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Abstract Selectfluor, 1-chloromethyl-4-fluoro-1,4-diazoniabicyclo-[2.2.2] octane bis(tetrafluoroborate), is among the most
popular fluorinating reagents owning to its commercially availability and non-hygroscopic property. The discovery and under-
standing of new reactivities of selectfluor are thus important for reaction design and optimization when this popular reagent is
employed. It has been found that selectfluor could selectively remove Boc group from doubly protected amines in acetonitrile.
This deprotection could be of interest when compared to other reported methods, not only because selectfluor is a solid and
easy-to-handle, but also because the reaction is mild, operationally simple and chemoselective. The potential usefulness of this
method is demonstrated by the deprotection of a series of protected amino acids and a one-step synthesis of pharmaceutically
important purine derivative. The NMR experiments conducted in CD;CN explain why stoichiometric amount of selectfluor is
needed for a successful reaction.
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Selectfluor,  (1-chloromethyl-4-fluoro-1,4-diazoniabi-

strong oxidative property.”! The discovery and under-

cyclo-[2.2.2]octane bis(tetrafluoroborate), is among the
most popular electrophilic fluorinating reagents owning to
its commercial availability and non-hygroscopic property.
At the same time, the relatively weak N—F bond (homo-
lytic bond dissociation energy: 254.9 kJ/mol in CH;CN)
also renders it as a powerful radical fluorine source in the
presence of photocatalysts or transition-metal catalysts.™”
Furthermore, it can also be used as an oxidant owing to its

* Corresponding authors. E-mail: zh1986@iccas.ac.cn; huxiangg@iccas.ac.cn

standing of new reactivities of selectfluor are thus important
for reaction design and optimization when this popular
reagent is employed.

The #-butyloxycarbonyl (Boc) group is one of the most
commonly used protective group of amine in organic syn-
thesis, because of the ease of incorporation and removal of
this group when necessary, as well as its chemical orthog-
onality with other common amine protecting groups such as
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carboxybenzyl (Cbz) and fluorenylmethyloxycarbonyl
(Fmoc). Although it is common to protect an amine group
with mono-Boc group, double protection of amine with
N,N-di-Boc or N,N-Boc, carbamate group is necessary un-
der various circumstances. For example, di-Boc protected
amines are frequently used as convenient phthalimide
equivalents in Mitsunobu and Gabriel reactions.*) Double
protection of amine with Boc is also required to resist strong
oxidation conditions.”! The selective deprotection of Boc
group from doubly protected amine is hence desirable.
Although the deprotection of Boc protecting group is well
documented, only a few methods are suitable for the se-
lective removal of Boc group from a doubly protected
amine.%)

Herein, we report a new mode of reactivity of selectfluor.
We demonstrate for the first time that selectfluor can se-
lectively remove Boc group from di-protected amines in
acetonitrile under mild conditions in a chemoselective
fashion.

1 Results and discussion

As a continuing interest in stereoselectively fluorinated
compounds,!” recently we conducted the photo-catalyzed
benzylic fluorination developed by Chen and co-workers,™
using di-Boc protected phenyl alanine 1 as the substrate. To
our surprise, no desired product 3 was observed after 24 h,
but the Boc deprotected compound 2 was obtained instead
in low yield (Eq. 1). We quickly realized the potential of
selectfluor for the selective removal of a Boc group, and set
out for further investigation.

selectfluor, 4 o

0 CH4CN
©/\HJ\OM6 visible light WOMe )
with cat., 12% yield NHB
N(BoC)  ithout cat., 10% yield °°
1 2
E 0 -
, 2BF, |
: F O S\ 4
| O YL O N
: N(BogMe O O o
3 2 cat. Selectfluor (5) !
H 4 i

Initially, We chose compound 1 for the optimization of
reaction condition. When 1 equiv. of selectfluor reagent in
acetonitrile was used, 50 ‘C was needed to get a full con-
version and the desired product 2 was obtained in 85% yield
(Table 1, Entry 2). Increasing the temperature gave lower
yield possibly due to the deprotection of the two Boc groups
on compound 1 (Entry 3). Varying the amount of selectfluor
showed that the highest yield was obtained when 1 equiv. of
selectfluor was employed (Entries 4~6). Solvents screen-
ing showed that acetonitrile was the best choice for this
transformation. Thus, the optimized conditions are as fol-
lows: substrates (0.25 mmol), selectfluor (1.0 equiv.), and
CH;CN (5 mL), stirring for 10 h at 50 C.

Chin. J. Org. Chem. 2018, 38, 1712~1717

Table 1 Optimization of the reaction condition for the deprotec-
tion of N-Boc group”

0 (0]
@/\HJ\OMe Conditions ©/\‘)J\0Me
N(Boc), NHBoc
1 2
Entry Selectfluor/equiv. Solvent t°C Yield/%
1 1.0 CH;CN 40 76
2 1.0 CH;CN 50 85
3 1.0 CH;CN 70 77
4 0.5 CH;CN 50 60
5 0.8 CH;CN 50 78
6 2.0 CH;CN 50 85
7 1.0 THF 50 trace
8 1.0 EtOAc 50 trace
9 1.0 CHCl;4 50 trace
10 1.0 CH,Cl, 50 trace
11 1.0 MeOH 50 13
12 1.0 DMSO 50 23
13 1.0 DMF 50 Trace

© 2018 Chinese Chemical Society & SIOC, CAS

“ All of the reactions were carried out on 0.25 mmol scale for 10 h.

With the optimized condition in hand, we next proceeded
to test of the substrate scope. As shown in Table 2,
deprotection of the Boc group from di-Boc protected
phenylalanine 1 proceeded well to furnish the
corresponding mono N-Boc products 2 in good yield (Table
2, Entry 1). Other carbamates protected phenylalanines 6, 8
and 10 were also viable substrates. In these cases, the N-Boc
group was removed selectively in high yields, leaving the
N-Cbz, N-CO,Me and N-CO,Et groups intact (Entries 2~
4). It is interesting to note that this condition only depro-
tected N-Boc from the N,N-carbamate, Boc-protected sub-
strates. V,N-Ts, Boc- and N,N-Ac, Boc-protected substrates
12, 14 were stable under the reaction conditions (Entries 5,
6). This interesting selectivity is obviously different from
the previous methods and may be useful for the design of
chemoselective reactions./®®! The reaction condition is
suitable for the deprotection of other protected amino acids,
and compounds 16, 18, 20, 22, 24, 26, 28, 30 and 32 all
underwent the deprotection smoothly to afford the desired
products in good yields (Entries 7~15). It is noteworthy
that the deprotection took place without affecting the chiral
center of the a-amino acids tested. The comparison ex-
periments showed that deprotected amino acids with one
chiral center such as 2, 7, 9, 11 have identical specific rota-
tion to the samples obtained from the free phenylalanine
through selective protection,”” and the '"H NMR of crude
products 25 and 33 also indicated no detectable epimeriza-
tion. Although O-Boc is generally believed to be much
more labile than its N-counterpart, N-Boc group can be
removed selectively under this condition (Entry 16). Other
common protecting groups for hydroxyl, such as benzoyl
(Bz) and fert-butyloxycarbonyl (TBS), were quite compat-
ible with the reaction conditions (Entries 17, 18). The rela-
tive low yield of TBS-substrates might be due to the

http://sioc-journal.cn/ 1713
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Table 2 Test of the substrate scope
2BF4
F +N N+
N — .
R cl R
_N _NH
R2” “Boc CH4CN,50°C,24h R?
Entry Substrate Product Yield/% | Entry Substrate Product Yield/%
o} 0 : :
1 OMe OMe 85 11 OMe OMe 73
NBoc, NHBoc NBoc, NHBoc
1 2 24 25
(o} o (0] O (0] O
) ©/\‘)L OMe w OMe 80 12 MeOWOMe Meowowle 70
é\lezBoc 7NHCbz 2% N(Boc), 27 NHBoc
Q 0 o 0 o) o
OMe OMe
3 84 13 MeO OMe MeO OMe 77
NCO,MeBoc NHCO,Me NCbzBoc NHCbz
9 28 29
8
o} (0] O (@)
OMe OMe
4 OMe OMe 76 14 89
NHCO,EtBoc NHCO,Et NCbzBoc NHCbz
10 11 30 31
o) o .0 - 0
5 OMe OMe 0 15 OMe OMe 78
NTsBoc NHTs NCbzBoc NHCbz
12 13 32 33
o} (0]
BocoN
p OMe OMe 0 16 %28 "0Boc BocHN - ~0Boc 7
NAcBoc NHAc 34 35
14 15
0 0 Boc,N._~ BocHN._~.
2
7 BocZN\)kOMe BocHN\)J\OMe 77 17 OBz OBz 7
36 37
16 17
O 0 Boc,N BocHN
g %6 18 28"otBs ~"0TBS )
Boc,N OMe BocHN OMe 38 39
18 19
g g L L
NB NHB:
9 BocCbzN  OMe CbzHN  OMe 83 19 oc o 82
20 21 40 41
o o NBoc, NHBoc
2 N Z N
OMe OMe N N N N
10 N N 81 20 > > 60
NBoc, NHBoc k\N N\ k\N H
22 23 42 Boc 43
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presence of small amount of fluoride ion (Entry 18). N-Boc
could be also selectively removed from a benzyl amine
substrate in good yield (Entry 19). Finally, this conditions
could be used to prepare the mono-Boc protected purine 43
in one-step in 10 h. Previously, this pharmaceutically im-
portant compound needed to be prepared from 42 in two
steps and 4 d."” This experiment thus demonstrated the
potential usefulness of this method.

As for the mechanism, we postulated that selectfluor may
serve as a Lewis acid to effect the deprotection of Boc group
owning to the F* nature of this reagent.” **'"! Similar
mechanism for the deprotection of doubly protected amino
group with an iron catalyst has been reported previously.!*
The need of stoichiometric amount of selectfluor may be
due to the decomposition of this reagent under the reaction
conditions. This was supported by the NMR experiment of
1 in CD;CN, in which significant amount of unidentified
decomposed product (possibly 44, two peaks at around ¢
3.5~4.0) of selectfluor (two peaks at around ¢ 4.4 and
4.75) was visible in the 400 MHz '"H NMR spectra (Figure

1.
3 Conclusions

Based on the unexpected observation when conducting
the Chen’s procedure for the benzylic fluorination of 1," It
has been found for the first time that selectfluor could se-
lectively remove a Boc group from doubly protected amines
in acetonitrile. This deprotection could be of interest when
compared to other reported methods,'® ! not only because
selectfluor is a solid and easy-to-handle, but also because
the reaction is mild, operationally simple and chemoselec-
tive. The potential usefulness of this method is demon-
strated by the deprotection of a series of proteceted amino
acids and a one-step synthesis of pharmaceutically im-
portant purine 43. The NMR experiment conducted in
CD;CN explains why stoichiometric amount of selectfluor
is needed for a successful reaction. In addition to providing
a new method for deprotection, the reactivity of selectfluor
demonstrated in this work should be valuable for reaction

Jw After reaction

i

design and optimization when this popular fluorinating
reagent is employed.

4 Experimental section

41

All reagents were used as received from commercial
sources without further purification or prepared as de-
scribed in the literature. All solvents were dried over 4 A
molecular sieves before use unless otherwise stated. Reac-
tions were stirred using Teflon-coated magnetic stirring
bars. Analytical thin layer chromatography (TLC) was
performed with 0.20 mm silica gel 60 F plates with 254 nm
fluorescent indicator. TLC plates were visualized by ultra-
violet light or by treatment with a spray of Pancaldi reagent
[(NH4)sMoO,, Ce(SO,),, H,SO4, H,O] or a solution 0.5%
(V/V) ninhydrin in n-butanol. Chromatographic purification
of products was carried out by flash column chromatog-
raphy on silica gel (230~400 mesh). Melting points were
determined using a WRX-4 visual melting point apparatus.
Both melting points and boiling points are uncorrected.
Infrared spectra were recorded on an IR Affinity-1. NMR
spectra were measured in CDCI; (with TMS as internal
standard) or D,O or MeOD on a Bruker AV400 (‘H at 400
MHz, °C at 100 MHz, "°F at 376 MHz) magnetic resonance
spectrometer. High-resolution mass spectra (HRMS) were
recorded on a SYNAPT G2Si High Definition MS System.
The HRMS were measured under ESI model (specified in
the section of characterization data).

4.2 General procedures for selective deprotection of
Boc

General information

To a stirred solution of corresponding amine (1 equiv.) in
dry MeCN was added selectfluor (1 equiv.) in one portion.
Then the mixture was stirred for 24 h at 50 ‘C, followed by
quenching with ethyl acetate and water (V' V=1 I 1). The
organic phase was washed with brine, dried with MgSQOy,,
and the solvent was evaporated under reduced pressure after
filtering. Then the crude product was purified by flash
chromatography on silica gel(hexane/EtOAc) to give the

55 5.0

Jun before reaction
8.0 7.5 7.0 6.5 6.0

Figure 1 NMR study of deprotection of 1 with selectfluor in CDCl;

Chin. J. Org. Chem. 2018, 38, 1712~1717
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deprotected compounds. The NMR data of compounds 2, 7,
9,11,17,19, 21, 23, 25, 27 are shown below. For the data of
other compounds please see the Supporting Information.

(S)-Methyl  2-[(tert-butoxycarbonyl)amino]-3-phenyl-
propanoate (2): Colorless liquid. [a]y + 40.8 (¢ 1.0,
CHCLy) [lit.* [a]? +18.4 (¢ 1.54, CHCly)]; 'H NMR
(400 MHz, CDCl;) : 7.25~7.04 (m, 5H), 4.90 (d, J=7.29
Hz, 1H), 4.58~4.46 (m, 1H), 3.64 (s, 3H), 3.07~2.95 (m,
2H), 1.35 (s, 9H); °*C NMR (100 MHz, CDCl3) §: 171.3,
154.0, 135.0, 128.3, 127.5, 126.0, 78.9, 53.4, 51.2, 37.3,
27.3.

(S)-Methyl  2-(((benzyloxy)carbonyl)amino)-3-phenyl-
propanoate (7):'*! Colorless liquid. [a]y —22.3 (c 0.8,
MeOH) [lit."*! [a]¥ —14.9 (¢ 1.0, MeOH)]; 'H NMR (400
MHz, CDCl;) 9: 7.34~7.26 (m, 10H), 5.22 (d, 1H), 5.09 (d,
J=2.69 Hz, 2H), 4.66 (ddd, J/=11.8, 5.9, 5.9 Hz, 1H), 3.72
(s, 3H), 3.17~3.03 (m, 2H); *C NMR (100 MHz, CDCl5)
0: 172.0, 155.6, 129.3, 128.6, 128.5, 128.2, 128.1, 127.2,
67.0, 54.8,52.4, 38.2.

(S)-Methyl 2-[(methoxycarbonyl)amino]-3-phenylpropa-
noate (9): Colorless liquid. [a]; +48.0 (¢ 1.0, CHCl;)
[it." [a]¥ +57.0 (¢ 1.0, CHCL3)]; '"H NMR (400 MHz,
CDCly) ¢: 7.31~7.10 (m, 5H), 5.21 (d, J=7.34 Hz, 1H),
4.67~4.62 (m, 1H), 3.71 (s, 3H), 3.65 (s, 3H), 3.15~3.04
(m, 2H); *C NMR (100 MHz, CDCl3) §: 172.1, 156.3,
135.8,129.2, 128.6, 127.1, 54.8, 52.3, 52.2, 38.3.

(S)-Methyl  2-[(ethoxycarbonyl)amino]-3-phenylpropa-
noate (11):"* Colorless liquid. [a]5 +36.2 (¢ 1.0, CHCly);
'H NMR (400 MHz, CDCl;) 0: 7.31~7.11 (m, 5H), 5.21
(s,1H), 4.66~4.61(m, 1H), 4.09 (dd, /=14.20, 7.20 Hz,
2H), 3.70 (s, 3H), 3.15~3.04 (m, 2H), 1.21 (t, J/=7.20 Hz,
3H) ;*C NMR (100 MHz, CDCL3) 6: 172.2, 155.9, 135.9,
129.2,128.6, 127.1, 61.2, 54.7, 52.3, 38.3, 14.5.

Methyl 2-[(tert-butoxycarbonyl)aminolacetate (17):!'®
Colorless oil. 'H NMR (400 MHz, CDCl;) J: 5.62 (t, J=
5.81 Hz, 1H), 3.68 (s,J=5.81 Hz, 2H), 3.74 (s, 3H), 1.45 (s,
9H); “CNMR (100 MHz, CDCly) d: 170.8, 155.8, 79.5,
51.8,42.0,28.1.

(S)-Methyl  2-[(fert-butoxycarbonyl)amino Jpropanoate
(19): Colorless liquid. [a]y —5.2 (¢ 1.0, CHCly) [lit.[
[a]5 —2.75 (¢ 1.0, CHCI5)]; '"H NMR (400 MHz, CDCl;)
0: 5.08 (s, 1H), 4.33 (p, J=7.4 Hz, 1H), 3.75 (s, 3H), 1.45
(s, 9H), 1.37 (d, J=7.2 Hz, 3H); °C NMR (100 MHz,
CDCly) 0: 173.8, 155.1,79.9, 52.3, 49.2, 28.3,18.7.

(S)-Methyl 2-(((benzyloxy)carbonyl)amino)propanoate
(21): Colorless liquid. [a]3 —37.5 (¢ 1.0, MeOH) [lit.["”
[a]5 —33.0 (c 1.0, MeOH)]; 'H NMR (400 MHz, CDCls)
0: 741~7.27 (m, 5H), 5.24 (s, 1H), 5.04 (dd, J=14.22,
7.02 Hz, 1H), 3.65 (s, 3H), 1.52 (s, 3H), 1.46 (s,9H); "°C
NMR (100 MHz, CDCl;) d: 171.2, 153.5, 151.1, 135.2,
128.5,128.4, 128.3. 83.7, 68.8, 54.3, 52.2,27.9, 15.6.

(S)-Methyl  2-[(tert-butoxycarbonyl)amino]-4-methyl-
pentanoate (23):"'® Pale yellow liquid. [a]y —7.3 (¢ 1.0,
CHCLy) [lit"" [a]5 —4.21 (¢ 1.56, CHCL)]; '"H NMR
(400 MHz, CDCl;) 0: 5.23 (d, J/=8.91 Hz, 1H ), 4.34~4.29
(m, 1H), 3.73 (s, 3H), 1.76~1.66 (m, 1H), 1.62~1.44 (m,
2H), 1.44 (s, 9H), 0.95 (d, J/=2.32 Hz, 3H), 0.94 (d, J=

1716 http://sioc-journal.cn/
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2.32 Hz, 3H); "C NMR (100 MHz, CDCl;) 6: 173.8, 155.3,
79.4,51.9,41.5,28.2,24.6,22.7,21.7.

(25,35)-Methyl  2-[(fert-butoxycarbonyl)amino]-3-me-
thylpentanoate (25): Colorless liquid. [a]; +18.3 (c 1.0,
CHCL) [1it.” [a]5 416.6 (¢ 3.7, CHCl3)]; "H NMR (400
MHz, CDCL3) d: 5.07 (d, J=9.1 Hz, 1H), 427 (dd, J=
9.1,4.9 Hz, 1H), 3.73 (s, 3H), 1.96~1.72 (m, 1H), 1.45 (s,
9H), 1.28~1.05 (m, 1H), 0.95~0.98 (m, 6H); *C NMR
(100 MHz, CDCl3) d: 172.9, 155.5, 79.8, 57.9, 52.0, 38.0,
28.3,25.0,15.5,11.6.

(S)-Dimethyl  2-[(tert-butoxycarbonyl)amino]-pentane-
dioate (27):* Colorless oil. [a]5 +15.8 (¢ 1.2, CHCL)
[1it.? [a]5 +12.5 (¢ 2.0, CHCl3)]; '"H NMR (400 MHz,
CDCly) 6: 5.06 (d, J=7.74 Hz 1H), 4.26 (s, 1H), 3.68 (s,
3H), 3.61 (s, 3H), 2.41~2.27 (m, 2H), 2.20~2.06 (m, 1H),
1.95~1.82 (m, 1H), 1.37 (s, 9H); *C NMR (100 MHz,
CDCly) d: 172.2, 171.6, 154.3,79.0, 51.8, 51.4, 50.8, 29.0,
27.3,26.8.

Supporting Information General procedure for the syn-
thesis of the substrates and "H NMR, >C NMR spectra of
products. The Supporting Information is available free of
charge via the Internet at http://sioc-journal.cn/.
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