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(A) A solution of the N-Boc protected amne (1 mol)
in TFE (2,2, 2-trifluoroethanol) or HFIP
(hexafluor0|sopropanol) (5 m) was placed in a sealed
m crowave vial. The reaction mx- 10 tire was heated
(100C or 150C) in a Biotage - InitiatorTm Si xty
m crowave reactor with stirring until the
di sappearance of the starting material was observed.
After cooling to roomtenperature, the m xture was
evaporated to dryness under reduced pressure. The
crude product was purified by flash-colum
chromat ography. 111 NMR and 13C NMR were neasured on
Bal ker Avance DPX-300 NMR or Bruker Avance-300 NWVR
spectroneters, operating at a proton (1H) frequency
15 of 300.13 MHz and carbon (13C) frequency of 75.43
MHz. (B)
3-Benzyl- 5- net hyl - 2, 4- di oxo- 3, 4-di hydr o- 2H-pyri m di ne
-1-BOC (1 nmol ) was de-protected by (a) heating at
reflux for 1 hin TFE (5 nmL), or (b) heating in TFE
(5 m) for 5 mn at 100C in a microwave reactor, and
purified by flash-columm chronat ography to provide 3-
benzyl-5-net hyl- 1H pyri m dine-2,4-dione in 83%yield
(a) and 97%vyield (b). Product rap 207- 20 208C 1H
NMR (DMSO-d6) 11.00 (broad s, 1H), 7.35 (s, 1H),
7.22-7.34 (m511), 4.97 (s, ZFD 1.80 (s,3H,); 13C NWR
(DVBO-d6) 164. 15, 151.74, 137.81, 136.97, 128.65,
127.94, 127.41, 107.62, 43.20, 12.85; MSESI: mz (%
217 (M+H+, 100); Anal. calc. for Cl121112N202:
C 66.64; 11,5.59; N,12.95. Found: C, 66.66; 11,5. 46;
N, 13. O1. (O NBOC 2-formyl-pyrrole (1 mmol)
was deprotected by (a) heating at reflux for 6 h in
25 TFE (5 nmL), or (b) heating in TFE (5 nL) for 30
mn at 100C in a mcrowave reactor, and purified by
“flash-col unmm chromat ography to provide
1H pyrrol e- 2-car bal dehyde in 65%yield (a) and 91%
yield (b). Product np = 44-45C, 111 NMR (CDCl3) 9.56
- 9.86 (broad s, 1H), 9.54 (s, 1H), 7.15 (s, 11{),
6.92 - 7.05 (m 1H), 6.27 - 6.43 (m I1H); 13C NWR
(CDC13) 180.49, 132.92, 126.44, 121.40, 111.36. M
ESI: raiz (%9 96 (MtH+, 100); FIRVS ESI nmiz 96. 04388
(MrH+) . 30 Cal cul at ed 96. 04439. (D)
5- Chl oro- (1-B0OC) - 1Hi ndol e- 3-carboxylic acid am de (1
mmol ) was deprotected by (a) heating at reflux for 12
hin TFE (5 nL), or (b) heating in TFE (5 nL) for 1 h
at 100C in a mcrowave reactor, and purified by
fl ash-col um chronmat ography, to provide
5- chloro 1H|ndole 3- carboxyllc aC|d amde in 99%



10

15

20

25

30

Yield 1 -CONH2 O TFE 5 mn 98% 1 -CONH2 C HFIP 5
mn 97% 2 HH TFE 15 min 99% 2 HHI-IFIP 5 mn 97% 3
-CHOH TFE 5 min 91%3 -CHOH HFIP 5 min 96%
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Unless otherwise stated, the following terms used in this Application, including the speci-
fication and claims, have the definitions given below. It must be noted that, as used in the speci-
fication and the appended claims, the singular forms "a", "an,"” and "the" include plural referents
unless the context clearly dictates otherwise.

The term "BOC" refers to the radical t-butoxycarbonyl, (CH3)3CC(0)O-.

The terms "BOC-protected nitrogen” and "N-BOC" refer to a nitrogen atom to which a
BOC radical is covalently bound. Similarly, "BOC-protected compound” refers to an organic
compound that comprises a BOC-protected nifrogen.

The term "deprotected compound” refers to a compound from which BOC has been re-
moved from a BOC-protected nitrogen. Note that a deprotected compound within the scope of
this invention may still retain other protecting groups, which are generally undisturbed by the
method of the invention.

The term "fluorinated alcohol” refers to compounds of the formula R1R2R3C-OH, where
R1 is a fluorinated lower alkyl radical, and R2 and R3 are each independently H or a fluorinated
lower alkyl radical. Exemplary fluorinated alcohols include, without limitation, 2,2,2-
trifluoroethanol ("TFE™), 1,1,1,3,3,3-hexafluoroisopropanol ("HFIP"), 3,3.4,4.4-pentafluoro-
butan-2-ol ("PFB"}, and the like.

The term "lower alkyl" refers to monovalent hydrocarbon radicals composed of carbon and
hydrogen, and having no unsaturation. Lower alkyl radicals may be straight or branched, and
contain from 1 to 6 carbon atoms, inclusive.

The term "fluorinated lower alkyl" refers to a lower alkyl radical in which one or more hy-
drogen atoms has been replaced by fluorine. Exemplary fluorinated lower alkyl radicals include,
without limitation, CF3-, CHF,-, CF3CF,-, CHF»CF»-, and the like.

The term "labile" as used herein refers to the relative bond sirength and ease of removing
the BOC protecting group.

All patents and publications identified herein are incorporated herein by reference in their
entirety.

The invention provides a new, practical method to cleanly deprotect BOC-nitrogens using
a fluorinated alcohol such as 2.2,2-trifluoroethanol (TFE) or hexafluoroisopropanol (HFIP) as a

solvent, in quantitative yields.
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4 HA TFE 1 h 98% Conpound No. R R Fluorinated
al cohol Tine Yield 4 HA HFIP5 mn 94%5 11 -0Me
TFE 1 h 95% 5 H -OMe HFIP 15 min 98% 6 H -CN TFE

3-

In practice, an N-BOC protected compound is first dissolved in a fluorinated alcohol such
as TFE or HFIP. The quantity of fluorinated alcohol required to dissolve the protected compound
will depend in general on the solubility of the compound. As a starting point, one may begin with
a ratio of about 1 mmol protected compound to about 5 mL of fluorinated aicohol, and adjust the
ratio by routine experimentation to maximize results. If the protected compound is not suffi-
ciently soluble in a fluorinated alcohol, a co-solvent such as benzene, toluene, pyridine, di-
methylsulfoxide, N-methylpyrrolidine, dichioromethane, chioroform, dioxane, tetrahydrofuran,
or the like may be added.

The solution may be heated by convention methods, for example by gas burnet, oil bath,
and the like. Preferably, the solution is heated using a microwave radiator, such as a Biotage
INITIATOR™ 60 focused microwave reactor. The solution is preferably stirred during heating.

In general, the reaction times and temperatures necessary will depend upon the nature of
the compound to be deprotected and the heating method. When using TFE or HFIP with most
protected compounds and conventional heating at the reflux temperature of the solvent, a reac-
tion time of about 30 minutes to about 48 hours is generally necessary. When using TFE or HFIP
with most protected compounds and microwave heating, a temperature of between about 80°C
and about 200°C is sufficient, preferably between about 100°C and 170°C. Reaction times may
range, in general, from about 1 minute to about 6 hours, typically from about 1 hour to about 4
hours. Optimal reaction times and selection of fluorinated alcohol are determined by routine ex-
perimentation, for example following the Examples set forth below. In general, BOC groups that
are less labile can be removed by (a) increasing the reaction time, (b) switching to a more reac-
tive fluorinated alcohol (for example, from TFE to HFIP), and/or (c) increasing the temperature.

After completion of the deprotection reaction, the fluorinated alcohol may be removed by
evaporation, and the deprotected compound recovered and purified by convention methods, for
example, by column chromatography, HPLC, recrystallization, and the like. The fiuorinated al-
cohol is preferably recovered and reused.

In cases in which a given compound has multiple different nitrogen atoms, having different
labilities, it is possible to deprotect BOC-protected nitrogen atoms sequentially, proceeding with
the most labile nitrogen. For example, in compounds having an aromatic nitrogen and an ali-
phatic nitrogen, it is possible to remove the BOC group from the aromatic nitrogen without dis-
turbing the aliphatic nitrogen BOC, and to then remove the BOC group from the aliphatic nitro-
gen in a separate step. This permits one to modify the aromatic nitrogen without simultaneously
modifying the aliphatic nitrogen. To effect such sequential deprotection, one removes the first
{(most labile) BOC using the least reactive fluorinated alcohol (for example, TFE). Routine ex-
perimentation may be necessary to determine the optimal choice of fuorinated alcohol, reaction
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1 ho98%6 H-CNIIFIP5 mn 98% 7 H-NO2 TFE 15 mn
91% 7 H-NO2 EFIP 5 min 99%8 H-NH2 TFE 15 nin 81% 8
H-NH2 IIFIP 15 min 70% a yield after chronatography
Product dat a: Compound 1: np 248-249C; 1H NWMR
(DMSO-d6) 11.72 (broad s, 1 H), 8.15 (d, J=2.26 Hz, 1
H, 8.09 (d, J=3.01 Hz, 1 H), 7.60-7.40 (broad s,
111), 7.45 (d, J=8.67 Hz, 1‘H) 7.15 (dd, 5 J=8.48,
2.07 Hz, 1 H), 700675(broads 1 H; 13C NWR
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It ) %r?mcr%?z% M50, 100)
Example 1

(A) A solution of the N-Boc protecied amine (1 mmol) in TFE (2,2,2-trifluoroethanol} or
HFIP (hexafluoroisopropanol) (5 mL} was placed in a sealed microwave vial. The reaction mix-
ture was heated (100°C or 150°C) in a Biotage - Initiator™ Sixty microwave reactor with stirring
until the disappearance of the starting material was observed. After cooling to room temperature,
the mixture was evaporated to dryness under reduced pressure. The crude product was purified
by flash-column chromatography. "H NMR and 13C NMR were measured on Bruker Avance
DPX-300 NMR or Bruker Avance-300 NMR spectrometers, operating at a proton (*H) frequency
of 300.13 MHz and carbon (°C) frequency of 75.43 MHz.

(B) 3-Benzyl-5-methyl-2.4-dioxo-3,4-dihydro-2H-pyrimidine-1-BOC (1 mmol) was de-
protected by (a) heating at reflux for 1 h in TFE (5 mL), or (b) heating in TFE (5 mL) for 5 min
at 100°C in a microwave reactor, and purified by flash-column chromatography to provide 3-
benzyl-5-methyl-1H-pyrimidine-2,4-dione in 83% yield (a) and 97% yield (b). Product mp 207-
208°C; 'H NMR (DMSO0-d6) 11.00 (broad s,1H), 7.35 (s,1H), 7.22-7.34 (m,5H), 4.97 (s,2H),
1.80 (s,3H,); C NMR (DMSO-d6) 164.15, 151.74, 137.81, 136.97, 128.65, 127.94, 12741,
107.62, 43.20, 12.85; MS ESL: m/z (%) 217 (M+H+, 100); Anal. calc. for C12H12N204: C,66.64;
H,5.59; N,12.95. Found: C,66.66; H,5.46; N,13.01.

(C) N-BOC-2-formyl-pyrrole (1 mmol) was deprotected by (a) heating at reflux for 6 hin
TFE (5 mL), or (b) heating in TFE (5 mL) for 30 min at 100°C in a microwave reactor, and puri-
fied by flash-column chromatography to provide 1H-pyrrole-2-carbaldehyde in 65% yield (a)
and 91% yield (b). Product mp = 44-45°C; "H NMR (CDCl3) 9.56 - 9.86 (broad s, 1H), 9.54 (s,
1H), 7.15 (s, 1H), 6.92 - 7.05 (m, 1H), 6.27 - 6.43 (m, 1H); °C NMR (CDCl;) 180.49, 132.92,
126.44, 121.40, 111.36. MS ESL m/z (%) 96 (M+H+, 100); HRMS ESI m/z 96.04388 (M+H+).
Calculated 96.04439,

(D) 5-Chioro-(1-BOC)-1H-indole-3-carboxylic acid amide (1 mmol) was deprotected by
(2) heating at reflux for 12 h in TFE (5 mL), or (b} heating in TFE (5 mL) for 1 h at 100°C in a
microwave reactor, and purified by flash-column chromatography, to provide 5-chloro-1H-
indole-3-carboxylic acid amide in 99% yield (a) and 98% yield (b). Product mp 248-249°C; 'H
NMR (DMSO-d6) 11.72 (broad s, 1 H), 8.15 (d, J=2.26 Hz, 1 H), 8.09 (d, }=3.01 Hz, 1 I}, 7.60-
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Compound 3: np 196-197C;, NVR (DVBO-d6) 12.14 (broad s,
1H), 9.95 (s, 1H), 8.30-8.09 (m 2H), 7.56-7.20 (m
3H); 13C NVMR (DWMSO d6) 185. 34, 138.85, 137.43, 124.49,
123.84, 122.50m 121.20, 118.54, 112.80; MS ES': mz
(% 146 (MrH+; 100); FIRMS ESI mz (M+H+) 146. 05963.
Cab 146.06004. 15Conpound 4: np 74-75C, |TINWR
(CDCI3), 8.13 (broad s, 114,-5D20 exch.), 7.61 (s,
1H) 731712(m 3H), 6.50-6.48 (m 1H); 13C NWMR
ks, 1847 4514, I23&7, 1 B35.13%dd, 3204846 .07 8221 B} 7.00-6.75 (broad s,

0 1
N R
1B M 53/ 0 595 SR N ARD)( ERBFIS! nz G Hib) 53488, Caleulated
19503]97D20 exch.), 7.28-6.84 (m 20 4H), 6.49-6.47 (m

1H), 3.85 (s, 311) 13C NVR (CDC13) 154.19, 130. 94,
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& s1 48,080 QvR Q60BN Cofmny %
fou e e L

7.46-7. 37 %r‘ré 2H), 6.76-6,74 gh;y 111);
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@f‘%s@;f@gﬁmg e e
2.30 (16K 1.72 Fyroad s, 2H), (118 (LH6- 7 Hz53}@6 FMI&?C]Q;B 49, 130. 81
12884, 128183) 78.18, 39.20,519.78H) 6.38 M. ESbin0:a®@6)s1,80 2+ H+168%); HRMS ESI
G 0.63, 128.77, 124.69, 112.95,
m;%lfklé B“Lf 1oé$§22é§1? ?&%%é&ws ESI nilz (% 133
I\/? B'gg% HRVE 10 ESI ink (M:H+) 133.07560. Cal c
13 Exanpl e 3 The deprotection of a series
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substit uents _were found to react faster than those
with el ectroft-donating groups. 15 TheRreacti on

condi 1s—enpl oyed were fo be{conpatible with
ot her ecti ng groups such a 2% -NAl | oc and
- OTl PS: {e 2: Deprotection N i nes Conpound

No. R' Fluorpnated alcohol Tine Yield" 9 4-Cl1 TFE 1.5
h 98% 9 4- H 1 h 80%10 4-Br, 3-C1

Table 1: Deprotection of Indoles

Compound R R’ Fluorinated Time Yield®
No. aleohol
1 —CONH; Cl TFE 5 min 98%
1 —CONH; Cl HFIP 5 min 97%
2 H H THFE 15 min 99%
2 H H HFTP 5 min 97%
3 —CHO H TFE 5 min 91%
3 —CHO H HFIP 5 min 96%
4 0 Cl TFE 1h 98%
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TFE 1 h 97% 10 4-Br, 3-Cl1 BPIF 15 min 77% 11 4- NO2
TFE | h 95% 11 4-NO2 HEWS5 min 76% 12 4-0Me TFE 2h
95% 12 4-O0Me HER) 0.5 h 85% 13 3-OMe TFE 1 h 95% 13
3-0Me HEIP 0. 5h

-6-
Compound R R’ Fluorinated Time Yield®
No. alcohol
4 H Cl HEFTP 5 min 94%
5 H ~-OMe TFE 1h 95%
3 H —OMe HFIP 15 min 98%
6 H —-CN TFE 1h 98%
6 H —-CN HFTP 5 min 98%
7 H —NO; TFE 15 min 91%
7 H —NO» HFIP 5 min 99%
8 H —NH» TFE 15 min 81%
8 H —NH, HFIP 15 min 70%
* yield after chromatography
Product data:

Compound 1: mp 248-249°C; 'H NMR (DMSO-d6) 11.72 (broad s, 1 H), 8.15 (d, I=2.26
Hz, 1 H), 8.09 (d, J=3.01 Hz, 1 H), 7.60-7.40 (broad s, 1H), 7.45 (d, J=8.67 Hz, 1 H), 7.15 (dd,
J=8.48, 2.07 Hz, 1 H), 7.00-6.75 (broad s, 1 H); *C NMR (DMSO-d6) 166.42, 134.99, 130.17,
127.83, 125.43, 122.15, 120.55, 113.74, 110.54; MS ESL: m/z (%) 195 (M+H+, 100); HRMS
ESI m/z (M+H+) 195.03188. Calc 195.03197.

Compound 2: mp 50-51°C; 'H NMR (CDCl3) s 8.08 (broad s, 1H), 7.65 (dd, 1H), 7.38 (m,
2H), 7.23-7.09 (m, 2H), 6.56-6.54 (m, 1H); C NMR (CHCl3-d) 135.74, 127.82, 124.10, 121.97,
120.72, 119.80, 111.00, 102.61; MS EL: m/z (%) 117 (M+,100).

Compound 3: mp 196-197°C; 'H NMR (DMSOQ-d6) 12.14 (broad s, 1H), 9.95 (s, 1H),
8.30-8.09 (m, 2H), 7.56-7.20 (m, 3H); *C NMR (DMSO-d6)185.34, 138.85, 137.43, 12449,
123.84, 122.50m 121.20, 118.54, 112.80; MS ESI: m/z (%) 146 (M+H+; 100); HRMS ESI m/z
(M+H+) 146.05963. Calc 146.06004.

Compound 4; mp 74-75°C; 'H NMR {CDCl), 8.13 (broad s, TH, I»0 exch.}, 7.61 (s, 1H),
7.31-7.12 (m, 3H), 6.50-6.48 (m, 1H); *C NMR (CDCl;) 134.11, 128.94, 125.51, 125.46, 122.31,
120.11, 111.97, 102.41; MS EI: m/z (%0) 151 (M+,100%); HRMS ESI m/z (M+H+) 152.02585.
Calc 152.02615.

Compound 5: mp 55-56°C; '"H NMR (CDCLy), 8.03 (broad s, 1H, D,0 exch.),7.28-6.84 (m,
4H), 6.49-6.47 (m, 1H), 3.85 (s, 3H); *C NMR (CDCL) 154.19, 130.94, 128.27, 124.85, 112.35,
111.70, 102.38, 102.30, 55.85; MS ESIL: m/z (%) 148 (M+H+,100%); HRMS ESI m/z (M+H+)
148.07531. Caic 148.07569.

Compound 6: mp 102-104°C; 'H NMR (CDCls), 8.68 (broad s, 11, D20 exch.), 8.00-7.99
(m, 1H), 7.49-7.40 (m, 2H), 7.36-7.34 (m,11), 6.64-6.62 (m, 1H); *C NMR (CDCl;) 137.50,
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89% 14 24 TFE 1 h 98% 14 2-1 HF1P 1 h (deconposed)
Conmpound No. R' Fluorinated al cohol Tine Yield 15
4-NH2 TFE 3h 93% 15 4-N112 HFIP 0.5 h 97% 16 3-0TI PS
TFE 2h 81% 16 3- 0TI PS

-7-

127.66, 12648, 126.41, 124.87, 120.87, 112.02, 103.43, 102.79; MS EI: m/z (%) 142
(M+,100%); HRMS ESI m/z (M+H+) 143.06006. Calc 143.06037.

Compound 7: mp 141-142°C; "H NMR (CDCL), 8.62 (d, 1H), 8.60-8.45 (broad s, 1H, D,O
exch.), 8.15-8.10 (m, 1H), 7.46-7.37 (m, 2H), 6.76-6.74 (m, 1H); “C NMR (CDCls) 141.20,
139.03, 127.75, 126.95, 117.57, 116.83, 111.10, 104.05; MS EL: m/z (%) 162 (M+,100%); Anal.
cale. for C8H6N202: C, 59.26; H, 3.73; N, 17.28. Found: C, 59.11; H, 3.46; N, 17.14.

Compound §: mp 129-130°C; 'H NMR (CDCl;), 7.98 (d, 1H), 7.21 (d, 1H), 7.14 (1, 1H),
6.96 (d, 1H), 6.68 (dd, 1H), 6.39 (s, 1H), 3.51 (broad s, 2H); 1°C NMR (CDCls) 139.54, 130.63,
128.77, 124.69, 112.95, 111.49, 105.52, 101.56; MS ESI m/z (%) 133 (M+H+,100%); IRMS
ESI m/z (M+H+) 133.07560. Calc 133.07602.

Example 3

The deprotection of a series of anilines was then explored using the protocol set forth in
Example 2 above. The results are summarized in Table 2 below. Anilines with electron-
withdrawing substituents were found to react faster than those with electron-donating groups.
The reaction conditions employed were found to be compatible with other protecting groups
such as -NCbz, -NAlloc and -OTIPS.

o
HN/U\O/g NH,
e

Rll
Table 2: Deprotection of Anilines

Compound R” Fluorinated Time Yield"
No. alcohol
9 4-Cl TFE 1.5h 98%
9 4-Cl HFIP 1h 80%
10 4-Br, 3-Cl TFE 1h 97%
10 4-Br, 3-Ci HFTP 15 min T7%
11 4-NO, TFE lh 95%
11 4-NO, HFIP 5 min 76%
12 4-OMe TFE 2h 95%
12 4-OMe HFTP 0.5h 85%
13 3-OMe TFE lh 95%
13 3-OMe HFIP 0.5h 89%
14 2-1 TFE lh 98%
14 2-1 HFIP l1h (decomposed)
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HFI P 0.5h 81% 17 4-NFI Cbz TFE 2h 99% 17 4- NHCbz HP1?
2 h 86% 18 4-NHAlloc TFE 1 h 98% 18 4- NHAlloc HET 0.5
h 98% a Yield after chromatography Product data:
Compound 9: np 71-72C, 111 NWR (CDC13), 7.04 - 7.16
(m 2H), 6.54 - 6.67 (m 2H), 3.65 (broad s., 2H);
13C NWVR (CDC13) 144.92, 129.10, 123.14, 116. 21 \YS
ES! mz (% 128 5 (M+H+, 1009 HRVS ES! miz (M 111+)
128. 02576 al c 128.0261 Conmpound 10. _np

63} 64@npdund] [NVR (R'DC13) | Fluggngted [j=ghem 1| 1 HYield"
6.79 (MNo.J=2.64 Hz, 111) ) 6.2Mmheldd | J=8 67, 2 64 Hr
1H), 3.7 (brload sNHP11); 13@Fﬁ|\/R (IcDCBh 146, 6493%
134.62,15133. 88, #BH8g, 114, SPIP 109 759-5kS ES! r A7%
(99__20516( MrH+, 53%TIBRVE | ES! ThHEz (MrH+)21p05, 9364%81%
Cal.c 20%. 93667. 3O0C8Hpound 1HFIhp 147-448C 111 KRR
(CDC13)17 8. 08 (d+-NUEBz 04 |Hz, TFH), 6. 63 AW, J=9. 04%%z,
211), 41741 (br ogNHCb2H) ;| 138FNMVR (ICDCE3)  153. 41 86%
13B8. 37,18126. 34, 313iAlBx El THEz (9% 13& (M, 47%P8%
Anpl calsc. for @&HANR02) C MR 17;| H 04h38:! N, 98%

2oag§1da§ep%gmggph 2.50; H,_ 4.40; N, 19.99.
Conpoun 9-60C, 111 NMR (CDC13), 6.72 - 6.79

(Mpy 2 guta - 63 - 6 70 (m 211), 15 3.76 (s, 311),
%—#émad 13C NMR (CDC13) 152.78, 139. 90,

S,
11 0, 4. 78 7 i
110,40 o ﬂé?"gsﬁmi%@w 194 1518 G324, 6.8 667 m. 21,
3 EDbresea0); *C NMBb (oGl 4492, L3110, 13831 4NWES JICMSI BT, m/z (%) 128
(MEDS100b%); Hids EOI dl, (MiHE)) 188.02576. Cale398.02915.311) , 3. 78

(s, 3H), 3.68 (broad s, 2H); 13C NWR (CDC13) 160. 72,

1460@011:&1?1@ H 63-’16@70 9}, NMIR Efé;s) b% (@4L—8%5 1HR71aVe7ER, 1=2.64

.4 34 W@ﬁhlﬁ)osl Ralrs 20! gé%{@nl%) 146.64,134.62,

138 B3 51A6;38:1 il RNVFITEDHBIST 17z €%) RRRIM75390); ERMEDEShm/z (M+H+)
205D01345. Tal®B05.98640 (m 111), 6.75 (dd, J=8.10, 1.51 Hz,
111), 6.38 - 6.54 (m 1H), 4.07 (broad s, 211); 13C

NN%O&SQQEQX xﬁ14§477ﬂ48°d S8 MR (£B81,3 8.08 1d 9O 1 2, 6%3 (4, 1=9.04

Hz%’%piﬁ 41£@€%%%h3(§lﬁ{¥§%lggﬁ%ﬂqg8@7 154&25.'\@1351% w{i§5€1 m/z (%)

%igog@l calq. forguHs X608 3P Tt 538 &, 20439) Fmgldg@, 52.50; H, 4.40;
N(lowsad s, 411); 13C NVR (CDC13) 138.57, 116.70; M
ESI mz (% 109 (MeH+, 100%; HRMB EST nfz ( MrH+)

10Poiperia- 12 Gab 69600 I QMR 2cDCRIBIU NG, 7@@11 ), 5.611%.70 (m, 2H),

%ﬁf &%?&g}bgﬁdg g%g “35: J@Mﬁ @?Pﬁ'? 19713980, 2 4o, B {éﬁ 55.72; MS

ES& g e 124 MrH+190%); PRMSE SIPB’&_@)“HNI\)I%’*PE%&

148. 03, 130. 26, 110. 76, 108 64, 107.40, 18. 36 13. 48

VB CeBpouni 3{0f; 'HABVR KEDGL), 10894 J=81P Bvel HiSh.2 hy 6:3 (- BH), 3.78 (s,
3H366.64 96t840 s, Gah 1@ GV 98D CL,) 160.72, 147.78, 130.10, 107.90, 103.92, 101.04,
55.07; MS ESI m/z (%) 124 (M+H+100%); HRMS ESI m/z (M+H+) 124.07526. Calc

124.07569.

Compound 14: mp 56-57°C; "H NMR (CDCl), 7.63 (dd, J=7.91, 1.32 Hz, 1H), 7.04 - 7.19
(m, 1H), 6.75 (dd, J=8.10, 1.51 Hz, 1H), 6.38 - 6.54 (m, 1H), 4.07 (broad s, 2H); “C NMR
(CDCL) 146.71, 138.96, 129.31, 119.95, 114.70, 84.15; MS ESI m/z (%) 220 (M+H+,100%};
HRMS ESI m/z (M+H+) 219.96147. Calc 219.96177.
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Compound 17: nmp 86-87C, 11-1 NWR (CDC13), 7.30 - 7.46

(m 511), 7.16 (d, .1=7.54 Hz, 211), 6.61 - 6.69 (m

211), 6.51 (broad s, 111), 5.19 (s, 2H), 3.57 (broad

s, 211); 13C NMR (DMSO- 10 d6) 153.97, 144.70,

137.35, 128.76, 128.56, 128.32, 128.26, 120.59,

114. 34, 65.66; MESI mz (9% 243 (M+H+, 100%; HRVB ESI

rn/z (MrH+) 243.11249. Cal e-$43.11280. Compound

18: nmp = 52-53C, 11-1NMR (CDC13), 7.16 (d, J=7.91 Hz,

2 HComo-156 mip91 36413621 1)1, NMR 50DChY, 6 (S, 4H), Hp5 (HoddSs, 4H); °C

AR 58911638 9,0 4 i o8B ot o

4

1%@6(5 -&%3-0715%% 82, 144.70, 134.00, 128.33, 120. 66,

15 117.57, 114.32, 64.61: M5 ESI mz (W%@lgs

( MAmpawdokf: Oy RVEMBSICTIGlD: 1Mty 8-95 820 He8 30 c4Pe (m, 3H), 3.60
(bidBs, QYT 11519 -Bocesngpd, 8HY 1.09 - 1.1, gx6. B0 HZLISE);S YONNR ((DCls) 15748,
14395 € dfz{%Llﬂf-76fz Hb:‘éé@,‘el@?.@b,efst.:«js?'ﬂ_%.?g;rggdaos%tntlz% ‘ygg@gémﬁﬁgﬂsﬁ,loﬂ%);
Hi&% r@j’z‘(ﬁ#ﬁﬁgﬁg%ﬂ@ (?ﬂ%gﬁ?ﬁgs ot herwi se noted), 1

20 mmol of protected conmpound was mnicrowave heated at
156empprnpR pp 61! §Cir By NYRA CPCihe 7s00viio @hdE eI (0, J=7.54 Tiz,
2HieR6 Dt @63 @ 2ERI6r50 Whrdad ¢ CHY 6118 ¢, BED, 8137 Gmeedog?1ap HE NVIR €OMSO-
ddh 6}§34b7§,§4?176§ 159N 2k B, ToRkE 1hg.3bmoghk, 1%.559,31 1413A€65.66; MEST m/z
o P S |
onasivet GPerHEM R A0 P RS A AR B Rttnes i n
o5 - B SRR i 330 S 5 97559 o
2HY, RK0 [htdAd sN1 859680 .8H(R0IH), 5.41 \ N3BQAE 1H)) 5.8NH5.20 (m, 1H), 4.57 -
4.73 (m, 2H), 3.58 (broad s, 2H); “C NMR (DMSO-d6) 153.82, 144.70, 134.00, 128.33, 120.66,
117.57, 114.32, 64.61; MS EST m/z (%) 193 (M+H+,100%); HRMS ESI m/z (M+H+) 193.09683.

Calc 193.09715.
Example 4

To extend the synthetic potential of this deprotection method, this protocol was further ex-
panded to a wide range of N-Boc amines in HFIP. In each case (except as otherwise noted), 1
mmol of protected compound was microwave heated at 150°C in HFIP (5 mL) for the time
shown, and the deprotected compound recovered by chromatography. The results are shown in
Table 4. In all cases, the deprotection product was obtained in good to excellent yields.

Table 4: Deprotection of Amines in HFIP

Protected Compound Time Product, No. Yield”

- NH
O/\’/NH Boc 2h @c)/\r o
,19
@E!} 2h @Q 85%
H 20
o) VamN 0 VAR
N N—BOC @N NH o
N/ 5h o NS 91%
N

21

81%
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onil NS\ 5h 91% ,21 -10- Protected
Conpound Ti ne Product, No. Yield

TBDMSO.,...C. 1. .NHBOC 1 h TBDVSONH2 98% , 22
AcO. . ... CrNH-BOC 4 hb AcO..,."Nl...NH2 , 23 85%
-10-
Protected Compound Time Product, No. Yield”

TBDMSO NH-BOC TBDMSO NH
O 1h ~O 98%
,22
AcO NH-BOC AcC NH
_ : ,23

O 8]

o~ 05h W\O/ 89%
NH- NH
H-BOC > , 24
NH-BOC NH,
N\ 1h A\ 88%
N

N
H H ,25
(J\\ /,0 O\\ /,o
8] ih 5 >95%°
LN '"--<:>—-NH-BOC LN NH,
, 26
a Yield after chromatography
b Temperature = 100°C to avoid side products and low yield
¢ Crude yield {(pure by NMR)
Product data.

Compound 19: Oil; "H NMR (CDCls), 7.06 - 6.86 (m, 3H); 3.59 - 3.51 (m, 1IE), 3.70 -
3.62 (m, 15D, 3.46 - 3.29 (m, 150, 2.30 (s, 6H), 1.72 (broad s, 2H), 1.18 (d, J=6.78 Hz, 3H); ®C
NMR (CDCls) 155.49, 130.81, 128.88, 123.83, 78.23, 47.29, 19.78, 16.32; MS ESI m/z (%) 180
(M+H+,100%); HRMS EST m/z (M-+H+) 180.13782. Calc 180.13829.

Compound 20: Qil; 'H NMR (CDCL), 7.14 (d, J=6.78 Hz, 1H), 7.04 (t, J=7.72 Iz, 1H),
6.77 - 6.70 (m, 1H), 6.67 (d, J=7.91 Hz, 1H), 3.57 (t, ]=8.48 Hz, 2H), 3.05 (t, }=8.29 Hz, 2H);
BC NMR (CDCls) 151.57, 12331, 127.19, 124.62, 118.64, 109.43, 47.32, 29.82; MS ESI m/z
(%) 120 (M-+E+,100%); HRMS ESI m/z (M+H+) 120.08030. Calc 120.08078.

Compound 21: mp = 104-105°C; 'H NMR (CDCL3), 7.92 (d, J=9.04 Hz, 2H), 6.87 (4,
J=9.04 Hz, 2H), 3.87 (s, 3H), 3.34 - 3.23 (m, 4H), 3.08 - 2.94 (m, 4H), 1.74 (s, 1H); *C NMR
(CDCls) 167.15, 154.56, 131.18, 119.67, 113.60, 51.65, 54.16, 48.65, 47.50, 45.89; MS ESI m/z
(%) 221 (M+H+,100%); HRMS ESI m/z (M+H+) 221.12805. Calc 221.12845.

Compound 22: Oil; *H NMR (CDCl3), 5.86 - 5.81 (m, 1H), 5.80 - 5.74 (m, 1H), 4.75 - 4.66
(m, 1H}, 3.78 - 3.69 (m, 1H), 2.72 - 2.60 {(m, 1H), 1.96 (broad s, 2H), 1.38 - 1.22 (m, 1H), 0.90 (s,
9H), 0.09 (s, 6H); °C NMR (CDCls) 137.92, 135.57, 76.37, 56.50, 45.88, 26.32, 18.19, -4.21;
MS ESI m/z (%) 214 (M-+H+,25%); HRMS ESI m/z (M-+H+)214.16183. Calc 214.16217.
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0 0 10NHBOC 0.5h 0 0 ol . NH , 24 89% NHBOC 110N H 1 h
NH, \ 1101 N H 25 88% 1 h >95%---S \' NH BOC
----- [ ..,-s\ NH2 ----7 26 -

-11-

Compound 23: Oil; 'H NMR (CDCls), 6.04 - 5.97 (m, 1H), 5.88 - 5.79 (m, 1H), 5.58 -
5.47 (m, 1H), 3.93 - 3.78 (m, 1H), 2.86 - 2.69 (m, 1H), 2.05 (s, 3H), 1.62 (broad s, 2H), 1.48 -
1.32 (m, 1H); C NMR (CDCl3) 170.79, 141.32, 130.67, 78.46, 56.49, 41.80, 21.65; MS ESI
m/z (%) 142 (M+H+,100%); HRMS ESI m/z (M+1+) 142.08592. Calc 142.08626.

Compound 24: Oil; 'H NMR (CDCl3), 7.10 - 7.34 (m, 5H), 3.75-3.71(dd, J=,1H), 3.71 (s,
3H), 3.08 (dd, ]=13.38, 5.09 Hz, 1H), 2.84 (dd, J=13.56, 7.91 Hz, 1H), 1.52 (broad s, 2H); °C
NMR (CDClLy), 175.34, 137.12, 129.16, 128.47, 126.73, 55.73, 51.87, 41.00; MS ESI m/z (%)
180 (M+H+,100%); HRMS ESI m/z (M+H+) 180.10156. Calc 180.10191.

Compound 25: mp = 111-112°C; '"H NMR (CDCL), 8.35 (broad s, 1H), 7.64 (d, J=7.91 Hz,
1H), 7.44 - 7.32 (m, 1H), 7.26 - 7.18 (m, 1H), 7.18 - 7.09 (m, 1H), 7.04 (d, }=2.26 Hz, 1H), 1.36
(broad s, 2H), 3.11 - 3.01 (m,2H), 2.99 - 2.86 (m, 2H); “C NMR (CDCl) 136.44, 12749,
122.06, 121.96, 119.21, 118.87, 113.69, 111.16, 42.34, 2949; MS ESI m/z (%) 161
(M+H+,100%); HRMS ESI m/z (M+H+) 161.10693. Calc 161.10732.

Compound 26: Oil; "H NMR (CDCls), 3.34 - 3.48 (m, 1H), 3.27 (t, J=6.78 Hz, 2H), 3.12 (t,
2H), 2.55 - 2.69 (m, 1H), 2.25 - 2.40 (m, 2H), 1.85 - 2.02 (m, 4H), 1.45 - 1.62 (m, 2H), 1.36
(broad s, 2H), 1.14 - 1.30 (m, 2H); C NMR (CDCls) 52.56, 49.75, 47.07, 41.54, 35.50, 29.41,
18.70; MS ESI m/z (%) 219 (M+H+,100%); HRMS ESI m/z (M+H+) 219.11609. Calc
219.11618.

Example 5

In general, it was found that HFIP is a more reactive solvent than TFE for N-BOC depro-
tection reactions. Thus, the use of HFIP over TFE on the same substrate under similar conditions
consistently reduced reaction times (see Examples 2 and 3 above). On the basis of the reactivity
differences between TFE and HFIP, 4-N-BOC-4-(4-BOC-piperazin-1-yl}-indole was sequen-
tially deprotected. As set forth in the Scheme below, TFE (microwave heating for 2 h at 150°C)
was used to seleciively remove the indole BOC moiety in good yields {(80%). Further treatment
of the partially-deprotected compound with HFIP (microwave heating for 2 h at 150°C) effi-
ciently completed the cleavage of the remaining N-BOC group on the piperazine ring (yield =
81%). On the other hand, if selectivity is not required both BOC groups can be removed simulta-

neously using HFIP as a solvent.
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a Yield alter chromat ography b Tenperature = 100C to
avoi d side products and ow yield ¢ Crude yield (pure
by NM R) 5Product data: Compound 19- GO I; 11-1
NMR (CDC13), 7.06 - 6.86 (m 3H); 3.59 - 3.51 (m
1H), 3.70 - 3.62 (m 111), 3.46 - 3.29 (m 1H), 2.30
(s, 61-1), 1.72 (broad s, 2H), 1.18 (d, J=6.78 Hz,
3H); 1-3C NMR (CDC13) 155.492-130.81, 128.88, 123.83,
78.23, 47.29, 19.78, 16.32; MS ESI nmz (% 180
(I\/H—|-BOPOO°/() HRVS ESI PQ z (I\/H-I—H-) 180.13782. Calc
180. M3829. 10Cbnpound 111 NWR 13), 7.14
(d,g?%ﬁ]78 Hz, 3:04 (t J=7.72 Hz,| 111), 6.77 -
6.7 1FD 6. 67 ( N =7.91 Hz, 11), 857 (t,

J=8. ,
A, 19, HER4. 62,.
mz (% 12 ,,1oww;
\ 20.}8030. Cal ¢ 1267 08}§78.
Conpound BI¢ np = 104-105C, 11-1 NWR (CDC13), 7.92
(d, J=9.04 Hz, 2H), 6.87 (d, 15 J=9.04 Hz, 2H), 3.87
(s, 43 Ind31-341)-piptradihie{l Barb@dylik, actl Oiutyl cdteBdmp M 13911)40°C; 'H

o ot 1 b R 8l o s
4H)51.69 G, RB):ES) NM&(QD;’(; DI ST s 193 s1 26, 13136, 106.87,
1061VBH0.98 276602 8051, BHoc2927; ML B8Bw/z (%) E{(I@rmbﬁﬁdOM) HRMS ESI

mQ i+ Hr) HolYks 16 CoGE3) 30258&5& 4Pi Indofe: &9 = 198 - 199°C

74 ( 3 8
w”ﬂa%]éﬁ%é Qo H)‘?F 6’?‘0%%) gw??( LTERIERE
(II& 452 3(14y3.061(m), 4Hp 200 (bread QGHQ N@ﬂb@)l\(l@p—d@l 145.99] B©.96, 123.25,
12NWR  (200@1 30545310920, %636, 57.28, 5. B/ MSESDbavz ¢F) 86 (M+H+,100%);

iy %ﬁiﬁ%ﬁ&ﬁl Ege AL

23: O | -1 NVR
1 15181% gheggesentémc?gu 11 de%ﬂ% i?hge 2r.?nc(e rﬁ) thf K 1ﬂ(: g}nggdlments
thered, iy ghopighbe upgerstopd thoseZSkg@d (mthe arf that vapiogsehanges 13?.]) be made and
eqiliviignt{ BaPBsubstindd withoht departing frdzd theruelspitit andlsdépeNFRe invention.

S st el e Byl o

tign off myp NP, PHASSS G@BQQS *RSafe present in-

veRdon. @l such pholifiRatjo@D@E3intended 110 be v'viﬂ@ﬂtl:(ergco;@l—i)f the claims appended

hedto/ D- 3. 71(dd, J= ,111), 3.71 (s, 311), 3.08 (dd,
J=13.38, 5.09 Hz, 111), 2.84 (dd, J=13.56, 7.91 Hz,
111), 1.52 (broad s, 211); 1-3C NWR (CDC13), 175. 34,
137.12, 129.16, 128.47, 126.73, 55.73, 51.87, 41.00;
MS ESI ni/z (% 180 (M+1l+,100% ; HRVS EST m z (M+H+)
180. 10156. Cal e 180.10191. Conpound 25: np =
111-112C;, IHNWR (CDC13), 8.35 (broad s, 111), 7.64
(d, J=7.91 Hz, 10 1H), 7.44 - 7.32 (m 111), 7.26 -
7.18 (m 111), 7.18 - 7.09 (m 1H), 7.04 (d, J=2.26
Hz, 1H), 1.36 (broad s, 2H), 3.11 - 3.01 (m211),
2.99 - 2.86 (m 2H); NWR (CDC13) 136.44, 127.49,
122. 06, 121.96, 119.21, 118.87, 113.69, 111.16,
42.34, 29.49; MS ESI mz (% 161 (M-H+, 100% ; HRMS
ESI mz (MrH+) 161.10693. Cale 161.10732. Conpound
26. Gl; 11-1 NWR (CDC13), 3.34 - 3.48 (m 1H), 3.27
(t, J=6.78 Hz, 211), 3.12 (t, 15 211), 2.55 - 2.69
(m 1H), 2.25 - 2.40 (m 2H), 1.85 - 2.02 (m 4H),
1.45 - 1.62 (m 211), 1.36 (broad s, 2H), 1.14 - 1.30
(in, 211); 13C NWMR (CDC13) 52.56, 49.75, 47.07,
41.54, 35.50, 29.41, 18.70; MS ESI rn/z (% 219
(MrH+, 100% ; HRMS ESI mlz (MrH+) 219.11609. Cal e
219.11618. Exanple 5 20l n general, it was found that
FIFIP is a nore reactive solvent than TFE for N BOC
depro- tection reactions. Thus, the use of HFIP over
' FFE on the same substrate under simlar conditions
consi stently reduced reaction tines (see Exanples 2
and 3 above). On the basis of the reactivity
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d ai s 1. A nethod for deprotecting a conpound
havi ng BOC-protected nitrogen atons, said nethod

conpri si ng: a) dissolving a conpound havi ng
a BOC-protected nitrogen atomin a fluorinated
al cohol 5 to forma solution; b) heating said

solution for a period of tinme sufficient to renove

BOC from sai d BOCprot ect ed fiPtrogen, thereby

provi ding a deprotected conpound. 2. The nethod of

claim 1, wherein said heat CHitonpri ses heating by

m crowave radiation. 3. The nmethod of claim1l or 2,

f urlt hemethodnfiri dsprotpetingOe Formmond, bavinggBOGipdoteitqdr Wtressh atpms, said
m&BSRMPLsihg:0om sai d sol ution. 4. The net hod of

claims 1 to 3, wherein said fluorinated al cohol is

sel %g&jgsg},vﬁgoa"@o&%&ﬁﬂr £ROBLRS kAU r@&ogen atom in a fluorinated alcohol

2, 2-1r, uor oet hanol 7and

to forp 3S0RGN; 3 hexaf | uor oi sopr opanol . 5. A net hod

for sequentially renoving BOC protecting groups from,

ni t PhBeHngsaiheolHionforg peripd af wne sytleientitq {proye Pﬁ@ feogygpid BOC-
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c) dissolving said partially-deprotected compound in a second fluorinated alcohol solvent
having higher reactivity than said first fluorinated alcohol solvent, to form a second solution; and

d) heating said second solution to remove BOC from said second BOC-protected nitrogen

atom.

6. The method of claim 5, wherein said first fluorinated alcohol comprises 2,2,2-
trifluoroethanol.

7. The method of claim 6, wherein said second fluorinated alcohol comprises 1,1,1,3,3,3-

hexafluoropropan-2-ol.



