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(8)-4-((1#-Indol-3-yl)methyl)-3-0x0-3,4-dihydro-1/pyrrolol[2,1-c][1,4]oxazine-6-carbaldehyde.

[shek4 1-1]

L-tryptophane(4.0 g, 19.6 mmol)< ™&rE(5 mL)ol] =o]aL 0 CollA thionyl chloride(1.7 mL, 23.5 mmol)Z
AH3] 7kt 9g EFES 65 TeollA 8AIZE &<t 71der H, Aoz 234 yoE oHEZ o] L-
tryptophane®] wWl&€ o] ~HZ(3.9 g, 15.2 mmol)S M AAHow A=t}

L-tryptophane?] ¥ o] 2E|Z(1.0 g, 4.6 mmol)E DMSO(5 mL)ol| =<1 & Eg]o|do}wl(0.63 mL, 4.6 mmol)d}
Glucose(0.83 g, 4.6 mmol)E T3}, S22H(0.41 g, 4.6 mmol)S ¥ 5 90 CTollA 30% F<F 7}43t v,
Ao As|a A7t sjro] ofd ofAH | EE o] &3] FHAAA E&ES AATST. AE &AE %%3}
of Aol MAE i, olE HYIA AAIRrETRT ] BHoR At 382 1-19 HEE-=E 3}
3= (114 mg, 0.39 mmol) S =gkA AR A& = Q.

Data: Ry = 0.41 (4:6 EtOAc/hexane); I NIR § =3.57 (d, J =14.8 Hz, 1H), 3.64 (d of A of ABq, Jy =

15.2, Jy = 4.4 Hz, 1H), 3.77 (d of B of ABq, Jy = 15.2, Jg = 3.6 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H),

5.88 (d, J=4.4 Hz, 1H), 6.04 (dd, J = 4.4, 3.6 Hz, 1H), 6.79 (d, J = 2.4 Hz, 1H), 6.94-6.99 (m, 2H),
7.05 (d, J=4.4HZ, 1H), 7.14 (ddd, J = 8.0, 4.8, 2.8 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 9.66 (s, 1H)
ppm.

Ao 2,

(S)-Methyl
2-(6-formyl-3-0x0-3,4-dihydro-1Hpyrrolo[2,1-c][1,4]oxazin—-4-yl)acetate
[55H4) 1-2]

A

\
o N

~N O)J\ - H‘ro

0]

A A e 19 W] wal, L-aspartic acid(13.0 g, 100 mmol)$} thionyl chloride(17.3 mL, 240 mmol)& 0 C
HEFE-(100 mL)oll A 412 F, 65 TolA 8AIZF &<t ¥H2-A]#A L-aspartic acid methyl ester(22.0 g, 111.7
mmol)E 34 AAHoZ A=t}

52 & L-aspartic acid methyl ester(2.47 g, 12.5 mmol)$} Egjol&o}r1(3.5 mL, 25 mmol), Glucose(2.27
g, 12.5 mmol) ¥ 222H(2.3 g, 25 mmol)S DMSO(5 mL)ol *o]ar, 90 CTollA 30 o wr-e-A1 5, Ay}
A AfazetEadae] W oR AHAste g5k 1-29 FEZ-HE 355(0.18 g, 0.76 mmol)S =4 o
AR & F AAJG.

Data: Ry = 0.40 (4:6 EtOAc/hexane); 1H NMR & = 3.46 (d of A of ABq, Jy = 18.0, J; = 4.0 Hz, 1H), 3.52
(d of B of ABq, Jy = 18.0, J; = 4.0 Hz, 1H), 3.63 (s, 3H), 5.42 (d, J = 14.8 Hz, 1H), 5.60 (t, J =4.0

Hz, 1H), 5.89 (d, J = 14.8 Hz, 1H), 6.17 (d, J = 4.0 Hz, 1H), 7.05 (d, J = 4.0 Hz, 1H), 9.48 (s, 1H)
ppm; HRMS (EI) calcd for CiHiNOs 237.0637, found 237.0641.

(S)-4-(2-(Methylthio)ethyl)-3-ox0-3,4-dihydro-1H4-pyrrolo[2,1-c][1,4]oxazine-6-carbaldehyde.
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A 12] "ol wel, L-Methionine(10.0 g, 67.0 mmol)¥} thionyl chloride(5.87 mL, 80.4 mmol)< 0 TC
wWEkE (110 mL)olA AL H, 65 ColA 8 A+ &9 WES-AlA L-Methionine methyl ester(8.51 g, 42.7
mmol)E A AAHo7 de=t),

t}5 22, L-Methionine methyl ester(2.0 g, 10 mmol)2} Egjol&o}rl (2.8 mL, 20 mmol,), Glucose(1.82 g,
10 mmol) 2 £AH2H(1.84 g, 20 mmol)S DMSO(10 mL)ell 50]ar, 90 TellA 30 &<+ vHeAIZl H, Ags4
AdaZulE e oz AAste] sish 1-39] IF2Z-FE $§E(0.17 g, 0.68 mmol) S =4 A
2 4 F U

Data: Ry = 0.46 (4:6 EtOAc/hexane); HNR § = 2.09 (s, 3H), 2.37-2.48 (m, 4H), 5.39 (A of ABq, Jy =
15.2 Hz, 1H), 5.56 (B of ABq, Jy = 15.2 Hz, 1), 5.82 (t, J = 6.8 Hz, 1), 6.23 (d, J = 4.0 Hz, 1H),

7.02 (d, J = 4.0 Hz, 1H), 9.53 (s, 1H) ppm§13C NMR &6 = 15,1, 29.1, 32.7, 56.8, 63.6, 106.6, 125.1,
130.9, 131.2, 167.0, 179.1 ppm; HRMS (EI) calcd for CiiHisNOsS 239.0616, found 239.0617.

24 4,
(S)-Methyl 3-(6-formyl-3-oxo-3,4-dihydro-1/#pyrrolo[2,1-c][1,4]oxazin-4-yl)propanoate.

[3h5H4 1-4]

A
N
_0 e
™Y

Alo1¢] WhHo] we}, L-Glutamic acid(14.7 g, 100 mmol)3} thionyl chloride(17.3 mL, 240 mmol)< 0 C
EHS-(100 mL)olA 412 H, 65 TollA 8AIZF &<t WHEAIA L-Glutamic acid dimethyl ester(24.2 g, 114.7
mol)E 3 Aoz A=t}

o

t}t&-o7  L-Glutamic acid dimethyl ester (2.59 g, 12.2 mmol)®} Ego"dold(3.4 mL, 24.5 mmol),
Glucose(2.23 g, 12.2 mmol) % 22F2H(2.3 g, 25.0 mmol)E DMSO(5 mL)ell 5o]ar, 90 CTollA 30% =<t w3
Az H, AatA dea2utEad e whHeR AASte] sk 1-49] 1 E2-ZE 313HE(0.14 g, 0.58
mmol)S = Az AL 5 ).

Data: Ry = 0.27 (4:6 EtOAc/hexane); H NMR & = 2.29-2.44 (m, 2H), 2.50-2.67 (m, 2H), 3.64 (s, 3H),
5.38 (A of ABq, Jy = 14.8 Hz, 1H), 5.55 (B of ABg, Ji = 14.8 Hz, 1H), 5.79 (t, J = 8.0 Hz, 1H), 6.24

(d, J=4.0 Hz, 1), 6.99 (d, J = 4.0 Hz, 1), 9.53 (s, 1H) ppm; C NMR & = 27.8, 29.4, 51.9, 57.1,
63.3, 106.9, 124.8, 131.0, 131.1, 166.9, 172.5, 179.3 ppm; HRMS (EI) calcd for CyHyNOs 251.0794. found

251.0795.
ARl 5.

(K)-4-(4-Chlorobenzyl )-3-0x0-3,4-dihydro-1/pyrrolo[2,1-c][1,4]oxazine-6-carbaldehyde.

_18_



[0133]

[0134]
[0135]

[0136]

[0137]

[0138]
[0139]
[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

S=50dl 10-1951752

Cl

A Ao 19 WHe| wlE}, D-chlorophenylalanine(3.7 g, 18.5 mmol)3™} thionyl chloride(1.62 mL, 22.2 mmo
DS 0 C wek2(7 mb)olA 4L F, 65 TolA 8AIZF &<+ WHSA]A D-chlorophenylalanine methyl
ester(4.12 g, 16.5 mmol)E M AAH o7 A=t}

t}2 02 D-chlorophenylalanine methyl ester(0.7 g, 2.8 mmol)?} Ego|"€o}¥1(0.77 mL, 5.6 mmol),
Glucose(0.5 g, 2.8 mmol) % =AMF(0.5 g, 5.6 mmol)<= DMSO(3 mL)oll =o]aL, 90 ColA 30& H<F ¥-e-A|71
7, Ay dawviEadse] o R gAste] shet 159 v ER-ehE 3gE(0.18 g, 0.63 mmol)&

L ERCERET

el
=

Data: Ry = 0.43 (4:6 EtOAc/hexane); 1H NMR & = 3.43 (d of A of ABq, Jyp = 14.0, J; = 5.2 Hz, 1H), 3.51
(d of B of ABq, Jy = 14.0, J; = 3.6 Hz, 1H), 3.74 (d, J = 15.2 Hz, 1H), 4.95 (d, J = 15.2 Hz, 1H),
6.02 (dd = 5.2, 3.6 Hz, 1H), 6.03 (d, J = 4.0 Hz, 1H), 6.74 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 4.0 Hz,
1), 7.19 (d, J = 8.4 Hz, 2H), 9.61 (s, 1H) ppm; 13C NMR 6 = 39.6, 58.9, 63.6, 105.8, 125.6, 129.1,
130.4, 130.9, 132.9, 134.2, 135.3, 167.0, 179.1 ppm.

Zolmxsh ofnlwale] WS B TE-ddsel= (3344 )9 B4

A4 6.

(S)-Dimethyl 2-(2-formyl-1/#pyrrol-1-yl)succinate.

[s}et4] 3-1]

L-aspartic acid(13.3 g, 100 mmol)ZE wWE2(7 mL)e] =o]aL 0 CollA thionyl chloride(17.3 mL, 240 mmol)
g dHd3d] 7rgoh. w3 %%% 65 TollA 8AIZF Fot 7Fd3el 5, Ao 234 tod o2& o] L-
aspartic acid®] #HE o AHE(22.0 g, 111.8 mmol)E 3 AH o7 A=t}

1)¥ Ribose(3.75 g, 25 mmol)& Tlett}. £4H4H(4.59 g, 50 mmol)& ¥ F oA 30 &<t 7rdg o
o, AZow A At HEd odd olAHC|EE o] &dte] FiAIA %%

F3alo] A AAE FaL, oF A7t AfaRvEad o] BRoR AA|
(0.97 g, 4.33 mol)& =t AR A& 5 vt

L-aspartic acid®] ®E o ~HZ(4.94 g, 25 mmol)E DMSO(10 mL)ol] =91 %= F/] ol dobl(6.93 mL, 50 mmo
T
Kel

AARY. A S 5

bl sheb4 3-19) M % P

D r-th”

[¢]

Data: Ry = 0.45 (4:6 EtOAc/hexane); 1H NR & = 3.06 (d of A of ABq, Jyg = 17.2, Jy = 8.4 Hz, 1H), 3.39
(d of B of ABq, Jiy = 17.2, J; = 4.8 Hz, 1), 3.66 (s, 3H), 3.74 (s, 3H), 5.87 (dd, J = 8.4, 4.8 Hz,
), 6.29 (dd, J = 4.0, 2.8 Hz, 1), 7.01 (dd, J = 4.0, 1.6 Hz, 1), 7.13 (ddd, J = 2.8, 1.6, 1.2 Hz,
1), 9.48 (d, J = 1.2 Hz, 1) ppm; C NMR & = 37.1, 52.1, 52.9, 57.5, 110.2, 125.9, 131.0, 131.9,
169.2, 170.7, 179.3 ppm; HRMS (EI) caled for CpllisNOs 239.0794, found 239.0797.

AR 7.
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[0147]

[0148]

[0149]
[0150]

[0151]

[0152]

[0153]
[0154]

[0155]

[0156]
[0157]

[0158]

[0159]

[0160]
[0161]

[0162]

S=50dl 10-1951752

(S)-Methyl 2-(2-formyl-1Hpyrrol-1-y1)-4-(methylthio)butanoate.

EERES)

IAlof] 62] Hol w2}, L-Methionine(10 g, 67.0 mmol)¥} thionyl chloride(5.87 mL, 80.4 mmol)= 0 C ™|
2 (110 mL)ol A A& 5, 65 CollA] 8A17F H¢F &A1 A L-Methionine methyl ester(8.51 g, 42.7 mmol)Z
A AR o A=)

plog (o

352 &2, L-Mehionine methyl ester(3.0 g, 15.0 mmol)e} Eg]o&oll (4.2 mL, 30.0 mmol), Ribose(2.30 g,
15.0 mmol) © SAH2H(2.76 g, 30.0 mmol)S DMSO(10 mL)el] =o]aL, 60 TCollA] 30% &<t ¥vkAI7 5, A7}
A APgRulEadu e Wy or AAste] 33k 3-2¢9 3= 3}E(0.80 g, 3.35 mmol)S =T A2 o
Tﬂ: fl: }\)\}\AT;]—

Data: Ry = 0.59 (4:6 EtOAc/hexane); MR § = 2.07 (s, 3H), 2.21-2.36 (m, 2H), 2.36-2.44 (m, 1H),
2.47-2.58 (m, 1H), 3.74 (s, 3H), 5.91 (br s, 1H), 6.33 (dd, J = 4.0, 2.8 Hz, 1H), 7.00 (dd, J = 4.0,

1.6 Hz, 1), 7.16 (ddd, J = 2.8, 1.6, 1.2 Hz, 1H), 9.50 (d, J = 1.2 Hz, 1H) ppm; C NIR & = 15.2,
30.1, 31.4, 52.7, 58.7, 110.5, 125.7, 130.5, 131.5, 170.5, 179.5 ppm: HRMS (EI) caled for CyHiNOS

241.0773, found 241.0771.

Al 8.

(S)-Dimethyl 2-(2-formyl-1#pyrrol-1-yl)pentanedioate.
[sFet2] 3-3]

I\ o
/O W’ O\
L

AN d 62 Wl wel, L-Glutamic acid(14.71 g, 100 mmol)®} thionyl chloride(17.31 mL, 240 mmol)Z 0
T WE2(100 mL)olA 41 FH, 65 TolA 8AZF &9k WHEAlA L-Glutamic acid methyl ester(24.21 g,
114.7 mmol) & A Aoz A=t}

t}&-o7  [-Glutamic acid methyl ester(3.74 g, 17.7 mmol)¢} Egddolbd(4.9 mL, 35.4 mmol),
Ribose(2.71 g, 17.7 mmol) % =221(3.25 g, 35.4 mmol)S DMSO(10 mL)ol] =o]ar, 60 TolA 30% =< ¥k
Az H, At AhazetEag e WHoR AAste] sk 3-39 I E &3E(0.68 g, 2.68 mmol)S
A AR A& ¢ AT

Data: R; = 0.46 (4:6 EtOAc/hexane); 1H NMR 6 =2.25 (dt, J, = 7.6, J, = 6.4 Hz, 2H), 2.28-2.37

(m, 1H), 2.55-2.65 (m, 1H), 3.65 (s, 3H), 3.74 (s, 3H), 5.95 (br s, 1H), 6.33 (dd, J = 4.0, 2.8 Hz,
1), 6.99 (dd, J = 4.0, 1.6 Hz, 1), 7.15 (ddd, J = 2.8, 1.6, 1.2 Hz, 1H), 9.51 (d, J = 1.2 Hz, 1H)

ppm; C NMR & = 27.8, 30.0, 51.8, 52.7, 58.6, 110.7, 125.6, 130.1, 131.6, 170.4, 172.6, 179.7 ppm;
HRMS (EI) caled for CpHiNOs 253.0950, found 253.0948.

Ao 9.
(S)-Methyl 2-(2-formyl-1Hpyrrol-1-y1)-3-(4-hydroxypheny! )propanoate.

[3}sh4) 3-4]
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[0163]
[0164]

[0165]

[0166]

[0167]
[0168]

[0169]

[0170]
[0171]

[0172]

[0173]

[0174]
[0175]

[0176]

[0177]

SE546 10-1951752

Ao 62o] Wl we}, L-Tyrosine(3.0 g, 16.6 mmol)¥} thionyl chloride(1.5 mL, 19.9 mmol)Z 0 C Hgk
mL)ol A 4L H, 65 TolA 8AI7F &9t HF-SA]FA L-Tyrosineo] WE o ~HZ(2.67 g. 11.5 mmol)E 3

S 07 L-Tyrosine? WE o|2®|2(2.67 g, 11.5 mmol)¢} Ego€o}w1(3.2 mL, 23.1 mmol), Ribose(1.84
g, 11.5 mmol) B S24H2.07 g, 23.1 mmol)S DMSO(7 mL)oll *Holar, 60 TeollA 308 H<t wkEA7l 5 Ay
74 Aha=2etE g ue] o R AAste] 384 3-49 IE FFE(0.42 g, 1.54 mmol)& =k AR
o—]o 1\ 011;}_
Data: Ry = 0.21 (4:6 EtOAc/hexane); H NMR & = 3.16 (d of A of ABq, Jis = 14.0. J; = 9.6 Hz, 1H), 3.44
(d of B of ABq, Jy = 14.0, J; = 5.6 Hz, 1), 3.72 (s, 3H), 6.08 (dd, J = 9.6, 5.6 Hz, 1H), 6.23 (br s,
1H), 6.67 (d, J = 8.0 Hz, 2H), 6.84 (d, J = 8.0 Hz, 2H), 6.91 (dd, J = 4.0, 1.6 Hz, 1H), 7.12 (br s,

1), 9.34 (s, 1H) ppm; CNIR 5 = 38.4, 52.7, 61.1, 110.6, 115.4, 126.5, 127.3, 129.9, 131.0, 131.1,
155.1, 170.5, 179.9 ppm; HRMS (EI) caled for CisHysNO, 273.1001, found 273.1000.

A Ald 10,

1-(5-0x0-6, 7-dihydro-5/4pyrrolo[1,2-c]imidazol-6-yl)-1/pyrrole-2-carbaldehyde

[3}3}2] 3-5]
/' N\ o
N
(0]
N
\
4\N

24 69 Wi wak, L-Histidine(10.0 g, 64.45 mmol)¥} thionyl chloride(5.64 mL, 77.34 mmol)Z 0 T
W2 (50 mL)olA 42 FH, 65 TolA 8AIZF &< ¥HEAIA L-Histidine] wHE o ~B]2(15.7 g. 76.56
mmol)E 3 AAHoZ A=t}

2oz, L-Histidine® wW¥ o2v2(0.51 g, 2.66 mmol)¢} EZo|€o}w1(0.37 mL, 2.66 mmol),
Ribose(0.40 g, 2.66 mmol) 2 =AH21(0.24 g, 2.66 mmol)S DMSO(4 mL)ol =o]ar, 60 TCollA] 30, 90 TolA
30, 120 TollM 30w WAl A, Aurbd AsaRviEadee] Yo AAste] shety 3-59 dF
3}3HE(3 mg, 0.014 mmol)S =M AR AS 4= gt}

Data: 1H NMR & = 5,54 (s, 2H), 6.22-6.27 (m, 1H), 6.32 (d, J = 1.6 HZ, 1H), 6.36 (d, J = 2.4 Hz, 1H),

6.92-6.96 (m, 1H), 7.02 (br s, 1H), 7.35 (s, 1H), 9.56 (s, 1H) ppm; 13C NMR & = 40.4, 44.4, 108.7,
110.0, 110.3, 124.8, 131.1, 142.5, 149.9, 160.3, 179.4 ppm.

AE-ddsols (H%4 30 B FlHAND-IE (Y 09 T4
Al 11. (S)-Dimethyl 2-(2-(hydroxymethyl)-1Fpyrrol-1-yl)succinate.

[3h5H4 4-1]
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[0178]

[0179]

[0180]
[0181]

[0182]

[0183]
[0184]

[0185]

[0186]
[0187]

[0188]

[0189]
[0190]

[0191]

SS50dl 10-1951752

3}st2] 3-12] 2-pyrraldehyde(0.48 g, 2.0 mmol)Z MeOH(5 mL)ol =o]a, 0 TollA NaBH,(0.077g, 2 mmol)Z
A3 dstgy. A7) dbg E3ES A2 4 3AIZF ¥ES A]7]al NalCO; €8S tste] WS FAAT
CHClZ 77158 F&5haL ook, A

8

744 AP 2etE el WMoz AAste] 3384 4-19] 2-hydroxymethylpyrrole 33E(0.18 g, 0.82
mmol) S =ehA A= AS £ AT},

T NaSO,2 F2& A7ste] FolHE A2 thd, NS At

-
ofN

7

Data: Ry = 0.25 (4:6 EtOAc/hexane); R 6 = 3.05 (d of A of ABq, Jyg = 17.2, J; = 8.4 Hz,
1), 3.28 (d of B of ABq, Jy = 17.2, Ji = 6.8 Hz, 1H), 3.67 (s, 3H), 3.73 (s, 3H), 4.61 (A of ABq, Ju
= 13.2 Hz, 1H), 4.65 (B of ABq, Jy = 13.2 Hz, 1H), 5.44 (dd, J = 8.4, 6.8 Hz, 1), 6.12 (dd, J = 3.6,
1.6 Hz, 1), 6.13 (dd, J = 3.6, 2.8 Hz, 1), 6.69 (dd, J = 2.8, 1.6 Hz, 1H) ppm; C NMMR & = 37.0,
52.2, 53.0, 54.3, 56.3, 108.7, 109.4, 119.6, 132.2, 170.2, 170.6 ppm; HRMS (EI) caled for CuHisNOs
241.0950, found 241.0048.

A Al 12,
(S)-Methyl 2-(2-(hydroxymethyl)-1/pyrrol-1-yl)-4-(methylthio)butanoate.

[s}et4] 4-2]

A 119 "WhHe| w2}, 3sk2] 3-29] pyrraldehyde (0.62 g, 2.57 mmol)E MeOH(10 mL) &wj 3}oll A NaBH,
(0.10 g, 2.57 mmol)9} A2elA 5AIZF 30 T RHSAIZ] H, A7bA AFIA2eE T o R g
3Fo] 3}8k2l 4-29] 2-hydroxymethylpyrrole 33H2(0.25 g, 1.04 mmol)S =4 A2 A& 4= I},

Data: Ry = 0.23 (4:6 EtOAc/hexane); WNR 8§ = 2.06 (s, 1), 2.08 (s, 3H), 2.29-2.40 (m, 2H), 2.40-
2.54 (m, 2H), 3.73 (s, 3H), 4.59 (A of ABq, Jy = 13.2 Hz, 1H), 4.64 (B of ABq, Jy = 13.2 Hz, 1H),
5.18 (dd, J =9.6, 4.8 Hz, 1H), 6.12 (dd, J = 3.2, 1.6 Hz, 1H), 6.16 (dd, J = 3.2, 2.8 Hz, 1H), 6.78
(dd, J = 2.8, 1.6 Hz, 1H) ppm; 13C NMR 6§ = 15.1, 30.1, 31.1, 52.7, 56.4, 56.5, 108.4, 109.2, 119.7,
132.4, 171.4 ppm; HRMS (EI) calcd for CuiHisNOsS 243.0929, found 243.0927.

A4 13,

(S)-Dimethyl 2-(2-(hydroxymethyl)-1/-pyrrol-1-yl)pentanedioate.

AAd 119 ¥hHol] whal, 3}8kA 3-39] pyrraldehyde (0.52 g, 2.06 mmol)S MeOH(5 mL) &7 Stoll 4] NaBH,

(0.040 g, 1.03 mmol)e} Ao A BAIF 304 &<k WHEAIZl H, Ag7HA AfazveEdeve] Wox A
3t 3}8k2] 4-39] 2-hydroxymethylpyrrole 38H&(0.33 g, 1.27 mmol)S =& AA 2 A& = AU},

Data: R¢

0.28 (4:6 EtOAc/hexane); HNMR & = 1.86 (t, J=4.8 Hz, 1H), 2.28-2.40 (m, 3H), 2.46-2.57
(m, 1H), 3.64 (s, 3H), 3.73 (s, 3H), 4.56 (d of A of ABg, Jy = 14.4, Jy = 4.8 Hz, 1H), 4.59 (d of B of
ABq, Jy = 14.4, Jy = 4.8 Hz, 1H), 5.07 (dd, J = 10.0, 5.6 Hz, 1H), 6.11 (dd, J = 3.6, 1.6 Hz, 1H),
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[0192]
[0193]

[0194]

[0195]
[0196]

[0197]

[0198]
[0199]

[0200]

[0201]
[0202]

[0203]

[0204]
[0205]

[0206]

[0207]

SS50dl 10-1951752

6.15 (dd, J = 3.6, 3.2 Hz, 1H), 6.77 (dd, J = 3.2, 1.6 Hz, 1H) ppm; 13C NMR 6 = 27.5, 30.0, 51.8,
52.7, 56.4, 57.0, 108.5, 109.3, 119.7, 132.3, 171.0, 173.1 ppm; HRMS (EI) calcd for Cy.H;sNOs; 255.1107,

found 255.1108.

Ao 14,
(S)-Methyl 2-(2-(hydroxymethyl)-1/pyrrol-1-yl)-3-(4-hydroxypheny! )propanoate.
[3}3h2] 4-4]

A 119] W] upel, sk 3-49] 2-pyrraldehyde(1.08 g, 3.97 mmol)E MeOH(10 mL) £w] 3}ollA
NaBH,(0.15 g, 3.97 mL)$} 2204 5A1%F 30& &<t RESAIZ H, AE7td A a2vfea e Uyoe=z A

Aste] #atAl 4-49] 2-hydroxymethylpyrrole 3F8FE(0.63 g, 2.29 mmol)S X=2hA Az AL 4= AT},

Data: Ry = 0.24 (4:6 EtOAc/hexane); I NIR § =3.16 (d of A of ABq, Jy = 14.0, Jy = 9.6 Hz,

1H), 3.36 (d of B of ABq, Jy = 14.0, J; = 5.6 Hz, 1H), 3.70 (s, 3H), 4.23 (A of ABq, Jy = 13.6 Hz,
1H), 4.40 (B of ABq, Jp = 13.6 Hz, 1H), 5.05 (dd, J = 9.6, 5.6 Hz, 1H), 6.02 (dd, J = 3.6, 1.6 Hz,
1H), 6.07 (br s, 1H), 6.15 (dd, J = 3.6, 2.8 Hz, 1H), 6.62 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.4 Hz,
2H), 6.96 (dd, J = 2.8, 1.6 Hz, 1H) ppm; HRMS (EI) calcd for CysH;7NOs 275.1158, found 275.1156.

Al 15.

(25,35)-Methyl 2-(2-(hydroxymethyl)-1/pyrrol-1-yl)-3-methylpentanoate

(34514 4-5)

Ao 69 WHol waEl ribose®t iso-leucine L ZHE A ZF = 2-pyrraldehyde(2.50 g, 11.25 mmol)ZS, AA|
ol119] W o2 MeOH(30 mL) &) kol A NaBH,(0.21 g, 5.62 mmol)9} Ao A 5A1%F 308 FoF vH-S-A71 H,

éﬂﬂ” é%ﬂ ntE 2y Wi o g AAste] 3184 4-5¢ 2-hydroxymethylpyrrole 3}8HE(2.08 g, 9.22
mnol) & =& AR A& F QAT
Data: Ry = 0.55 (4:6 EtOAc/hexane); 1H NMR & =0.84 (t, J=7.6Hz, 3H), 1.01 (d, J = 6.4 Hz,

3H), 0.95-1.08 (m, 1H), 1.12-1.23 (m, 1M), 1.52 (t, J = 6.0 Hz, 1H), 2.18-2.30 (m, 1H), 3.72 (s, 3H),
4.59 (d, J=19.6 Hz, 1H), 4.60 (d, J = 6.0 Hz, 2H), 6.10 (dd, J = 3.6, 1.6 Hz, 1H), 6.13 (dd, J = 3.6,
2.8 Hz, 1H), 6.94 (dd, J = 2.8, 1,6 Hz, 1H) ppm.

A4 16,
(S)-Methyl 2-(2-(hydroxymethyl)-1Hpyrrol-1-yl)-3-phenylpropanoate

[3}sh4 4-6]
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[0208]

[0209]

[0210]
[0211]
[0212]

[0213]

[0214]
[0215]

[0216]

[0217]
[0218]

[0219]

[0220]

[0221]

[0222]

SE546 10-1951752

i

Al 629 HHo wg} ribose®t phenylalaninel ZFE A FF = 2-pyrraldehyde(3.28 g, 12.76 mmol)Z,
AAef112] W o & MeOH(40mL) &7 kol A NaBH,(0.24g, 6.38mmol) 9} Lo 1.5A17F FF wSA17] 5,
AE7tA AdgEeteE gy Wyor AAsle] 3FetAl 4-69]  2-hydroxymethylpyrrole 3}3H&E(2.11g,
8.14mmol )& = dAAZ AL F AU

i

Data: H NIR & = 3.26 (d of A of ABq, Jy = 13.6, Jy = 9.2 Hz, 1H), 3.45 (d of B of ABq, Jy =
13.6, Jg = 6.0 Hz 1H), 3.71 (s, 3H), 4.21 (d, J = 13.2 Hz, 1H), 4.39 (d, J = 13.2 Hz, 1H), 5.14 (dd, J
=9.2, 6.0 Hz, 1H), 6.01 (dd, J = 3.6, 1.6 Hz, 1H), 6.15 (dd, J = 3.6, 2.8 Hz, 1H), 6.96 (dd, J = 2.8,

1.6, 1H), 7.00-7.04 (m, 2H), 7.16-7.25 (m, 3H) ppm; 13C NMR 6 = 39.4, 52.6, 56.4, 59.8, 108.3, 108.9,
120.1, 127.0, 128.5, 128.9, 132.2, 136.5, 170.9 ppm.

spol=SA M-S E(He2 O] B Fes Beol o NE-%E (A4 2)°) P4
AAd 17,
(S)-4-(2-(Methylthio)ethyl)-1H#pyrrolo[2,1-c][1,4]oxazin-3(4H)-one.

EEEESY

3}8+A] 4-29] 2-hydroxymethylpyrrole(0.21 g, 0.86 mmol)¥} 1,8-Diazabicyclo[5.4.0]undec-7-ene(0.67 g,
4.40 mmol)& EF4M(5m L) &w) 3] AF&ollAl 3A13F 5t BRSAIZl v, H0E 7hete] whE-& SAAXIT

CHLLLZ fF718S F233 594 NaySO2 88 AAS 5 Fo/HE2 AZn A4S 74t S/, AgaA
AdgaelE v wHo R AHA st 3824 2-19 FE22-2E FE(0.017 g, 0.078 mmol)S FHa o
AR S 5 dA.

Data: Ry = 0.62 (4:6 EtOAc/hexane); H NMR & = 2.12 (s, 3H), 2.22-2.38 (m, 2H), 2.52-2.66 (m, 2H),
5.00 (dd, J = 8.0, 5.6 Hz, 1H), 5.36 (A of ABq, Jy = 13.6 Hz, 1H), 5.45 (B of ABq, Jy = 13.6 Hz, 1H),
6.09 (dd, J =3.6, 1.6 Hz, 1H), 6.23 (dd, J = 3.6, 2.8 Hz, 1H), 6.71 (dd, J = 2.8, 1.6 Hz, 1H) ppm; C
NMR & = 15.0, 29.3, 31.4, 56.6, 64.7, 104.7, 109.9, 119.1, 121.4, 168.5 ppm; HRMS (EI) calcd for
CiolNOLS 211.0667, found 211.0666.

A Al 18,

(S)-Methyl 3-(3-ox0-3,4-dihydro-1Hpyrrolo[2,1-c][1,4]oxazin-4-yl)propanoate.

[3}eh4] 2-2]

AAl 179 HHe|  wigl,  3Fsk] 4-39]  2-hydroxymethylpyrrole(0.16 g, 0.61 mmol)3} 1,8-
Diazabicyclo[5.4.0]undec-7-ene(0.47 g, 3.09 mmol)& EFN(5m L) &7 3} Aol 4A)7F Bk WA
o, A7 dga=vEaye] WyoR AASte] gish] 2-29 IE2R-ZFE $3=(0.016 g, 0.072
mmol)& FHI AAZE AL = AL},

Data: Ry = 0.60 (4:6 EtOAc/hexane); 1H NR & = 2.27-2.42 (m, 2H), 2.45-2.60 (m, 2H), 3.68 (s, 3H),
4.83 (t, J=17.2 Hz, 1H), 5.34 (A of ABq, Jy = 14.0 Hz, 1H), 5.45 (B of ABq, Jy = 14.0, 1H), 6.09
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(dd, J = 3.6, 1.6 Hz, 1H), 6.22 (dd, J = 3.6, 2.4 Hz, 1H), 6.93 (dd, J = 2.4, 1.6 Hz, 1H) ppm; e ONIR
§ = 27.8, 29.4, 52.0, 57.5, 64.6, 104.9, 110.0, 119.0, 121.4, 167.9, 172.3 ppm; HRMS (EI) calcd for
Ci1H15NO, 223.0845, found 223.0846.

A 19.

(S)-4-Benzyl-1Hpyrrolol[2,1-c][1,4]oxazin-3(4H)-one

AAl 179 HHe|  whEl,  3Fsk 4-69]  2-hydroxymethylpyrrole(2.12 g, 8.13 mmol)3} 1,8-

Diazabicyclo[5.4.0]undec-7-ene(6.18 g, 40.63 mmol)& &5 (30 mL)Erfjoll Fo]al 40ToA 3AF &<
WA o, A7t AglazetEagae] BoR AAste] ke 2-39 HEFE-2E 3E(0.53 g,
1.60 mol)& T AAZ A& F AU

Data: I NMR & =3.31 (d of A of ABq, Jy = 13.6, Jy = 4.8 Hz, 1H), 3.39 (d of B of ABg, Jy = 13.6, Jq

= 5.2 Hz 1H), 4.10 (d, J = 14.0 Hz, 1H), 4.98 (d, J = 14.0 Hz, 1H), 5.09 (dd, J = 5.2, 4.8 Hz, 1H),
5.88-5.91 (m, 1H), 6.21 (dd, J = 3.6, 2.8 Hz, 1H), 6.53-6.56 (m, 1H), 6.85-6.89 (m, 2H), 7.18-7.25 (m,

3H) ppm: C NMR & = 40.8, 59.7, 64.8, 103.4, 110.2, 118.3, 121.6, 127.8, 128.7, 129.5, 134.5, 168.2
ppm.

A Al 20,

(S)-4-Isopropyl-1Hpyrrolol[2,1-c][1,4]oxazin-3(4H)-one

]\
N
Y
o)
HAld 69] WHel uwhe} Ribose?t L-valineZFE AZsE IFd SI5HES, AAld119 wWHol uhg} NaBH,

2 YA A2-hydroxymethylpyrrole(0.29 g, 1.37 mmol)S LETh. o]E AX 179 =W wa, 1,8
MaMMthﬂ540hm@c7emd121g 7.95 mmol)™} EFl (30 mL) &ufol] =Holal 40CoA 3A%F F<t
WAl the . AggtA AdaRutEadfae] Wy ow AAste] 3324 2-49 HEZ22-=2E 3%E(0.07 g,
0.39 mmol)& 7 MA2 & F AU,

Data: 1H NMR 6§ = 1.02 (d, J = 6.8 Hz, 3H), 1.14 (d, J = 6.8 Hz, 3H), 2.31 (octet, J = 6.8 Hz, 1),
4.48 (d, J = 6.8 Hz, 1H), 5.30 (A of ABq, Jy = 14.0 Hz, 1H), 5.46 (B of ABq, Jg = 14.0, 1H), 6.06-
6.09 (m, 1H), 6.21 (dd, J = 3.6, 2.4 Hz, 1H), 6.63-6.66 (m, 1H) ppm;

(R)-4-Tsopropyl-1Hpyrrolol[2,1-c][1,4]oxazin-3(4H)-one
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AAlel 6o ol w2l Riboseot D-valine S 25-E Al2¥ = vHd stgtes, AAld11e] Wil wel NaBi,

2 ZYAA 2-hydroxymethylpyrrole(0.40 g, 1.89 mmol)S L=tr). o] AA 179 €W whel, 1,8-
Diazabicyclo[5.4.0]undec-7-ene(1.38 g, 9.06 mmol)Z} EFW(20 mL) &ufjol]l =o]ar 40ToA 327 &oF 1t
SAIZ T, A7 AglazetEagae] wHoR AgA|ste] stEA 2-59 HER-TE FFE(0.09 g,
0.50 mmol)& FH3 AAZ & F AAT.

Data: I NIR § =1.02 (d, J=6.81Hz, 3H), 1.14 (d, J = 6.8 Hz, 3H), 2.31 (octet, J = 6.8 Hz, 1H),
4.48 (d, J = 6.8 Hz, 1H), 5.30 (A of ABq, Jy = 14.0 Hz, 1H), 5.46 (B of ABg, Jy = 14.0, 1H), 6.06-

6.09 (m, 1H), 6.21 (dd, J = 3.6, 2.4 Hz, 1H), 6.63-6.66 (m, 1H) ppm;
2 22,

(S)-4-Isobutyl-1Fpyrrolo[2,1-c][1,4]oxazin-3(4H)-one

ﬂlii
)

Ao 69 W] we} Ribose?t L-leucine L E2HE A ZXEHE o 3etES, AA 9112 HWHo whEl NaBH,

2 3AdAA 2-hydroxymethylpyrrole(0.10 g, 0.44 mmol)& L&t o2 AAd 179 HHe wa), 1,8
Diazabicyclo[5.4.0]undec-7-ene(0.34 g, 2.22 mmol)Z} EF<M(20 mL) &wloll FHo]aL 40°ColA 3AIZF F<t 1t
SAI v, AgstA AdaEetEdgue] WHor AHAlste 384 2-69] dEE-E 3EE(0.05 g,
0.26 mmol)& FHE AR A& F AT}

Data: HNMR & = 0.98 (d, J = 6.4 llz, 3H), 1.04 (d, J = 6.4 Hz, 31), 1.72-1.85 (m, 3H), 4.79 (dd, J =
8.0, 6.4 Hz, 1), 5.32 (A of ABq, Jyp = 14.0 Hz, 1H), 5.43 (B of ABa, Jy = 14.0, 1H), 6.09 (d, J = 3.6
Hz, 1H), 6.20 (dd, J = 3.6, 2.8 Hz, 1H), 6.66 (dd, J = 2.8, 1.6 Hz, 1H) ppm.

AAle 23,

(R)-4-TIsobutyl-1/#pyrrolo[2,1-c][1,4]oxazin-3(4H)-one

[8}eta] 2-7]

I\
N
o

o

AAld 69] Wl wel Ribose®t D-leucinelZH-E AzxH = (T 33HES, AAd 119 el we)
NaBH,= 3FAlA 2-hydroxymethylpyrrole(0.15 g, 0.66 mmol)S A+=t}. oS AAdo 179 Wl we}, 1,8-
mL) &mjoll Holal 40TColA 3AZF Hok vk
o VMEZ-FE FFE(0.09 g,

Diazabicyclo[5.4.0]undec-7-ene(0.50 g, 3.30 mmol)3} EF(30
SAIZ T, AevtA AYEgRuiEadgae]l whHo g A Ao
0.47 mmol)S FH3 AAZ A& 5 AU

l%
o O
1>
RN
EN|

Data: I NMR § =0.98 (d, J=6.4 Hz, 3H), 1.04 (d, J = 6.4 Hz, 3H), 1.72-1.85 (m, 3H), 4.79 (dd, J =
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8.0, 6.4 Hz, 1H), 5.32 (A of ABq, Jis = 14.0 Hz, 1H), 5.43 (B of ABq, Jy = 14.0, 1H), 6.09 (d, J = 3.6
Hz, 1H), 6.20 (dd, J = 3.6, 2.8 Hz, 1H), 6.66 (dd, J = 2.8, 1.6 Hz, 1H) ppm.
A 1.
AAlde] shetE A Al AlE W SFERR (GSH) S ) 574

Washout x 2
Hela cell seeding
(5 X 10? cells/well) Drug treat FreSHtracer stain measure

l l l |
[ un om
2o AR A8E Hdste] AExd SFEARY g SA ¢
(1) Hela AEFE 96well plateo] 5 x 10'/well & BF3 Thg 16~18 At W]Fat,
(2) wiA] wA B AIFEA (A SetE) S Ak $ 2447 m S
(3) HBSS (Hank's Balanced Salt Solution)® ¥ " washing 3 % 5 uM FreSHtracer 1A%} ¥FS-
(4) Operetta@ F510, F580 (kinetics) &% 3k 54 (3 plate T 108 A% 4£8)

(5) (F510: Ex 410-430nm, Em 460-540nm / F580: Ex 490-510nm, Em 560-630nm)

GSH level &4 A3}

Control (DMS0)9] H]& F510/580 #< 12 %+3 3 5, 7 sg&Ee sd wE Al 1

A HE S B

o E la - UelA el e 2ol AAdel 7 HFEE ofd SER ADAUS 9, RFLAA DO
Hop SFERAZ(GSH) O] sX27F o] Ag-olA A vehtbes slow Hel Ao e SgES fow
N = e 7hsAdel vl Hoha ddEn
A 2
HeLa celloll Ao AAIZF SFEA FFEHE o83 ditsl a5 (GSH 355) 574,
=740 gle w9 sgt=(dAdel e sete)S viE Aed 5, ASAE Dianide(3 mD)E T A 253

743 GSH levelo] ThA] ZF7FslE=x] o H-5 Feldtar o|= Operetta (Confocal mode)® kineticsg =

Washout x 2 Medis cha
:;';':’;r‘m"h’m Drug treat FreSHtracer stain D.A treat fm';:. nge
S em 2uh o Smin
ool SR AEe AYstel AEl FFEA L P& S

(1) HeLla A|EFZ= 96well plate©l] 5 x 103/welli E3F3 tS 16~18A417F v orst,

(2) wiA] wA B AIFEE(EA A SebE) S A § 24413 a4k

(3) HBSS (Hank's Balanced Salt Solution)® * ¥ washing ¢+ ¥ 5 pM FreSHtracer 1A%t RF&
(4) Diamide 5¥%%F 2|3 ¥ media change® ol diamide A|AS] =

(5) Operetta® F510, F580 (kinetics) 8% 3t 54 (& cycle ¥ 224E £92) (F510: Ex 410-430nm, Em
460-540nm / F580: Ex 490-510nm, Em 560-630nm)

=TEHAE 35 59 (GRC%) SHZE3 (AF5hA]l Diamide-3 mM)

DMSO<Fe] oA vl i X2 Quercetin® GRC(%) #d Aoix] ®]u
T 2a WA &= 2golA YERE vpek 2o, AAd e BE F3E] FEE

20l YERH AT

oy
L DMSO (FI=%t 1) == 4 &
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