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yield (b). Product np = 44-45C, 111 NWR (CDC13) 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 (MrH+, 100); FIRMS ESI m z 96. 04388
( MrHH+) . 30 Calculated 96. 04439. (D)
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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drogen atoms has been replaced by fluorine.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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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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temperature, and reaction time. As a starting point, an aromatic nitrogen may be deprotected in
the presence of a BOC-protected aliphatic nitrogen by using TFE for 2 hours at 150°C in a mi-
crowave reactor. After the first BOC has been removed, the aromalic amine may be modified or
derivatized while the aliphatic N-BOC remains in place. When the aliphatic nitrogen no longer
requires protection, the BOC group can be removed using a more reactive fluorinated alcohol
such as HFIP (for example, for 2 hours at 150°C in a microwave reactor).

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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No. R' Fluorinated alcohol Tine Yield 9 4-Cl1 TFE 1.5
h 98% 9 4-C1 HF1IP 1 h 80% 10 4-Br, 3-C1 TFE 1 h 97%
10 4-Br, 3-Cl1 BPIF 15 min 77% 11 4-NO2 TFE | h 95% 11

4- NO2 HEW

-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); Be NMR (CDCl3) 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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1 h 98% 14 2-1 HF1P 1 h (deconposed)
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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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Compound 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 3-0TIPS HFI P 0.5h 81% 17 4-NFl Cbz TFE
2h 99% 17 4- NHCbz

-8-
Compound R” Fluorinated Fime Yield"

No. alcohol
15 4-NH, TFE 3h 93%
13 4-NH, HFIP 0.5h 97%
16 3-OTIPS TFE 2h 81%
16 3-0TIPS HFIP 05h 81%
17 4-NHCbz TFE 2h 99%
17 4-NHCbz HFTP 2h 86%
18 4-NHAlloc TFE 1h 98%
18 4-NHAlloc HFEIP 05h 98%

a Yield after chromatography

Product data:

Compound 9: mp 71-72°C; '"H NMR (CDCl), 7.04 - 7.16 (m, 2H), 6.54 - 6.67 (m, 2H),
3.65 (broad s., 2H); C NMR (CDCls) 144.92, 129.10, 123.14, 116.21; MS ESI m/z (%) 128
(M+H+,100%); HRMS ESI m/z (M+H+) 128.02576. Calc 128.02615.

Compound 10: mp 63-64°C; 'H NMR (CDCls), 7.33 (d, =8.67 Hz, 1H), 6.79 (d, J=2.64
Hz, 111), 6.45 (dd, J=8.67, 2.64 Hz, 1H), 3.74 (broad s, 2H); *C NMR (CDCl;) 146.64, 134.62,
133.88, 116.38, 114.92, 109.75: MS ESI m/z (%) 205 (M+H+,53%); HRMS ESI m/z (M+H+)
205.93645. Calc 205.93667.

Compound 11: mp 147-148°C; "H NMR (CDCls), 8.08 (d, J=9.04 Hz, 2H), 6.63 (d, J=9.04
Hz, 2H), 4.41 (broad s, 2H); *C NMR (CDCl;) 153.41, 138.37, 126.34, 113.16; MS El m/z (%)
138 (M+,47%); Anal. cale. for CgHgN,O2: C, 52.17; H, 4.38; N, 20.28. Found: C, 52.50; H, 4.40;
N, 19.99.

Compound 12: mp 59-60°C; YH NMR (CDCly), 6.72 - 6.79 (m, 2H), 6.63 - 6.70 (m, 2H),
3.76 (s, 3H), 3.43 (broad s, 2H); *C NMR (CDCls) 152.78, 139.90, 116.40, 114.78, 55.72; MS
ESI m/z (%) 124 (M+H+,100%); HRMS ESI m/z (M+H+) 124.07530. Calc 124.07569.

Compound 13: Oil; "H NMR (CDCl3), 7.08 (t, ]=8.10 Hz, 1H), 6.21 - 6.39 (m, 3H), 3.78 (s,
3H), 3.68 (broad s, 2H); *C NMR (CDCly) 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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dat a: Compound 9: np 71-72C;, 111 NMR (CDC13),
7.04 - 7.16 (m 2H), 6.54 - 6.67 (m 2H), 3.65 (broad

s., 2H); 13C NWMR (CDC13) 144.92, 129.10, 123. 14,

116.21; MS ES! mz (%9 128 5 (M-H+, 100% ; HRMS ES!

mz (M111+) 128.02576. Cal c®-128. 02615. Conpound

10. np 63-64C, 11-1 NWR (CDC13), 7.33 (d, J=8.67 Hz,
1HCompour@ 156l mpJi32-184°CHZH NMR )(CDE1:) %.58dd, 4H)=83 5 Throdd. H4H); 1°C

(c?dlg ﬁ’& Ih 166"?(5%'%\@% §SI ‘%’]124»3 143 %1@@%1%4%% @é (M+H-+)

10?&975%‘55&1%‘1%/&?%07@% HRVE ES! i z (M+I—H) 205. 93645

Cal ¢ 205.93667. 10Conpound 11: 147-148C, 111
(Coammpusde) 0B 81 NYRGICH e Oty 581 B, (), 6385680 (gD, 360
(bibdhd },, 218, KIB (T330@d 3H) 120)-;1.133€ TNGFR HEDEHR) A BBIRACDCL;) 15748,
1433%5 0261260 A4 164684, 1407 405 B, T8 48 (N@ BBk g%) 4E9AMHH+,100%);

7: H 4.3
H@%f@?mﬁo%&?)%gé% 3F°|—7r6 Zgzﬂé N, 10. 99

Conpound 12: np 59:60C 111 NVR ( 77@ 72 -

( mCompaynd 13 g 86-84°GOHAWRAEPL L), 5303 s SHy 76 WPy sa
213, .81 { béDad 2H), 63 brodBC1INVR 10 GDZHSB .51 BRoads, 2H’.)3§CSNMR (DMSO-
jl@sépmﬁ(ﬂ 1%935,928.76; 12&@6 ESk 381 1080%) 12639, 114.34, 65.66; MESI m/z

4 Cal
oo g thovo Gy o M@Jr“%%%ﬁ%%zcah% 18573
7.08 (t 8.10 Hz, , 311),.3.78
(s C"B‘gﬁ’“ndégts‘sp PO E?* Nl (C%b:) ‘E @&5113151% 28 669 - 659 (m,
2H)48.50 Broall301 H), 6.0875.8D(m, 108, 921 - 160 (1941 H)55297 5.20BnESl), 4.57 -
3k 4uodd }W/&MRWBME&&% 188,82, (1M )134.00, 128.33, 120,66,

A R A ity VR o QNG i ) s

Caq198,0971%94- 7.19 (m 111), 6.75 (dd, J=8.10, 1.51 Hz,

111), 6.38 - 6.54 (m 1H), 4.07 (broad s, 211); 13C
NVRxGGRIEH3) 146.71, 138.96, 129.31, 119.95, 114.70,

84.15: M5 ES! nth (9% 220 (MH+ 100%: FIRVE ES! m z

( MifbHexterdl @e Snikdiic p@éﬂtﬁl ofi8is 8@totection method, @ﬁﬂ}i@tﬂ)ﬁcﬁi whS further ex-

P ed]tg’ % VJI&&?%.E%- ?’I)I IP611156§C1{ éaese ﬁ g’s (;?lﬁ’ermse noted}, 1

R ‘ 3 for the time

ofn]?rgte%t% co_mjg)u{l Fﬁ-mj_“ﬁ‘@ﬁ Ve atE
shd!@@ ad Be5icpOakied cotBand %@@rﬁd@@mg@hy Gihe 1‘651.11151511e shown in
TdA. fr@@lﬁ& 1thef de@gm&fm dﬁc&c@&as'ﬂbtmn@&ﬁﬂgoo@tﬁcdmﬁ yids.,
(m 3H), 3.60 5 (broa 211), 1.19- 1.33 (m 3H),
1. @%ble 4:.Deprofddtion) sfoAndiBestiz HFBIBll) NVR ( CDC13) 157. 48,

1 Q N2 12026 10 76 102 1(\7 /In 19 A9 -

1
Oy Y LB\ A OO J'-r, O \.)U, J.O [
VB Edro gﬁgtg&' gggpg@‘eh Hradyct,
Fll

M1 TIme; ~ '\OA
TV 0 T -

.
1Y
I LQI II‘ L L\NALM] rr}

266. 0347. ound 17:

8¢ £DA13),, 7. 80 46 N.511) .81@,
(d 6.61 - 6.60 (® 1)

(K (s, 2H) | 3.57 (broad s, 1911);

13 153. 97 144 7Q__137. 35, 108. 76,
128. 6, .120. 59, 165 66; MEY,,
i - 99 ;“ HRVB ESI N( MrH+) °
243.11249. Cabas 243. 11280. Conpoqu 38: np| =
52-§3C,, 1{- | MVR (CDC13), 7.16 Qd, jI=(. 9L Mz, 2H),

6. 6r§pc 6. 50y (b o N, ¥os | 587
(1 O111),” 5. 4 5.30 (m 111)% 5.29 - 5.20 111),
4\57 - 4 73 (m 21 1\ 3 58 ( 1rnar~| S 21 1) 13C NVR— |

( DMSO- d6) 153, 82 144 70, 134 00, 128. 33, 120.66, 15
117.57, 114.32, 64.61; M5 ESI mz (% 193

(MrH+, 100%; FIRMS ESI mlz (M-H+) 193.09683. Cal e
193. 09715. Exanple 4 To extend the synthetic
potential of this deprotection nethod, this protocol
was further expanded to a wi de range of N-Boc am nes
in HFIP. In each case (except as otherw se noted), 1
20 mmol of protected conpound was nicrowave heated at
150C in HFIP (5 nL) for the tinme shown, and the
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BOG H, 20 \N-BOC /\ NNH
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Protected Compound Time Product, No. Yield”

TBDMSO NH-B TBDMSO
@’ oc 1h @’ 98%
AcO NH-BOC AcO

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\\ A O\\S//o
\ =0504°
LN' <:>—-NH BOC 1h LN ""'<:>"NH2 95%
, 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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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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N H
BOC

4-(1H-Indol-4-yl)-piperazine-1-carboxylic acid t-butyl ester: mp = 139 - 140°C; 'H
NMR (CDCl3), 8.27 (broad s, 1H), 7.25-7.07 (m, 3H), 6.60-6.54 (m, 2H), 3.67 (t, 4H), 3.19 (t,
4H), 1.50 (s, 9H); C NMR (CDCL3), 154.94, 145.53, 136.97, 122.87, 122.66, 121.36, 106.87,
106.18, 100.94, 76.60, 51.31, 43.69, 28.47; MS ESI m/z (%) 302 (M+H+,100%); HRMS ESI
m/z (M+H+) 302.18616. Calcd. 302.18630. 4-Piperazin-1-yi-1H-indole: mp = 198 - 199°C
(dec.); '"H NMR (CDCls), 8.37 (broad s, 1H), 7.19-7.03 (m, 3H), 6.67 - 6.51 (m, 2H), 3.24-3.18
(m, 4H), 3.19-3.05 (m, 4H), 2.01 (broad s, 1H); °C NMR (DMSO-d6), 145.99, 136.96, 12325,
121.57, 120.78, 105.75, 105.30, 99.93, 52.28, 45.98; MS ESI m/z (%) 202 (M+H+,100%);
HRMS ESI m/z (M+H+) 202.13351. Calc 202.13387.

While the present invention has been described with reference to the specific embodiments
thereof, it should be understood by those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the true spirit and scope of the invention.
In addition, many modifications may be made to adapt a particular situation, material, composi-
tion of matter, process, process step or steps, to the objective spirit and scope of the present in-
vention. All such modifications are intended to be within the scope of the claims appended

hereto.
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Gl; 11-1 NWR (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 (CB&13) 155.49, 130. 81,

128.88, 123.83, 78.23, 47.29, 19.78, 16.32; M5 ESI
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4, .109. 43, "47. 32 9.82; M5 ESI
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ing qiffprentycag "‘% °‘§I|‘-‘|')“S‘“§ 62 (broad s, 211), 1.48 - 1 32

75 ol ompgindsomp R wepn O piyecieg o stoms -
ing fiffetentl@giges ilBRitell fRofiBitedraldohad t¢ Mt b-fiyst $l@i0@8592. Cal e

142. 08626. 5Conpound 24: G I; 1H NWR (CDC13), 7.10 -
7. 3)1hf(afihg thkffirst Solftion3o 7éh(od'd BOd=frond 34id firsBBOL-SiectedlInlyogen atom,

: 111), 2.84 (dd, J=13.56,
p’@“@% }%1#5’“0%@%‘55" road s, 2)11) |-3E: NVR ( CDCL3),

ii%b%ss’o}vé?g )9- 160&_{%?518 C()wlgi 211_16L 6%83 0}1(? ﬁlﬁﬁé té%%l %o’l solvent
hﬂ(’mh!-g)iefI@@ﬁYﬂtﬂ%l %ﬂwelatfé&]gqho b¥eRb infarmpssecopg selution; and

111-112C;, IHNWR (CDC13), 8.35 (broad s, 111), 7.64

( d d) BeafinOshid-fecontGolutif)n to Zemaye BOC B0m (o sq:ggllq ]?O(?:pz(ﬁected nitrogen
zm}nl8 (n1 111), 7.18 - 7.09 (m 1H), 7.04 (d, J=2.26

Hz, 1.36 (broad s, 2H), 3.11 - 3.01 (m 211),
gg The 2m§l§)d cgﬁg 5 %regxp%asﬁrstlﬁﬁorﬂ]ﬂhed ]z&z)hélgeompnses 2,2,2-
121. 96 119.21, 118.87, 113.69, 111

tri %Of%e&haﬂ%‘g 49: MS ES| mz (% 161 (M+H+, 100% HRI\/IS

ESI mz (MrH+) 161.10693. Cale 161.10732.

26.7- Bre method. of clgir 6 whkrgig paid seognd flucgingigd pigoh oimnprgeszlﬁ 1,3,3,3-
hekdfluobpfop#B2-blz, 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 NWR (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 sane substrate under simlar conditions

consi stently reduced reaction tines (see Exanples 2

and 3 above). On the basis of the reactivity



10 EIRMS ES! mz (M11+4) 202.13351. Cale 202.13387.
Wil e the present invention has been described with
reference to the specific enbodi ments thereof, it
shoul d be understood by those skilled in the art that
vari ous changes may be nmade and equi val ents may be
substituted wi thout departing fromthe true spirit
and scope of the invention.Jgn addi ti on, many

nodi fications may be made to adapt a particul ar

si tuation, materiRgproiegsipged N-BQE compepnds rat t er
process, process step or steps, to the objective
spirit and scope of the present invention. Al such
nodi fications are intended,tp.he wthin the scope of
the clains appended hereto. -13- Cains 1. A

met hod. for deprptecting a conpound,havi .
BoO B DirpRin R it el sREr BRkPE A kAflorvsbom Lorg gfctively
5 degiotegied bp heptingying fhormstadradrohelwplationa BOC- pr ot ect ed
nitrogen atomin a fluorinated alcohol 5 to forma
sol uti on; b) heating said solution for a period
of time sufficient to renove BOC from said
OBt Batgd nitrogen, thereby providing a
deprotected conpound. 2. The nethod of claim1,
wherein said heating conprises heating by m crowave
radi ation. 3. The nethod of claim1 or 2, further
conprising: 10c) recovering said deprotected conpound
fromsaid sol ution. 4. The method of clainms 1 to
3, wherein said fluorinated al cohol is selected from
the group consisting of 2,2,2-trifluoroethanol and
1,1,1, 3, 3, 3- hexaf | uor oi sopropanol . 5. A net hod
for sequentially renoving BOC protecting groups from
nitrogen atons having different lability in the sane
compound using first and second fluorinated al coho
sol vents hav- 15 ing different reactivities,
conpri si ng: a) dissolving a conpound conpri sing
first and second BOC-protected nitrogen atons havi ng
different labilities in a first fluorinated al coho
to forma first solution; b) heating the first
solution to renove BOC fromsaid first BOC-protected
nitrogen atom providing a partially-deprotected
compound; 20c) dissolving said partially-deprotected
conmpound in a second fluorinated al cohol sol vent
havi ng hi gher reactivity than said first fluorinated
al cohol solvent, to forma second sol ution; and d)
heati ng said second solution to renove BOC from sai d

second BOC-protected nitrogen atom 6. The
met hod of claim5, wherein said first fluorinated
al cohol conprises 2,2,2- 25 trifluoroethanol. 7.

The nmet hod of claim®6, wherein said second
fluorinated al cohol conprises 1,1,1, 3,3, 3-

hexaf | uor opropan-2-ol. -14- Deprotection of N BCC
conpounds Abstract Organi ¢ conpounds havi ng
nitrogen atonms protected with t-butoxycarbonyl are
effectively 5 deprotected by heating in a fluorinated
al cohol solution. (No suitable figure)



