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In the following we extend the use of porphyrins for determin-
ing theabsolute configurationf diamines with single stereogenic
centers by using porphyrin tweezeconnected by a pentanediol
spacer. The zinc porphyrin was chosen because of its facile
coordination to amines and the square pyramidal ligand arrange-
ment of the zinc ator The porphyrin tweezet was synthesized
by coupling pentanediol with Sgf{carboxyphenyl)-10,15,20-
triphenylporphyrif® followed by metal insertion with Zn(OAg)
(60% overall yield Amax 419 nm,e 890 000 (in CHCIy)).

The powerful porphyrin chromophore, with the effective
electric transition moment running in the-&5 directiont® can

We describe a microscale method based on exciton-coupledcouple over a distance 050 A1 Binding of the diamine to

CD which does not require chromophoric derivatizations. The
achiral chromophoric host porphyrin tweeadsinds to an acyclic
chiral diamine through nitrogen/zinc coordination to form a
macrocyclic hostguest complex; the CD of which reflects the
absolute configuration of the diamine. This method can be

porphyrin tweezet leads to a unique arrangement of the effective
electric transition moments which gives rise to a coupled CD.
The absolute sense of twist is rationalized as follows. As shown
in Figure 1 for R)-1,2-diaminopropane2j and tweezed, the
substrate is sandwiched between the two porphyrin planes P-1

extended to amino acids and amino alcohols after simple chemicaland P-2 leading to either conformlewhere the larger group (L)

modifications.

projects out and the smaller group (S) is clamped between P-1/

The absolute configuration of amines has been determined byP-2 or conformedl where the situation is reversed. For steric
the exciton-coupled CD method, a microscale approach widely reasons, conformérassociated with a negative CD couplet should

applied to a variety of compounds containing two or more
chromophore$. This CD method results from through-space
interaction of isolated chromophores which can be preexisting
within the parent molecule or introduced by derivatization of
—OH, —NH,, etc. Examples for its application in determining
absolute configuration of amines include Schiff base formation
with aromatic aldehyde chromophoreguaternary ammonium
salts of tertiary aminesand intramolecular bisporphyrin chiral
stacking induced by derivatized acyclic diamines with single
stereogenic centefs.The absolute configuration of amines has
also been investigated by the benzene chirality rule (sectoPrule)
and by induced CD using indan-1-carboxylic aéidsid poly-
acetylene carboxylic acid helicés.

Induced CD in hostguest complexes has been used for
enantiomeric differentiatiorin calixarenes, cyclic resorcinol

tetramers,and sugar sensing molecular receptors based on mono-1 to form a macrocyclic complex.

and bifunctional boronic acid derivativ&sincluding fluorescent
receptors® Porphyrins have also been used in the design of
artificial chromophoric hosts to discriminate between enantiomeric
amino acids, diamines and carbohydrdfesLinker bridged
bisporphyrin derivatives which accommodate various achiral
amine#? and linear array formed from amino acid bridged zinc
porphyrin dimers and ethylenediamine have been repéfted.
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be energetically favored, which was observed experimentally
(Figure 1) Aex 435 nm Ae —93) and 426 nmAe +76),A —169.

The flexibility of the pentanediol linker between the two
porphyrins in tweezel allows it to accommodate diamines of
variable lengths and L groups. Table 1 lists the CD data for the
coordination of tweezet with diamines2—11. Compound2—9
represent 1,2-, 1,3-, 1,4-, and 1,5- diamines containing primary
amino groups at both positions with various L groups including
methyl,N-methylcarboxamide, methoxy carbonyl, hydroxymethyl,
acetoxymethyl, andi-benzylcarboxamide. In all cases but one,
the predicted CD sign is in agreement with the observed CD
couplet of the diamines/tweezdrcomplex. The exception is
L-lysinol (7) which gave a complicated CD curv&this can be
solved by protecting the hydroxyl group as an acetate (compound
8). Two amino groups are required for complexation with tweezer
Thus, neith&(—)-1-
cyclohexylethylamine nor mono-Boc-protectedysine methyl
ester (protected in the or a-position) produced exciton-coupled
CD spectra with porphyrin tweezet. The same holds for
compounds10 and 11, which showed no characteristic CD
possibly due to the lack of coordination between zinc and the
weakly nucleophilic nitrogen lone pair electrons in the indole
group of10and the amide group dfl. The stereochemistry of
1,3- and 1,4-diamines with methoxy carbonyl as L groups could
not be determined due to the facile lactam formation of these
compounds under the experimental conditions.

This approach can be extended, after simple high yield chemical
modifications, to amino acids (Table 2) and amino alcohols (Table
3) which have a primary amino group directly attached to the
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Figure 1. Adduct formed between porphyrin tweezerand R)-1,2-
diaminopropan®. Complexation ofl with 2 can adopt two conforma-
tions: () with the L group projecting out of the sandwich art) (with

the S group projecting out of the sandwich. The negative sign of the
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Table 1. CD Data of Diamines Coordinated foin n-Hexané®
Compound Diamines Predicted 1 st MAg) A
Sign 2 nd A(Ag)
CHy 435 (- 93) - 169
20 gl ) 421 (+ 76)
NH,
CONHMe, 435 (- 23) - 39
3 Hoas 2 “) 420 (+ 16)
NH,
CONHMe 432 (- 15) - 32
4 : NHz ©) 421 (+ 17)
NH,
CONHMe 433 (- 103) - 193
5 : 2 ) 423 (+ 90)
NH,
! N 433 (+ 205) +382
6 MeOOC~ 2 +) 423 (- 177)
NHz
; 2o NHe 434 (- 23)
: “) 427 (+ 27)
]:2\/\/ 20 (+6)
n CHo0Ac N 434 (- 45) - 66
8 B2 ) 423 (+ 21)
NH,
CoNHBR 433 (- 84) - 160
9 : 2 ) 423 (+ 76)
NH,
COMe n.d.
(101 Ha A )
i N
NHy S
H
n.d.
[11] €O Bu © )
+ NHz
NH,

2 The enantiomer of which showed mirror image CD spectra. n.d.

no distinctive CD.

Table 2. CD Data of Derivatized Amino Acids with in
n-Hexane
M coon 1) BocHN"" NHy w9
ﬁ/ 2) Deprotection L N~ NH2
NHBoc 60 - 90 % yield NHg H
Compound  Parent Amino  Predicted 1 st A(Ag) A
Acids Sign 2 nd A(A€)
H
HyCack, - COOH 432 (+ 59)
12 “&2 &) 22 (a8 + 107
. ~ 433 (- 200)
13 Hal CO0H ) 220+ 162 - 362
NH2
H
> _COOH 432 (+ 17)
14 HOANer +) 20 19 +31
H
= COOH 432 (+ 33)
15 Meo/\n':z +) 22 ¢ 2% +59
H
16 HO,_ w3, COOH 432 (+ 39)
o ) a3 39 7
) 433 (- 53) }
17 y © 423 (+ ) >
Ha% -COOH
NH,
H
z COOH 435 (+ 27)
18 mz (+) 427 (- 15) + 42
H
= _COOH 432 (+ 32)
19 \\s T +) 3 2 +59
MeOOC
Hut R 431 (- 45) )
20 ~cooH ) 421 (+ 38) 83

a2 The enantiomer of which showed mirror image CD spectra.

Table 3. CD Data of Derivatized Amino Alcohols with in
n-Hexane
H 1) BocHN™ > COOH H o
L% OH 2 Deprotection L% o)'\, NHz
NHBoc 9. 90 % yield NH
Compound Parent Amino Predicted 1 st A(A€) A
Alcohols Sign 2 nd A(Ag)
FsG 230 (- 103) - 195
21 HT;:\OH ) 422 (+90)
2
~ 431 (- 206) - 384
22 H="0H ) 422 (+ 178)
NH2
~/ 431 (- 220
23 Heon © 422 ((+ > - 397
NHz
24 +) 431 (+ 296) + 546
H " 422 (- 250)
NH2
431 (+ 84) + 154
+) 422 (- 70)

s Qe
"OH
Hy

amino acids, and alcohols through hegtiest complexes. In this

stereogenic center. It could also possibly be applied to functional method, the CD of the substrate complex is measured directly
groups other than carboxyls and hydroxyls.

o-Amino acids12—19with various L groups were derivatized

without derivatization, and the sample can be readily recovered;
moreover, it requires only about-2 ug of tweezerl and several

with ethylenediamine to yield diamines. Complexation of these micrograms of diamine. It can be extended to amino acids and

diamines with tweezet gives rise to exciton-coupled CD spectra

o-amino alcohols after simple derivatizations. Further extensions

with the signs reflecting the absolute configurations of these s this method are in progress.

compounds (Table 2). The absolute configuratiorgefmino

acid 20 was determined as in the case wittamino acids.

The absolute configuration @f-amino alcohol®1—25 could
also be determined by applying the same methodology described Supporting Information Available:
above after derivatization with glycine (Table 3).
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Experimental procedures for

The CD synthesis of porphyrin tweezéy synthesis, 5, 7, 8, and9, derivatizations

amplitudes seem to be governed by the size of the S and L groupé’f compoundl2to 25, and general procedures for CD measurements (9

(compound21—-24), i.e., larger disparity in size leads to larger

CD amplitudes.

The present paper demonstrates the utility of porphyrin tweezer

pages, print/PDF). See any current masthead page for ordering informa-
tion and Web access instructions.

1 for determining the absolute configurations of chiral diamines, JA973539E



