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Abstract: The utility of the tert-butylsulfonyl group (Bus) for the
temporary protection of amino acids and peptides is reported. Com-
patibility and orthogonality in the presence of other N- and O-pro-
tecting groups were studied.
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amino-group protection,

N-Protecting groups are of primary importance in the uti-
lization of amino acids and organic molecules containing
amino groups in synthesis.! Among the more popular N-
protecting groups that can also benefit from an orthogonal
deprotection strategy are the N-Boc, N-Cbz, and N-Fmoc
groups. With the exception of the N-o-nitrophenylsulfo-
nyl group introduced by Fukuyama,? other commonly
available sulfonamides are not as versatile, due to the
harsh conditions required for their removal. In 1997 Sun
and Weinreb® reported the use of the N-tert-butylsulfonyl
group as a new protecting group for amines. Their prepa-
ration consisted of a two-step procedure involving reac-
tion of an amine with the commercially available terz-
butylsulfinyl chloride, followed by oxidation of the result-
ing sulfinamide with a variety of oxidants to give the cor-
responding tert-butylsulfonamides in excellent overall
yield. Sun and Weinreb also showed that the N-Bus group
could be cleaved with TFA/anisole at room temperature to
regenerate the amine salt in good yields.

Only limited use has been made of this versatile N-pro-
tecting group since its initial report in 1997. For example,
Sharpless and coworkers* have shown that ferz-butyl sul-
fonamide is an effective nitrogen source for catalytic ami-
nohydroxylation and aziridination of olefins. The
resulting N-Bus products could be cleaved to the corre-
sponding amino alcohols and aziridines, respectively.
Other applications have involved addition reactions to N-
Bus imines>® and lithiation—electrophile trapping of ter-
minal N-Bus aziridines and related applications.” The re-
gioselective opening of an aziridine intermediate with
CeCl, during the total synthesis of chlorodysinosin A3
was only possible with the N-Bus protection. Other sul-
fonamides led to mixture of chloro products.
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Surprisingly, the utility of the N-Bus protecting group has
not been systematically explored in amino acid and pep-
tide chemistry. We report herein our efforts in the prepa-
ration a variety of N-Bus derivatives of common amino
acids and peptides. We further show the combination of
N-Bus and other common N-protecting groups, and the
prospects of performing orthogonal deprotections. The re-
sults for the formation and cleavage of the N-Bus amino
acid esters are shown in Table 1 (compounds 3a-g).

We next studied the formation and cleavage of N-Bus de-
rivatives of functionalized amino acids (Table 2, Sa—f).
Selective deprotection of N-Boc, N-Cbz, N-Fmoc, and
benzyl ethers groups could be achieved in the presence of
the N-Bus group (Table 2, 6a—f). However, deprotection
of the N-Bus group with TfOH in CH,Cl, also cleaved N-
Boc, N-Cbz, and benzyl ether groups (Table 2, Sa—e). The
N-Fmoc group was not affected under the conditions of
deprotection (Table 2, 6g).

The formation and cleavage of N-Bus dipeptides contain-
ing other N-protecting groups is shown in Scheme 1. L-
Proline methyl ester was coupled to N-Bus-O-Bn-L-Ser
(7) and N-Bus-O-Bn-L-Tyr (8), respectively, and the
products were hydrogenated to the dipeptides 11 and 12.
Similar coupling with N°-Boc-L-Lys-OMe led to the
dipeptides 13 and 14. Hydrogenolysis of the benzyl ether
or deprotection of the N-Boc gave 15-18. Dipeptides 21—
24 were prepared from N%-Boc (or Cbz)-L-Lys-OMe by
coupling with N-Bus-L-Ala-OH and N-Bus-L-Phe-OH (19
and 20). Selective cleavage of the N°-Boc or N°-Cbz
group with TFA/CH,CI, or hydrogenolysis gave 25 and
26, respectively. The same sequence was also achieved
with N-Bus-D-Ala-OH and N-Bus-D-Phe-OH to give 29—
34 in essentially identical yields.

Orthogonal deprotections in the tripeptide series are
shown in Scheme 2. Thus N-Bus-L-Pro-OMe (35) was hy-
drolyzed to the acid 36, then coupled with N°-Cbz-L-Lys-
OMe to give 37. Hydrolysis to the acid 38, followed by
coupling with N%-Boc-L-Lys-OMe afforded 39, which
was subjected to hydrogenolysis to give 40. Subsequent
treatment with methanolic HCI gave 41. Alternatively
cleavage of the N°-Boc group in 39 with TFA/CH,CI,
gave 42. Finally, global deprotection of N-Bus, N-Boc,
and N-Cbz groups in 39 could be achieved to give the tri-
peptide methyl ester 43 in excellent yield.
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Table 1 Formation and Cleavage for N-Bus Amino Acid Esters®

SRR I SR S
e —— S e —— —_—
HZN/kCOgMe HCOgMe BusHNJ\COZMe HoN CO.Me
1a—-g 2a—-g 3a—g 1a-g
Entry Compound N-Bus formation® N-Bus cleavage
Compound Yield (%)® Compound Yield (%)>¢
Ph
1 3a 84 la 89
HoN CO.Et
2 3b 82 1b 90
N CO,Me
H
3 3c 82 1c 79
HoN CO.Me
4 e 3d 77 1d 85
HZN/'\COZMe
Ph
5 /E 3e 88 le 85
HoN CO.Me
6 3f 77 1f 85
H2N COZMG
COZMG
7 3g 72 1g 84
HoN COZME

 Reaction conditions: a) tert-butylsulfinyl chloride, Et;N, CH,Cl,, 0 °C, 1 h; b) MCPBA, CH,Cl,, r.t., I h; ¢) TfOH, CH,Cl,, anisole, 0 °C, 10 h.
® Yields of isolated pure product.

¢ Total yields over two steps.

4 Enantiomeric purities were checked by HPLC and 'H/!F NMR spectra of Mosher amides.

Table 2 Formation and Cleavage of Functionalized Amino Acid Esters
R1 R1 RZ
Bus protection orthogonal deprotection
—_—
HCI-HoN CO,Me BusHN COMe BusHN COsMe
4a—f 5a—f 6a—f

R = N-protected amino acid, R? = N-unprotected amino acid

Entry Compound Bus formation Orthogonal cleavage
Compound Yield (%)* Compound Yield (%)*
BnO BnO. HO
1 4a 5a 78 6a 97°
HoN CO.Me BusHN COsMe BusHN CO.Me
OBn OBn OH
2 4b 5b 80 6b 97°
HoN CO.Me BusHN CO,Me BusHN CO.Me
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Table 2 Formation and Cleavage of Functionalized Amino Acid Esters (continued)
R! R! R2
Bus protection orthogonal deprotection
HCI-HoN CO.Me BusHN CO,Me BusHN COoMe
4a—f 5a—f 6a—f
R = N-protected amino acid, R? = N-unprotected amino acid
Entry Compound Bus formation Orthogonal cleavage
Compound Yield (%)* Compound Yield (%)*
NHBoc NHBoc NH»
3 4c 5c /(H 80 6¢ /'\)) 97¢
HoN CO.Me BusHN CO.Me BusHN CO.Me
NHCbz NHCbz NH>
4 4d 5d /(H 76 6d /(H 97°
HoN CO.Me BusHN CO.Me BusHN CO.Me
CbzHN NCbz CbzHN NCbz HoN NH
NH NH NH
5 de f/ Se /{ 76 6e /'\/r 95b
HoN CO,Me BusHN CO,Me BusHN CO,Me
NH, NHBus NHBus
6 4f /(H 5f 81 of /(H 92¢
FmocHN CO.Me FmocHN CO.Me HoN CO.Me
NH,
6g 89¢

.

FmocHN CO,Me

2 Yields of isolated pure product.

® Conditions: 20% wt% Pd(OH),, H,, MeOH, r.t., 2-3 h.
¢ Conditions: 5 equiv TFA, CH,Cl,, r.t., 8 h.

4 Conditions: piperidine (5 mol%), DMF, r.t., 8 h.

¢ Conditions: TfOH, CH,Cl,, anisole, 4 °C, 6 h.

In conclusion, protection of amino groups as N-Bus sul-
fonamides in amino acid and peptide chemistry can be
achieved in a two-step procedure involving reaction of the
amine with the commercially available ters-butylsulfinyl
chloride, followed by oxidation of the resulting sulfin-
amide in excellent overall yields. The N-Bus group can be
cleaved to regenerate the corresponding amine in 0.1 N
TfOH-CH,Cl,—anisole at 0 °C for 10 hours.

A variety of N-Bus-protected amino acids in conjunction
with other protecting groups can be used to form dipep-
tides and tripeptides. Our studies show that the original

conditions® required for the N-Bus-group cleavage, also
cleaved the N-Boc, N-Cbz, and O-Bn groups. The N-
Fmoc is stable during the deprotection of the N-Bus deriv-
atives to regenerate the corresponding amine with an ex-
cellent yield. Selective and orthogonal deprotection of N-
Boc, N-Cbz, N-Fmoc, and O-Bn groups and methy] esters
could be achieved in the presence of the N-Bus protecting
group without detectable racemization.”!! Based on these
observations, the N-Bus group should find extensive util-
ity in amino acid and peptide chemistry.
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R! Rl Rl
/E a N b N
BusHN CO,H + > BusHN > BusHN
N
H  COMe O  Co,Me O  Co,Me
=0Bn 9, R' = OBn, 86% 11, R' = OH, 89%
8, R' = CgH4-p-OBn 10, R" = CgH4-p-OBn, 89% 12, R" = CgHy-p-OH, 89%
NHB NHR2
CO,Me ¢
BocHNW\
a BusHN b orc BusHN
+
R1
/E CO,Me CO,Me
BusHN CO,H
; ; . 15, R' = 0Bn, R2 = H, 92%
7, R1 =0OBn 13, R1 =OBn, 850/0 16, R' = CeHs-p-OBn. R = H, 94%
8,R'= CGH4-p-OBn 14,R' = CGH4-p-OBn, 93% 17, R = OH, R2 = Boc, 86%
18, R" = CgH4-p-OH, R? = Boc, 87%
COZME‘
NHR2
R2HN NH, NHR?
R2 = Boc or Cbz borc
+ _a _  BusHN borc _ BusHN
7 ;E I
CO,Me
BusHN™ “CO,H 2 COzMe
19, R' = Me 21, R'=Me, R2=Boc,  90%
1_ 1 2
20,R'=Bn 22, R1 Bn, R2 Boc, 94% i 25 R'=Me, R2=H, 90%
23, R'=Me, R2=Cbz,  90% 26 R' = Bn, R2= H, 94%
24, R' = Bn, R2= Cbz, 93%
/\/\/Ckone NHR2 NHR2
R2HN NHo
2 _
R = Boc or Cbz a BusHN;\ borc BusHNJ\
+ — —_—
1
F} COMe COzMe
BusHN COzH
’ 29, R'=Me, R?2=Boc, 92% 33,R'=Me, R?=H, 89%
27,R’ =Me 1 2_ ° 1 2 °
28 R - Bn 30, R' = Bu, R?= Boc, 93% 34,R'=Bn, R?=H, 95%
’ 31, R'=Me, R2=Cbz,  92%
32, R' = Bn, R?= Cbz, 92%

Scheme 1 Reagents and conditions: a) EDC, HOBt, 2,6-lutidine, DMF-CH,Cl, (1:4), r.t., 4 h; b) 20% wt% Pd(OH),/C, H,, MeOH, r.t., 1 h;

TFA-CH,CI, (1:10), r.t., 4 h.
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General Procedure for the Formation of tert-Butyl-
sulfonamides

A solution of L-phenylanine ethyl ester hydrochloride (1a,
58 mg, 0.25 mmol) in CH,Cl, (3 mL) was cooled to 0 °C
and treated with Et;N (0.35 mL, 2.5 mmol), followed by
dropwise addition of zert-butylsulfinyl chloride (62 pL, 0.5
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NHCbz

(j\COzMe 900/0 (j\COzH 92% BusN 3 /EH 930/0
COoMe

NHCbz NHCbz NHBoc
BusN —C 5 BusN
90% H
o H COH 0PN N CO,Me
38 Ho 5 30
NHosTFA
HCbz
f BusN
93%
NA Cco,Me

NH,HCI

Boc

NH -
cr
39
98% BusN 99% BusN
NH “CO,Me CO,Me

9

82%
HCI-HN
NA CO,Me

E

Scheme 2 Reagents and conditions: a) LiIOH-H,0, MeOH-H,0, 4 °C, 10 h; b) N”—CbZ—L—lysine methyl ester, 2,6-lutidine, EDC, HOBt,
DMF-CH,CI, (1:4), r.t., 4 h; ¢) N®-Boc-L-lysine methyl ester, EDC, 2,6-1utidine, HOBt, r.t., DMF-CH,CI, (1:4), 4 h; d) H,, 20% wt% Pd(OH),/
C, MeOH, r.t., 1 h; e) 1.25 M HCI, MeOH, r.t., 4 h; f) TFA-CH,Cl, (1:10), r.t., 4 h; g) CF;SO;H, CH,Cl,, anisole, 0 °C, 12 h.

mmol) in CH,Cl, (1 mL). The reaction mixture was stirred at
0 °C until TLC showed consumption of the starting material
(1h). Upon completion, sat. ag NaHCO; (5 mL) were added,
and the layers separated (note: acidic washes should be
avoided as fert-butylsulfinamides 2a are known to be
unstable at low pH). The organic layer was then dried over
Na,SO, and concentrated under reduced pressure. Flash
column chromatography (EtOAc—hexane, 3:2) afforded pure
sulfinamide 2a which was directly taken up in CH,Cl, (5
mL), and treated with MCPBA (58 mg, 0.34 mmol) at 0 °C.
After the oxidation was complete by TLC (atr.t. for 1 h), the
mixture was diluted with a mixture of sat. aqg NaHCO; (5
mL) and sat. aq Na,SO; (5§ mL). The aqueous layer was
extracted with CH,Cl, (2 X 10 mL). The organic extracts
were combined, dried over Na,SO,, and concentrated under
reduced pressure. The crude residue was purified by flash
column chromatography (EtOAc—hexane, 1:1) to afford tert-

10)

butylsulfonyl-L-phenylalanine ethyl ester (3a, 66 mg, 84%
over 2 steps) as a colorless solid.

General Procedure for the Cleavage of fert-
Butylsulfonamides

To a solution of anisole (0.22 mL, 2.0 mmol) and tert-
butylsulfonyl-L-alanine methyl ester (3d, 45 mg, 0.2 mmol)
in CH,Cl, (3 mL) was slowly added TfOH (0.2 N in CH,Cl,,
3 mL) at 0 °C. The solution was stirred at O °C for 2 h, then
warmed to 4 °C for 10 h (TLC monitoring, EtOAc-hexane,
2:3), then H,O (6 mL) was added. The aqueous layer was
neutralized with DOWEX Monosphere 550A (OH™ form)
anion-exchange resin at 0 °C until pH 8.5, then MeOH (6
mL) was added, and the resin was filtered. The filtrate was
combined and acidified with aq 1 M HCI (3 mL). The
aqueous layer was frozen and lyophilized to afford L-alanine
methyl ester hydrochloride salt(1d) (24 mg, 85%), as a
colorless oil.
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(11) Enantiomeric and diastereomeric purities were determined
by HPLC and 'H/"F NMR spectra of Mosher amides. For
example: Mosher amides: phenylalanine (de >99.9%) and
alanine (de >99.9%) Column: AD-RH 150 X 4.6 mm;
dipeptides: 21 (de >99.9%), 22 (de >99.9%), 29 (de

Synlett 2009, No. 17,2803-2808 © Thieme Stuttgart - New York

>99.9%), and 30 (de = 99.86%), column: AS-RH 150 x 4.6
mm; 23 (de = 95.66%) and 31 (de = 96.24%), column: OJ-R
150 x 4.6 mm; 23 (de = 95.50%) and 31 (de = 92.22%),
column: C-18 250 X 4.6 mm.
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