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1. Introduction

Since the element selenium was firstly discovereamfr
copper pyrites by the Swedish chemist Jons JacobeBes in
1817! it had been predicted as a dangerous componesingau
livestock poisoning for over a century. In 1950shBarzet al.,
reported its ability to serve interchangeably wittawmin E in the
prevention of vascular or muscular signSubsequently, it was
reported that the glutathione peroxidase (GPx) lp@min its
catalytic center spares vitamin E 8g° Owing to the discoveries
of several Se-dependent GPx form§, other selenoenzymes
(iodothyronine deiodinas&8? thioredoxin reductasés;” and
selenophosphate synthetase [7,13]), and specifanggroteins
(SelH, Sell, SelK, SelN, SelM, SelO, SelP, SelR, SEST,

SelV, Selw, and Sep15J;° the selenium is now recognized to

be nutritionally essential for humans.

Selenocysteine (Sec) is often referred to as tfiefino acid
found in 25 human selenoenzymes and selenoprof#irsGPxs
catalyze the reduction of harmful hydroperoxidesotigh the
catalytic triad formation of the Sec residue at &lative site with
tryptophan and glutamin&.The key role of Sec in the overall
catalytic process is believed to arise from the ptwe

selenolate anion by reduction of selenocystine \W&BH, and
reaction with 4-methoxybenzyl chlorid®(2) In the other, the
substituted diselenide or selenol are needed tpapee with
respect to each functionality. Gieselmah al., reported the
synthetic procedure which involved nucleophilic tésgment of
the O-tosyl moiety of I-serine derivatives by a 4-methibenzyl
selenolate anion generated from 4-methoxybenzgletisde™ In
this study, we therefore planned to use bis-2-gétimlsilyl)ethyl
(TSE) diselenide (TSE-Se-Se-TSE), as a selenating reagent
which has two latent sites of reactivity. As outlinedscheme 1,
the initial step commences witim situ generation of a TSE
selenolate anion (TSE-3efrom bis-TSE diselenide 1] by
hydride reduction. This anion attack fehalo alanine, resulting
in introduction of TSE selenyl moiety onto aminadaskeleton.
Second step involveSe-alkylation with alkyl halides using high
specificity and affinity between Si and F. Our appgtoaever
goes through selenocystine or even offers to peethar suitable
diselenide or selenol.

Bis-TSE diselenidel) was prepared as published previously;
following treatment of elemental selenium with sodium
borohydride (NaBH), alkylation of the activated selenium with
2-(bromoethyl)trimethyl silane provided the desirgelenating

nucleophilicity ofSe. In general, selenoproteins are involved in reagent 1) in 73% yield®? Under the Appel conditior,N-
variety of fundamental functions, most notably redo ieriputoxycarbonyl (Boc)]-3-ioda-alanine methyl ester2)

homeostasis’
selenoproteins contain a single Sec residue, whiaghcorporated
by the co-translational modification of transfer RiAund
serine at certain loci coded by specific uraciligna-adenine
codons:®*?

Organoselenium chemistry has attracted a great déal
attention due to the unique chemical behavior amdernt
pharmacological efficacy ofSe-containing compounds. Our
efforts have been directed to searching the pdibiof bis-2-
(trimethylsilyl)ethyl (TSE) diselenide as a seléngtagent in the
synthesis ofSe-containing biomolecules including sugaté: p-
lactams?***and nucleoside®:® Within the scope of our ongoing
program, we would like to report the application oSH

With the exception of plasma selenoprotein P, a5 prepared in 84 % vyield starting frowBoc-L-serine methy

ester (Scheme 2). It is noteworthy that treatmer2 wofith bis-
TSE diselenide 1 1.2 equiv.) in the presence of NaBKL.2
equiv.) and EtOH (3.0 equiv.) in DMF for 1 h proceeded
swimmingly to afford the requisit8e-TSE-selenocysteine) in
89% yield. The characteristifSe NMR signal for the TSE
selenyl group appeared at 177.8 pPmSubsequently, we
attemptedSe-methylation of3 by means of iodomethane (Mel,
5.0 equiv.) and tetrabutylammonium fluoride (TBAFQ equiv.)

at room temperature for 24 h, however, the reactietded an
unexpectedx-methylated compound as a major product. It was
deemed that the basicity of TBAF was the cause oef
methylation. In order to suppress of the botherssite effect of

diselenide to th&s-containing amino acid synthesis, particularly TBAF, ACOH was selected. Addition of AcOH (3.0 equiv.)

Sec and selenoglutathione (GSeH) analogues.

2. Results and discussion

X

brought the role switching of TBAF in the reactiorogress,
leading to facilitation ofSe-methylation 4a, 43% yield). The
""Se NMR signal arising fror8 significantly sifted to the higher

Table 1. Reactivity of3 with various electrophiles.

Hydride
| | reduction | BocHN™ "CO:Me
N e g e} R-X
S ge-56 SN ~Ige S TBAF (3.0 equiv.) SR
1 e\/\s( AcOH (3.0 equiv.) e
\
. © _BocHN” “CO,Me DMF, 1t, 24 h BocHN™ “CO,Me
I> (1.2 eguiv.) RX SeR 1(1.2 equiv.) 3 TBAF (3.0 ) .
= 5 . .0 equiv.
PPh; (172 equiv.)Si__ /E NaBH, (1.2 equiv.) Mol (é_o eq(jjiv.))
O Imigagele b8 sauiv.) gl o MEtOH (3.0 equiv.) 88 gi AcOH (3.0 equiv.) Selle
SBRERM 1. Syrehitic stiabdiyOfst tha. syhthesROBF NikylSetsdRineDMF, 0°C tort, 1h  BocHN™ "CO,Me DMFA;} 24h  BocHN™ “CO,Me
. . 0
derjy@i¥&Sserine 84% N-Boc-3-iodo-L-alanine 89% 3 4a

methyl ester methyl ester 2

Scheme 2. Synthesis oN-Boc-Se-methyl+-selenocysteine methyl estday.

For preparation of Sec derivatives, there are twegs types
of synthetic approaches: (1) those employing a S#enolate
anion that attacks alkyl halides (RX), and (2) thasing a
substituted selenolate anion (RSbat attack$-halo alanineQ-

tosyl serine, or serin@-lactone, to form RSec. (1) One of the

approaches utilizes selenocystine (dimeric Se@ pgecursor to
possible building of structuré$?® By reference to a previous
report®® Koide et al., prepared  Se-4-
methoxybenzylselenocysteine throughsitu formation of a Sec

magnetic side of 45.6 ppm 4a.

Having successfully establish&-methylation of3, we next
probed the generality of this protocol with a varieof
electrophiles. Results are summarized in Table lhofigh
reactions with Mel and Etl furnished the correspogdge-
alkylated products4@, 43% andib, 48%, Entries 1 and 23,did
not react withi-Prl at all (Entry 3). Compared to these results,
treatment with allyl and propargyl bromides offeesby access
to
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Entry R-X (equiv.) Yield (%) unsuccessful (Entry 22), and the instability of pneduced acy!
1 Mel (5.0) 434a) selenide could explain it as a result of its hygs.
2 Etl (10) 48 4b) Selenoglutathione (GSeH) appears to supply bendfjts
3 i-Prl (3.0) 0 40) acting as a redox tripeptide substrate comprisigamic acid
A CHECTCTE 0] T (Glu), selenocysteine (Sec), and glycine (Giy}.In light of the
: above results, we shifted our focus to synthesizeHz8mlogues
5 CH=CCH;Br (5.0) 78 fe) from 3 as the starting point. Due to their structural pterity,
6 MeOCHCH,Br (3.0) 12 6f) their chemical synthesis is challenging. For coafian of Gly
with Sec, the methyl ester3)( was converted to the free
! N=CCHBr (3.0) 3440 carboxylate %) under basic conditions (Scheme 3). Without
8 BnBr (2.0) 864h) further purification by silica gel column chromataghy, Gly
9 p-MeBnBr (3.0) 734i) methyl ester was inserted intd using 1-ethyl-3-(3-
10 0-NO,BnBr (3.0) 58 4j) dimethylaminopropyl)carbodiimide (EDCI), 1-
hydroxybenzotriazole (HOBt), and\,N-diisopropylethylamine
11 mNO:BnBr (3.0) 46 4k) (DIPEA), giving 6 in 60% yield with maintenance of the TSE
12 p-NO-BnBr (3.0) 234 selenyl moiety. Under slightly modified condition Table 1,
13 0-CIBnBr (3.0) 58 4m) Se-methylation andse-benzylation actually succeeded in 60% for
7a and 68% for7b. Acidic Boc-deprotection gav@ which was
14 m-ClBnBr (3.0) 634n) coupled withN-Boc-glutamic acidert-butyl ester, to provide the
15 p-ClBnBr (3.0) 59 40) tripeptide analogue&, 91% anddb, 85%). The final step was
16 Me(C=0)CHBr (10) 68 4p) deprotection of the both amino and carboxylate fionalities
17 Ph(C=0)ChBr (3.0) 87 6q) which was effected in the same fashion, affording tdrgeted
GSeH derivativeslQa, 74% andlOb, 75% over two steps). The
18 MeO(C=0)CHBr (4.0) 55 ¢r) multistep sequence fror8 depicted in Scheme 3 allowed to
19 tert-BuO(C=0)CHBr (5.0) 50 4<) construct the alkylselenyl Glu-Sec-Gly frameworks iverall
20 0-NOPhF (2.0) 1341) yields of 21% forlOa and 34% for0Ob.
21 p-NO,PhF (2.0) 04u) 3. Conclusion
22 BzClI (3.0) 04v)

: i i We have demonstrated a concise route for the patparof
the products in good yielddd, 81% andie, 78%, Entries 4 and Sec analogues by tuning the selenation step. Given t
5). With 2-bromoethyl methyl ether and bromoacetdej the  convenient methodology presented herein was eagpiicable

Gly-OMe HCl salt
(1.5 equiv.)
EDCI (1.5 equiv.} / R-X (5.0 equiv.}
1N NaOH aq. HOB (1.5 equiv.) /7SiT TBAF (3.0equiv) SeR
Se~_gi~ then 1N HCl aq. Se~_g~ DIPEA (5.0 equiv.) Se AcOH (3.0 equiv.)
™~ - R H _ BocHN \/COQMe
BocHN™ “CO,Me MeOH, rtto 0°C  BocHN™ “GO,H DMF, t, 3h,60% oo N._-COMe  DMF,tt, 24 h oc
1 h, Quant. o}
3 5 6 R = Me (7a): 60%
R = Bn (7b): 68%
N-Boc-Glu ‘Bu ester
(1.5 equiv.)
EDCI (1.5 equiv.) 1} 1N NaOH aq.
4N HCIEtOAC HOBt (1.5 equ.) SeR then 1N HCl aqg. SeR
(10 equiv.) DIPEA (5.0 equiv.) MeOH, rt to 0°C, 1 h
oM 1h HCIHoN \/COzMe — vy BOCHN \/COZMe _— HC"H2 \/COQ
DMF, rt, 3 h Co, 'Bu 2) 4N HCI/EtOAc COQH
DCM, rt, 1h
R=Me (8a). 88% R = Me (9a): 91% R = Me (10a): 74%
R = Bn (8b): 95% R =Bn (9b): 85% R = Bn (10b): 75%

Scheme 3. Synthesis ofe-alkylated selenoglutathione derivatives.

yields were decreased considerably (Entries 6 andn7the to the GSeH synthesis, it may be suited for the pm@tion of
category of benzyl bromides bearing various fumalogroups alkylselenyl moieties into peptide scaffolds. Oumdings
on the benzene ring, treatment with benzyl andethylbenzyl  highlight the great utility and versatility of a 2-
bromides gavese-benzylated products#ff and4i) in 86% and  (trimethylsilyl)ethylselenyl group. We believe thiditese results
73% vyields, respectively (Entries 8 and 9). With m-, and p- will contribute to the better understanding of pbimgical roles
nitro substituted benzyl bromides, the yields weffected by  of selenopeptide-containing biomacromolecules.
substitution patterns (Entries 10-12). In contrashloro-
substituted positions have little influence on tbaction progress
(Entries 13-15). Whena-haloacyl reagents were used, the , 1 General
reactions worked well (Entries 16-19). To further lexp the
scope of our synthetic strategy, we tried nucledplatomatic All solvents and reagents were purchased from theligup
substitution and acylation. Although the reactivitf 3 with  and used without further purification. IR spectra evezcorded
nitrofluorobenzenes was low, tHge-arylated product4) was on a JASCO FT/IR-460 Plus spectrophotometer. Optical
obtained in 13% yield only by the reaction witb-  rotations were measured with a JASCO P-2300. MS spsetie
nitrofluorobenzene (Entry 20). TheSe-benzoylation was obtained using the Waters UPLC-MS system (Aquity UPLC
XevoQTof). NMR spectra were recorded with JEOL JNM-ECS

4, Experimental section
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400 and JNM-ECA 600 spectrometers with tetramethylsilas
an internal standard’Se chemical sifts were expresseddan
values deshielded with respect to neat®&e Silica gel column
chromatography (CC) was performed on silica gel N4D-50
um). Thin-layer chromatography (TLC) spots on platee-
coated with silica gel 60,k were detected with a UV lamp (254
nm). Fractionations for all CCs were based on TL&y@es.

4.2. Synthesis oN-Boc-Se-[2-(trimethylsilyl)ethyl]-L-
selenocysteine methyl est&) (

After stirring of bis-2-(trimethylsilyl)ethyl diseféde (L, 3.6
mmol), NaBH, (3.6 mmol), and EtOH (9.0 mmol) in DMF (2 ml)
at @C for 30 min,N-Boc-3-iodot-alanine methyl ester2( 3.0
mmol) was added to the solution, and the reactionowatinued
at rt for an additional 1 h. The resultant solutwas poured into
distilled water, partitioned with EtOAc, and washed witine.
The organic layer was dried over anhydrous,9@ and

concentratedn vacuo. The residue was purified using silica gel

column chromatography eluted witihkhexane/EtOAc (15/1) to
afford 3 (89% vyield) as a yellow oilo]]% +18.8° € 1.02, CHC));
IR (film): vmax 3379, 2953, 1717 c¢m 'H NMR (400 MHz,
CDCly): 6 0.00 (s, 9H, TMS), 0.92 (dd, 2H,= 7.1 and 11.2 Hz,
SeCHCH,TMS), 1.44 (s, 9HBuU), 2.62 (dt, 2H,) = 3.2 and 13.8
Hz, Se®,CH,TMS), 2.99 (t, 2H,J = 4.6 Hz, HB), 3.75 (s, 3H,
COMe), 4.63 (dt, 1H,) = 4.1 and 7.8 Hz, ), 5.37 (d, 1HJ =
7.8 Hz, NH);**C NMR (100 MHz, CDG)): 5 -1.8, 18.7, 20.3,
26.0, 28.4, 52.6, 53.6, 80.2, 155.2, 171/8g NMR (113 MHz,
CDCly): 8 177.8; HRESITOFMS:m/z 406.0906 [M+Nal] (calcd
for C4H,gNO,SeNa, 406.0929).

4.3. Methylation of3

TBAF (1.0 M in THF, 0.9 mmol), AcOH (0.9 mmol), and Me
(1.5 mmol) were added to a solution ®f0.3 mmol) in DMF
(0.5 ml). After stirring at rt for 24 h, the resat solution was
poured into distilled water, partitioned with EtOAc,dawashed
with brine. The organic layer was dried over anhydrbiaSO,
and concentrateth vacuo. The residue was purified using silica
gel column chromatography eluted witkhexane/EtOAc (10/1)
to afford N-Boc-Se-methyli-selenocysteine methyl estefa
(43% vyield) as a colorless oily]f; +13.7° € 1.40, CHC)); IR
(film): vmax 3376, 2978, 1747, 1715 ém'H NMR (400 MHz,
CDCly): 8 1.43 (s, 9H!Bu), 2.00 (s, 3H, SeMe), 2.95 (d, 2H=
5.0 Hz, HB), 3.74 (s, 3H, CeMe), 4.58 (d, 1HJ = 7.3 Hz, H-
a), 5.35 (d, 1H,) = 4.0 Hz, NH);**C NMR (100 MHz, CDCJ): &
5.31, 27.7, 28.4, 52.6, 53.4, 80.2, 155.2, 1718e NMR (113
MHz, CDCL): & 45.6; HRESITOFMS:mvz 320.0351 [M+Nal]
(calcd for GoH1gNO,SeNa, 320.0377).

4.4. Various alkylation o3

Reaction parameters are given in Table 1. The &para
procedures are exactly the same with the sectidviathylation
of 3.

4.4.1. N-Boc-Se-ethyl-L-selenocysteine methyl ester
(4b)

Colorless oil in 48% yield;o% +10.6° € 1.60, CHC)); IR
(film): vmax 3365, 2977, 1715, 1166 ém'H NMR (400 MHz,
CDCly): 8 1.37 (t, 3H,J = 7.3 Hz, SeEt), 1.44 (s, 9MBu), 2.58
(dd, 2H,J = 7.8 and 15.6 Hz, SeEt), 2.99 (d, 2Hs 5.0 Hz, H-
B), 3.75 (s, 3H, CeMe), 4.60 (d, 1H,) = 8.2 Hz, Ha), 5.36 (d,
1H, J = 7.3 Hz, NH);"*C NMR (100 MHz, CDGJ)): 5 15.8, 18.4,
25.5, 28.4, 52.6, 53.5, 80.2, 155.2, 171’8 NMR (113 MHz,
CDCly): 8 157.2; HRESITOFMSmz 334.0533 [M+Na)] (calcd
for C;;H»,NO,SeNa, 334.0555).

Tetrahedron

4.4.2. N-Boc-Se-allyl-L-selenocysteine methyl ester
(4d)

Colorless oil in 81% vyield;d]3 +6.7° € 1.70, CHCJ); IR
(film): vmax 3377, 3082, 2978, 1714, 1632, 1165 '¢ciH NMR
(400 MHz, CDC}): & 1.43 (s, 9H!Bu), 2.92 (d, 2H,) = 5.0 Hz,
H-B), 3.19 (dd, 2HJ = 3.6 and 7.8 Hz, SéGCH=CH,), 3.76 (s,
3H, COMe), 4.60 (d, 1H,) = 7.8 Hz, He), 5.04 (d, 2H,) = 10.1
Hz, SeCHCH=CH,), 5.37 (d, 1H,J = 7.3 Hz, NH), 5.85 (dt, 1H,
J = 10.1 and 27.0 Hz, SeGEH=CH,); °C NMR (100 MHz,
CDCly): 6 25.2, 26.8, 28.4, 52.6, 53.4, 80.1, 117.1, 13455,1,
171.7;"’Se NMR (113 MHz, CDG): & 160.2; HRESITOFMS:
m/z 346.0524 [M+Na] (calcd for G,H,;NO,SeNa, 346.0533).

4.4.3. N-Boc-Se-propargyl-L-selenocysteine methyl
ester (4e)

Yellow oil in 78% vyield; p]3 +15.2° € 1.32, CHC)); IR
(film): vmax 3377, 3292, 2978, 2114, 1744 tniH NMR (400
MHz, CDCk): & 1.40 (s, 9H,Bu), 2.26 (s, 1H, SeCid=CH),
3.12-3.18 (m, 4H, H3 and Se€l,C=CH), 3.72 (s, 3H, CiMe),
4.62 (d, 1HJ = 6.9 Hz, He), 5.37 (d, 1HJ = 6.9 Hz, NH)**C
NMR (100 MHz, CDC)): & 8.0, 26.7, 28.4, 52.6, 53.4, 72.1,
80.2, 80.3, 155.1, 171.6'Se NMR (113 MHz, CDG): 5 219.7;
HRESITOFMS: m/iz 344.0355 [M+Na] (calcd for
C1H1NO,SeNa, 344.0377).

4.4.4. N-Boc-Se-methoxyethyl-L-selenocysteine
methyl ester (4f)

Colorless oil in 12% yield;o% +8.91° € 1.10, CHC)); IR
(film): vmax 3376, 2978, 1746, 1502, 1166 &ntH NMR (400
MHz, CDCL): & 1.45 (s, 9H,tBu), 2.75 (dt, 2HJ = 2.8 and 6.4
Hz, Se®,CH,0OMe), 3.03 (t, 2H,) = 4.6 Hz, HB), 3.37 (s, 3H,
SeCHCH,OMe), 3.62 (dt, 2H, J 3.2 and 7.3 Hz,
SeCHCH,OMe), 3.75 (s, 3H, CfMe), 4.60 (d, 1H, = 7.8 Hz,
H-a), 5.58 (d, 1H,J = 7.3 Hz, NH);”*C NMR (100 MHz,
CDCly): 6 24.4, 26.6, 28.5, 52.7, 53.8, 58.8, 72.8, 80.5.45
171.8;"'Se NMR (113 MHz, CDG): & 115.1; HRESITOFMS:
m/z 364.0659 [M+Na] (calcd for G,H,;NOsSeNa, 364.0639).

4.4.5. N-Boc-Se-cyanomethyl-L-selenocysteine
methyl ester (4g)

Colorless oil in 34% yield;o% +10.8° € 1.20, CHC)); IR
(film): vmax 3367, 2980, 2241, 1743, 1511 &niH NMR (400
MHz, CDCk): & 1.44 (s, 9H,Bu), 3.20-3.27 (m, 4H, H-and
Se,CN), 3.79 (s, 3H, Ce), 4.67 (d, 1H)J = 4.6 Hz, He),
5.37 (s, 1H, NH)*C NMR (100 MHz, CDG)): 4 3.2, 28.4, 53.0,
53.4, 80.7, 117.2, 155.2, 171/2Se NMR (113 MHz, CDG): &
224.1; HRESITOFMS:m/z 345.0357 [M+Na] (calcd for
C11H1eN20,SeNa, 345.0329).

4.4.6. N-Boc-Se-benzyl-L-selenocysteine methyl
ester (4h)

Yellow oil in 86% yield; p]% -2.0° € 1.30, CHC)); IR
(film): vmax 3388, 2978, 1714, 1601, 1496 tntH NMR (400
MHz, CDCh): & 1.47 (s, 9H'Bu), 2.91 (s, 2H, H3), 3.74 (s, 3H,
COMe), 3.80 (s, 2H, SeBn), 4.61 (d, 1Hz 7.3 Hz, He), 5.29
(d, 1H,J = 6.9 Hz, NH), 7.21-7.29 (m, 5H, AB'C NMR (100
MHz, CDCL): & 26.0, 28.0, 28.4, 52.7, 53.4, 80.3, 127.1, 128.7,
129.0, 138.9, 155.2, 171.8'Se NMR (113 MHz, CDG): &
219.1; HRESITOFMS:m/z 396.0676 [M+Na] (calcd for
C16H23NO,SeNa, 396.0690).

4.4.7. N-Boc-Se-(p-methylbenzyl)-L-selenocysteine
methyl ester (4i)

White amorphous powder in 73% vyield]¥ -3.51° ¢ 1.10,
CHCL); IR (film): vmax 3377, 2977, 1746, 1614, 1513 &mH
NMR (400 MHz, CDCJ)): & 1.45 (s, 9H,'Bu), 2.30 (s, 3H,
SeCHPhMe), 2.91 (s, 2H, H3), 3.73 (s, 5H, Seld,PhMe and
COMe), 4.60 (d, 1H,J = 4.1 Hz, He), 5.31 (d, 1HJ = 3.9 Hz,



NH), 7.07-7.17 (m, 4H, A)C NMR (100 MHz, CDCJ)): &
21.2, 25.8, 27.7, 28.4, 52.6, 53.4, 80.1, 128.89.3,2135.6,
136.6, 155.1, 171.7"Se NMR (113 MHz, CDG): & 218.3;
HRESITOFMS: mz 410.0858 [M+Na] (calcd for
CiH,NO,SeNa, 410.0846).

4.4.8. N-Boc-Se-(o-nitrobenzyl)-L-selenocysteine
methyl ester (4j)

Yellow oil in 58% vyield; p]5 -25.8° ¢ 1.00, CHC)); IR
(film): vmax 3376, 2978, 1744, 1608, 1525, 1365'ctH NMR
(400 MHz, CDC}): & 1.42 (s, 9H,Bu), 2.92-2.96 (m, 2H, ),
3.71 (s, 3H, C@Me), 4.19 (dd, 2H,J = 6.2 and 11.9 Hz,
Se,PhNG), 4.58 (d, 1HJ = 3.7 Hz, He), 5.36 (d, 1HJ =
3.7 Hz, NH), 7.37 (t, 2HJ) = 3.9 Hz, Ar), 7.51 (dt, 1H]) = 0.7
and 3.9 Hz, Ar), 8.08 (d, 1H] = 4.1 Hz, Ar);**C NMR (100

5
3H, Ar), 7.29 (s, 1H, Ar)**C NMR (100 MHz, CDG)): & 26.2,
27.2, 28.4, 52.7, 53.5, 80.4, 127.2, 127.3, 12920.9, 134.4,
141.0, 155.2, 171.7Se NMR (113 MHz, CDG): & 225.1;
HRESITOFMS: mz 430.0311 [M+Na] (calcd for
C1H2,CINO,SeNa, 430.0300).

4.4.13. N-Boc-Se-(p-chlorobenzyl)-L-selenocysteine
methyl ester (40)

Colorless oil in 59% yield;d]? -4.20° ¢ 1.20, CHC)); IR
(film): vmax 3371, 2978, 1745, 1491, 776 ¢nH NMR (400
MHz, CDCHL): & 1.46 (s, 9H;Bu), 2.89 (dd, 2H,) = 5.5 and 9.2
Hz, HPB), 3.74 (s, 3H, CeMe), 3.75 (s, 2H, Sed,PhCl), 4.61
(d, 1H,J = 7.3 Hz, He), 5.31 (d, 1H,J = 10.0 Hz, NH), 7.20-
7.26 (m, 4H, Ar);®C NMR (100 MHz, CDCJ)): & 26.1, 27.1,
28.4, 52.7, 53.5, 80.3, 128.8, 130.3, 132.8, 13155,2, 171.7;

MHz, CDCL): & 25.0, 26.6, 28.3, 52.7, 53.6, 80.3, 125.8, 128.2/’Se NMR (113 MHz, CDG): & 225.1; HRESITOFMSm/z

132.0, 133.4, 135.4, 147.8, 155.1, 177'5e NMR (113 MHz,
CDCL): & 236.2; HRESITOFMSm/z 441.0563 [M+Na] (calcd
for CygHN,0sSeNa, 441.0541).

4.4.9. N-Boc-Se-(m-nitrobenzyl)-L-selenocysteine
methyl ester (4k)

Yellow oil in 46% yield; p]% -0.6° € 1.20, CHCJ); IR
(film): vmax 3390, 2978, 1745, 1581, 1529, 1365'crtH NMR
(400 MHz, CDC}): & 1.42 (s, 9H,Bu), 2.88-2.92 (m, 2H, ),
3.73 (s, 3H, CeMe), 3.84 (s, 2H, Se€,PhNG,), 4.59 (d, 1HJ
= 3.7 Hz, He), 5.31 (d, 1HJ = 3.1 Hz, NH), 7.44 (t, 1H] = 4.1
Hz, Ar), 7.61 (d, 1H,J = 3.9 Hz, Ar), 8.06 (dd, 1H] = 0.5 and
4.1 Hz, Ar), 8.13 (s, 1H, AnC NMR (100 MHz, CDC)): &
26.4, 26.8, 28.4, 52.8, 53.5, 80.4, 122.1, 1231.4, 135.1,
141.2, 148.4, 155.2, 171.8'Se NMR (113 MHz, CDG): &
233.6; HRESITOFMS:m/z 441.0569 [M+Na] (calcd for
Ci6H2N,0sSeNa, 441.0541).

4.4.10. N-Boc-Se-(p-nitrobenzyl)-L-selenocysteine
methyl ester (41)

Yellow oil in 23% vyield; p]3 -4.21° € 0.96, CHC)); IR
(film): vmax 3384, 2978, 1744, 1598, 1520, 1366 '¢citH NMR
(400 MHz, CDC}): & 1.45 (s, 9H,Bu), 2.90-2.95 (m, 2H, HB),
3.75 (s, 3H, C@Me), 3.85 (s, 2H, Sed@,PhNQy), 4.63 (d, 1H,
= 3.7 Hz, Ha), 5.31 (d, 1H,) = 3.2 Hz, NH), 7.45 (d, 2Hl = 4.4
Hz, Ar), 8.16 (d, 2H,J = 4.3 Hz, Ar);"C NMR (100 MHz,
CDCly):  26.4, 26.8, 28.4, 52.8, 53.6, 80.5, 124.0, 12049,0,
147.0, 155.2, 171.5"Se NMR (113 MHz, CDG): & 237.5;
HRESITOFMS: m/iz 441.0560 [M+Na] (caled for
CiH2N,0sSeNa, 441.0541).

4.4.11. N-Boc-Se-(o-chlorobenzyl)-L-selenocysteine
methyl ester (4m)

Colorless oil in 58% yield;d]? -5.10° ¢ 1.00, CHC)); IR
(film): vmax 3370, 2978, 1745, 1500, 757 ¢nH NMR (400
MHz, CDCk): & 1.44 (s, 9H!Bu), 2.98 (dd, 2H,J = 3.0 and 4.4
Hz, HP), 3.73 (s, 3H, CeMe), 3.88 (s, 2H, Sed,PhCl), 4.63
(d, 1H,J = 3.4 Hz, Ha), 5.33 (d, 1HJ = 3.7 Hz, NH), 7.16 (t,
1H,J = 1.6 Hz, Ar), 7.18 (t, 1H) = 2.1 Hz, Ar), 7.27 (dd, 1H]
= 2.3 and 5.7 Hz, Ar), 7.34 (dd, 18i= 1.3 and 4.7 Hz, Arj’C

NMR (100 MHz, CDC})): & 25.6, 26.5, 28.4, 52.7, 53.6, 80.3,

127.0, 128.5, 130.1, 130.7, 133.9, 136.9, 155.2,717Se NMR
(113 MHz, CDCJ): & 208.5; HRESITOFMS:m/z 430.0311
[M+Na]" (calcd for GgH»,CINO,SeNa, 430.0300).

4.4.12. N-Boc-Se-(m-chlorobenzyl)-L-selenocysteine
methyl ester (4n)

Colorless oil in 63% yield;d]? -3.70° € 0.90, CHC)); IR
(film): vmax 3377, 2978, 1745, 1502, 784 ¢nH NMR (400
MHz, CDCk): & 1.43 (s, 9H!Bu), 2.91 (dd, 2HJ = 2.8 and 7.6
Hz, Hf), 3.75 (s, 3H, CeMe), 3.88 (s, 2H, Sed,PhCl), 4.62
(d, 1H,J = 3.7 Hz, He), 5.32 (d, 1HJ = 3.7 Hz, NH), 7.18 (m,

430.0305 [M+Nal] (calcd for GgH»,CINO,SeNa, 430.0300).

4.4.14. N-Boc-Se-(2-oxopropyl)-L-selenocysteine
methyl ester (4p)

Yellow oil in 68% vyield; p]% +16.0° € 1.20, CHCY); IR
(film): vmax 3365, 2978, 1745, 1701, 1513 &niH NMR (400
MHz, CDCL): & 1.45 (s, 9H!Bu), 2.32 (s, 3H, SeCC=0OMe),
2.98-3.02 (m, 2H, HB), 3.28 (s, 2H, Sed,(C=0)Me), 3.77 (s,
3H, COMe), 4.59 (d, 1HJ) = 5.5 Hz, He), 5.40 (d, 1HJ=7.3
Hz, NH);®C NMR (100 MHz, CDGJ)): & 26.8, 27.7, 28.3, 32.4,
52.7, 53.4, 80.3, 155.2, 171.5, 203/6Se NMR (113 MHz,
CDCly): 8 163.3; HRESITOFMSmz 362.0455 [M+Nal] (calcd
for C,;HiNOsSeNa, 362.0483).

4.4.15. N-Boc-Se-(2-o0x0-2-phenylethyl)-L-
selenocysteine methyl ester (4Qq)

Yellow oil in 87% vyield; R]% +22.1° € 1.00, CHC)); IR
(film): vy 3365, 2978, 1744, 1668, 1597, 1511%HH NMR
(400 MHz, CDC}): & 1.44 (s, 9H!Bu), 3.04-3.09 (m, 2H, Hp),
3.73 (s, 3H, CgMe), 3.86 (s, 2H, Sed,(C=0)Ph), 4.63 (d, 1H,
J=5.5 Hz, He), 5.46 (d, 1HJ = 7.3 Hz, NH), 7.46 (t, 2H] =
7.8 Hz, Ar), 7.57 (t, 1HJ) = 7.8 Hz, Ar), 7.94 (d, 2H] = 7.3 Hz,
Ar); ¥c NMR (100 MHz, CDG)J): 8 27.2, 27.5, 28.4, 52.7, 53.6,
80.2, 128.8, 133.5, 135.1, 155.2, 171.6, 1958e NMR (113
MHz, CDCL): 8 179.1; HRESITOFMSm/z 424.0639 [M+Nal]
(calcd for G/H,3NOsSeNa, 424.0639).

4.4.16. N-Boc-Se-(2-methyl-2-oxoethyl)-L-
selenocysteine methyl ester (4r)

Colorless oil in 55% yield;d]3 +7.60° ¢ 1.10, CHC)); IR
(film): vmax 3375, 2978, 1738, 1715, 1513 tntH NMR (400
MHz, CDCL): & 1.41 (s, 9H!Bu), 3.05-3.10 (m, 2H, H), 3.18
(s, 2H, Se®,(C=0)OMe), 3.69 (s, 3H, SeG{=0)OMe),3.73
(s, 3H, CQMe), 4.61 (d, 1H,] = 6.9 Hz, He), 5.40 (d, 1HJ =
7.3 Hz, NH);"*C NMR (100 MHz, CDGJ)): 5 22.9, 27.4, 28.4,
52.6, 52.7, 53.5, 80.3, 155.2, 171.5, 171'3e NMR (113 MHz,
CDCL): & 184.5; HRESITOFMSm/z 378.0439 [M+Nal] (calcd
for C,H,iNOgSeNa, 378.0432).

4.4.17. N-Boc-Se-(2-tert-butoxy-2-oxoethyl)-L-
selenocysteine methyl ester (4s)

Colorless oil in 50% yield;c]3 +7.90° € 1.20, CHC)); IR
(film): vmax 3367, 2979, 1717, 1512 &€m'H NMR (400 MHz,
CDCly): 8 1.43 (s, 9H'Bu), 1.45 (s, 9H, SeCH{C=0)TBu), 3.10
(s, 2H, Se@l,(C=0)0Bu), 3.09-3.13 (m, 2H, ), 3.75 (s, 3H,
COMe), 4.62 (d, 1H,J = 6.9 Hz, He), 5.45 (d, 1H,) = 7.8 Hz,
NH); *C NMR (100 MHz, CDG)): & 24.8, 27.0, 28.0, 28.4, 52.7,
53.6, 81.8, 155.3, 170.5, 171/65e NMR (113 MHz, CDG): &
180.2; HRESITOFMS:m/z 420.0921 [M+Na] (calcd for
C.sHNOsSeNa, 420.0901).
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4.4.18. N-Boc-Se-(o-nitrophenyl)-L-selenocysteine
methyl ester (4t)

Yellow oil in 13% vyield; p]%5 +22.8° € 0.77, CHC)); IR
(film): vmax 3383, 2979, 1712, 1567, 1514, 1333'ciH NMR
(400 MHz, CDC}): & 1.42 (s, 9H,Bu), 3.31-3.37 (m, 2H, 1),
3.73 (s, 3H, CeMe), 4.70 (d, 1HJ = 6.9 Hz, He), 5.32 (d, 1H,
J = 7.4 Hz, NH), 7.33 (t, 1H) = 8.7 Hz, Ar), 7.51 (dt, 1H] =
1.4 and 9.6 Hz, Ar), 7.62 (d, 1d= 7.8 Hz, Ar), 8.25 (dd, 1H]
=1.4 and 8.7 Hz, Ar)lfc NMR (100 MHz, CDGJ): 6 27.7, 28.3,
52.9, 53.4, 80.2, 125.9, 126.6, 129.5, 132.0, 1338.0, 155.2,
171.2;"'Se NMR (113 MHz, CDG): & 324.3; HRESITOFMS:
m/z 427.0363 [M+Na] (calcd for GsH,N,0sSeNa, 427.0384).

4.5. Demethylation oB

1IN NaOH ag. (3.9 mmol) was added to a solutior8 ¢1.3
mmol) in MeOH (3 ml). After stirring at rt for 1 h, éhresultant
solution was diluted with iced CHg ladjusted to pH 1 using 1N

Tetrahedron

Yellow oil in 60% yield; p]%5 -9.50° ¢ 1.23, CHC)); IR
(film): vmax 3320, 2975, 1747 cm'H NMR (600 MHz, CDC)):
3 1.46 (s, 9H!BuU), 2.05 (s, 3H, SeMe), 2.91-2.96 (m, 2Hpbf
Sec), 3.77 (s, 3H, CMe), 4.04-4.08 (m, 2H, Ctof Gly), 4.41
(s, 1H, Hea of Sec), 5.48 (s, 1H, NH), 7.00 (s, 1H, NHC
NMR (150 MHz, CDC)): & 5.3, 27.4, 28.4, 41.4, 52.5, 53.9,
80.6, 155.5, 170.0, 171.7’Se NMR (113 MHz, CDG): &
46.5; HRESITOFMS: m/z 377.0619 [M+Na] (calcd for
C1HN,0sSeNa, 377.0592).

4.7.2. N-Boc-Se-benzyl-L-selenocysteinyl-glycine
methyl ester (7b)

White amorphous powder in 68% yieldy]T +10.2° € 0.19,
CHCL); IR (film): vmax 3323, 2957, 1718, 1495 &m'H NMR
(600 MHz, CDC}): & 1.46 (s, 9H!Bu), 2.85-2.90 (m, 2H, H-of
Sec), 3.75 (s, 3H, CMe), 3.81 (s, 2H, SeBn), 4.01-4.05 (m, 2H,
CH; of Gly), 4.06 (s, 1H, Hx of Sec), 5.27 (d, 1H] = 6.4 Hz,
NH), 6.81 (s, 1H, NH), 7.22-7.30 (m, 5H, ABC NMR (150

HCI, and partitioned with CHGltwice. The Ol'ganiC Iayer was MHz CDC|3) 5 25.7. 28.0. 28.4. 41.4. 52.6. 54.0. 80.6. 127.1

concentrated in vacuo to afford  N-Boc-Se-[2-
(trimethylsilyl)ethyl]-L-selenocystein® (quantitative yield) as a
yellow oil; [o]% +12.3° € 0.15, CHC)); IR (film): vi.y 3434,
2953, 1715 cit 'H NMR (400 MHz, CDCJ): 5 0.00 (s, 9H,
TMS), 0.92 (dd, 2HJ = 7.8 and 11.4 Hz, SeGEH,TMS), 1.44
(s, 9H,'Bu), 2.65 (dt, 2H,) = 2.6 and 16.0 Hz, S¢GCH,TMS),
2.96 (m, 2H, HB), 4.64 (d, 1H,) = 6.9 Hz, He), 5.38 (d, 1H,] =
7.8 Hz, NH), 10.28 (br s, 1H, GB); *C NMR (100 MHz,
CDCly): &6 -1.7, 18.7, 20.5, 28.3, 28.4, 53.5, 80.6, 155A4..4;
"Se NMR (113 MHz, CDG): & 178.6; HRESITOFMS: m/z
392.0777 [M+Na] (calcd for G3H,sNO,SiSeNa, 392.0772).

4.6. Conjugation of Gly withb

Gly methyl ester HCI salt (2.0 mmol), EDCI (2.0 mmaipd
HOBt (2.0 mmol) were added to a solution®{1.4 mmol) in
DMF (5 ml). After stirring at rt for 1 min, DIPEA (6.5hmol)
was added and the reaction mixture was stirred fdr. Ihe
resultant solution was poured into distilled wateaytiioned
with EtOAc, and washed with brine. The organic layer draed
over anhydrous N8O, and concentrateth vacuo. The residue
was purified using silica gel column chromatographyted with
n-hexane/EtOAc (5/1) to afford  N-Boc-Se-[2-
(trimethylsilyl)ethyl]-L-selenocysteinyl-glycine methyl estes
(60% yield) as a white amorphous powdei];[-4.29° ¢ 0.34,
CHCL); IR (film): vmax 3325, 2954, 1722 ¢ ‘H NMR (600
MHz, CDCk): 6 0.00 (s, 9H, TMS), 0.94 (dt, 2H, = 3.7 and
11.9 Hz, SeCkCH,TMS), 1.45 (s, 9H;Bu), 2.60-2.66 (m, 2H,
Se,CH,TMS), 2.93-2.97 (m, 2H, H- of Sec), 3.75 (s, 3H,
COMe), 4.00-4.05 (m, 2H, Cjbf Gly), 4.39 (d, 1H) = 4.6 Hz,
H-a of Sec), 5.37 (s, 1H, NH), 6.85 (s, 1H, NFC NMR (150
MHz, CDCL): 6 -1.7, 18.7, 20.4, 25.7, 28.4, 41.4, 52.6, 54.
80.6, 155.5, 170.1, 171.7/Se NMR (113 MHz, CDG):
1775, HRESITOFMS: m/z 463.1166 [M+Na] (calcd for
C1eH32N0sSiSeNa, 463.1143).

4.7. Se-Alkylation of 6

128.7, 129.1, 139.0, 155.5, 170.0, 171/8e NMR (113 MHz,
CDCly): 8 221.8; HRESITOFMS:m/z 453.0910 [M+Na] (calcd
for CigHo6N,0sSeNa, 453.0905).

4.8. Boc-Deprotection of

4N HCI/EtOAc (3.0 mmol) was added to a solution/dD.3
mmol) in DCM (3 ml) at 8C. After stirring at rt for 1 h, the
resultant solution was diluted with ;Bt (30 ml) and further
decanted to affor8.

4.8.1. N-Boc-Se-methyl-L-selenocysteinyl-glycine
(8a)

White amorphous powder in 88% vyieldy]f +13.9° ¢ 0.68,
MeOH); IR (film): vimax 3434, 1635 ciy 'H NMR (600 MHz,
D,0): 5 2.02 (s, 3H, SeMe) , 2.98-3.03 (m, 2HBHf Sec), 3.71
(s, 3H, CQMe), 4.05 (s, 2H, Cklof Gly), 4.23 (t, 1HJ = 6.9
Hz, H-a of Sec);"*C NMR (150 MHz, BO): 5 4.6, 24.2, 41.2,
52.4, 52.9, 169.3, 171.6Se NMR (113 MHz, BO): &
42.1; HRESITOFMS: m/z 277.0079 [M+Na] (calcd for
C,H1N,0;SeNa, 277.0067).

4.8.2. N-Boc-Se-benzyl-L-selenocysteinyl-glycine
(8b)

White amorphous powder in 95% yieldy] +15.1° € 0.79,
MeOH): IR (film): vmayx 3435, 1633, 1495, 1454 ém'H NMR
(600 MHz, DO): & 2.93-2.97 (m, 2H, H& of Sec), 3.60 (s, 3H,
COMe), 3.87 (d, 2H,) = 3.4 Hz, SeBn), 4.00 (d, 2A= 2.1 Hz,
CH, of Gly), 4.09 (t, 1HJ = 6.2 Hz, He of Sec), 7.28 (dt, 1H]
= 4.1 and 13.2 Hz, Ar), 7.30-7.37 (m, 4H, ABC NMR (150
MHz, D,O): & 22.5, 27.6, 41.2, 52.7, 52.9, 127.4, 128.9, 129.0,

51389, 169.0, 1715Se NMR (113 MHz, BO): &
'214.8; HRESITOFMS: m/z 353.0392 [M+Na] (calcd for
C1aH1gN,05SeNa, 353.0380).

4.9. Conjugation of Glu witt8

The operation procedures are exactly the same wi¢h t

TBAF (1.0 M in THF, 0.18 mmol), ACOH (0.18 mmol), and S€Ction of Conjugation of Gly with,

Mel (0.3 mmol) or BnBr (0.18 mmol) were added taauson of

6 (0.06 mmol) in DMF (3 ml). After stirring at rt f@24 h, the
resultant solution was poured into distilled wateaytiioned

with EtOAc, and washed with brine. The organic layer dréed

over anhydrous N&8CQ, and concentrateth vacuo. The residue
was purified using silica gel column chromatographyted with

n-hexane/EtOAc (2/1) to afford

4.7.1. N-Boc-Se-methyl-L-selenocysteinyl-glycine
methyl ester (7a)

4.9.1. N-(Se-methyl-L-selenocysteinyl)-glycine
methyl ester hydrochloride (9a)

White amorphous powder in 91% vield]¥ -21.2° ¢ 0.67,
CHCL); IR (film): vmax 3433, 1644 ciy 'H NMR (600 MHz,
CDCly): 8 1.44 (s, 9H!Bu), 1.47 (s, 9H'Bu), 2.00-2.05 (m, 2H,
CH, of Glu), 2.04 (s, 3H, SeMe), 2.33-2.39 (m, 2H, ., Qif Glu),
2.94 (d, 2HJ = 6.9 Hz, HB of Sec), 3.75 (s, 3H, GBle), 4.05
(t, 2H,J =5.5 Hz, CH of Gly), 4.23 (d, 1H,) = 4.8 Hz, He of
Sec), 4.74 (d, 1H) = 6.9 Hz, CH of Glu), 5.42 (d, 1H,= 8.3
Hz, NH), 7.14 (d, 1HJ = 7.6 Hz, NH), 7.41 (s, 1H, NH)*C



NMR (150 MHz, CDCJ): & 5.1, 26.7, 28.0, 28.3, 28.9, 32.4,
41.3, 52.4, 53.4, 53.5, 79.9, 82.2, 155.8, 1707,.0, 171.5,
172.4;'Se NMR (113 MHz, CDG): & 54.5; HRESITOFMS:
m/z 562.1672 [M+Na] (calcd for G;HNs0sSeNa, 562.1644).

4.9.2. N-(Se-benzyl-L-selenocysteinyl)-glycine
methyl ester hydrochloride (9b)

White amorphous powder in 85% vyieldy]{ -17.3° ¢ 0.81,
CHCL); IR (film): vmax 3434, 1644, 1453 ¢ '‘H NMR (600
MHz, CDCL): & 1.43 (s, 9H/Bu), 1.45 (s, 9H!Bu), 1.99-2.04
(m, 2H, CH of Glu), 2.27 (t, 2H,) = 7.6 Hz, CH of Glu), 2.87-
2.90 (m, 2H, HB of Sec), 3.72 (s, 3H, GB®le), 3.80 (s, 2H,
SeBn), 3.99-4.03 (m, 2H, Gtof Gly), 4.19 (d, 1H,) = 4.8 Hz,
H-a of Sec), 4.69 (d, 1H] = 6.9 Hz, CH of Glu), 5.41 (d, 1H,
= 8.3 Hz, NH), 6.83 (d, 1H] = 7.6 Hz, NH), 7.21 (t, 1H] = 6.9
Hz, Ar), 7.26-7.31 (m, 4H, Ar), 7.30 (s, 1H, NHJC NMR (150
MHz, CDCkL): & 25.2, 27.9, 28.3, 28.3, 32.3, 41.2, 52.3, 52.6,
53.5, 79.8, 82.1, 126.9, 128.6, 128.9, 139.1, 156/8.0, 171.0,
1715, 172.4; "Se NMR (113 MHz, CDG): &
228.9; HRESITOFMS: nvz 638.1927 [M+Na] (calcd for
C,HN;OgSeNa, 638.1957).

4.10. Full deprotection 09

The operation procedures are exactly the same wi¢h t
sections of Demethylation @&fand Boc-Deprotection af.

4.10.1. Se-Methyl-selenoglutathione (10a)

Yellow amorphous powder in 74% vyieldy]f -17.2° € 0.64,
MeOH); IR (film): vimax 3434, 1634 ciy 'H NMR (600 MHz,
D,0): 5 1.95 (s, 3H, SeMe), 2.13-2.18 (m, 2H, O3 Glu), 2.51
(t, 2H,J = 6.8 Hz, CH of Glu), 2.82-2.86 (m, 2H, I3-of Sec),
3.94-4.03 (m, 3H, CHof Gly and CH of Glu), 4.50 (dd, 1H,=
4.8 and 8.9 Hz, Hr of Sec);"*C NMR (150 MHz, RO): 5 4.3,
25.3, 25.5, 30.9, 41.2, 52.8, 53.4, 171.8, 17373,3;'Se NMR
(113 MHz, DO): & 53.2; HRESITOFMS:m/z 392.0355 [M+Nal]
(calcd for GiH1gN30sSeNa, 392.0337).

4.10.2. Se-Benzyl-selenoglutathione (10b)

Orange amorphous powder in 75% yield};[-18.7° € 0.71,
MeOH); IR (film): viax 3435, 1634 ciy 'H NMR (600 MHz,
D,0): 6 2.09-2.14 (m, 2H, CHof Glu), 2.41 (t, 2H,J = 6.2 Hz,
CH, of Glu), 2.76-2.81 (m, 2H, -of Sec), 3.64 (s, 2H, SeBn),
3.74-3.78 (m, 1H, CH of Glu), 3.87-3.90 (m, 2H, £bf Gly),
4.30-4.34 (m, 1H, Hx of Sec), 7.20-7.27 (m, 5H, AN°C NMR
(150 MHz, DO): 5 24.0, 25.5, 27.3, 30.9, 41.2, 52.8, 53.4, 127.1,
128.9, 139.4, 170.1, 171.7, 173.0, 174/6e NMR (113 MHz,
D,0): 8 228.4; HRESITOFMS:m/z 468.0671 [M+Na] (calcd for
C.1H2sN;0sSeNa, 468.0650).
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