl)-6,9-dioxo-octahydr o-
pyrazino[2,1-c][1,4]oxazin-1-yImethyl ester (44). Compound42 (85 mg, 0.24 mmol) was
dissolved in CHCI, (15 mL), then myristic acid (66.2 mg, 0.29 mm&)PC (37 uL, 0.24 mmol)

and catalytic DMAP were added, and the mixture \eéisreacting overnight at r.t. After solvent
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evaporation, puré4 was obtained in 66% yield after chromatografiafpeation (EtOAc/petr. ether
1:1, R = 0.47). (Found: C, 66.62; H, 8.70; N, 4.9Q:HsN.O; requires C, 66.40; H, 8.63; N,
5.00%).d; (200 MHz, CDCY) 7.23 (d,J = 1.5 Hz, 2H), 7.14 (d] = 8.4 Hz, 2H), 4.77 (t] = 4.4Hz,
1H), 4.69-4.62 (m, 1H), 4.65 (d,= 13.6 Hz, 1H), 4.55 (q) = 5.1 Hz, 1H), 4.39-4.16 (m, 3H),
4.28 (d,J = 14.3, 1H), 3.79 (m, 1H), 3.75 (s, 3H), 3.45-3(82 1H), 3.42 (s, 3H), 2.84 (dd,=
13.3, 5.7 Hz, 1H), 2.04 (m, 2H), 1.45 (m, 2H), 1(8120H), 0.84 (tJ = 6.2 Hz, 3H) ppmd (50
MHz, CDCk) 172.8 (s), 161.8 (s), 161.4 (s), 159.5 (s), 128,2C), 126.4 (s), 114.3 (d, 2C), 94.8
(d), 71.6 (d), 62.1 (t), 56.2 (d), 55.7 (q), 5508, (48.7 (t), 48.4 (1), 45.0 (t), 34.0 (t), 32.) @9.7
(t), 29.5 (t, 2C), 29.4 (t, 2C), 29.3 (1), 29.1, @%.8 (t), 22.8 (1), 14.2 (q) ppm. ESI-MB8z 561.4
(M*+1).

(5R,4aS,9aS)-Tetradecanoic  acid  4,9-dioxo-2,3,4a,5,9,9a-hexahydr o-1H,4H-6-0xa-3a,8a-
diaza-cyclopentalb]naphthalen-5-ylmethyl ester (45). Compound43 (103 mg, 0.21 mmol) was
dissolved in toluene (10 mL), then pTSOH was ad@@dmg, 0.21 mmol) and the mixture was
refluxed over 4A molecular sieves for 2 h. Aftelvemt evaporation, purds was obtained by flash
chromatography in 58% vyield (EtOAc/petr. ether 3 ,= 0.23). (Found: C, 67.02; H, 9.01; N,
6.15. GsHaoN,Os requires C, 66.94; H, 8.99; N, 6.24%)]%5 +48.0 € = 1.3, CHCY). d; (200
MHz, CDCk) 5.08 (m, 1H), 4.42-4.39 (m, 1H), 4.35-4.29 (m,)1#14 (m, 1H), 3.96 (d] = 2.8
Hz, 1H), 3.66-3.58 (m, 1H), 2.54-2.42 (m, 1H), 2(8D = 7.5 Hz, 2H), 2.02 (m, 3H), 1.60 (m, 2H),
1.25 (s, 20H), 0.88 (t) = 6.0 Hz, 3H) ppmd& (50 MHz, CDC}) 171.4 (s), 163.1 (s), 161.1 (s),
103.3 (d), 101.1 (d), 71.7 (d), 59.7 (t), 58.4 &H,7 (d), 45.4 (t), 42.4 (t), 34.1 (t), 31.9 @9.7 (1),
29.5 (t, 3C), 29.4 (t, 3C), 29.3 (), 29.1 (t), @4t), 22.8 (t), 14.2 (q) ppm. ESI-MSVz 449.4
(M*+1).

4-(4-M ethoxy-benzyl)-10,12-dioxa-4,7-diaza-tricyclo[ 7.2.1.02,7]dodecane-3,6-dione (46).
Compound42 (50 mg, 0.14 mmol) was dissolved in a minimal antaf CHCl,, then toluene (10
mL)and acid silica gel (20 mg) were added and theure was refluxed over 4A molecular sieves

for 30 min. Then, the mixture was filtered over N&B%, and the solvent was evaporated to give
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pured6 in 92% yield. (Found: C, 60.65; H, 5.78; N, 8.€3¢H1sN2Os requires C, 60.37; H, 5.70;
N, 8.80%). fi]%*p -6.6 € = 2.8, CHC4). d; (200 MHz, CDCJ) 7.16 (d,J = 7.5 Hz, 1H), 6.86 (d] =
7.5, 1H), 5.56 (s, 1H), 5.13 (m, 1H), 4.50 (m, 1488 (s, 1H), 4.04 (d = 13.9 Hz, 1H), 3.86 (m,
5H), 3.78 (s, 3H), 2.92 (d, = 13.2 Hz, 1H) ppmd (50 MHz, CDC}) 164.1 (s), 162.1 (s), 159.4
(s), 129.7 (d, 2C), 126.6 (q), 114.3 (d, 2C), 98B 72.9 (d), 66.2 (t), 58.5 (d), 55.3 (q), 4&9
48.5 (t), 46.2 (t) ppm. ESI-MBVz319.1 (M+1).

Compound 47. Compound4l (61 mg, 0.23 mmol) was dissolved in a minimal antoaf
CH.ClI,, then toluene (10 mL)and acid silica gel (20 mgyevadded and the mixture was refluxed
over 4A molecular sieves for 30 min. Then, the omigtwas filtered over NaHGQand the solvent
was evaporated to give pud& in 88% vyield after chromatographic purificationtQ&Ac/MeOH
10:1, R = 0.37). (Found: C, 56.01; H, 6.00; N, 11.63;H;4N>O, requires C, 55.46; H, 5.92; N,
11.76%). f1]** -93.1 € = 1.0, CHCY). d; (200 MHz, CDCJ) 5.60 (s, 1H), 5.08 (m, 1H), 4.37 (s,
1H), 4.08-3.97 (m, 1H), 4.00 (d,= 13.6 Hz, 1H), 3.89 (m, 2H), 3,60 (m, 2H), 3.61J= 13.6 Hz,
1H), 2.45 (m, 1H), 2.11-1.80 (m, 3H), ppdk. (50 MHz, CDC}) 163.5 (s), 162.7 (s), 98.2 (d), 71.7

(d), 65.7 (d), 59.1 (t), 58.4 (d), 46.4 (t), 45 29.1 (1), 21.9 (t) ppm. ESI-M&z 227.0 (M +1).
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Table S2. Crystal data and structure refinenent for exp_259

I dentification code exp_259

Enmpirical fornula C32 H40 Nd 8

Formul a wei ght 608. 68

Tenperature 293(2) K

Wavel engt h 1.54178 A

Crystal system space group Monoclinic, P 21

Unit cell dinensions a =7.757(1) A al pha = 90 deg.
b = 18.607(1) A beta = 92.211(2) deg.
c = 10.809(1) A ganma = 90 deg.

Vol une 1559.0(3) A*3

Z, Calcul ated density 2, 1.297 My/ mM3

Absorption coefficient 0.773 mm-1

F( 000) 648

Crystal size 0.12 x 0.10 x 0.08 mMm

Theta range for data collection 4.73 to 70.56 deg.

Limting indices -7<=h<=9, -14<=k<=22, -12<=|<=12
Refl ections collected / unique 7877 | 4396 [R(int) = 0.0239]
Conpl eteness to theta = 70.56 95.3 %

Ref i nement met hod Full -matrix | east-squares on F*2

Data / restraints / paraneters 4396 / 1 / 405

Goodness-of -fit on F*2 0.994

Final R indices [I>2signma(l)] R1 = 0.0433, wR2 = 0.0994
R i ndices (all data) Rl = 0.0696, wR2 = 0.1117
Absol ute structure paraneter 0.2(2)

Largest diff. peak and hol e 0.367 and -0.146 e. A*-3
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Table S3. Atonic coordinates ( x 1074) and equival ent isotropic
di spl acenent paraneters (A*2 x 1073) for exp_259.
U(eq) is defined as one third of the trace of the orthogonalized

Uj tensor.

X y z U( eq)
N( 1A) 2448( 4) -2380(1) -1443(2) 51(1)
N( 2A) 4122(4) -1614(2) 454(3) 56(1)
a 1A -131(3) -1871(1) -1108(2) 66(1)
Q 2A) 2852(5) -2476(2) - 4045( 3) 107(1)
Q( 3A) 1157(3) -3442(1) -4051(2) 69(1)
Q 4A) 4275(3) -3307(1) -1273(3) 71(1)
C(1A) 1663(5) -1722(2) -976(3) 55(1)
C(2A) 2252(5) -1595(2) 345(3) 62(1)
C(3A) 4841(5) -2310(2) 95(3) 54(1)
C(4A) 3836(4) -2708(2) -932(3) 51(1)
C(5A) 1228( 4) -2754(2) -2262(3) 50(1)
C(6A) -337(4) -2247(2) -2270( 3) 56(1)
C(7A) 5077(5) -2806(2) 1203( 3) 67(1)
C(8A) 6242(5) -2492(2) 2233(3) 58(1)
C(9A) 5637(5) -2354(2) 3378(3) 70(1)
C(10A) 6701(7) -2093(2) 4329(4) 79(1)
C(11A) 8403(7) -1976(2) 4147(4) 82(1)
C(12A) 9041(5) -2112(2) 2999( 4) 78(1)
C(13A) 7974(5) -2361(2) 2040(4) 68(1)
C(14A) 1879(5) -2869(2) -3541(3) 56(1)
C(15A) 1612(6) -3615(3) -5299( 4) 89(1)
C(16A) - 2060(5) -2605(2) -2354( 4) 71(1)
N( 1B) 3475(3) -5071(1) -490(2) 45(1)
N( 2B) 3771(4) -4721(2) -2940(2) 67(1)
q 1B) 775(3) -4676(2) -885(2) 67(1)
Q 2B) 3868(4) -5902(1) 1660( 2) 74(1)
Q 3B) 2849( 3) -5010(1) 2798(2) 68(1)
Q(4B) 6283(3) -4803(2) -142(2) 63(1)
C(1B) 1957(4) -5195(2) -1290( 3) 57(1)
C(2B) 2264(5) -5117(2) -2655( 3) 67(1)
C(3B) 5299( 4) -5039(2) -2262(3) 50(1)
C(4B) 5101(4) -4959(2) -872(3) 46(1)
C(5B) 2941(4) -4790(2) 687(3) 45(1)
C( 6B) 970( 4) -4671(2) 441(3) 56(1)
C(7B) 6875(4) -4659(2) -2696( 3) 64(1)
C(8B) 7159(4) -4766(2) -4061( 3) 53(1)
C(9B) 6884(5) -4224(2) -4912(3) 67(1)
C(10B) 7081( 6) -4330(2) -6162(4) 76(1)
C(11B) 7580( 6) -4983(3) -6582(4) 80(1)
C(12B) 7874(6) -5517(3) -5755(4) 91(1)
C(13B) 7679(5) -5420(2) -4499( 4) 76(1)
C(14B) 3299( 4) -5308(2) 1747(3) 51(1)
C(15B) 3075( 6) -5453(3) 3903(3) 85(1)
C(16B) 271(5) -3982(2) 910( 3) 72(1)
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Table S4. Bond lengths [A] and angl es [deg] for exp_259.

N( 1A) - C( 4A) . 339(4)
N( 1A) - C( 5A) . 449( 4)
N( 1A) - C( 1A) . 466( 4)
N( 2A) - C( 2A) . 451( 4)
N( 2A) - C( 3A) . 468( 4)
O( 1A) - C( 1A) . 420( 4)
O( 1A) - C( 6A) L 442( 4)
O( 2A) - C( 14A) .198( 4)
O( 3A) - C( 14A) .316( 4)
O( 3A) - C( 15A) . 443( 4)
O( 4A) - C(4A) . 225( 4)
C( 1A) - C( 2A) . 500( 4)
C(3A) - O 7A) .517(5)
C( 3A) - C(4A) . 524(5)
C(5A) - C( 14A) . 505( 4)
C(5A) - O( 6A) . 537(5)
C( 6A) - C( 16A) . 493(5)
C(7A) - C( 8A) . 523(5)
C( 8A) - C(9A) . 364(5)
C(8A) - C( 13A) . 390(5)
C( 9A) - C( 10A) . 382(6)

C(10A) - C( 11A)
C(11A) - C( 12A)

. 360( 6)
.377(6)

C(12A) - C( 13A) . 380(5)
N( 1B) - C( 4B) . 359( 4)
N( 1B) - C( 5B) . 450( 4)
N( 1B) - C( 1B) . 452( 4)
N( 2B) - C( 2B) . 426( 4)
N( 2B) - C( 3B) . 492( 4)
O( 1B) - C( 1B) . 413( 4)
O( 1B) - C( 6B) . 435( 4)
O( 2B) - C( 14B) .195( 4)
O(3B) - C( 14B) .322(4)
O(3B) - C( 15B) . 457( 4)
O( 4B) - C(4B) . 221( 4)
C( 1B) - C( 2B) .510( 4)
C(3B)- C(7B) . 504( 4)
C( 3B) - C( 4B) . 523( 4)
C(5B) - C( 14B) .515(5)
C( 5B) - C( 6B) . 558( 4)
C( 6B) - C( 16B) . 489(5)
C( 7B) - C( 8B) .514( 4)
C( 8B) - C( 13B) .372(5)
C( 8B) - C(9B) . 376(5)
C(9B) - C( 10B) . 380(5)

C(10B) - C( 11B)
C(11B) - C( 12B)

. 359(6)
. 350( 6)

PRRPRRPRRPRRPRPRRPRRPRRPRRPRPRPRRPRRPRRPRPRPRRRPRRPRPRPRRPRRPREPRPEPRPRRREPREPREPRPRRRRERREPRERRRRRERER

C(12B) - C( 13B) . 383(6)
C(4A) - N( 1A) - C( 5A) 121. 9( 3)
C(4A) - N( 1A) - C( 1A) 125. 3(3)
C(5A) - N( 1A) - C( 1A) 110. 0( 3)
C(2A) - N( 2A) - C( 3A) 112. 9( 3)
C(1A) - O 1A) - C( 6A) 104. 9( 2)
C( 14A) - O( 3A) - C( 15A) 117. 2(3)
O 1A) - C( 1A) - N( 1A) 102. 7(3)
O( 1A) - C( 1A) - C( 2A) 112. 8(3)
N( 1A) - C( 1A) - C( 2A) 110. 1(3)
N( 2A) - C( 2A) - C( 1A) 109. 9( 3)
N( 2A) - C( 3A) - C( 7A) 111. 3(3)
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N( 2A) - C( 3A) - C( 4A) 115. 6( 3)
C(7A) - C( 3A) - C( 4A) 108. 8( 3)
O( 4A) - C(4A) - N( 1A) 121. 3(3)
O( 4A) - C(4A) - C( 3A) 121. 4(3)
N( 1A) - C( 4A) - C( 3A) 117.3(3)
N( 1A) - C( 5A) - C( 14A) 113. 2(3)
N( 1A) - C( 5A) - C( 6A) 101. 8(3)
C( 14A) - C(5A) - C( 6A) 112. 0( 3)
O( 1A) - C( 6A) - C( 16A) 109. 8( 3)
O( 1A) - O( 6A) - C( 5A) 103. 5( 3)
C( 16A) - C( 6A) - C( 5A) 115. 5( 3)
C(3A) - C( 7A) - C( 8A) 113. 2(3)
C( 9A) - C( 8A) - C( 13A) 118. 2( 4)
C(9A) - C( 8A) - C( 7A) 121. 3( 4)
C( 13A) - C( 8A) - C( 7A) 120. 5( 3)
C( 8A) - C(9A) - C( 10A) 121. 6( 4)
C( 11A) - C( 10A) - C( 9A) 120. 3( 4)
C( 10A) - C( 11A) - C( 12A) 119. 1( 4)
C(13A) - C( 12A) - C( 11A) 120. 8( 4)
C(12A) - O( 13A) - C( 8A) 120. 1( 4)
O( 2A) - C( 14A) - O 3A) 124. 8(3)
O( 2A) - C( 14A) - C( 5A) 124. 8( 3)
O( 3A) - C( 14A) - C( 5A) 110. 3(3)
C( 4B) - N( 1B) - C( 5B) 120. 7(3)
C( 4B) - N( 1B) - ¢( 1B) 125. 8(2)
C(5B) - N( 1B) - C( 1B) 109. 1( 2)
C( 2B) - N( 2B) - C( 3B) 109. 3(3)
C(1B) - O 1B) - C( 6B) 105. 6( 3)
C( 14B) - O( 3B) - C( 15B) 116. 1(3)
O( 1B) - C( 1B) - N( 1B) 103. 2(2)
O( 1B) - C( 1B) - ¢( 2B) 111. 5(3)
N( 1B) - C( 1B) - C( 2B) 114. 3(3)
N( 2B) - C( 2B) - C( 1B) 115. 0( 3)
N( 2B) - C( 3B) - ¢ 7B) 107. 4(3)
N( 2B) - C( 3B) - C( 4B) 109. 7(2)
C( 7B) - C( 3B) - C( 4B) 112. 1(3)
O( 4B) - C(4B) - N( 1B) 121. 6(3)
O( 4B) - C(4B) - C( 3B) 124. 0( 3)
N( 1B) - C( 4B) - C( 3B) 114. 5(3)
N( 1B) - C( 5B) - C( 14B) 112. 6(3)
N( 1B) - C( 5B) - C( 6B) 102. 3(2)
C( 14B) - C(5B) - C( 6B) 111. 7(3)
O( 1B) - C(6B) - C( 16B) 108. 7( 3)
O( 1B) - O( 6B) - C( 5B) 103. 6( 2)
C( 16B) - C( 6B) - C( 5B) 115. 7(3)
C( 3B) - O( 7B) - C( 8B) 113. 1(3)
C( 13B) - C( 8B) - C( 9B) 117. 4( 3)
C( 13B) - C( 8B) - C( 7B) 120. 6( 3)
C( 9B) - C( 8B) - C( 7B) 122. 0( 4)
C( 8B) - C(9B) - C( 10B) 122.0( 4)
C(11B) - C( 10B) - C( 9B) 119. 9( 4)
C(12B) - C( 11B) - C( 10B) 118. 7( 4)
C(11B) - C( 12B) - C( 13B) 122. 2( 4)
C( 8B) - C( 13B) - C( 12B) 119. 9( 4)
O( 2B) - C( 14B) - O 3B) 124. 5(3)
O( 2B) - C( 14B) - C( 5B) 125. 8( 3)
O( 3B) - C( 14B) - C( 5B) 109. 7( 3)
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Tabl e S5. Anisotropic displacenent paranmeters (A2 x 1073) for exp_259.
The ani sotropi c displacenent factor exponent takes the form

S2 pif2 [ hh2 a*A2 ULl + ... + 2 h k a* b* U12 ]

ULl w22 U33 u23 UL3 UL2
N( 1A) 61(2) 48(2) 43(2) -8(1) 0(1) 0(2)
N( 2A) 69(2) 45(2) 54(2) -9(1) 4( 1) -2(2)
o 1A) 69(2) 68(2) 62(2) -18(1) 2(1) 4(1)
O(2A)  152(3) 104( 2) 69( 2) -21(2) 45(2) -51(2)
O 3A) 86(2) 69( 2) 52(2) -20(1) 3(1) -3(2)
o 4A) 69(2) 56(2) 86(2) -25(1) -10(1) 5(1)
o( 1A) 66(2) 48(2) 50( 2) -2(2) 1(2) 4(2)
o 2A) 70(3) 58(2) 59( 2) -18(2) 3(2) -2(2)
o 3A) 64(2) 49(2) 49(2) -5(2) 2(2) -11(2)
C( 4A) 59( 2) 45(2) 49( 2) -3(2) 7(2) -3(2)
C( 5A) 61(2) 48(2) 42(2) -2(2) 5(2) -4(2)
C( 6A) 67(2) 55(2) 44( 2) -8(2) 3(2) -3(2)
o(7A) 84(3) 51(2) 66( 2) 8(2) -6(2) -10(2)
o( 8A) 76(3) 44(2) 54( 2) 6(2) -8(2) 0(2)
o( 9A) 83(3) 68( 3) 60( 3) 11(2) 9(2) -8(2)
C(10A) 111(4) 77(3) 50( 2) -1(2) 7(2) -2(3)
C(11A) 109(4) 77(3) 58(3) -7(2) -19(2) -1(3)
o(12A)  67(3) 98( 4) 68( 3) 1(2) -7(2) 0(2)
C(13A)  75(3) 70( 3) 60( 2) -7(2) 3(2) 5(2)
C(14A)  68(2) 55(2) 45(2) -6(2) 6(2) -1(2)
C(15A) 111(3) 104( 4) 52(2) -28(2) -3(2) 16( 3)
C(16A)  64(2) 77(3) 72(3) -15(2) 5(2) -5(2)
N( 1B) 47(2) 53(2) 35(1) 0( 1) 3(1) -2(1)
N( 2B) 58(2) 97(2) 44(2) -2(2) -4(1) -2(2)
O( 1B) 52(1) 100( 2) 49( 1) -8(1) 1(1) 6(1)
o(2B)  115(2) 55(2) 53(2) 5(1) 15(1) 14(2)
O(3B)  100(2) 66( 2) 40( 1) 1(1) 12(1) 9(1)
O 4B) 52(1) 92(2) 45(1) 4( 1) -3(1) 1(1)
C( 1B) 55(2) 66( 2) 51(2) -12(2) 9(2) -12(2)
o( 2B) 57(2) 96( 3) 49( 2) -20(2) 5(2) -13(2)
o( 3B) 50( 2) 58(2) 43(2) -1(2) 7(1) -1(2)
C( 4B) 49(2) 46(2) 43(2) 5(2) 0(2) 4(2)
C( 5B) 53(2) 41(2) 42(2) -3(1) 5(1) -5(2)
C( 6B) 54(2) 62(2) 51(2) -7(2) 11(2) -6(2)
o( 7B) 57(2) 87(3) 48(2) 2(2) 4(2) -6(2)
o( 8B) 47(2) 65( 2) 48(2) 3(2) 9(1) -5(2)
o( 9B) 86( 3) 58(2) 58(2) -5(2) 13(2) -15(2)
C(10B)  96(3) 76( 3) 56( 2) 13(2) 14(2) -9(2)
C(11B) 101(3) 92(3) 50( 2) -3(2) 28(2) -8(3)
C(12B) 111(4) 90( 3) 74(3) -12(3) 30( 3) 33(3)
C(13B)  84(3) 79(3) 65( 3) 16(2) 20(2) 24(2)
C(14B)  56(2) 54(2) 45(2) -2(2) 10( 2) -5(2)
C(15B) 121(4) 95( 3) 39(2) 10( 2) 12(2) 14( 3)
C(16B)  73(3) 80( 3) 64(2) -8(2) 7(2) 18(2)
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BY4742 BYDergb BYDsnqg2
% % % p- % p- p-
molecule [AODst |[SD AGenT |SD AODst |SD value |AGenT |SD value [%AODst [SD value |%AGenT |SD p-value|%A0Dst
1 3,28| 0,25 0,42 0,00
2 1,79] 0,01 -0,72 0,02
3 0,94 0,04 -9,90 0,01 -6,10{ 0,16 0,31 -23,67 0,69 0,67| 3,36 0,49 | 0,13 | -102,65 | 0,48 0,71 9,17
4 11,921 0,00 -1,91 0,01 -2,04( 3,21 0,84 -0,05| 19,28] 0,40( 9,08 0,33 | 0,05 -2,12 0,32 0,00 13,38
5 -8,93|] 0,31 5,40 0,01 -10,46| 1,19] 0,53|] 921,54 0,13| 0,15| 5,77 0,41 | 0,03 3,61 0,40 0,25 -8,54
6 14,18 0,11 1,80 0,01 -6,68( 0,33 0,14 0,08 2,001 0,57 14,07 | 0,28 | 0,05 -0,83 0,27 0,05| 22,55
7| 10,15 0,05 -0,63 0,00 -4,84( 0,35 041 0,37 2,09] 0,34 -1,91 1,15 | 0,60 0,36 1,14 0,65 19,87
8 8,911 0,02 -4,33 0,02
9 6,35/ 0,08 -2,19 0,02
10| 18,44 0,01 -0,28 0,02
11 5,68 0,04 -7,92 0,01 8,43| 0,22] 0,26 7,24 3,041 0,42 8,29 0,28 | 0,15 1,03 0,27 0,09 9,90
12 1,11 0,06 -6,21 0,01 3,511 0,22] 0,40 8,07 2,701 0,58 0,81 8,81 | 0,89 -0,69 8,80 0,71 11,29
13 6,131 0,01] -13,13 0,01 5,26] 0,09] 0,30 0,50 0,53| 0,48]| 6,18 0,58 | 0,22 0,24 0,57 0,18| 18,03
14 8,441 0,11 -2,73 0,01
15 2,541 0,10 1,41 0,00
16 4,131 0,07 -1,20 0,01
17] 11,09 0,16 -0,20 0,00 13,04 0,31 0,01 0,35 1,84 0,76] 3,40 0,16 | 0,33 -0,15 0,15 0,09 9,98
18 7,60 0,05 -1,15 0,01
19 4,00 0,18 0,56 0,01
20 5,511 -0,01 -1,50 0,02
21 1,54 0,11 -2,13 0,00
22 -0,61| 0,17 -0,46 0,00
23| 11,25 0,00 -1,80 0,01 9,501 0,42] 0,28 -0,65 2,53] 0,53 11,23 | 0,60 | 0,07 -0,81 0,59 0,28 18,27
24 3,921 0,17 -1,03 0,03
25 4,28 0,28 0,06 0,01
26 3,431 0,08 -2,73 0,01
27 6,021 0,11] -15,51 0,021 -13,86| 1,10/ 0,48 25,22 4,38 0,48| 2,07 0,68 | 0,47 -0,32 0,67 0,09 15,63
28 9,30 -0,01| -19,06 0,02 -4,30({ 1,59| 0,69 22,61 9,52| 0,29| -0,59 4,35 | 0,80 -0,19 4,34 0,111 0,31
29| 13,94 0,06 -5,41 0,01 10,56 0,80 0,43 3,90 4,78 0,42| -0,86 7,63 | 0,87 -0,43 7,62 0,13 20,03
30 16,89] 0,05 -1,52 0,02 -2,98( 0,62 0,45 6,07 3,741 0,40| 6,48 0,52 | 0,24 -0,23 0,51 0,11| -1,66
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31 3,81 0,01 -1,42 0,00
32 -1,991 0,13 -1,96 0,02
33 0,09] 0,06 -9,57 0,00
34 13,86 0,04 -4,85 0,00 -0,41| 4,74 0,93 0,35| 28,44| 0,55| -13,69 | 0,19 | 0,03 -0,15 0,18 0,07| 8,41
35 15,85 0,05 -0,82 0,01 -7,751 0,68| 0,40 0,35 4,09| 0,441 20,91 0,09 | 0,01 -0,15 0,08 0,51 19,21
36 4,49| 0,09 -0,72 0,01
37 9,57 0,08 -1,40 0,01 10,85 0,30] 0,02 0,05 1,821 0,43 -8,31 0,11 | 0,09 -0,03 0,10 0,69| -18,94
38| 10,13 -0,01 -2,82 0,01
39 6,18 -0,03 0,01 0,01
40 2,15 0,09 0,63 0,01
41 -1,12| 0,08 -0,21 0,01
42] 10,03 -0,01 -1,09 0,01 20,12( 0,08] 0,02 -0,85 0,51 0,44] -3,43 0,47 | 0,43 0,34 0,46 0,40 4,23
43 3,64 0,02 2,98 0,01f -10,20f 0,55| 0,34 -14,95 3,67 0,02] -4,75 0,73 | 0,33 -4,45 0,72 0,05 -2,54
44 -2,07| -0,02 8,31 0,02 -12,92( 0,11 0,21 -2,01 1,29] 0,26( -24,43 | 0,10 | 1,47 -2,17 0,82 | 0,18 | -26,63
45| 13,56 0,07 3,34 0,01 -1,501 2,63 0,82 1,88 15,79| 0,94 -15,79 | 0,48 | 0,14 -0,59 0,47 0,49 2,67
46| 11,37 0,09 -2,18 0,01
47 9,13 0,04 3,25 0,01
Ctrl 0,00| 0,05 0,00 0,01 0,00{ 0,00 0,00 0,00 0,00 0,00 0,00 0,03 0,00
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BYDpdr3 BY-YPD BY-YPGal
p- % p- % mitochondrial % mitochondrial
molecule [SD value |AGenT ([SD value |activation SD T-TEST activation SD T-TEST
1
2
3] 1,34 0,21 | -157,56 0,85 0,03 11,13 2,77 0,01 3,03 5,25 0,01
4 3,75 0,01 -2,50 0,75 0,01
5[ 1,48 0,25 0,47 0,30 0,33 13,43 2,89 0,09 13,60 1,90 0,02
6 1,92 0,02 -0,83 0,38 0,49 12,63 2,69 0,08 14,79 6,37 0,13
71 8,63 0,02 -0,44 1,73 0,12
8
9
10
11] 3,00 0,26 -0,77 0,60 0,03
12| 6,87 0,11 0,45 1,37 0,41
13] 2,26 0,04 0,02 0,45 0,41
14
15
16
17] 2,05 0,06 -1,33 0,41 0,14
18
19
20
21
22
23] 6,10 0,05 -1,02 1,22 0,43
24
25
26
271 1,19 0,10 0,76 2,37 0,58
28| 2,37 0,94 0,03 0,47 0,94 19,17 6,29 0,06 14,02 2,79 0,01
29| 5,83 0,00 0,09 1,17 0,87 8,84 0,44 0,02 0,00 0,00 0,01
30( 2,08 0,73 -0,73 0,42 0,17
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31

32

33

34 3,47 0,32 -1,33 0,69 0,01

35 4,39 0,07 -1,33 0,88 0,30 15,46 2,16 0,09 11,22 5,02 0,02
36

37 3,35 0,01 0,61 0,67 0,43

38

39

40

41

42| 8,24 0,22 -0,80 1,65 0,06 1,67 2,89 0,01 40,09 4,76 0,12
43] 3,62 0,36 -9,00 0,72 0,03

44 1,30 1,10 -2,01 1,52 0,79 15,90 3,59 0,08 15,71 7,42 0,18
45| 3,29 0,72 -3,54 0,66 0,01

46

47

Ctrl 0,00 0,00 0,00 28,52 5,70 27,30 3,98




Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journ

al is (c) The Roval Society of Chemistry 2010
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31

32

33

34

35

25,00

0,00

0,01

2,43

2,11

0,10

71,86957961

3,420161

0,072709

36

37

38

39

40

41

42

31,19

7,84

0,05

3,30

2,89

0,70

83,06142144

2,213

0,149578

43

44

34,54

7,21

0,07

4,62

2,26

0,73

80,54295792

6,074623

0,066866

45

46

47

Ctrl

55,68

6,33

4,30

1,05

86,21297953

4,32037




