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An advance in the selective acylation of polyamines having identical or similar amine functions is reported. While nucleophilicity differences
between the various amine functions are slight, the corresponding conjugate acids exhibit p K, values over a significant range. We have used
proton as polyamine protecting group: the monoamine resulting from single deprotonation of a polyammonium compound has allowed for

high yields of selective acylation.

Selective acylation of polyamines yielding unsymmetrical We recently prepared 1,3,5,7-tetrakis(aminomethyl)ada-
polyamides is an important transformation for making novel mantane 1)® and are elaborating this tetrahedral assembly
materials. The ubiquity of polyamide linkages in biological of four equivalent amine functionalities as the core of several
molecules also makes this transformation useful in the families of compounds, including bifunctional analogzes
preparation of biomimetic compounds. Yet selective acyla- of the Escherichia colisiderophore enterobactir8)(” We

tion of polyamines bearing more than one identical (or report here methodology for high yield selective acylation
similar) amine function is a challenge and is generally of symmetric polyamines.

accomplished by using a large excess of the polyamine,

basing yield on the acylating agenf. This strategy results s

in only modest yields and is unattractive when using precious " T 9 \ﬁ o
polyamines. #\
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(2) Roy, B. C.; Malik, S.J. Org. Chem1999 64, 2969-2974.
(3) Cohen, S.; Raymond, K. Nnorg. Chem 200Q 39, 3624-3631.

(4) Bendavid, A.; Burns, C. J.; Field, L. D.; Hashimoto, K.; Ridey, D. 1 3
D.; Sandanayake, K. R. A. S.; Wiesorek,d.Org. Chem2001, 66, 3709—
3716.

(5) Cardner, R. Al.; Ghobrial, G.; Naser, S. S.; PhanstielJOMed. C_Zon_1poun<_j4, a pr_ec_ursor t@, was first pre_pared_ through
Chem 2004 47, 4933-4940. stoichiometric restriction (Scheme 1), but with unimpressive
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Scheme 1 Scheme 2
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OxyNH KN 0 o Mo While nucleophilicity differences between the various
X NH ) . . . . . .
:‘;2350% o RGO o, 30015 L amine functions in polyamines are slight, the corresponding
& CF3 5 '3 . . o . aps
o OCHB oo conjugate acids exhibitiy, values over a significant range.
6 7 For example, the conjugate diacid of ethylene diamine has

BOP: benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate

pKa values of 7.6 and 10.8; the conjugate triacid of 1,2,3-
triaminopropane exhibitsky, values of 3.6, 7.9, and 916.
The conjugate tetraacid of spermine h&s, palues of 8.1,
8.9, 10.1, and 10.% We observed K, values between 6.8
and 8.4 in the tetrahydrochloride af(Table 1).

results. One equivalent of ethyl trifluoroacefateas added

to 1 equiv ofl to introduce the first amide. Subsequently,
3.5 equiv of 2,3-dimethoxybenzoic acid activated by ben-
zotriazol-1-yloxytris(dimethylamino)phosphonium hexafluo-
rophosphate (BOP, Castro’s reagémis added to benzoy-
late the remaining free amines. Chromatographic separationTable 1. Chemical Shifts for Exo- and Endocyclic Protons of
of the reaction mixture provided the desired mono(trifluo- 1*4HCl Treated Sequentially with TEA in MeOBx (pKa

roacetamide)tris(2,3-dimethoxybenzoylamidéh 32% yield. Values of Ammonium Protons were Determined ipCHby

We also isolated 16% of bis(trifluoroacetamidend 8%  Fotentiometric Titration with KOH)

of tris(trifluoroacetamidep. No tetrakis(trifluoroacetamide) Nt

7 or tetrakis(2,3-dimethoxybenzamid®)were observed’ KE\ K@\ f@\
The modest selectivity underscores that the nucleophilicity ¢HaN NH"CrF CIHN NH"Cr N o
of the four equivalent amine functions inis similar to that 1o4HCI 103HC 152HCI

of the residual free amines in the mono- and bis(trifluoro-

acetamides) toward ethyl trifluoroacetate. These results are e

consistent with reports of only modest success in selective (@\ fg\

acylation of compounds bearing more than one similar amino N CIHGN

groupt> 1 .Hc|

. Wta attempted to bias ttte reaction t_oward selectivit_y by cquiv exocyclic endocydlic

first |.ntroducmg a bulky trityl group, with the egpectatlon of TEA  species  CHa ppm  CH, ppm oK,
that it would preferentially monoalkylate, leaving the re-

maining three amines free for subsequent acylation (Scheme ~ © 1-4HCl 2.97 1.57

2). However, reaction of tetraamirdlewith 1 equiv of trityl ; igﬁgi 2'22 122 i?‘; z S'S
chlortde, followed t)y 3.1 equiv of 2,3-d|'rr.1etho>'<ybenzoyl 3 1-HCI 9,99 1.97 pK:3 -89
chloride, resulted in a product composition with largely 4 1 2.94 1.97 pKa = 8.4
unimproved selectivity in forming the desired moNe(

tritylaminomethyl)adamantan®. Separation of the crude

reaction mixture provided a 40% yield 8f 6% of bis{\- In a 'H NMR experiment, a solution ofl-4HCI in
tritylaminomethyl)adamantan&0, and 5% of tetrakis(2,3- methanold, was titrated with sequential equivalents of
dimethoxybenzamides. triethylamine. We observed rapid exchange of remaining

ammonium protons among the amine functions after addition

(6) Lee, G.; Bashara, J. N.; Sabih, G.; Oganesyan, A.; Godjoian, G.; of each equivalent of base. In each case, we saw resonances
Duong, H. M.; Marinez, E. R; Gutlerrez C Q@rg. Lett. 20046 1705~
1707. corresponding to only one environment for all endocyclic
(7) Marinez, E. R.; Salmassian, E. K.; Lau, T. T.; Gutierrez, CJG.  methylene protons and only one for all exocyclic methylene
Org. Chem.1996 61, 3548-3550. protons (Table 1)
(8) Geall, A. J.; Blagbrough, I. STetrahedron200Q 56, 2449-2460. ’
(9) Castro, B.; Donmoy, T. R.; Elvin, G.; Selve, @etrahedron Lett.
1975 16, 1219-22. (11) Weast, R. C. ItRC Handbook of Chemistry and Physikklvin,
(10) Compoundd—6 containing the trifluoroacetamide moiety exhibited  J. A., Beyer, H. W., Eds.; CRC Press, Inc.: Boca Raton, FL, 19885
more complicated NMR spectra than expected (we suggest the involvementpp D-164-165.
of intramolecular hydrogen bonding and atss- andtranstrifluoroaceta- (12) Geall, A. J.; Blagbrough, I. S.; Taylor, R. J.; Earll, M. E.; Eaton,
mide isomers). This will be elaborated in future reports. M. A. W. Chem. Commurl998 13, 1403-1404.
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We considered the use of the proton as polyamine yield of the unsymmetric mono(trifluoroacetamielehono-
protecting group, testing the notion that the monoamine (2,3-dimethoxybenzamide)2 and 62% of symmetric bis-
resulting from single deprotonation of a polyammonium (2,3-dimethoxybenzamidé&j3. However, monodeprotonation
compound could allow for selective acylation. We deproto- of the ethylene diamine dihydrochlorid@1¢2HCI) with 1
nated 1-4HCI in methanol with 1 equiv of triethylamine equiv of sodium methoxide followed sequentially by reaction
(TEA), and the resulting amine was trapped with 1 equiv of with 1 equiv of ethyl trifluoroacetate, excess base, and 1
ethyl trifluoroacetate. Subsequent addition of excess TEA equiv of BOP-activated 2,3-dimethoxybenzoic acid gave
and 3.5 equiv of BOP-activated 2,3-dimethoxybenzoic acid markedly better results. Chromatographic separation of the
resulted in 69% yield of mono(trifluoroacetamidég) 12% crude mixture provided unsymmetri@ in 86% vyield and
of di(trifluoroacetamideb, 2% of tris(trifluoroacetamides, 10% of symmetric diamidé&3 (Table 3).
and 5% of tetrakis(2,3-dimethoxybenzami8eThese results
show a marked improvement in selectivity and yield4of _

In deprotonations with TEA, each equivalent produced an Table 3. Isolated Yields for Selective Acylation of Ethylene

. . . 4 . _
iiujl_vilﬁ_nt of t.getr?OmUQa:j agld’kTEHt (pK:,. n Wfter. Diamine Starting from the Neutral Amine and from the
. ) 0 avol € possible back-protonation of aminom- Bis(ammonium) Salt

ethyl groups on the adamantane core by THA we

switched the base to an alkoxide, whose (alcohol) conjugate__Substrate base solvent % 12 %18
acids have considerably higheKp One equivalent of 11 none CH,Clp 30 62
potassiunt-butoxide (-BuOK) was used to deprotonate 11-2HCI NaOCH3 CH3;0H 86 10

4HCI, followed sequentially by addition of 1 equiv of ethyl
trifluoroacetate, excess TEA, and 3.5 equiv of BOP-activated
2,3-dimethoxybenzoic acid to produce unsymmetric mono- Additional examples suggest the generality of the proce-
trifluoroacetamidet in 92% vyield. We also isolated 2% of dure (Table 4). The two primary amine functions in 1,2-
symmetric tetrakis(2,3-dimethoxybenzami@lnder these  diaminopentaneld) are unsymmetrically acylated by this
reaction conditions, we did not observe di(trifluoroacetamide) procedure to producg5 in 83% yield (entry 1).
5 or tris(trifluoroacetamidep. Data in Table 2 summarize Tris(2-aminoethyl)amine (TRENNLY) has long been used

as a backbone for the synthesis of polydentate ligands,
_ including some where the three amines have been selectively
Table 2. Isolated Yields (Based on Amine) for Selective acylated to bear d|.fferent.ar.n|de uritshe lpresent pro-
Acylation by Deprotonation ol-4HCI (Data for Acylation of CeO!Ufe allows _for differentiation of the equ'va}lem primary
Neutral Tetraamind Are Given for Comparison; the amine groups in TREN to produdss in good yield (entry

Compounds Refer to Structures in Scheme 1) 2).
Discrimination between primary and secondary amines in

polyamines such as spermin20f has been readily ac-

substrate base % 4 % 5 % 6 % 7 % 8

1 none 32 8 16 0 0 complished by earlier workers; however, differentiation
1-4HCl TEA 69 12 2 0 5 between the two primary amines has been more diffiéult.
1-4HCI1 +BuOK 92 0 0 0 2

The proton here is a useful protecting group. Th&, p
difference between the two primary ammonium ion2@a
4HCl is sufficient (8.1 and 8.9) to allow for the production
of unsymmetrically acylate@1 in 87% yield as the only
product with a spermine backbone (entry 3). The location
of the trifluoroacetamide on a primary amine was established
by 'H NMR: the spectrum of21 exhibited a one-proton

_ Signal at 8.42 ppm for the primary benzamide and a one-
proton triplet for the primary trifluoroacetamide proton at

the degree of selectivity in acylation obtained under our
various conditions.

We applied this procedure to ethylenediamibh® (Scheme
3). As reference, we reacted free diamitiewith 1 equiv

Scheme 3 6.82 ppm.

) oyltioroscoms 9y :ZZ? We have extended the use of the proton as a protecting
e (1 0 Fo” 550% b P group to selectively alkylate a diamine (Scheme 4). Pipera-
2 B (requy e oty " ”=°°]5 zine 22) has been used to link disparate molecular fragments.

1 BOP {1 equv). 12 13 " The preparation o3 where one of the two equivalent
anhya Hol 1 eyt iucroscome gmlnes has be_en sele(_:tlvgly a_ttached to an NBD unit .has
2) 25 dimethoxybenzoic een reported in quantitative yield based on NBD chloride

 or_ 1 eivNaOCH, o 200 0 e, and a 3-fold excess of piperazifeWe produced this

OrN RN excess TEA molecule in 96% yield by the reaction of NBD chloride with

1t 1ol an equimolar amount of the monoamine resulting from single

deprotonation of bisammonium s&2-2HCI.

of gthyl trifluorqacetate, followed by an eguivalent of BOP- (13) Nudelman, R.; Ardon, O.; Hader, Y.; Chen, Y. I; Libman, J.
activated 2,3-dimethoxybenzoic acid, which produced a 30% Shanzer, AJ. Med. Chem1998§ 41, 1671-1678.
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Table 4. Selective Acylation of Additional Polyammonium Salts

Polyammonium salt 1) 1 equiv +BuOK; 2) 1 equiv trifluoroethyl acetate

n= number of amine groups

Acylated products
3) 2(n-1) equiv +BuOK
4) 1.1 (n-1) equiv 2,3-dimethoxybenzoyl chloride

entry polyammonium salt solvent products (isolated % yields)
H H
Fil Mo M0 o M~ N0
1 Cl +H3N\/\/\/NH3+ cr CHaoH T &OCH: &OCHS éocm
o
OCHg OCH, OCHs
1492HCI 15 (83%) 16 (9%)
{/\N/\HN K\N/\\
o HN
NF*Cl NH [ o
2 ) //\ H/0\NW or CH4OH:DMSO ° NH \f o H [
Cl*HaN o CFs NH
OCH. CF,
NHg* G ° % :OCHS OCHs \fo 3
OCH,
3 OCH, OCH, CFy
17+4HCI 18 (75%) 19 (6%)

HaCO 9
N\/\/\ HyCO J/\N CFs
N
N

3 CHOH:DMSO N~
o] ‘HSN\)/ Rt OF HJ OCH,
HSCO/QH/N O)\@OCHS
HyCO 3
20¢4HCI 21 (87%)

To summarize, the proton is an attractive and atom- deprotonation of poly(ammonium) ions to effect selective
efficient protecting group for discriminating among nitrogen functionalization.
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functions in polyamines. This new methodology produces
high yields of selective acylation (or alkylation) of polyamines
in one-pot reactions, which affords readily separable mix-
tures. The number and amount of possible byproducts are
greatly reduced. We are currently studying the scope and
useful application of reactions that result from controlled 0OL702206D
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