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ABSTRACT

Aryl(sulfonyl)amino groups, readily derived from sulfonyl- or arylamines by standard methods as well as the recently introduced methods of
sulfonylation and arylation, proved to be good leaving groups in intramolecular substitution reactions by various nitrogen, oxygen, and carbon
nucleophiles.

Substitution of an amino group or its protected group at
an ordinary sp3 carbon with a nucleophile, leading to other
functional groups, has not been thoroughly considered in
organic synthesis.1 This obviously comes from not only
their intrinsically low leaving ability but also the fact that
amino groups themselves are primarily prepared by
displacement of other functional groups, and thus, the
reversed transformation would be pointless.1 However,
recent rapid expansion of organic synthesis to the area of
biomolecules, which ubiquitously possess amino groups,
should cause the above transformation to gain more
importance.2 In addition, as asymmetric reactions often
inevitably produce (protected) amines in order to attain
high ee values,3 their subsequent conversion to other
functional groups appears to be in more demand. In this
paper, we report a dependable method for the intramo-
lecular substitution of (protected) amino groups, via their
conversion to aryl(sulfonyl) derivatives 3 (Scheme 1).

These aryl(sulfonyl)amino groups are readily prepared
from sulfonyl- or arylamines (1 or 2), which are, when
necessary, derived from parent amino groups by a variety
of standard4,5 and recently introduced6 methods of sulfo-
nylation and arylation as shown in Scheme 1.

Scheme 1. Formulation of Synthetic Utility

ORGANIC
LETTERS

2010
Vol. 12, No. 18

4137-4139

10.1021/ol101541p  2010 American Chemical Society
Published on Web 08/24/2010



Equation 1 illustrates the above strategy.7 The Ts-protected
amino moiety in 4 was first converted to an ONP(Ts)N-
group by o-nitrophenylation to attain the activation of the
amino group (to 5).5 This amino-derived leaving group was
still stable enough8 to allow the modification of the other
side of molecule 5 to afford 6. However, once its displace-
ment became necessary, simple heating effected the ring
closure to give pyrrolidine derivative 7.

Scheme 2 shows the generality of this substitution
reaction. In addition to nitrogen nucleophiles (eqs 2 and
3), oxygen (eqs 4-8) and carbon nucleophiles (eqs 9 and
10) entered the reaction, producing azacycles, cyclic ethers
or a lactone, and carbocyclic compounds. Gratifyingly,
when a few optically active substrates were submitted to
the reaction (eqs 5, 6, and 14), each product maintained
virtually the same ee value as that of the original
compound with inversion of configuration. While oxygen-

ated or polyamine substrates are frequently encountered
in the manipulation of biomolecules, the nucleophilic
displacement in these systems is known to be retarded.9

However, the present method did not suffer from any
apparent decrease in the product yields, as evidenced by
the reactions in eqs 3, 6, and 7. An efficient amino-based
leaving group is not limited to ONP-plus-Ts derivatization.
Even the electron-rich PMP group, which has been used
as an amino-protecting group,10 worked well as a leaving
group as demonstrated in eq 11, where the effect of the
sulfonyl group is also shown. Thus, the PMP group,

(1) Textbooks of organic chemistry allot many pages to substitution
reactions by amino and related groups, but little is described on the reversed
transformation, substitution of amino and related groups. For example, see:
(a) Carey, F. A.; Sundberg, R. J. AdVanced Organic Chemistry, 5th ed.;
Springer: New York, 2007; Part A, pp 389-472; Part B, pp 215-242. (b)
McMurry, J. Organic Chemistry, 5th ed.; Brooks/Cole: Belmont, CA, 2000;
pp 976-1029. (c) Morrison, R. T.; Boyd, R. N. Organic Chemistry, 6th
ed.; Prentice Hall: Upper Saddle River, NJ, 1997; pp 821-888. (d) Malpass,
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Scheme 2. Substitution of Aryl(sulfonyl)amino Groupsa

a The reactions were performed with K3PO4 in DMF at 150 °C, except
for eq 14 where Cs2CO3 was used instead of K3PO4. The isolated yield and
reaction period (in parentheses) are indicated for each product.
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combined with a more electron-withdrawing sulfonyl
group (Ms (26) < Ts (28) < Ns (29) < Tf (30)), increased
the leaving capacity of the modified amino group. Other
examples for PMP-amino substrates are shown in eqs
12-14.

In addition to eq 1, a couple of applications of this method
are shown in Scheme 3 and eq 15. The addition of lithium

reagent 35 to imine 36 produced diamine 37, but its further
synthetic elaboration appears to be hampered. However,
selective activation of a PhNH group in 37 to the leaving
group and the subsequent cyclization of the resultant 38 gave
heterocycle 39. On the other hand, the reaction between 40

and 41 afforded 42, whose similar treatment as above
afforded the same heterocycle 39. It should be noted that
the nitrogen atom in 39 comes from electrophile 36 in the
upper equation, but from nucleophile 40 in the lower one,
and that these reactions are solely taking advantage of amino
groups.

Equation 15 shows a direct conversion of amino alcohol
45, which represents frequently encountered synthetic in-
termediates or can be derived from parent amine 44,6,11 to a
conjunctive reagent 46. Upon reaction with catechol, this
reagent underwent double substitution to afford benzodioxane
(R)-17. Thus, (protected) 1,2-amino alcohols could be
converted to bis-electrophilic units by the present method.

In conclusion, we reported a convenient method for the
displacement of an amino group with inversion of config-
uration. Further extension of this reaction and its synthetic
applications are now under investigation.
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Scheme 3. Synthetic Manipulation Solely Based on Amino
Groups
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