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ABSTRACT

(R)ArNH, + (Boc),0

Water

(R)ArNHBoc

M, 2min-6h

Catalyst-free  N-tert-butyloxycarbonylation of amines in water is reported. The
isocyanate, urea, N,N-di-t-Boc, and O/S-t-Boc as side products. Chiral amines, esters of

pure N-t-Boc derivatives. Amino alcohol and 2-aminophenol afforded the

83 - 98%

N-t-Boc derivatives were formed chemoselectively without any
o-amino acids, and f-amino alcohol afforded optically
N-t-Boc derivative without oxazolidinone formation. Selectivity was

observed during competition of aromatic amine vs aliphatic amine, amine vs amino acid ester, amine vs amino alcohol, and primary amine

Vs secondary amine.

The presence of the amine functionality in a wide range of presence of DMAPinorganic bases(ii) 4-(dimethylamino)-
biologically active compounds makes protection of amines 1-tert-butoxycarbonylpyridinium chloridéertafluoroborateé
an important and frequently needed exercise in syntheticin aq NaOH, (iii) 2tert-butyloxycarbonyloxyimino-2-phe-

organic/medicinal chemistyAcylatior? is an easy method
of protection but the harsh reaction conditibnsquired to

nylacetonitrile in the presence of &kt in H,O—dioxanel?
(iv) tert-butyl-2-pyridyl carbonate in the presence ofNEt

regenerate the amine from the acylated derivative are notin HO—DMF,2and (v)tert-butyl-1-chloroalkyl carbonates
suitable for a multifunctional substrate and a protecting group in the presence of ¥CO; in H,O—THF .12 These methodolo-
that is cleavable under mild conditions is required. As the gies have various drawbacks such as the requirement of long
N-tert-butylcarbamates are stable toward a variety of rou- reaction times, special efforts to prepare thg-butyloxy-
tinely adopted experimental conditions such as in the carbonylation reagentd®®and auxiliary substances (e.g.,
presence of nucleophiles but are easily converted to thesolvents, bases, etc.). The high toxicity of DMARs a

parent amines under mild acidic conditidfishe N-tert-

serious concern for the use of DMAP and the-butyloxy-

butyloxycarbonylation is an elegant strategy to protect carbonylation reagerit8 derived from DMAP. Further, the

amines*® Amines are converted th-t-Boc derivatives by
reaction with (i) ditert-butyl dicarbonate [(BogD] in the
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base-catalyzed reactions are often associated with the forma-
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tion of isocyanaté%*urea® andN,N-di-Boc derivative$%15 water, the reactions were carried out in tap water so that
The limited number of Lewis acid-catalyzed procedtfres the efforts and energy consumption for preparing distilled
circumvented the problem of side reactions but some of themwater are avoided. The critical amount of water required was
are not devoid of other drawbacks such as long reaction time,found to be 1 mL/mmol of the amine. The use of a lesser
the need to use solvet®—¢and hazards (e.g., the use of amount of water led to incomplete conversion but the use
sulfuric acid at 500C to prepare yttria-zirconi®2 ZrCl, is of >1 mL/mmol did not have a significant influence on
moisture sensitive and decomposes on storing liberating HCIthe reaction rate and product yield. The products were
fumes), etc. isolated by filtration (for solid products) or extraction with
The current environmental concerns encourage the devel-EtOAc (for liquid products) and were of sufficient purity

opment of “greener” conditions, where possible, and the tight (spectral data) and did not require further efforts of puri-
legislation on the maintenance of greenness in synthetic pro-fication. To address the question of whether the Lewis acid
cesses insists on preventing generation of waste, avoidingcharacter of the glassware is contributing to the reaction,
the use of auxiliary substances (e.g., organic solvents, addi-the N-tert-butyloxycarbonylation of aniline was carried out
tional reagent$$ and minimizing the energy requireméfit. ~ With (Boc)O in a plastic vessel and thé-t-Boc derivative
The use of water as reaction medfdmas received consider- Was obtained 92% yield after 0.5 h. Various aromatic,
able attention in the context of green chemistry for several heteroaromatic, aryl alkyl, and alkyl amines were converted
reasons: (i) it is cheap, safe, and environmentally benign, tO theN-t-BOC derivatives in excellent yields after 2 min to

(ii) reactions in aqueous medium eliminate the additional 6 h (Table 1). No competitive formation of isocyan&té;
efforts in making the substrates and reagents dry before useurea®® and N,N-di-BOC®*2 was observed (IR, GCMS).
and thus reduce/eliminate the consumption of drying agents,Substrates having an OH/SH group (entries86 32, and
energy, and time, (i) and the unique physical and chemical 33) afforded theN-t-Boc derivatives withoutO/S-t-Boc

properties of water can be utilized to realize reactivity or
selectivity that cannot be attained in organic solvéhis.
pursuit of our recent efforts to develop environmentally

formation (IR)% The chemoselectivity was further demon-
strated in the case of 2-aminophenol (entry 7) and amino
alcohol (entry 33) that did not form oxazolidindfé* and

friendly synthetic methodologies by carrying out reactions aminoacetaldehyde dimethyl acetal (entry 28) that is sensitive
in water?? we observed that there are limited examples of to acids. Chiral amine (entry 29), estersafmino acids
organic reactions that have been carried out in water in the (éntries 30-32), and amino alcohol (entry 33) gave optically

absence of any catalydtut there is no report of catalyst-
free N-tert-butyloxycarbonylation of amines in water.

pureN-t-Boc derivatives (as determined by optical rotation
and comparison with literature valu&sand demonstrated

Herein we report an efficient method for chemoselective the mildness of this procedure.

N-tert-butyloxycarbonylation of amines in water at room

The reactions were monitored by TLC and IR and could

temperature in the absence of any acid/base catalyst. AsISO be followed up visually. For solid amines, a clear
comparable yields were obtained in using tap and distilled Solution was obtained after addition of (BgO) to the
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magnetically stirred suspension of the amine in water.
Commencement of slow effervescence took place with
concomitant formation of this-t-Boc derivative (TLC). The
formation of solid residue indicated the completion of the
reaction (TLC, IR). In case of liquid amines, transparent
droplets were formed in mixing the amine and (BGx)n
water and a white emulsion appeared on the surface alongside
the walls of the reaction vessel with slow effervescence.
Finally, a white solid settled down and indicated the
completion of the reaction (TLC, IR).
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Table 1. N-tert-Butyloxycarbonylation of Amines in Water

entry substrate time yield entry substrate time yield
(h) (%)™ () %)

¢ OO
R® 19 5min 92

l_ - 4_ 5_
1 R'=R’=R'=R‘= R*=H 0.5 95 @\/NHz
2 R'=R’=R'= R'=H;R'=Me 1 96 20 O 0.5 95
3 R'=Me;R°=R'=R'= R'=H 15 9 CNH

L Lo 21 2min 90
4 R'=R’=Me;R=R‘= R°=H 2 90

1 3 5 . P2 5 X NR
5 R'=R’=R’=Me; R°=R’ = H 2 90

Ve 5 5 22 X=CH,;R=H 2min 95
6 R'=R’=R'= R°=H;R'=OH 1 87 :

, s a e s 23 X=0;R=H 2min 98
7 R'=OH;R°=R’=R'= R'=H 2 90

e ) 24 X =CH,; R = CH,CHNH, S5min 95
8 R'=R’=R'= R°=H;R'=SH 1 83 R

L e 25 X =0; R=CHCHNH, S5min 90
9 R'=R*=R'= R'=H;R’=F 1 90 .

1 2 4 s LD NH;
10 R'=R°=R‘z= R°'=H;R’=Br 1 86 O/
11 R'=Me;R°=R'= R*=H;R°=Br 15 90 26 Ny 20 min 90
12 R'=R'=R’=H; R’=F;, R’ =Cl 6 92 O/N\O

1 2 1 5 DI
13 R'=R'=R'= R*=H;R'=OCHPh 1 90 97 5 90

NH, OMe

NH
28 Moo~ N2 10min 95
H
N

_ . 29 10min 96
N/\:>—NH2 NH,
15 7/ 0.5 92 =t
H 30 CO:Me 1 91
e
16 N 2 92
Me MeOZC H
@‘N;/\/(Me 31 = 1 90
32 = 1 90
NH
17 o 2 2 90°

R=0OH
o Lo
Smin 96 33 20min 92

aThe amine (2.5 mmol) was treated with (Bg®)(1.1 equiv) in water (2.5 mL) at room temperature30—35°C). © Yield of the purified product¢ The
products were characterized by IR, NMR, and MS and all unknown compounds gave correct elemental &itgsesaction was carried out with 1.5
equiv of (Boc}O.

18

The role of water may be explained by Schemé& 1. dicyclohexylamine (entry 27) was the result of steric
Hydrogen bond formation between water and the carbonyl hindrance of the cyclohexyl groups in the TISThe longer
oxygen atoms of (Bog]D causes “electrophilic activation” time required for 2-aminophenol (entry 7) compared to that
(TS 1) making the carbonyl group more susceptible to of 4-aminophenol (entry 6) may be due to the fact that in
nucleophilic attack. The oxygen atom of water in turn forms case of the former, intramolecular hydrogen bond formation
a hydrogen bond with the hydrogen atom of the amine and

increases the electron density at the nitrogen atom (nucleo_

philic activation). Electrostatic attraction between the car- Scheme 1. Dual Activation Role of Water during
bonyl group and the nitrogen atom forms the TIS Catalyst-FreeN-tert-Butyloxycarbonylation of Amines
Intramolecular nucleophilic attack by the nitrogen atom on O/H

the carbonyl carbon followed by elimination of GBUOH,

and HO forms the carbamate. ﬂ\ J\ J< ﬂ\ )\ )\ J<

The dual activation role of water through cooperative
hydrogen bond formation (Scheme 1) accounted for the
present observations (Table 1). The faster rate of reaction

. . . . . T 0 wA\‘*‘/I—:
with aliphatic amines was due to their better nucleophilicity. >‘/O\H . j\oJ\ s : >( Ar(R)

However, the slower rate of carbamate formation with TSI
H:0 %\
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between theO-H hydrogen atom and the nitrogen atom
reduced the nucleophilicity of the NHjroup. This intramo-

product during the reaction of the mixtures of (B){a-
methylbenzylamine (1 mmol) and meth§{phenylglycinate

lecular hydrogen bond formation impaired the hydrogen bond (1 mmol) and (ii) (S)-a-methylbenzylamine (1 mmol) and

formation involving theN-H hydrogen atom and the oxygen
atom of the water molecule in the TI§ and decreased the

(S)-phenylalalinol (1 mmol), separately, with (BgD) (1
mmol) in 90% and 92% isolated yields, respectively, after

reaction rate. The distinct involvement of the hydrogen bond 10 min. TheN-t-Boc-cyclohexylamine was formed exclu-
between th&\-H hydrogen of the amine and the oxygen atom sively when a mixture of cyclohexylamine (1 mmol) and
of water in the TSIl can be realized by comparison of entry dicyclohexylamine (1 mmol) was treated with (Bgo) (1
18 vs 20 and entry 29 vs 30. In 2-furfurylamine and methyl mmol) for 60 min (IR, TLC comparison with authentic
(9-phenylglycinate, intramolecular hydrogen bond formation compounds). The preferentibl-t-Boc formation of cyclo-
of theN-H hydrogen with the oxygen atom of the furan ring hexylamine over dicyclohexylamine is due to the steric factor
and the oxygen atom of the carbonyl group, respectively, as otherwise the later is expected to form tRe-Boc
should make the nitrogen atom more nucleophilic, but derivative selectively because a secondary amine is more
contrary to this expectation, the reaction rate was slower for nucleophilic than a primary amine. When a mixture of
these substrates. The decrease in the rate of reaction in th®enzylamine (1 mmol) and dibenzylamine (1 mmol) was
case of 2-furfurylamine and methy®¢phenylglycinate was  treated with (Bog)O (1 mmol) for 5 min a 64:36 selectivity
due to the intramolecular hydrogen bond formation in these (GCMS) was observed in favor of tié-t-Boc of dibenzy-
substrates that did not permit the hydrogen bond formation lamine. This result established that in the absence of an
between theN-H hydrogen and the oxygen of the water appreciable amount of steric effect, tiet-Boc of the
molecule in the TSI to take place as efficiently as in the secondary amine is formed preferably. To further demon-
case of benzylamine an&)-a-methylbenzylamine. As the strate this, a mixture of piperidine (1 mmol) and 1-(2-
amide carbonyl oxygen atom in 4-aminoantipyrine (entry 17) aminoethyl)-piperidine (1 mmol) was treated with 1 equiv
is more electron rich compared to the oxygen atom in of (BochO for 1 min and the correspondindy-t-Boc
2-furfurylamine and the carbonyl oxygen atom of methyl derivatives were formed in a ratio of 67:33 (GCMS).
(S)-phenylglycinate, the intramolecular hydrogen bond for- Similarly the reaction of a mixture of morpholine (1 mmol)
mation between the amide oxygen atom and theéd and 4-(2-aminoethyl)morpholine (1 mmol) with (Bg®) (1
hydrogen is more pronounced in 4-aminoantipyrine resulting mmol) for 1 min exhibited a 88:12 selectivity in favor of
in much decrease in the rate of carbamate formation. In caseN-t-Boc-morpholine (GCMS).
of 2-aminobenzimidazole (entry 16), theH hydrogen atom We have described herein an efficient methodology for
of the imidazole ring undergoes hydrogen bond formation water mediatedN-tert-butyloxycarbonylation of amines at
with a separate water molecule, which in turn is involved in room temperature. The advantages such as the (i) catalyst-
hydrogen bond formation with the nitrogen atom of the free and nonhazardous conditions, (ii) operation at room
2-NH; group and reduces its nucleophilicity. The trapping temperature, (ii) high yields, (iii) excellent chemoselectivity,
of a separate water molecule between the Nk and the and (iv) ease of product isolation/purification fulfill the triple
2-NH, competes with the formation of the T8 and bottom line philosophy of green chemistfyand make the
contributes to retard the carbamate formation. present methodology environmentally benign.
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