ORGANIC
LETTERS

Selective Mono- N-alkylation of 3-Amino e

Alcohols via Chelation to 9-BBN 3549—3551

Galia Bar-Haim and Moshe Kol*
The School of Chemistry, Raymond and Bewverly Sackler Faculty of Exact Sciences,
Tel Aviv University, Ramat Aviv, Tel Avi©9978, Israel

moshekol@post.tau.ac.il

Received July 26, 2004

ABSTRACT

Y Y

\ / \ R
H,N OH 9-BBN-H 1. KOt-Bu HCI NH OH

T k)QRX Hk)—>

A method for selective mono-N-alkylation of amino alcohols is introduced. This method relies on formation of a stable chelate with 9-BBN,

which serves in the dual roles of protecting and activating the amine group. Three prototypical amino alcohols featuring various three-carbon

bridging units led selectively to the monoalkylated derivatives in very high yields. The straightforward synthesis of the N-CDj; derivatives
demonstrates the effectiveness of this approach.
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The selective mono-N-alkylation of primary amines by direct alcohols>~7 Several representative 1,3-amino alcohols were
nucleophilic substitution on alkyl halides is a familiar chosen for this preliminary feasibility study, and all proved
challenge in organic synthesis. Since the produced secondaryo undergo exclusive mono-N-alkylation in high yields
amines are usually at least as reactive as the starting primaryFigure 1).

amines, they react further, yielding mixtures of alkylation
productst The common solutions are either the use of an
excess of the primary amine followed by distillation or
utilizing an alternative route such as reductive amination. H.N OH HoN OH HoN OH
However, if the amine is expensive, or when other functional K/l

groups in the molecule are sensitive to reduction, these

schemes may become unsatisfactory. Recently, we introduced

a method for selective mono-N-alkylations of certain di-

amines with alkyl halides relying on formation of a chelate 1 2 3

with 9-BBN that enabled the efficient N-alkylation and N;N
dialkylation of 1,8-diaminonaphthalehzand the regiose-
lective mono-N-alkylation of 2-aminobenzylamifién this
paper we report that the “chelation to 9-BBN” approach is  The essential requirement for successful monaHyla-
applicable for selective mono—N—aIkyIation of various amino tion by this approach would be the formation of a stable
chelate between the amino alcohol and 9-BBN. This chelate

Figure 1. Amino alcohols studied in this work.
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Scheme 1. General Alkylation Scheme of Amino Alcohols via  Table 1. 9-BBN Chelates!'B NMR Chemical Shifts, and

Chelation to 9-BBN Yields of Final N-Alkylated Products

9-BBN 11B NMR isolated total
chelate (ppm, vs BF3-OEt,) product yield
N o H\N,B\O 1-BBN -0.6 100%
? 9-BBN-H / 1-BBN—Me 0.8 1-Me 95%
o " k ) 1-BBN-Et 13 1-Et 95%
Y 2 Y 1-BBN—Pr 1.4 1-Pr 95%
1,2,3 1-BBN, 2-BBN, 3-BBN 1-BBN—Bn 1.8 1-Bn 95%
2-BBN 3.0 100%
1 KOLBu 2-BBN—Me 4.3 2-Me-HClI 100%
5 RX 2-BBN—Et 5.0 2-Et-HCl 100%
2-BBN—Pr 5.2 2-Pr-HClI 100%
2-BBN-Bn 5.6 2-Bn-HCI 100%
3-BBN 135 100%
v 3-BBN—Me 9.2 3-Me 90%
" " y 3-BBN-Et 23.1 3-Et 90%
- — - 0,
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1-R, 2-R, 3-R 1-BBN-R, 2-BBN-R, 3-BBN-R

white, air-sensitive crystalline compound. The spectral
properties of1-BBN support its proposed structure (see
Supporting Information for full spectroscopic characterization

. of 1-BBN). In particular, the formation of an €B—N
should consist of an oxygerboron covalent bond and @  chelate is supported by tH& NMR chemical shift, which
strong nitrogen—boron coordinative bond. In this neutral 5 consistent with a tetracoordinate boron atom (Table 1).
form, the amine functionality is,.at the same Fime, protected As expected]-BBN did not react with electrophiles such
from alkylation as well as being more acidic since the 5 1 athyi iodide at room temperature. However, on addition
nitrogen lone pair is coordinating to the Lewis acidic boron of potassiumtert-butoxide at room temperature 16BBN
center. Facile removal of a single proton by a relatively mild dissolved in THF followed by a primary alkyl halide-R
base ShOUId. lead to formati(_)n of an anionic nucle_ophil_e _that namely, iodomethane, iodoethane, 1-bromopropane, or ben-
can react with a single equivalent of an alkyl halide giving ) chjoride, an immediate reaction took place, as was evident

the mpno—N—aIkyI _prqduct that is protgcted from furt_hgr from the precipitation of a white solid (potassium halide).
alkylation by coordination to the boron. Finally, a mild acidic Filtration and removal of the solvent gave the maviadky!

hydrolysis of 9-BBN should release the mono-N-alkylated derivatives1-BBN—R quantitatively.!H NMR spectra of

amiEe (?chemhe 1f)'. b h >-hvd the crude products indicated that alkylation took place only
Therefore, the first substrate we chose was 2-hydroxy- ,, e nitrogen atom and that polyalkylation did not occur.
benzylamine (1},which is expected to bind to 9-BE_>N by a In analogy tol-BBN, the monoN-alkyl derivativesl-BBN—R
strong oxygerrboron covalent bond and a strong nitrogen 0 515 chelating according8 NMR (Table 1). An acidic

boron cqordinative bon_d, t_hus completing a six-membered hydrolysis of the 9-BBN group at room temperature followed
chelate ringN-Alkyl derivatives of 2-hydroxybenzylamine, by a basic workup gave the four mono-N-substituted 2-hy-

which are intermediates in the synthesis of several biologi- droxybenzylamined-R (R = Me, Et, Pr, Bn) in very high
cally active compounds, have previously been prepared byyields (Table 1). T

amine condensation with salicylaldehyde followed by reduc-
tion,? since a direct reaction of 2-hydroxybenzylamine with
alkyl halides is expected to yield a mixture of alkylation
products. Adding 1.0 equiv of 9-BBNH to 2-hydroxyben-
zylamine in ether resulted in evolution of hydrogen gas and
formation of the chelatel-BBN, which was isolated by
removal of the solvent in quantitative yield. Alternatively,
1-BBN can be synthesized from methoxy-9-BBN and 2-hy-
droxybenzylamine with formation of methandkBBN is a

R = Me, Et, n-Pr, Bn.

The second prototypical amino alcohol we investigated
was the aliphatic 3-aminopropanol (2), whose tendency to
form a six-membered chelate with 9-BBN may be somewhat
diminished due to loss of entropic conformational freedom.
A previous synthesis of N-substituted 3-amino alcohol relied
on a Michael addition between a primary amine and ethyl
acrylate followed by reductiot?. In addition, theN-benzyl
derivative was synthesized by a nucleophilic substitution
employing a large excess of the amine to avoid over-
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Scheme 2. Synthesis ofN-Deuteriomethyl Derivatives of

v @ Amino Alcohols1-3
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Figure 2. Possible equilibrium between chelate and open-form 3-BBN 3-BBN-CD,
isomers in3-BBN-R.

the N-substituents increases (Figure 2). Again, a facile acidic
hydrolysis gave the four alkylated produ&sR in very high
alkylation!* as well as by copper-catalyzed coupling of vyields (Table 1).
iodobenzyl alcohol with benzylamirté.Adding 1.0 equiv Preliminary experiments indicated that the chelation to
of 9-BBN-H to 2 resulted in evolution of hydrogen gas and 9-BBN approach is not successful for 1,2-amino alcohols.
quantitative formation of the desired six-membered chelate Thus, even though the reaction of norephedrine with
2-BBN, as supported by spectroscopic data and especially9-BBN—H led to a five membered chelatethe following
B NMR. Following the same deprotonation and alkylation deprotonation and alkylation sequence led to a mixture of
as above led to the mono-N-alkylated produ8BN—R  alkylation products. It is possible that the monoalkylated
in quantitative yields whos&B NMR indicated that they,  chelate is too strained and reacts further with an alkyl halide
too, were chelating. Finally, a mild acidic hydrolysis via its neutral open-form isomer. It is possible that given an
procedure led to the four mono-N-alkyl 3-hydroxypropyl- appropriate Lewis acid-chelating center, the selective alkyl-
amines2-R (R = Me, Et, Pr, Bn) isolated as the hydrochlo-  ation of these important substrates may be achieved.
ride salts in quantitative yields. The advantage of the chelation to 9-BBN method over
We found that this alkylation method is successful even the common reductive amination procedure may be appreci-
for six-membered chelates featuring a weak donor, namely, ated by the selective and essentially quantitative formation
2-aminobenzyl alcohol 3). Previous syntheses of alkyl of the CDs-derivatives of all these prototypical amino
derivatives of this amino alcohol relied on various combina- alcohols by employing CE as the alkylating agent (Scheme
tions of condensation followed by reducti&hReacting3 2). Obviously, a classical approach to these compounds
with 9-BBN-H led to the air-sensitive chela®BBN in would have required a less economical use of deuterated
quantitative yield. Even though this chelate is expected to agents.
be less stable due to formation of a weak aromatic nitregen In conclusion, we have shown that the “chelation to
boron coordinative bond, the sequence of deprotonation 9-BBN” is a straightforward, mild, and efficient method for
alkylation led selectively to the formation of the respective selective mono-N-alkylation of several prototypical 3-amino
alkylated chelate8-BBN—R, quantitatively. Interestingly,  alcohols!® This approach can clearly be extended to various
the *B NMR chemical shifts of the alkylated chelates substrates featuring a 1,3-relationship between an amine and
featured a substantial downfield shift as a function of the an alcohol group.
bulk of theN-alkyl groups (a similar but much less apparent )
trend may be observed for the former series). This trend may Acknowledgment. We thank the Israel Science Founda-
result from equilibrium between a chelate (having a typical ton for financial support.
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