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Synthetic Studies on Vertihemiptellide A, a Potential Antituberculosis Agent:
Synthesis of bis-a-Sulfenylated Diketopiperazine Derivative

Koichi NARITA, Suguru ATsuMl, and Tadashi KaTon*

(Received November 20, 2013)

Bis-a-sulfenylated diketopiperazine derivative corresponding to the monomer of vertihemiptellide A, a potential
antituberculosis agent from the insect pathogenic fungus Verticillium hemipterigenum BCC 1499, was synthesized.
The method involved the following crucial steps: i) regioselective nucleophilic addition of Grignard reagent to a
tricarbonyl compound; ii) dihydroxylation of a diketopiperazine containing exo-methylene function using OsO, in
the presence of phenylboronic acid and N-methylmorpholine N-oxide (NMO); and iii) a-sulfenylation of a
diketopiperazine derivative using 4-methoxybenzyl mercaptan (PMB-SH) and trifluoroacetic acid (TFA).
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Fig. 1. Structures of vertihemiptellide A (1), gliotoxin (2) and bis-a-sulfenylated dikeketopiperazine derivative (3).
PMB = p-methoxybenzyl, 2DMB = 2 4-dimethoxybenzyl.
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Scheme 1. Possible biogenetic pathways
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Scheme 2. Synthetic plan for vertihemiptellide A (1)
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Scheme 3. Attempts on direct oxidation of a position of diketopiperazine 15
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&, af AT 7a by Ob$ ke R L
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REEH S, 10 b RO s 25 )UK 20 12254 L
720 W, AU KEBEICH L CEibx v v g
EH &2, AVMLERBRIZA D VF
DEOBBESISSH#EITL, TFURXFLUERT
HEN)HNVKRZWE21 2L ENTE &5
2, o n/z21 12 L, THF 1, —78°C TR
VIV 7 AT aTal FeEHSEE A,
FLEBRRAGIATIMBOL @ HSHEAT L, Ak 22 % [T
KIT%THEDL Z EDNTE. RGO E R
&, 2O NVKRVEOFEHRICLDY, RLET

BEOBERTLTWSL I IVERZIVEZRIZH LT
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BL7ZbDEEZ T, fkEW221ck5 5V
Fod o fbROnTiE, WERfL A+ A I 7 A %Ak
mEmmHWHE TIE IS E A EHETTL %
oz, NAFILVELKRY VFFF (NMO)
IERALKI E LCHY, 722 VAR YBELET
il O LA 2 I v A2 EH &2 LT, W

ET, 200 afillKBEEABETHI T PERT Y
Y24 EREBWT AT LY L. LAY 24 13 H
—DIVTATLAY =L TEHENIZEDND,
TUERALA A X 7 A OFEAY 22 O 3KEEEE & FH L
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ZZTWAh, RWT, 24 D—RKEEFD A% TBS
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VT T UERED a fIZA N T = 2OV FEAHTE A
EN7ALEW 26 & S1%DINETHL Z LA TE
(entry 2). IR\WT, &V YEEDaMIZD A
7 ZVEEREATNE, LT ARRE R
LCHE E21T o728, AN 7 2= )VHps2 oA
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Scheme 4. Synthesis of a-dihydroxylated diketopiperazine 25
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Table 1. a Sulfenylation of 25

rig Me rig Me

Ho Me
W LN_O LLN_O L LN_O
[::j//4ji :r; oTBS [::j//4li :E;/OH + [::j//4i: li;/OH
0" N1~ 0“ >N 0” N
| | OH |

OH SR?
24DMB 24DMB 24DMB
25 26 : R'=Ac 27 : R =Ac, R2=Ac
28 : R' =PMB 3:R'=PMB, R2=PMB
N yield (%)
entry conditions

26 27 28 3

1 AcSH (10 equiv.), TFA (5 equiv.), CH,.Cl, rt, 6 h - - - -
2 TFA (5equiv.), AcSH / CH.Cl, (1:1),rt, 17h 31 - - -
3 TFA (5 equiv.), AcSH / CH.Cl, (5:1),rt, 28 h 29 - - -
4 PMB-SH (10 equiv.), TFA (10 equiv.), CH,Cl,, rt, 24 h - - - 61

(entry 3). INHLDOHENL, F4—NVEN—F
IZOAREASIND DI, FFFEREO KD
CEERBH LI LHEM L. £ T, i
FHELTEYREEDOE VDA MNFI XTIV R
Wi 7% v (PMBSH) #HWigetziro72. 374
b, Yruuxgy yd, N 7Vt uEEERAAE
T, PMBSHIEH &®7225, M7 I /8
BEIITHT L CAN T 2 ZVEEDSE A S n2AbE 3
11OV TATLVAREME LT61%DINET
55 Z L2 L7z (entry 4).

4. ¥ &

N FAITTFY FA (1) 1F2005 4, FHKS
12 & 0 Verticillium hemipterigenum BCC 1499 ¥k o
FEE O B - EEREINTZ2DODTY AV
T4 FREGICEV B SN 1= T N E
NIV ZREEEE R T A2 RINERILEY TH
L. F7, VIEBIEHZRT 2 EPMmESNTE
D, BEfFoPiEEEL R T o R ofEr A
LTWwaZenrs, g ED Y — NMLEaEw
ELTCHIREENDILEWTH D, STk 4k, BE
HTH2D M) HIVRZ VK19 2 IEEE L LCH
WCIZXF VAL T A4 %A H M) AIVEZ VKR
21 5L, RWT, (iE#EIRNW % Grignaed 7
OIS, MEEbA 2 I 22wz e F
0 & OULEOR & HRATV, 7 PERT T D
a PLIZKEREE 2 H 3 2L6W 25 2155 2 L IZHY)
L7z, 25612, 251/ 2 A7 = = VISR AR
IS TIE, MY 7k alEERFIE T, PMB-SH % fit
HHEE L THWAERIZ2 DDAV 7 £ = V)il

AENTALEW I 1 1OYTATLFREME
LTHELNLZERZRWELL. ALEW3DTY T
AT VEREVMD S B, cisRKIENVFAI T T
FA (1) OHERICHST 2 5 OGKAEAETSH
HZ M, Skl cis3 % EANEEWL, ~NLF
ANITTURA (1) OEEHEERLIVWEEZ
TW5h.

x B O

HE#mAIKE A7 ML (NMR) 1, JEOL
AL-400 (400 MHz) #fEH L, EZ ouakiL A
(726 ppm) *NEHE#E L THEL. £ 7
WOGEIRE — 1%, KDL HIZHET . Singlet=s,
doublet=d, triplet=t, quartet=q, multiplet=m,
broad =br. BC AL A7 b (NMR)
l%, JEOL AL-400 (100 MHz) #fiH L, H~ 1o
oK)V A (77.05 ppm) % NFEZE#E X L CHIE L
720 AR A <27 by (IR) 1E, JASCO
FT/IRA4100 |2 & 0 f##r L7z, EESH AT bV
(MS) &, JEOL JMS-DX 303/JMA-DA 5000
SYSTEM high resolution mass spectrometer (2 &
DlsE L7z, hedtkElE, JA SCO DIP-370 % H\»
T, Zm25CICTTHE L. AL YANACO
MP-J3 # FHIWCillsg L7z, F72, Bz 3XTH
WETHA. HEru~ 777 4— (TLC) &,
Merck Kieselgel 60Fss, plate & F\ 72, {L&W D55
HERBEUC BT 220 A5 v ouax 7T 74 =12
%, BEALE ) 17V 60N (spherical, neutral,
40-50 um), PBAEALZET ) A7V 60N (irregular,
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neutral, 63-200um) #fH L7z, 7 hJk a7
Sy, Yrauxy sy, Ay —=VBIXUT XL
ZRYVIE, FOEHEEL VAL P I P
77y (WK BEFARE) £, Yruuaxy
v OGBEK), 2% =N (BAK), 7THRF=ZFY
VoGERK) FoFEMHLL. AT uv
NG T4 =BT BRI TV, NFH S
oak)VA, BXOAY — ik, BEHALE, #
FEEFEIVEALZLOZMHA L. ZoMhats
BL OB, BALZDOZEKRLMEIIHEWZ
DFFMAL.

(S)-Methyl-2-{(S)-2-[ tert-butoxycarbonyl (methyl)
amino]-N-(4-methoxybenzyl)-3-phenylpropanamido} -
3-hydoroxypropanoate (13)
TNITERGIL, 72T T = v FEA 1
(157 g 561 mmol) B LU+ v FHEk 12 (148
g, 617 mmol) ®7+t =k )L (56 mL) V&I,
O-XY ) R )7 )W-NNNN-F hJAFNua
ZLAFH T VA uRAT7 77— (HBTU) (319
g 842 mmol) BLXU NN-V AV 7u)zF L7
I~ (DIEA) (38 mL, 224 mmol) %Iz 72, =
T2 R HTIR L7z, BUGH T 7%, Wiz EL,
BONTEREME VAT VAT A zax N T
T4 = (NFH IV =2:1) THEL
T ORI E 13 (267 g, 95%) % 1%72.
13: [a]®= -435 (c=1.02, CHCl3). 'H NMR (400
MHz, CDCls) (mixture of rotamers): 6: 1.30 (4.5H,
s), 1.35 (45H, s), 200 (1H, br. s), 267 (L5H, s),
271 (15H, s), 293-301 (1H, m), 3.20-3.30 (1H, m),
351 (05H, t, J=49 Hz), 365 (05H, d, J=12.7 Hz),
373 (3H, s), 378 (4H, m), 429441 (3H, m), 460
(0.5H, dd, J=4.9, 10.2 Hz), 495 (0.5H, dd, J=54,
10.7 Hz), 685 (2H,d, J=88 Hz), 7.14-7.32 ppm (7H,
m). 3C NMR (100 MHz, CDCls): (mixture of
rotamers) ¢: 281, 282, 29.1, 31.2, 32.0, 34.5, 35.24,
35.26,51.2,51.3,52.1, 52.2, 55.2, 589, 59.3, 61.2, 62.3, 65.3,
65.6, 79.9, 80.2, 113.8, 1265, 126.6, 127.9, 128.3, 1285,
1288, 1289, 1290, 129.1, 1294, 131.25, 131.34, 137.2,
1374, 154.7, 1588, 168.0, 1706, 1709, 1726 ppm. IR
(neat): 3342, 2974, 2837, 1845, 1783, 1742, 1695, 1612,
1513, 1455, 1392, 1366, 1327, 1247, 1173, 1033, 752, 701
cm~ ! HR-MS (EID): m/z: caled for CyHasN,Oq:
500.2523, found 500.2527 [M*].

(35,6S) -3-Benzyl-6- (hydoroxymethyl) -1-(4-
methoxybenzyl) -4-methylpiperadine-2,5-dione (14)
IUNRTF FE13 (240 mg, 048 mmol) HT 7 1
ox% >y (10mL) OEHIZ, 0CIZTHY 7
OfERE (TFA) (048 mL, 646 mmol) % F L, =
T 3R L7z, RUSIR &I fafl ik BRIk &
F MU AKER (10mL) 21z, Z7HEHKRLAL
THiHY (3x20 mL) L, faflf&siK o, #K
TRl N ) o A TR, WEERE L 55
NIREWE L )BT N h TG HraARNTTT 4 —
(X% /=) yrauaxryr=1:50) THEL,
PHEAOMIRYE 14 (124 mg, 70%) % 157-.
14: [a]®=—-746 (c=0.34, CHCly). 'H NMR (400
MHz, CDCl3) 6: 2.41-245 (1H, m), 294 (3H, s),
3.22-326 (2H, m), 3.39 (1H, dd, J=4.9, 13.7 Hz),
372-381 (5H, m, including 3H, s, at 6 3.79), 3.97
(1H, d, J=146 Hz), 428 (1H, t, J=49 Hz), 5.14
(1H,d, J=146 Hz), 684 (2H,d, J=83 Hz),7.13-7.32
ppm (7H, m). BC NMR (100 MHz, CDCl;) 6:33.1,
38.3,46.7,55.3,59.7, 620, 638, 1142 (2C), 1274, 1277,
1289 (2C), 129.8 (2C), 130.0 (2C), 135.6, 159.4,
164.9, 166.0 ppm. IR (neat): 3399, 2935, 1741, 1650,
1513, 1469, 1457, 1406, 1338, 1303, 1247, 1176, 1078,
1033, 750, 702, 607 cm~1. HR-MS (EI): m/z: calcd
for CoHuN,O4: 368.1736, found 368.1736 [M*].

(35,65)-3-Benzyl-6-[ (tert-butyldimethylsilyloxy)
methyl]-1-(4-methoxybenzyl) -4-methylpiperadine-
2,5-dione (15)

Jr FERT Y14 (128 mg, 0.35 mmol) OV
yuan Xy y (4ml) BWIS, tert7FIVY A F
Vr7uauay sy (TBSCl (63.3 mg 042 mmol) 3
YO 24— (572 mg, 0.84 mmol) =R 72
%, 2R T 20 RERFRIRE L 72, RUSRA W I MR
b7 v E=72KER (10mL) %Nz, 7Bk
U ATHIE (3%x20 mL) L7z, $liii % faf fc e
KFEF M) T 2KER (20 mL), ffA&IEAK T
G, MARBEEEF b ) v A THLRR, WEIEESEEL
o, BoNZEREWE DA TSNV T A7 O b
7574 — (NFH Y BRI FIV=1:1) TH
B, EAWIRWE 15 (169 mg, 90%) % 157-.

15: [a]®=—-691 (c=1.03, CHCl3). 'H NMR (400
MHz, CDCl;) 6: —0.02 (3H, s), 0.00 (3H, s), 0.84
(9H, s), 272 (3H,s), 293 (1H, dd, J=54, 10.7 Hz),
319-328 (2H, m), 369 (1H,dd, J=56,112 Hz), 371
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(3H, s), 387 (1H, dd, J=24, 49 Hz), 400 (1H, d,
J=146 Hz), 415 (1H, t, J=5.37 Hz), 528 (1H, d,
J=146 Hz), 6.77 (2H, d, J=8.3 Hz), 7.13-7.30 ppm
(7H, m). 3C NMR (100 MHz, CDCl3) ¢: —54,
—5.3, 184, 260 (3C), 335, 39.9, 46.6, 55.2, 61.2, 64.4,
653, 114.1 (2C),127.3,1279, 1288 (2C),129.7 (2C),
1300 (2C), 136.7, 159.3, 164.8, 165.4 ppm. IR (neat):
2953, 2930, 2856, 1660, 1513, 1470, 1463, 1405, 1340,
1249, 1174, 1101, 1033, 837, 781, 702 cm~'. HR-MS
(ED): m/z: caled for CyHasN,O,Si: 482.2601, found
482.2592 [M~].

(3R,6S)-3-Benzyl-6-[ (tert-butyldimethylsilyloxy)
methyl] -3-hydroxy-1-(4-methoxybenzyl) -4-
methylpiperadine-2,5-dione (16)

TBS £ 15 (643 mg 013 mmol) ®¥Y 7 una X%
> (14 mL) W2 AgPy,MnO4 (512 mg, 1.33
mmol) ZhNZ, ZiRT46 RERMEEL /2. KSR
AW 1 M #ERERAKFES MY T 2KEE (10 mL)
ZMA, zauaR)VA (3x20 mL) THiIH L7z,
W % Sl R TUR g, KBRR T N T A
TH R, BT R L BonRkEwsE >
VTN TEANTLZAIT NT T T 4 — (NF
iR T F IV =1:5) THEL, ARy
B 16 (169 mg, 26%) %157,
16: [a]l? = —338 (c=0.32, CHCl3). 'H NMR (400
MHz, CDCl;) 6:002 (3H,s), 004 (3H, m), 088 (9H,
s), 285 (1H, dd, J=54, 10.7 Hz), 301 (3H, s), 3.26
(2H, s), 3.76-381 (4H, m, including 3H, s, at  3.79),
395396 (1H, m), 417421 (2H, m), 525 (1H,d, J=
142 Hz), 683 (2H, d, /=83 Hz), 7.12-7.31 ppm (7H,
m). BC NMR (100 MHz, CDCl;) J: —54, —5.3, 184,
259 (3C), 282, 459, 47.3, 55.3, 61.7, 65.8, 84.9, 114.2
(2C),1272,1277,1286 (2C),130.1 (2C), 1305 (2C),
1340, 1594, 163.8, 1669 ppm. IR (neat): 3356, 2953,
2930, 2856, 1655, 1514, 1456, 1396, 1250, 1175, 1089, 837,
780, 701 cm~!. HR-MS (EI): m/z: calcd for
CorHagN20551: 498.2550, found 498.2560 [M*].

1-(2,4-Dimethoxybenzyl)-6- (hydroxymethyl)-4-
methylpiperazine-2,3,5-trione (20)

) ANVERZIE19 (10 g 342 mmol) DT ¥
J =)V (14 mL) &2, 0CTO5M migKES
MU 7 2K (34 mL, 1.71 mmol) 8 X U8 37%
AL TIT e FKER (083 mL, 10.3 mmol) &

RAEBWEZMA, FRT1RMBEHEL . SR
ARk (20 mL) MMz, ZOouskiva
THiH (5x30 mL) L, MoKERERS bV 7 A TH
M, WHEEZRLEL. BOoNEEME T )N
TV TGAIUINTTT4— (XY= T
ranaxsr=1:100) THEL, BT ENV
7 7 A 20 (860 mg, 78%) %137

20: 'H NMR (400 MHz, CDCls) ¢:3.23 (3H, s),
380 (3H,s),381 (3H,s),397-402 (1H m), 4.22-4.30
(2H, m), 433434 (1H, m), 452 (1H, dd, J=42, 82
Hz),512 (1H,d, J=146 Hz), 645647 (2H m), 7.24-
727 ppm (1H, m). 83C NMR (100 MHz, CDCl;) 4
271,430, 554, 555, 62.3, 62.9, 987, 104.8, 114.6, 132.6,
154.2, 1581, 1588, 1614, 1686 ppm. IR (neat): 3413,
3081, 3007, 2943, 2838, 1685, 1613, 1509, 1422, 1333,
1210, 1157, 1038, 754 cm 1. HR-MS (EI): m/z: caled
for CisH1sN,0s 322.1165, found 3221164 [M*].

12 4-Dimethoxybenzyl)4-methyl-6-methylenepiperazine-
2.3,5-trione (21)

b RaF s X F )UK 20 (472 mg, 147 mmol) @
Yoo gy (10ml) @&z, 0CThYF
V7 3 (051 mL, 366 mmol) B L U L2 Vv
(MsCl) (250 uL, 32 mmol) ZhNZ 7214, Zi T30
S L7z USRS fRAELT v '= T 4K
wiw (10 mL) 2Nz /ztk, Yruooxsy v
(2x20 mL) THiH L7z, ft¥ % fafl B35 K THE
G, HEOKBTER S NV v L TEIERR, BEAERE L
7o, BONTFERBW A )TV T A suR NS
F774— (XF /=) T ruaxryr=1:100)
TR L, Al EE 21 (371 mg 83%) x 1572,
21: mp. 186—188T. H NMR (400 MHz, CDCl;) 4
338 (3H,s),379 (3H,s),386 (3H,s),509 (2H,s),
542 (1H,d, J=20Hz),604 (1H,d, J=20Hz), 6.41-
6.47 (2H, m), 7.02 ppm (1H, d, /=829 Hz). 1*C
NMR (100 MHz, CDCl3) &: 27.6, 41.4, 55.4, 55.5,
985, 104.8,110.3, 114.3, 1289, 133.7, 151.7, 155.8, 1576,
159.0, 160.6 ppm. IR (KBr): 3140, 3096, 3005, 2944,
2839, 1739, 1697, 1684, 1608, 1509, 1266, 1320, 1209,
1173, 1136, 1032, 779, 755 cm ™. HR-MS (EI): m/z:
caled for Ci5HsN,Os: 304.1059, found 304.1052 [M*].

3-Benzyl-1-(2,4-dimethoxybenzyl)-3-hydroxy-4-
methyl-6-methylenepiperazine-2,5-dione (22)
IHEYAFL K21 (294 mg, 097 mmol) DT



62 Wk, il

75, gk Ik

Mo RFu77 >y (25mL) &R, —78C TRy
PNV AT A7 R (06Min THF, 42 mL,
25 mmol) &% M A, FREIC T 1R L
72 RISRAWZ —78C CRIAEIL 7 v E= 7 4
KW (20 mL) Nz, BEfg=F ) (3x30 mL)
THIE L7z FE ) & il SRR TURY, KA
B MUY AT, BEAERELEL Hon
WREWME VAV T A AR NS T T 4 —
(NFH Y EERTIFLV=3:1) THEL, A&T
ENT 7 A 22 (286 mg, T7%) & 137

22: 'H NMR (400 MHz, CDCls) ¢: 3.14-3.16 (4H,
m, including, s, at 6 3.16),321 (1H,d, /=134 Hz),
3.76 (3H,s), 3.80 (3H, s), 4.54-458 (2H, m), 4.67
(1H, d, J=1.0 Hz), 489 (1H, d, =159 Hz), 544
(1H,d, J=10Hz), 632635 (1H, dd, J=24,87 Hz),
640 (1H,d, J=24 Hz),669 (1H,d, J=82Hz), 699-
7.01 (2H, m), 7.20-7.26 ppm (3H, m). 3C NMR
(100 MHz, CDCls) d:279, 41.2, 456, 55.3, 55.3, 85.7,
98.2, 1045, 1049, 114.6, 127.6, 12850 (2C), 12853,
1301 (2C), 1330, 134.3, 157.6, 158.3, 160.2, 166.8 ppm.
IR (neat): 3353, 3006, 2939, 2837, 1681, 1612, 1508,
1385, 1208, 1158, 1123, 1037, 754, 702 cm~!. HR-MS
(ED): m/z: caled for CsHuN,Os: 396.1685, found
396.1679 [M~*].

(3R*,6R*)-3-Benzyl-1-(2,4-dimethoxybenzyl)-3,6-
dihydroxy-6- (hydroxymethyl)-4-methylpiperazine-
2,5-dione (24)

NV IVAHIME 22 (203 mg, 051 mmol) ®Y 7
ou A%y (5ml) &, 7x=)VRoEE (232
mg, 1.9 mmol), PUEE LA+ A I 24 (9ul, 0.036
mmol) BL P N-AFIVENVEKY) ¥ N-AFTF
(NMO) (223 mg, 1.9 mmol) ZMz, =i T 19 B
ML 72, PUNREW I faflF A migr sy
LKW (10 mL) Mz, YZ7umx¥y >y (3x5
mL) THIE L7z, flid 2 fafn g4k ook, &
IKBERRF N ) 7 A THARR, Wi R, K
frr A7)V 23 % 15372

AT ATV 23 OFEEETF IV, K (2:1,10
mL) OREGEHIZ, 30%#EERILAKFK (116 uL,
1.02 mmol) ZMMZ, iR <T1REMBEHFEL S
BAEWIZK (10 mL) ZMmz, BTV (3x20
mL) T L7z, fhiW % fafl &K Cikig,
KUEHEF N ) o A THRR, WEEERE L. 15
CNEREWE VAT VAT AU NI T

T4 = (NFH I FV=1:1) TH#EL
Hf 7BV 7 7 A 24 (1782 mg, 81%) % 157-.
24: 'H NMR (400 MHz, CDCl;) 6: 251 (1H, dd,
J=39, 117 Hz), 266 (1H, br. d, J=9.3 Hz), 3.12
(3H, ), 320-327 (2H, m), 332 (1H, d, /=134 Hz),
379 (3H,s),380 (3H,s),451 (1H, br.s), 455 (1H,
d, J=156 Hz), 463 (1H, d, /=156 Hz), 466 (1H,
br. s), 6.40-6.43 (2H, m), 6.99 (2H, m), 7.12-7.26
ppm (4H, m). 3C NMR (100 MHz, CDCls) §: 286,
399, 45.1, 55.36, 55.43, 65.1, 83.8, 85.6, 984, 104.3, 117.1,
127.8, 1286 (2C), 130.3 (2C), 130.6, 133.4, 1574,
160.3, 167.2, 167.8 ppm. IR (neat): 3355, 3008, 2940,
2837, 1646, 1508, 1455, 1398, 1261, 1208, 1157, 1123,
1039, 754, 702 cm L. HR-MS (EI): m/z: calcd for
CoH2N207: 430.1740, found 430.1721 [M*].

(3R*6R*)-3-Benzyl-6-[ (tert-butyldimethylsilyloxy)
methyl]-1-(2,4-dimethoxybenzyl)-3,6-dihydroxy-4-
methylpiperazine-2,5-dione (25)
TUITYERAT, Yk Faf k24 (141
mg, 033 mmol) HY 7 ua X% (7Tml) &I,
0CT26VFY > (010 mL, 086 mmol) B LUk
VI7NVFa Xy v ANVEK YR tert- 7 F VY A F )
v (TBSOTY) (98 uL, 043 mmol) ZiF L, [d
MmEET 2 RERIHEHE L 72, BUSRE W S 7 >~
FZvaKEH (10mL) Z2MA, Yraaixy .y
(2x20 mL) THiE L, fSafl&iiK s, MoK
FRF NV T A THMRR, WiEZREE L7 BRoNh:
WAL )N TN G LAY NI T T 4 — (N
FHhrooEERISV=1:1) THEL, BGT7ELV
77 A 25 (137 mg, 72%) %157,
25: '"H NMR (400 MHz, CDCL;) 6: —004 (3H, s),
0.00 (3H,s), 084 (9H,s), 305 (3H,s), 321 (1H, d,
J=10.7 Hz), 325-3.34 (3H, m, including 1H, d, J=102
Hz, at 6 333),378 (3H,s), 382 (3H, s), 410 (1H,
br.s), 434 (1H, br.s), 463 (1H,d, J=166 Hz) 4.72
(1H, d, =156 Hz), 641-644 (2H, m), 711-7.14 (2H,
m), 7.23-7.26 ppm (4H, m). 3C NMR (100 MHz,
CDCly) 6: —56, —52,185,258 (3C), 287,397, 459,
554 (2C),67.1,847,850,983,104.1,117.8, 1275, 1284
(2C), 1290, 130.7 (2C), 1340, 1574, 160.0, 166.2, 1674
ppm. IR (neat): 3355, 2953, 2931, 2856, 1646, 1508,
1456, 1397, 1260, 1208, 1158, 1123, 1081, 1040, 1006,
837,779, 753, 701 cm Y. HR-MS (EI): m/z: calcd for
CasHyoN,07Si: 544.2605, found 544.2592 [M*].
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A mixture of
(3R*,6R*)-3-benzyl-1-(2,4-dimethoxybenzyl)-6-
(hydroxymethyl)-3,6-bis (4-methoxybenzylthio) -4-
methylpiperazine-2,5-dione and its (3R*,6S5*)-
stereoisomer (3)

TBS 4 25 (802 mg, 0.15 mmol) O 70 %%

¥ (3 mL) &Iz, MY 7V uofEiE (TFA)
(111 4L, 15mmol) BLX N4 X FFTq@-PVT v F
4= (PMB-SH) (207 4L, 15 mmol) %flz, =
T 24 MeM IR L7z, RUSHR TR, B2 B %
L, Boh7BEme> ) a7 vhsa70< b
7774 — (NFHF Y BRI FV=1:1) TH
WML, 11OV TATLA~Y—{REW 3 (748 mg,
61%) BT EILT 7 A& LTH.
3:'H NMR (400 MHz, CDCls) 6:276 (05H,d, J=
112 Hz), 291 (05H, d, J=10.7 Hz), 321 (0.5H, d,
J=137 Hz), 332 (05H, d, J=14.1 Hz), 3.39 (15H,
s), 340 (15H, s), 364-373 (1H, m), 375 (15H, s),
376 (15H,s), 378380 (9H, m), 386-4.04 (5H, m),
409 (05H,d, J=11.2Hz),4.15 (05H,d, J=122 Hz),
470-475 (1H, m), 481 (0.5H, d, J=15.6 Hz), 5.04
(05H, d, J=156 Hz), 621 (0.5H, dd, J=24, 88 Hz),
6.38 (0.5H, d, J=29 Hz), 645647 (15H, m), 6.59
(1H, d, /=78 Hz), 6.76-6.85 (5H, m), 6.94-7.00 (2H,
m), 7.10-7.28 (5H, m), 759 ppm (0.5H, m). *C NMR
(100 MHz, CDCl3) 6:31.2, 315, 330, 34.8, 35.0, 35.6,
405, 41.1, 41.3, 42.2, 55.18, 55.21, 55.25, 55.28, 55.30,
555, 64.6, 64.9, 735, 736, 74.7, 74.9, 98.1, 98.6, 104.8,
1137, 1139, 114.01. 114.04, 117.1, 117.7, 12745, 127 48,
127.7, 1278, 128.0, 128.2, 128.5, 128.7, 129.3, 129.8,
130.26, 130.33, 130.36, 130.38, 130.67, 134.1, 134.3, 157.1,
1572, 1587, 1588, 1589, 160.1, 160.3, 165.1, 165.6, 166.3,
166.7 ppm. HR-MS ( EI) : m/z: caled for
CasHyoN-0;Sy: 702.2433, found 702.2427 [M*].
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