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In the presence of 1,1,2-trichloroethane, a novel procedure
for the Pd—C catalytic N-debenzylation of benzylamines
was established. The method proceeded in a synergistic
catalytic system and directly gave the products as crystal
amine hydrochlorides in practically quantitative yields.

N-Debenzylation of benzylamines is a fundamental transfor-
mation in modern organic syntheses. For example, benzyla-
mines are major protective groups for amines in multistep
syntheses, where N—debenzylation is an essential conversion
for the deprotection.'? In recent years, many chiral benzyla-
mines served as excellent chiral auxiliaries in asymmetric synth-
eses, in which N-debenzylation is a necessary step to remove the
auxiliary residue from the induced molecules.**
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Pd—C catalytic hydrogenolysis is one of the most favored
methods for N-debenzylation of benzylamines, characterized by
mild conditions (room temperature and atmospheric pressure),
high conversion, and clean product. However, the method suffers
from poor isolated yields for many biologically important amine
products with low molecular weights and multihydrophilic
groups, because the former are highly volatile and the latter are
water-soluble. One of the best improvements is to convert them
into amine hydrochlorides by treatment with aqueous HCI or
saturated solution of HCI (g) in an anhydrous organic solvent.>*
In our previous work, the natural product (25,6 R)-dihydropini-
dine (2q) was isolated in 25% yield, whereas the crystal 2q-HCI
was obtained in 79% yield from the same Pd—C catalytic
hydrogenolysis of 1q (Scheme 1).* However, this improvement
usually was incompatible with many acid-sensitive functional
groups and was associated with tedious operations.

It is well-known that C—Cl bonds in organochlorides can be
cleaved to release HCl in Pd—C catalyzed hydrodechlori-
nation,” in which a base (inorganic bases or tertiary amines)
usually is employed as both HCl acceptor and reaction promoter.®
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TABLE 1. Chemoselective Hydrodechlorination of 3a—f

Cheng et al.

TO7 PO-C (10 Wi
NN e gy Ha(atm), MeoH, it PMe '
2 N, owe” 0-98% MeO s
1a ' daf 2a:HCI
entry 3a—f 1a:3 (equiv) absorbed H, (equiv)” yield of 2a-HCI (%)
1 chlorocyclohexane (3a) I:1.1 1.0(2h) 0/
2 CH;(CH,),CH,CI (3b) 1.1 1.0(2h) 0
3 CH;CH,CHCI, (3¢) 1:1.1 2.0 (60 min)” 98
4 "‘BuCH,CHCl, (3d) 1:1.1 2.0 (60 min)” 98
5 CH;CCLCH; (3e) 1:1.1 2.0 (60 min)” 98
6 CH,CICHCI, (3f) 1:1.1 2.0 (60 min)” 98

“Absorption of hydrogen ceased completely. ?One mole of H, was consumed for normal N-debenzylation and another 1 mol for hydrodechlorination.
“Isolated yield was obtained. “No 1a was isolated, and 2a was obtained as a single product.

TABLE 2. Highly Efficient N-Debenzylation of 1a in the Presence of 3f

TO0% Pa-C (10 WiZo)

NN OMe cot.ongy, el @m). MeOH, it QMe (s
+ _— > .

A A, ome 2LHC 0-98% MeO)\/ NHHQ

419 'y 2. L]
la:3f absorbed H, time yield of
entry (equiv) (equiv)’ (min) 2a.HCl (%)"

1 1:1.1 2.0 60 98
2 0:1 0.0 180 0
3 1:5 2.0 60 98
4 1:0.6 1.6 50 58
5 1:0 1.0 180 0¢

“Absorption of hydrogen ceased completely. “Isolated yield was
obtained. “No la was isolate and 2a was obtained as a single product.

Thus, when a tertiary benzylamine is used as a HCl acceptorin a
hydrodechlorination, it should carry out a catalytic hydrogeno-
lysis to directly yield the corresponding amine hydrochloride.
By this strategy, 1q was converted into 2q-HCI in 97% yield
directly in hydrodechlorination of CH,Cl, (Scheme 1).%

However, one drawback of this otherwise efficient N-debenzy-
lation is that the hydrogen consumption was unpredictable
because the system pressure was increased rather than decreased
during the hydrogenolysis. Thus, the reaction time was estimated
leading to low efficiency (for example, 48 h for 1q).* The control
experiments indicated that the drawback was mainly caused by
two factors: (1) the hydrodechlorination of CH,Cl, is a non-
chemoselective process, which can occur slowly even without
tertiary amine (as a HCI acceptor), and (2) the cleavage of each
C—Cl bond absorbed 1 mol of gaseous H, and released 2 mol of
gaseous products HCI and CH;C1.” Deductively, the drawback
should be overcome by replacement of CH,Cl, with a suitable
chloroalkane that can take place a chemoselective hydrodechlor-
ination to release 1 mol of HCI and 1 mol of liquid residue.'
However, the investigation showed that no such chloroalkanes
or such chemoselctive hydrodechlorination were reported in the
literature to date.

(9) Prati, L.; Rossi, M. Appl. Catal., B 1999, 23, 135-142.

(10) Because HCI molecules occupy the Pd—C catalytic sites unreversa-
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On the basis of the above facts, different chloroalkanes with
higher molecular weights were tested for their chemoselective
hydrodechlorinations by employing N-benzyl-N-hexyl-2,2-di-
methoxyethylamine (1a) as an HCI acceptor. As shown in
Table 1, the monochloroalkanes resisted a catalytic hydrode-
chlorination under the mild conditions. When the mixture of
1a (1.0 equiv), 10% Pd—C (10 wt%), and chlorocyclohexane
(3a, 1.1 equiv) or l-chlorohexane (3b, 1.1 equiv) was hydro-
genated at room temperature and atmospheric pressure, the
normal hydrogenolysis of 1a occurred quantitatively within 2 h,
but no expected product 2a- HCl was obtained (entries 1 and 2).
Luckily, when the geminal dichloroalkanes, such as 1,1-dichlor-
opropane (3c¢), 1,1-dichloro-3,3-dimethylbutane (3d), 2,2-di-
chloropropane (3e), or 1,1,2-trichloroethane (3f), were tested,
a crystal product 2a-HCI was obtained in 98% yield within
60 min (entry 3—6). In each case of 3¢—f, the theoretical amount
of hydrogen was absorbed (2.0 mol of H, was consumed, one
for the normal hydrogenolysis and the other for the hydrode-
chlorination), and a very sharp end-point was observed. Since
the control experiment'' proved that 3f was converted into
CICH,CH,CI after the hydrodechlorination, it was confirmed
that the geminal dichloroalkanes underwent a monohydrode-
chlorination. To the best of our knowledge, this is the first
highly chemoselective Pd—C catalyzed monohydrodechlori-
nation of geminal dichloroalkanes.

To explore the application of this chemoselective hydro-
dechlorination to the N-debenzylation of benzylamines, 1,1,
2-trichloroethane (3f) was chosen as a practical HCI donor
because it is a very cheap, commercially available geminal
dichloroalkane. As shown in Table 2, the experimental results
clearly revealed that the chemoselective hydrodechlorination, in
fact, was well controlled by the amount of benzylamine 1a.
There was no hydrodechlorination of 3f in the absence of 1a
(entry 2). When 1:5 (by mole) of 1a:3f was used, no more than
2 mol of hydrogen was absorbed (entry 3). The result in entry 4
proved again that the geminal dichloroalkanes underwent only

(11) Details are described in Supporting Information.
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TABLE 3. N-Debenzylation of 1a—r in the Presence of Geminal Dichloroalkane 3f

Entry 1 2-HCI Time Yield | Entry 1 2-HCI Time YieIdI
(min)? (%)° (min)®  (%)°
N"COLE COEt
2
g(k NN )\,NH HCl 60 98 ©/\K ~UNHHC 90 97
(1a) (2a-HClI) [U)] (2j-HCI)
- AcO.
O JegoWine
_NH-HC 40 98 oAc NH-HCI 70 94
(1b) (2b-HCl) (1k) (2k-HCI)
0} ~..Bn
N 12 ©/\N ~ 0™
® ©/\K \/ILH-HCI 0 97 ano\ \O)\/NH-HCI 60 98
(1c) (2c-HCI) (1n (2I-HCI)
0
Neosole . Q
NH-HCI 60 98 NH-HCI 75 97
(1d) (2d-HCI) (1m) (2m-HCI)
N/\ O/W N BocN
5
©/\ K/o K/NH-HCI 60 97 1 g QBOC ()\JH-HQ 140 98
(1e) (2e-HCI) (1n) (2n-HCI)
o /©/\ g | 15 NTotes ™
o L NHHC 40 o8 (_  TBSO_~_NHHCI 70 98
(1% (2f-HCI) (10) (20-HCI)
-~ ~
7 /©/\N I 1 ©/\N()\l UHQHCI 60 98
MeO Cy Cy,NH-HCl 40 98 ~
(19) (2g-HCI) (1p) (2p-2HCI)
- @ N
s /©/\ g “ 17 \'Q/\ 70 97
MeO Cy _NH-HCI 40 97 OH NH-HCI
(1h) (2h-HCl) OO 19) (29-HCI)
~—OAc
N 3 Ph o)
9
©AI3 [ NH-HCI 9 96 18 7\‘\)?\ Eto)J\/NHZ-Hcl 60 99
(1i) I (2i-HCI) ~ OEt
OAc (1 (2r-HCl)

“The absorption of hydrogen ceased completely. ® The isolated yields were obtained.

a monohydrodechlorination. By using 1:0.6 (by mole) of 1a:3f,
the exact 1.6 mol of hydrogen was absorbed. Additionally, we
also observed that the hydrogenolysis of 1a was accelerated
remarkably by HCI released in situ in the hydrodechlorination
of 3f. For example, the N-debenzylation of 1a took 3 h without
3f (entry 5), whereas the same reaction was accomplished within
60 min by addition of 3f (entries 1 and 3).

Thus, a novel procedure for the N-debenzylation of benzyl-
amines was established, which exhibited high chemoselectivity
and efficiency because it proceeded in a synergistic catalytic
system. As shown in Scheme 2, the hydrodechlorination of 3f
initially was promoted by using 1a as an HCl acceptor. Then,
N-debenzylation of 1a-HCI was accelerated by HCI to directly
give the corresponding 2a-HCL

As shown in Table 3, the method showed very general scope
and chemoselectivity. Different substrates la—r were N-deben-
zylated smoothly to give the corresponding amine hydrochlor-
ides 2a—r-nHCI in excellent yields, whether the N-debenzyled
products are a gaseous amine (entry 2), a low-boiling point
amine (entry 3), or highly volatile amines (entries 4, 6, and 7).
There was no loss of enantiomeric excess for the chiral amines
(entries 9 and 17). The acetate moieties (entries 9, 10, and 11) and
the highly acid-sensitive acetal (entries 1 and 12), ketal (entry 13),

N-Boc (entry 14), and O-TBS (entry 15) groups stayed intact to
give the corresponding amine hydrochlorides in effectively
quantitative yields. When double the amount of 3f was used,
the substrate 1p was converted automatically into the corre-
sponding dihydrochloride 2p-2HCl (entry 16). However,
although two benzyl groups in Ir were hydrogenolyzed
completely to produce 2r-HCI in 99% yield (entry 18), no
N-debenzylation occurred when the alkyl-substituted secondary
benzylamines were used as substrates. Thus, EtNHBn,
‘BuNHBn, and HOCH,CH,NHBn were quantitatively con-
verted into the corresponding hydrochlorides EtNHBn-HCI,
‘BuNHBn-HCI, and HOCH,CH,NHBn-HCI. This chemose-
lective hydrogenolysis between tertiary and secondary benzyl-
amines is fully in agreement with those reported in the refer-
ences.'> Under our standard conditions, the N-benzylanilines
could not give the expected N-debenzylated products because the
aromatic ring hydrogenated products were produced. It is
noteworthy that the workup procedure for this method is just

(12) For selected references, see (a) Tircso, G.; Bényei, A.; Kirdly, R
Lézar, 1.; Pal, R.; Briicher, E. Eur. J. Inorg. Chem. 2007, 701-713. (b) Lee,
J.-D,; LeeYJ Jeon H.-J.; Lee, J. S.; Lee, C. H.; Ko, J.; Kang, S. O.
Organamcmlhu 2003 22 445~ 449 (c) Kuehne M.E.; Cowen S.D.; Xu, F.;
Borman, L. S. daflusestslige. 2001, 66, 5303-5316. (d) Studer, MA; Blaser,
H.-U. J. Mol. Catal. A: Chepy. 1996, 112, 437-445.
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a simple filtration because all substrates gave their products as
solid crystal amine hydrochlorides.

In summary, a novel method of Pd—C catalyzed N-deben-
zylation of benzylamine was developed. The method
was characterized by simple addition of a geminal dichloro-
alkane into a conventional hydrogenolysis system and
achieved high efficiency and clean products. The benefits
of this method are 3-fold. First, the poor yield in the
conventional N-debenzylation was overcome completely
and the volatile amines, even the gaseous amines, can be
obtained as their hydrochlorides in practically quantitative
yields. Second, the traditional two steps (Pd—C catalytic
hydrogenolysis and conversion of amine into its hydro-
chloride) are combined into a single easy procedure. Third,
the new N-debenzylation provides a method to prepare
amine hydrochlorides bearing functional groups that might
be unstable to hydrogenolysis conditions employing acidic
media. This method can be expected to replace the conven-
tional catalytic hydrogenolysis to be used widely in asym-
metric syntheses and in natural products syntheses.

Experimental Section

Preparation of N-Boc-Piperazine Hydrochloride (2n-HCI).
A mixture of In (691 mg, 2.5 mmol), CH,CICHCl, (369 mg,
2.75 mmol), and 10% Pd—C (69.1 mg) in MeOH (50 mL) was
stirred under hydrogen atmosphere until the absorption of hydro-
gen ceased (140 min) (the hydrogenation was carried out on an
atmospheric pressure hydrogenator). After the Pd—C catalyst was
filtered off, the solvent was removed by rotary evaporation. The
residue was diluted with dry diethyl ether, and crystalline product
2n-HCI (545 mg, 98%) was collected by filtration: mp 236—238 °C
(MeOH/Et,0). IR (KBr): v 2967,2799, 2732, 2619, 2474, 1695 cm ™.
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"HNMR (D,0): 03.68 (t,J = 4.1 Hz, 4H), 3.22(t,J = 5.5 Hz, 4H),
1.43 (s, 9H). *C NMR (D,0): 6 155.8, 82.8, 43.1 (2C), 40.4 (2C),
27.6 3C). MS m/z (%): 186 (M-HCI, 15.6), 56 (100). Anal. Calcd
for CoH9CIN,O,: C, 48.54; H, 8.60; N, 12.58. Found: C, 48.56;
H, 8.57; N, 12.62.

Prepation of N-Ethyl-(3-tert-butyldimethyl-silyloxy)-propyla-
mine Hydrochloride (20-HCIl). A mixture of lo (769 mg,
2.5 mmol), CH,CICHCI, (369 mg, 2.75 mmol), and 10% Pd—C
(76.9 mg) in MeOH (50 mL) was stirred under hydrogen atmo-
sphere until the absorption of hydrogen ceased (70 min) (the
hydrogenation was carried out on an atmospheric pressure
hydrogenator). After the Pd—C catalyst was filtered off, the
solvent was removed by rotary evaporation. The residue was
diluted with dry diethyl ether, and crystalline product 20-HCI
(622 mg, 98%) was collected by filtration: mp 168—170 °C
(MeOH/Et,0). IR (KBr): v 2956, 1469, 1256 cm™'. '"H NMR
(D,0): 6 3.77 (t, J = 5.8 Hz, 2H), 3.09—3.01 (m, 4H), 1.92—1.83
(m, 2H), 1.24 (t, J = 7.5 Hz, 3H), 0.86 (s, 9H), 0.09 (s, 6H). '*C
NMR (D,0): 6 60.9, 44.8, 42.9, 28.4, 25.6 (3C), 17.8, 10.7, —5.9
(2C). MS (EI): m/z (%) 217 (M-HCI, 4.8), 160 (100). Anal. Calcd
for C11HpCINOSI: C, 52.04; H, 11.12; N, 5.52. Found: C, 52.02;
H, 11.16; N, 5.50.

The same procedure was used to convert the substrates la—r
efficiently to the corresponding products 2a—r-rHCI.
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