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: A general, chemical/chiroptical approach based on CD e3 chirality method been
veloped to determine the absolute conﬁgurauon of a-hydroxy acids. This approach consists of amidation
of the carboxyl group with ethanolamine followed by derivatization with the hydrophobic 10,15,20-
triphenylporphyrinyl-5-benzoyl chromophore to form w,®-bisporphyrin derivatives which undergo
intramolecular smcking The sign of the observed bisignate couplet resulting from this stacking (in
methylcyclohexane) is dictated by the preferred lower energy contormer and reflects the absolute
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Introduction

The excition chirality method is a sensitive, nonempirical microscale approach for determining the absolute
configuration of cyclic and acyclic compounds containing two or more chromophores located nearby in space.l2
The through space interaction between the chromophores leads to an exciton split CD curve, the relative signs and
amplitudes of which depend on the absolute skewness of the electric transition moments of the interacting

chromophores.!?> The chromophores can be preexisting within the parent molecule and/or introduced by
derivatization of -OH, -NH> and other functionalities.

We recently have developed a method for assigning absolute configurations to acyclic compounds with a
cinole cteranoenic ce *FYVQT where X ic -OH nr .2NHA ic an arvrhe chain with a terminal OV A _NHA
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present sterically distinct groups.? The method consists of attaching porphyrins to X
and Y, followed by CD measurements. Strong attractive interactions between the porphyrins lead to
intramolecular 1t,mt-stacking in solution characterized by a bisignate CD curve, the sign of which is dependent on
the configuration at the stereogenic center carrying the S and L groups. This protocol has been applied to acyclic
compounds varying from 1,3- to 1,15-diols, diamines and amino alcohols, where S is hydrogen and L ranges
from methyl to larger groups.>

a-Hydroxy acids occur widely in nature in the free form or as esters and amides, and play central roles in

biochemical metabolites
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anticancer druos. & I's)
, anticancer drugs, antisep

synthesis of chiral o-hydroxy acids and derivatives. This class of molecules has also been employed
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extenswely in syntnesns of glycms haloesters, cpoxnaes and amino acids.® 1N€ absoiute contiguration o1 o-
13 14
hydroxy acids have conventionally been determined with the usage of Mosher’s reagent,”~ chiral shift reagents,

or comparisons of specific rotations with reference compounds.!> However, more general approaches are highly
desired. Recently, a CD exciton coupling method has been reported for assigning the absolute configuration of D-
and L-lactic acid by introduction of 9-anthryl and 2-naphthoate chrornophores.16 In the following we describe a
general microgram scale method for determining the absolute configurations of a variety of o-hydroxy acids,
including 2h, the side chain of Taxol,™ based on intramolecular =,x-stacking of porphyrins.
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Concept

The protocol utilizes the stacking properties of the hydrophobic 5-(p-carboxyphenyl)-10,15,20-
triphenylporphyrin (TPP) 1 moiety. Porphyrins are powerful chromophores for exciton coupled CD due to the
intense and sharp red-shifted Soret band at 414 nm, & = 350,000, the known direction of the transition moment
118) and the availability of both hydrophilic and

11y 1111 I

(the effective transition moment is depicted by the dashed line in

17-20
hydrophobic derivatives; a recent application has shown that two hydrophilic porphyrins interact
20 :
intramoleculary even at distances of 40-50 A " According to X-ray and solution studies, the stacked formation of

vmsandarriing adacto A Anfoaial e oot S ERL P YUY o Sy [ o) TP, SR . S S 1 .
poIpiiyrins auopis a4 coiacCldl arralgement wii uiCir CCniers Orrset.  1nis geometry Consists oI an interplanar
separation of 3.4 - 3.6 A, and an orientation in which the nitrogen-nitrogen axes are parallel, with one porphyrin

being offset relative to the other (lateral shift) by 4 A along the nitrogen-nitrogen axis. 21-27

This work describes a method which depends on the intramolecular stacking between two porphyrin
chromophores linked to a stereogenic *CXYSL substrate, where S is hydrogen, L is a large group and, X is -OH,
and Y represents the original -COOH group linked to ethanolamine through an amide bond to give the moiety -
C(O)NHCH,CH,O0H (3a-3j, Table 1); this terminal -OH constitutes a "1,5-diol system" with the original X o

hydroxyl group. Ethanolamine was chosen as the linker based on the finding that the 1,5-diol moiety was optimal
for the stacking of the two porphyrin grou The scheme is illustrated in Figure 1 with the bisporphyrin

derivative (bis-TPP) 4f of S-mandelic acid (is the substrate).

The flexibility of the hydrocarbon (ethanoiamine) chain enables the bis-TPP molecuie to undergo
intramolecular n,n-stacking where the terminal porphyrin approaches the chiral center from the less hindered side
carrying the hydrogen (I, Figure 1). The positive dihedral angle between the effective porphyrin transition
moments, polarized in the 5-15 direction!8 gives rise to a positive exciton split CD band; it is sterically unfavorable
for the terminal porphyrin to stack with the a-porphyrin from the side linked to the larger substituent (II, Figure

1). The enantiomeric derivative, R-(-)-mandelic acid, 4g, in turn, should yield a negative exciton split CD band.
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full agreement with the experiment. c
(Figure 2). Compound (4f, S-configuration) exhibits a positive couplet at 422 nm (Ae+67) / 414 nm (Ae-48),
amplitude A =+115 in methylcyclohexane, while the enantiomer (4g, R-configuration) shows a negative couplet

at 422 nm (Ae-65) / 414 nm (Ae+47), A =-112,



a-Hydroxy acids containing a variety of R groups at the stereogenic center were next selected to explore
the applicability of this chemical/chiroptical approach for general configurational assignments (2a-2j, Table 1).
The R groups ranged from the small methyl in L-lactic acid (2a, Table 1) to aliphatic and aromatic R groups with
different steric bulk (2b-2g, Table 1) and large R groups present in the a-hydroxy sidechains of Taxol,™
bestatin?8and amastatin?® (2h, 2i, 2j, respectively, Table 1). The two step derivatization consists of coupling the
amino group of ethanolamlne30 to the carboxvl group of the hvdroxv acid with carbonvldumxdazole (CDI) THEF at

Results and Discussion
CD Measurements and Solvent Dependence

The CD measurements were performed in various solvents, polar, nonpolar, protic and nonprotic, to
search for the most suitable solvent (see experimental). Methylcyclohexane (MCH) produced the highest
amplitudes (Table 1) and, in all cases, the predicted exciton couplets. Triethylamine (TEA) consistently produced
the predicted CD as well. However, while hexane, toluene, CH2Cla, and CHCl3 were employed they yielded
(see below).

A stock solution of the bis-TPP derivative is prepared in CH,Cly rather than other solvents because of the
high solubility in CH2Cl; and poor solubility in solvents generally used for CD measurements, e.g., MCH, TEA,
hexanes , MeOH. An aliquot of the stock solution is then added to MCH for CD measurements (see
experimental).

The CD amplitude is strongly dependent on the size of the R group attached to the a-carbon. As shown in
Table 1, an increase in the size of the R group results in weaker CD . The amplitude (A = +185) is strongest when

R is methyl (4a, Table 1), and decreases by 20% and 73%, respectively, when R is cyclohexyl (4d, A = +138)
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examining o-hydroxy acids containing different aromatic or heterocyciic R groups, one shouid take possibie

interactions with the porphyrin groups into consideration. The intensity of the sharp Soret band of bis-TPP
derivatives (i.e. 4a-4j) enables one to work in the 1 uM range, i.e., ca. 1-2 pg of the bis-TPP derivative per mL
of solvent for CD measurements.

Selection of Optimal Linker

Of the two erouns in a-hvdroxv acids. the carboxvlic eroun cannot eadilv derivatized bv nornhvrin 1
Q1 the two groups 1n g-hydroxy acids, the carboxylic group cannot be readily denvatized by porphyrin 1
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18
aicohoi”),” or 1R,2R-cyclohexane diol ~ where interpretation of CD data was not straightforward due to proximity
of the two bulky porphyrin moieties. However, insertion of an ethanolamine linker yields a “1,5-diol system”,
which similar to 1,5-diamines” leads to facile bis-TPP derivatization and straightforward analysis of CD data.
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In the studies for an optimal
andS-(-)-2-hydroxyisocaproic acid as the model. The ethanolamine linker yielding 4¢ gave the strongest CD
amplitude (A = +182) compared to the diol and diamine linker (Sa, A = + 39, 5b, A = +81, respectively)(Figure
3).
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4a (S)- Meg_ H,, 422 (+113) /414 (-72) 4185
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c  (S)- \|/\ H,, 423 (+108) /415 (-74)  +182
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4d {S)- k/& my, 422 (+82)/ 414 (-56) +138

de (S) Ph N Ho,  423(+56)/413(-23) 479

At (S)- Pha, H,, 422 (+67) / 414 (-48) +115

49 (R)- Phy, Ha 422 (-85) / 414 (+47) 112
o
P

4h (2R, 35)- Ph™ "NH  Hy = 422(33.8)/414 (+16.4) .50
Ph/l .

______ NHBoc
4 (25 3R)- 5 \/K H,, 422 (+17.2) /414 (-17.1)  +34
NHBoc
4] (25, 3R)- l A H,, 422 (+40.7)/ 414 (-387) 479
N T T

Table 1. A two step derivatization of o-hydroxy acids (2a-2j) into their bis-TPP derivatives (4a-4j) and CD (Anm/Ae and
amplitudes, A) in MCH of 4a-4j; in MeOH the CDs are weak and noncharacteristic. The signs of the bisignate couplets agree with
the predicted in all cases. The R-groups in 2a-2j and 3a-3j correspond to the R-groups in 4a-4j.

These results showed that ethanolamine might contribute to the conformational stability of the macrocyclic
structure due to possible hydrogen bond formation (Figure 4). In the stacked conformation, the amide hydrogen
in 4¢ can be proximal to the carbonyls of one or both porphyrin esters to form stabilized seven-membered



hydrogen bond structures, which in turn would resuit in an intensified CD amplitude due to decreased flexibility
stemming from the hydrogen bonds. The ethylene glycol linked 5a cannot form hydrogen bonds, while in the
ethylene diamine linked 5b the presence of two amide bonds could lead to less flexibility making it difficult to
form stable hydrogen bonds (Figure 3).
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Figure 3. Bis-TPP derivatives of 2-hydroxyisocaproic acid incorporating various “C2”-linkers: ethanolamine (4c), ethylene glycol
(5a), and cthylene diamine (5b).
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Thus, the ester absorptions in 4¢ appear at 1724 cm-! and 1709 cm! whereas in porphyrinyl methyl ester 1 it
appears at the hlgher frequency of 1729 cm-i (5 mM); in the N-H stretch region, the only absorptions are at 3313
and 3411 cm ' representing the pyrrole and hydrogen-bonded N-H stretches, respectively.

No exciton split CD was observed for compounds 4a-4j (Table 1) when CD experiments were performed
in MeOH. This could be ascribed to disruptions of the intramolecular H-bonding and porphyrin stacking shown
in Fig. 4 caused by solvation of MeOH to the N-H group. Compound 5a (Fig. 3) which lacks the amide NH

bond exhibits an exciton coupled split CD curve in MeOH (A = +39.2).

S-(-)-2-Hydroxyisocaproic acid was also used as the model for selecting the linker with optimal length
(Table 2).31 No CD was observed with the 1,3-propanediol linker S¢. In the case of amino alcohol linkers C3
(5d), C4 (5e), and Cs (5f) (Table 2), the CD amplitudes decreased drastically with increase in chain length; 5f
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advantage for employing ethanolamine as a linker is that the amine selectively reacts with the carboxylic acid in the
presence of two other hydroxyl groups, that of the hydroxy acid and the ethanolamine.

Proof of Intramolecular Stacking

Compounds containing two porphyrm groups can undergo intramolecular and/or intermolecular stacking.
Q

bserved exciton split intense CD curves are due to

intramolecular nornhvrin-narnhvurin interactione are deceri d- (1) a aynariment wit n and non-metalated
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/\ Cmpd X4 Xz Y A (MCH)

s 5¢ O 0] 3 n.d.
5d NH o 3 +117
Se NH (0] 4 +13
5f NH O 6 n.d.

Consider two compounds, each having two porphyrin chromophores, i.e., A-A and B-B, and assume that
the absorption maximum of A is blue shifted compared to B. When A-A and B-B are mixed in a 1:1 ratio in
solution, one of two processes can occur: (a) If only intramolecular stacking were taking place, then A-A and B-B
would each show two independent different CD couplets. (b) If intermolecular stacking were also present, one
would observe an additional couplet, namely three different curves: A-A, B-B and A-B; the resulting spectrum will
be the sum of all three curves in ratios depending on the affinity for A and B to stack (see control experiment with
heterobisporphyrin 7, Fig. 5).

Hnmnhmmmhv n derivatives were first investicated (Fig. 5): bis-tetranhenvinorohvrin (bis-TPP) 4d
Homobisporphyrin derivatives were first investigated (Fig. 5): bis-tetraphenylporphyrin (bis-TPP) 44,
Amax = 416 nm in MCH and Amax = 417 in CH2Cly, and bis-Zn-tetraphenylporphyrin (bis-Zn-TPP, 6), Agax =
ATLE iinn 2:v ARAMLY AT1TQ  cnunn 2ee LT _ M1 TT. me e el dl b Al ekl e
410 U1 11 VI T dild Amax = <10 JETI N VI 3 » A ) b N UllUCl LHC\E COIIUILIONS U two d[)b()rpl.l)lb daIc

indistinguishable. However, it is well known that Zn in porphyrins is almost exclusively five-coordinate and that
coordination with amines shifts the Soret peak to the red.32 Thus, addition of isopropylamine to bis-Zn-TPP 6
results in a ca. 10 nm red shift; Amax = 425 nm in MCH and Amax = 428 nm in CH2Cl»33 which is reflected in the
CD spectrum of the amine complex 6a (Fig. 5a); however, addition of i-PrNH3 to bis-TPP 4d does not change

the position and amplitude of the UV and CD bands. The experimental CD upon rfxixing bis-TPP 4d and bis-Zn-
TPP amine complex 6a in a 1:1 molar ratio is reprcsentcd by the solid curve in Flg 5b. The 1dent1ty of this

with the computer sum CDs of 4d and &

the lack of any measurabie
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intermolecular stacking; if any intermolecular stacking were involved, the experimental curve would not match the
summation spectrum of 4d and 6a. In addition, all CD measurements in this study are performed at very dilute
concentrations (10-6M), a factor of 104 below the reported intermolecular stacking concentration. >34

The heterodimer derivative (TPP/Zn-TPP, 7) was synthesized in order to demonstrate that zinc containing
TPP (i.e. 6) can indeed intramolecularly stack with metal-free TPP. Thus, the CD of compound 7 with TPP

attached to the stereogenic center and Zn-TPP attached to the ethanolamide side chain was in agreement with that
1 i 430 nm (+152) 418 nm (ﬂ\ and 414 nm

ke
+30.8), u t m (+15.2), 418 nm (0), and 414 nm
(D EN (i MO ~nntaing tng 16T SDeNHA/ m]I MO 3
\'LU.U} \l 1 IVI X1 bull‘allllllé l}LLt ir ll‘llz'l eyt ).Vl\.,ll}-
N O 100 T 1'% ! L
H Vv (mun) —_— 11 (ept) (mMCH)
L /™ 422 434 cmpd 4dand 6 @ 434

H 1 A
\/T \g \) o L (+82.0) ;',l{\(me.o) 4 sob s tiam I\ ]
_E [ cmpd 4d and 62 ﬂ
[

£
- ——— big-Zn-TPP V& -

-100 1 1 -100
as0 400 450 500 350 400 450 500
4d: M| = M; = 2H, bis-TPP wavelength (nm) wavelength (nm)
6: M, =M, =7Zn, bis-Zn-TPP
6a: M, = M, = Zn-iPrNH,, - * 6a in MCH*
bis-Zn-iPrNH,-TPP ?qul/l:ql;dcniax =416 nm Di\"l /2/1& Amax =425 nm
7: M; =2H, M; = Zn-iPrNH, CD: 417.5 nm, A =0 CD: 429 nm, A =0

(heterodimer)

Figure 5. UV and CD spectra of hexahydromandelic acid derivatives: a) bis-TPP 4d (dotted line), bis-Zn-TPP amine complex 6a

(solid line) in methylcyclohexane containing 1 pL (iPrNH2)/mL MCH; b) 1:1 mixture of bis-TPP 4d and bis-Zn-TPP amine

complex 6a (experimental, solid line); computer sum curve of CDs in 1:1 ratio of 4d and 6a in methylcyclohexane containing 1uL
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*The solvent MCH contains 1 gL (iPrNH3) per mL. MCH in all cases.
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The exciton spiit CD curve of (-)-2-hydroxyisocaproic acid bisporphyrin derivative 4¢ was subjecied to
concentration variation studies to differentiate between intramolecular stacking vs. intermolecular stacking, which
are respectively, concentration independent and concentration dependent processes. The positive CE (A =+66) of
4¢ in CHCI3 was concentration independent in the range of: (a) 1.02 uM (1x), (b) 1.91 uM (1.87x), and (c) 19.1
uM (18.7x) (Figure 6).

The CD concentration study of 4¢ was performed in CHCI3 to make a direct comparison with the NMR

<
0

"H as well. In contrast,

.............................. y 110 A LS WY 1 1 IVl 1

s:mokm;r studies described below: no changc in the CD was observed in
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the two monophorphyrin derivatives of cyclohexyl compound 4d. Furthermore, the CD of bisporphyrin
derivatives 4a-4j were also concentration independent. These results are in accord with intramolecular stacking
and rule out the participation of any intermolecular stacking. An earlier study with other bisporphyrin compounds
on CD concentration dependence in the 1.6 - 0.4 pM range had also shown the occurrence of intramolecular
stacking.3

(iii)
)

iNivasn

The presence or absence of porphyrin stacking was also monitored by the upfield or downfield NMR
1 P} 1 . ot N <3 R - . o oy 37 NTR AT £ 11 . 1 .
shifts of the porphyrin aromatic protons induced by ring current (Fig. 8).”* The NMR of the foliowing porphyrin

derivatives of 2-hydroxyisocaproic acid were measured in CHCI3 (Fig. 7) and the resuits were compared with the
CD data.

)
=
Q
(]
F o
88
—
g g

wavelength (nm)

Figure 6. (i) Concentration dependence study of 4c. All three spectra at different concentrations are displayed (a) 1.02 uM, (b)
1.91 pM, and (c) 19.1 4M (see NMR studies at 18.5 uM and 1.37 mM, Figure 7). (ii) The monomer, 8, showing no CD spectrum
(c= 5.0 pM).

(a) Monoporphyrin 8: No intermolecular stacking was detected in the 3.67 - 36.7 mM range (by CD, Fig. 6).

(b) Bisporphyrin compound 5f (Table 2): No CD in MCH and TEA; weak positive couplet (2.06 mM, A = +9)
in CDC13.38 NMR of a 1.5 mM solution was measured.

(c) Bisporphyrin compound 4c¢: CD showed intramolecular stacking (Fig. 6) NMR of 18.5 uM and NMR of
1.37 mM solutions measured.
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aromatic protons arising from the second porphyrin group, and hence no stacking is taking place. Alithough NMR
spectra were measured at much higher concentrations, these results corroborate the CD results of Fig. 6 (for 8)
and Table 2 (for 5f), respectively. The intramolecular stacking in 4¢, as evidenced by the positive CD couplet (A
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para-hydrogens associated with four of the six phenyl groups shift approximately 0.2-0.3 ppm upfield to around
7.5 ppm, while the meta- and para-hydrogens of the two remaining phenyl rings at 7.75 ppm show no shift
compared to monomer 8. Upfield shifts to 7.8-7.9 ppm are observed in the ortho-protons of four of the six
phenyl groups; upfield shifts are also seen with the pyrrole protons. The porphyrin protons undergoing upfield
shifts suggest that they are located above the ring of the other porphyrin, while the protons showing no shift are
more remote from the ring as depicted schematically in Fig. 8.

This data coincides with the NMR shifts and patterns seen in the previous NMR study by Matile et. al.3 It

should be noted that although the data shown on Figs. 7c and 7d were measured at a concentration difference of
ca. 75-fold, no concentration dependence is seen, thus indicating that the stacking is intramolecular.

Although the NMR spectra were measured at concentrations >>1,000-fold than those of CD measurements

CHCl3
h |
o e e R
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Y\F';/(')L ~LOTPP 'ijﬁﬂé e ppm?i 10'3 pp_;" |
S ! uﬁ,uu_ﬂv AN L |
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Figure 7. 500MHz !H NMR spectra in CDCl3 of (a) 2-hydroxyisocaproic ethanolamide monoporphyrin, 8, (b) 2-
hydroxyisocaproic-1,6-hexanolamide bisporphyrin, 5f, (¢) 2-hydroxyisocaproic ethanolamide bisporphyrin, 4¢, at 1.37 mM, and (d) 2-
hydroxyisocaproic ethanolamide bisporphyrin, dc, at 18.5 pM (see CD studies at i9.1 UM - Fig. 6).



: - | P N/
\ . o Y 7 "upfield shift
i NN/

no shift
_ ) /
d i b/
N
no shift =/ ) .
upfield shift
4c \,_,/

Figure 8. A proposed intramolecular stacking model of the bisporphyrin derivative 4¢ derived from the IH NMR data in Fig. 7c.

(c = ca. 1.0 uM for CD, Figure 6, curve a; and ¢ = 1.4 mM for NMR, Figure 8c), the direct correlation of
TR AT b TN ;s i rntoo ¢ o [ : SN, PRGN PN WY o P8 R Ty S .y R s B VY. 4
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to 1.4 mM. This experiment, as well as the Zn/non Zn CD study and the CD concentration dependence studies

described above, all indicate the occurrence of intramolecular stacking.

Conclusion
This paper describes a general two-step microscale method for determining the absolute configuration of a-
hydroxy acids, while the protocol described in the previous paper is applicable to a variety of 1,3- to 1,5-diols,
diamines, and aminoalcohols. Both cases depend on the intramolecular stacking between porphyrins attached to
the stereogenic center *CXYSL: X represents -OH or -NH», Y represents a -COOH (present paper) or an acyclic
chain with terminal -OH or -NH». S renresents hvdrog gen, and L. varies from methv] to la arge complex groups,

aR32 el llflfie=S ] bt ol I = -

e.g., the Taxol™ side chain.

Experimental
Reagents and starting materials were purchased from common commercial suppliers and were used as
received. General procedures and synthesis of 1 are as described in the references!”18 Reactions were followed
by thin-layer chromatography (Tlc) on Merck (0.25 mm) glass-packed, precoated silica gel plates (60 Fps4).
Preparative Tlc (pTlc) were performed on the same plates as general Tlc plates. CD spectra were recorded on a
JASCO J-720 spectropolarimeter and given as Aex[nm] (Aeext[?s.mol lem-1]. The solutions for CD measurement

of all porphyrin derivatives were prepared based on stock solutions (0.1 mmol) in CH»Cly. Each time, an aliquot
nf thic ctanl enlntian (10 ul\ wae added tn 1 ml af tha carreananding enlvent tn viald 1 ‘6\ enlitiong ATl
Ul Ui SGUUR SUIUUULL 1V 1) wads aUull W 1 1iu Ul UiV CULTLSPUIIULIE SUIVUIIL W yIvIU U TivE SUITUUIURLS. 1
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intermediates and final products were characterized by 'H-NMR spectroscopy (Varian VXR400 or Bruker 500)
and spectra were recorded in parts per million (ppm) using residual proton solvent peaks of either CDCl3 at 7.24
ppm, CD30D at 3.30 ppm, or DMSO at 2.56 ppm as an internal standard, with coupling constants (J in Hertz
(Hz)). IR spectra were recorded at room temperature under a Ny atmosphere on an Paragon 1000 Perkin Elmer
FT-IR Spectrophotometer. A KBr liquid cell was used (path length 0.013 mm). MS(CI)(NH3) spectra were



obtained on a NERMAG R10-10 while low resolution MS(FAB) (3-nitrobenzyl aicohol matrix) spectra were
obtained with a JOEL JMS-DX303 HF, ms are expressed as m/z. In most cases the M + H* or M + NHa* were
the strongest peaks. UV/vis spectra were recorded in methylene chloride on a Perkin-Elmer Lambda 4B
spectrophotometer, and reported as Amax[nm](Agpmax[l mol-lem-1]).

Hydroxyacid derivatization method.
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Method A. Hydroxyacid and ethanolamine (3a-3j): To a solution of hydroxyacid (200 pmol,

[y

equivalent) in THF (2 mL) at rt was added carbonyldiimidazole (250 pmol, 1.25 equivalents). The mixture was
stirred at rt for 1 h. Ethanolamine (3.17 mmol, ca. 15 equivalents) was added and the reaction mixture was stirred

at rt overnight. After the removal of solvent, the residue was purified by silica gel flash chromatography (solvent
systems ranged from 15:1 to 10:1 CH2Cly/ MeOH).

Method B. Porphyrin coupling (4a-4j): To a solution of TPP 1 (ca. 17 umol, 3.5 equivalents), EDC (ca.
17.4 umol, 3.7 equivalents), and DMAP (ca. 17.4 pmol, 3.7 equ Ivalcnts) in CH,Cl, (1.0 mL), a solution of 3
(ca. 4.4 pmol, 1 equivalent) in CH,Cly (1.0 mL) was added. The reaction mixture was stirred at rt for 12 h. The

solution was applied directly to a silica gel column (solvent systems ranged from 60:1 to 100:1 CH,Clp/MeOH)
with an additional purification if needed (silica gel pipette column solvent system ranging from 5:5 to 7:3
CHCls/hexanes) to yield pure bisporphyrin as a deep purple powder.

(25)-[2’N-hydroxyethyl]-2-hydroxypropanamide (3a)
Prepared from L-lactic acid (19.0 mg, 0.21 mmol) according to method A to afford a 1:2 mixture of product/

imidazole as a white powder (30.6 mg, 54%). The product was used immediately to make 4a. !'H-NMR
400MHz) § 1.42 (d, J = 6.8 Hz, 3H, C

o c
o
oot

(25)-[2’N-hydroxyethyl]-2-hydroxy-3-methylbutanamide (3b)

Prepared from (§)-(+)-2-hydroxy-3-methylbutyric acid (21.5 mg, 0.18 mmol) according to method A to afford
product as a yellow oil (19.0 mg, 65%). 'H-NMR (CDCl3, 400MHz) & 0.85 (d, J = 6.8 Hz, 3H, CH3 from iPr),
0.99 (d, J = 6.8 Hz, 3H, CH;3 from iPr), 2.11-2.18 (m, 1H, CH(CH3)7), 2.83 (br s, 1H, OH), 2.92 (br s, 1H,
OH), 3.38-3.51 (m, 2H, NHCH,CH,0H), 3.69-3.73 (m, 2H, NHCH,CH,0H), 3.99 (br s, 1H, H-C(w)), 6.92

(28)-[2’N-hydroxyethyi]-2-hydroxy-4-methyipentanamide (3c)

Prepared from (-)-2-hydroxyisocaproic acid (22.0 mg, 0.17 mmol) according to method A to afford product as a
yellow oil (17.0 mg, 59%). 'H-NMR (CDCl3, 400MHz) 8 0.91 (d, J = 6.4 Hz, 3H, CH3 from iPr), 0.93 (d, J
= 6.4 Hz, 3H, CH3 from iPr), 1.47-1.61 (m, 2H, CH>iPr, 1.81 (m, 1H, CH(CH3)2), 2.98 (br s, 2H, OH),



30, 3.49 (2m, 2H, NHCH,CH,0H), 3.62-3.73 (m,
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H-C(a)), 7.19 (br s, 1H, C(O)NH); CI-MS (NHj3
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(2S)-[2’N-hydroxyethyl]-2-hydroxy-2-cyclohexylacetamide (3d)
Prepared from (S)-(+)-hexahydromandeic acid (21.1 mg, 0.13 mmol) according to method A to afford product as
a clear oil (13.9 mg, 52%). 'H-NMR (CDCl3 400MHz) § 1.07-1.30 (m, 4H, cyclohexane), 1.49-1.52 (m, 1H,

cyclohexane), 1.64-1.83 (m, 6H, cyclohexane), 2.82 (br s, 1H, OH), 2.95 (br s, 1H, OH), 3.37-3.52 (m, 2H,
H), 3.67-3.75 (m, 2H, NHCH,;CH,0H), 3.96 (br s, 1H, H-C(q)), 6.93 (br s, 1H, C(ONH);

Q
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(2S5)-[2’N-hydroxyethyl]-2-hydroxy-3-phenylpropanamide (3e)

Prepared from L-3-phenyllactic acid (18.3 mg, 0.11 mmol) according to method A to afford product as an off-
white oil (13.9 mg, 61%). lH-NMR (CDCl3, 400MHz) & 1.99 (br s, 2H, OH), 2.91 (dd, J = 14.0 Hz, 8.1 Hz,
1H, PhCH(H)CHOH), 3.21 (dd, J = 14.0 Hz, 4.0 Hz, 1H, PhiCH(H)CHOH), 3.39 (m, 2H, NHCH,CH,0H),
3.65 (m, 2H, NHCH,CH,0H), 4.33 (dd, J = 8.1 Hz, 4.0 Hz, 1H, H-C()), 6.85 (br s, 1H, C(O)NH), 7.23-
7.34 (m, SH, CgHs); CI-MS (NH3): m/z 210 (m + 1)+, 227 (m + 18)*.
(25)-[2’N-hydroxyethyl]-2-hydroxy-2-phenylacetamide (3f)

Prepared from (8)-(-)-mandelic acid (20.2 mg, 0.13 mmol) according to method A to afford product as an off-
white powder (16.0 mg, 62%). IH-NMR (CDCl3, 400MHz) & 2.00 (br s, 1H, OH), 3.42 (m, 2H,
NHCH;CH,;0H), 3.69 (m, 2H, NHCH,CH,0H), 5.07 (s, 1H, H-C(w)), 6.69 (br s, 1H,C(O)NH), 7.36 (m,
5H, Ce¢Hs); CI-MS (NH3): m/z 196 (m + 1)+, 213 (m + 18)*,
(2R)-[2’N-hydroxyethyl]-2-hydroxy-2-phenylacetamide (3g)

nowder (14 2 mo 590 TH_NMR (CT(Cl, NATAT (thre TH OHY 2 A2 fm DI NLICIT OLI_ALTY
PUWOL \L1T& LRy 7 /0. EETINAVAIN (VA0 g, TUVLVRLEL) U 1.UT UL O, LI, VL), J.570 \ill, &I, INLIvIinrnjuinj,
2 TN (v DL NILIOWY  MAIT NI S VT /o 1T LY 7 N\ £ &0 /L. o 1LY Mr7ANNTIN 77 2377 7 LYY £ TT N\, £ n A
J. /U \IH, £I1, INFIUIIQNAT2UKR ), 2.V (S, 11, 11-U(0)), 0.07 (DI §, 111, L(V)iINT), /.57 (M, d1, CgHs);, CL-MD

(2R,35)-[2N’-hydroxyethyl]-3-N’-benzoyl-2-hydroxy-3-phenylpropanamide (3h)

Prepared from N-benzoyl-(2R,3S)-3-phenylisoserine (36.7 mg, 0.13 mmol) according to method A to afford
product as a white powder (22.2 mg, 53%). IH-NMR (DMSO, 500MHz) & 3.10 (m, 2H, NHCH,CH,0H) 3.27
(m, 2H, NHCH,CH,;OH), 4.25 (d, J = 3.38 Hz, 1H, H-C(a)), 5.38 (dd, J = 8.63 Hz, 3.58 Hz, 1H,

PhCONWNHCHY 721784 (m. fH H_.A 781 (m 2H H_. AN 704 ¢t T =574 1H COWF AR (d I =
LHNANSJINTAN AL Jy @2k 8™ 0 05 \1ly OXRy £A=0a1 )y /.01 \Ily, £401, Xa~0aly, 1.9 \L v = J.oi45, 101, ANV jINGT ), 640 ({4, v =
QAA T2, 1TH DhOC/MONI- CTMQ (NHAY: sy 290 (v 0 INF 247 f30 2 1Y+
O.UU 1L, ki1, DUV (VS JINDT, A=V NG ), ITWd D&z \Ill v 1), D%/ \ili ¥ 10) .

Prepared from N-t-Boc-(2S,3R)-3-amino-2-hydroxy-4-methylbutyric acid (10.0 mg, 0.034 mmol) according to
method A to afford product as a clear oil (5.8 mg, 50%). !H-NMR (CHCIl3, 500MHz) & 1.35 (s, 9H, BocNH),
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3.00 (d, J = 7.53 Hz, 2H, CH,Ph), 3.21 (m, 1H, NHCH,CH,O0H) 3.62 (m, 2H, NHCH,;CH,0H, I[H,
NHCH,CH,O0H), 4.04 (br s, 2H, BocNHCH), 4.45 (t, J = 7.9 Hz, CH,OH), 498 (d, J = 8.8 Hz, 1H, H-
C(a)), 6.65 (brs, 1H, C(O)NH), 7.20-7.30 (m, 5SH, C¢Hs); CI-MS (NH3): m/z 339 (m + 1)*, 356 (m + 18)*.

(25,3R)-[2°N-hydroxyethyl]-z-Boc-3-amino-2-hydroxy-5-methylhexanamide (3j)
Prepared from N-z-Boc-(2S,3R)-3-amino-2-hydroxy-5-methylhexanoic acid (5.0 mg, 0.019 mmol) according to

method A to afford product as a clear oil (3.3 me, 57%) IH-NMR (CHCl2. S00MHz) & 0.93 (d’ J=173 Hz,
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smglet), 1 0o (m lﬂ Ca(Crmng), 11, Li2irr), 3.4 (m, 1, 1 Lyl njuri) 5.00 (1N, 211, NIILIpLipuri,

IH, NHCH;CH,0H), 3.91 (m, 1H, BocNHCH), 4.03 (d, J = 1.8 Hz, 1H,BocNH), 4.45 (t, /= 7.9 Hz, 1H,

CH,CH,0H), 4.90 (d, J = 9.4 Hz, 1H, H-C()), 6.71 (br s, 1H, C(O)NH); CI-MS (NH3): m/z 305 (m + 1)¥,
322 (m + 18)*.

(2.@)-[2’N-f(n-[19’15’.20’-trinhenv!-s’-ngrnhvrinv!]benzgvlﬂ-eghv!]-Z-(n-H‘)’
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NHCH;CH0), 4.75-4.77 (m 2H NHCHZCHZO) 5.75 (q, J = 6.6 Hz, 1H of H-C()), 7.11 (m, 1H,
C(O)NH), 7.46-7.60 (m, 10 H, H-C(p,m) of phenyl), 7.71-7.75 (m, 8H, H-C(p,m) of phenyl), 7.88-7.98 (m,
8H, H-C(0) of phenyl), 8.14-8.18 (m, 4H, H-C(o0) of phenyl), 8.27 (d, Jio,m) = 8.1 Hz, 2H of benzoate), 8.37
(d, J(o,m) = 8.1 Hz, 2H of benzoate), 8.45 (d, Jio,m) = 8.1 Hz, 2H of benzoate), 8.58 (d, Jio,m) = 8.1 Hz, 2H of
benzoate), 8.63-8.79 (m, 16H of pymole); FABMS: m/z 1414 (m + H¥); CD (MCH): 422 (+113.2), 417 (
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(28)-{2°’N-{(p-[10°,15°,20°-triphenyl-5’-porphyrinyl]benzoyl)]-ethyl]-2-(p-[10',15',20'-
triphenyl-5'-porphyrinyllbenzoyl)-3-methylbutanamide (4b)

Prepared from 3b (0.7 mg, 4.4 umol) according to method B to afford pure product as a deep purple powder (4.1
mg, 66%). UV/vis (CH2Clp) 647 (13 600), 591 (16 800), 548 (21 300), 514 (39 300), 417 (690 000); 1H-
NMR (CDCl3, 400MHz) 8 -2.90 (s, 2H, NH of pyrrole), -2.88 (s, 2H, NH of pyrrole), 1.22 (d, J = 6.2 Hz,
3H, CHj3 from iPr), 1.24 (d, J = 6.2 Hz, 3H, CH3 from iPr), 2.60-2.69 (m, 1H, CH(CH3)3), 3.87-4.02 (m,

2H, NHCH,CH,0), 4.73-4.75 (m, 2H, NHCH,CH;0), 5.56 (d, J = 4.4 Hz, 1H, H-C(e)), 6.9 ((m, 1H,
ARy SVARNKRLNCRERINT ]y \Lily &idXy AVNAANCRAJ AR NS ]y YU \My v VoY AAdey i1Eiy RX )y Y\ £iiy
FNONNTII "7 AL 7T ELY £nn 1N 1Y TY 1V o\ O L 1IN TN T VL f e QYT AT £ e\ L Lo 1N "7 O 7Y O S
C(O)N), 71.45-7.55 (m, 1U 0, n-L{p,mj 01 pncnyu, 1.7U-7.7/6 (m, 8n, n-\,(p, 1) OI pnenyl), /.52-7.99 (m,
8H, H-C(o) of phenyi)), 8.16-8.17 (m, 4H, H-C(0) of phenyl), 8.28 (d, Jio,m) = 8.1 Hz, 2H of benzoate), 8.37

(d, Jio,m) = 8.1 Hz, 2H of benzoate), 8.44 (d, J(O,m) = 8.1 Hz, 2H of benzoate), 8.57 (d, Jiomy = 8.1 Hz, 2H of
benzoate), 8.65-8.79 (m, 16H of pyrrole); FABMS: m/z 1442 (m + H*); CD (MCH): 422 (+113.2), 417 (0),



(28)-[2’N-[(p-[10°,15°,20’-triphenyl-5’-porphyrinyl]benzoyl)]-ethyl]-2-(p-[10',15',20"'-
triphenyl-5'-porphyrinyl]lbenzoyl)-4-methylpentanamide (4c)

Prepared from 3c (0.26 mg, 1.84 pmol) according to method B to afford pure product as a deep purple powder
(1.8 mg, 67%). UV/vis (CH2Clp) 645 (11 800), 589 (14 100), 549 (19 800), 515 (36 600), 417 (690 000); 'H-
NMR (CDCls, 400MHz) § -2.90 (s, 2H, NH of pyrrole), -2.89 (s, 2H, NH of pyrrole), 1.09 (d, J = 6.24 Hz,
3H, CH; from iPr), 1.11 (d, J = 6.28 Hz, 3H, CH; from iPr), 1.99-2.05 (m, 2H, iPrCH ) 2.08-2.15 (m, 1H

~ALy NoA& Y LIVEEL XX X, 2D ARy JARy NoAA Y RAVIAR N P SRV 11y Luxiy \iily 111,

CH(CH3)p), 3.91-3.96 (m, 2H, NHCH,CH,0), 4.72-4.74 (m, 2H, NHCH,CH,0), 5.71 (m, 1H, H-C(a),

6.93 (m, 1H, C(O)NH), 7.44-7.58 (m, i0 H, H-C(p,m) of phenyi), 7.70-7.76 (m, 8H, H-C(p,m) of phenyi),
7.92-7.99 (m, 8H, H-C(0) of phenyl), 8.15-8.18 (m, 4H, H-C(o) of phenyl), 8.29 (d, Jio,m) = 8.3 Hz, 2H of
benzoate), 8.36 (d, Jo,m) = 8.3 Hz, 2H of benzoate), 8.45 (d, Jo,m) = 8.3 Hz, 2H of benzoate), 8.55 (d, Jjo,m) =
8.3 Hz, 2H of benzoate), 8.64-8.78 (m, 16H of pyrrole); IR (1 mM in CCly) 3411 (N-H amide), 3313 (N-H
pyrrole), 1724 (ester C=0), 1709 (ester C=0), 1690 (amide C=0), 1607, 1263; FABMS: m/z 1456 (m + H*);

CD (MCH)' 423 (+108.0), 418.5 (0), 415 (-74.1); CD (CH2Clp): 424 (+36.5), 419 (0), 415 (-20.7); CD

(hexanes): 422 (+96.6), 417 (0), 414 (-65.3); CD (TEA): 423 (+68.1), 417 (0), 413 (-39.5); CD (MeOH): n.d.:
Y (talnana).

s Onicne ;.

426 (+55.4), 417 (0), 413 (-39.5).

(25)-[2’N-[(p-[10°,15°,20°-triphenyl-5’-porphyrinyl]benzoyl)]-ethyl]-2-(p-[10',15',20'-

triphenyl-5'-porphyrinyl]benzoyl)-2-cyclohexylacetamide (4d)

Prepared from 3d (1.5 mg, 7.4 pmol) according to method B to afford pure product as a deep purple powder (8.2

mg, 75%). UV/vis (CH;Clp) 645 (8 400), 590 (10 800), 549 (16 400), 514 (35 400), 417 (690 000); 'H-NMR

(CDCl3, 400MHz) & -2.87 (s, 2H, NH of pyrrole), -2.86 (s, 2H, NH of pyrrole), 1.21-1.58 (m, 4H,

cyclohexane), 1.71-2.18 (m, 6H, cycylochexane), 2.31 (m, IH, cyclohexane), 3.85-406 (m, 2H
6
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NHCH,CH;0), 4.73-4.77 (m, 2H, NHCH;CH?0), 5 4 Hz, 1H, H-C(«)), 6.87 (m, 1H, C(O)NH),
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7.48-7.61 {m, 10H, H-C{p,m) 0 8 {(m, 8H, H-C{p,m) of phenyl), 7.96-8.02 (m, 8H, H-C{o)
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l[ Clly ) 1. 71-
of phenyi), 8.16-8.29 (m, 4H, H-C(o0) fpnenyx), 8.30 (d, J(o,m)= 8.3 Hz, 2H of benzoate), 8.38 (d, Jiy,m)= 8.3
Hz, 2H of benzoate), 8.45 (d, Jyo,m)= 8.3 Hz, 2H of benzoate), 8.57 (d, Jio,m)= 8.3 Hz, 2H of benzoate), 8.67-
8.84 (m, 16 H of pyrrole); FABMS: m/z 1483 (m + Ht); CD (MCH): 422 (+82.0), 417.5 (0), 414 (-55.6); CD
(CH2Clz): n.d.; CD (hexanes): 422 (+62.7), 416.5 (0), 414 (-31.7); CD (TEA): 422 (+57.5), 417 (0), 413 (-

25.0).

(28)-I2'Nol(n.110° 158’ 20’ -trinhenvi.-5’.nornhvrinvlilhenzavl)l.athvll.2.(n.[10° 15’ 20°.
(&3)=1& N1 {p-1207, 07,20 ~Iriphenyl-0 -porpavrinyienzeovi) -ethvij-2-(p-1 107,107,248
drinhane £ narnhoeine Mhaneay N2 nhanvlneananan? 3.

(9 lpucu_y -5 ~por pu_yl luy 1JDENZOoY1)-S-puenyipropanamiae (49)

Prepared from 3e (0.45 mg, 2.30 umol) according to method B to afford pure product as a deep purple powder
(2.6 mg, 74%). UV/vis (CHClp) 646 (10 400), 591 (i1 700), 550 (16 300), 514 (35 400), 417 (650 000); 1H-
NMR (CDCl3, 400MHz) & -2.90 (s, 4H, NH of pyrrole), 3.55 (m, 2H, CH,Ph), 3.85 (m, 2H, NHCH,CH,0),
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4.59 (m, 2H, NHCH,CH,0), 5.89 (m, iH, H-C(a)), 6.74 (t, /= 5.2 Hz, iH, C(O)NH), 7.25-7.60 (m, i0H,
H-C(p,m) of phenyl, 5 H, CgHj), 7.70-7.77 (m, 6H, H-C(p,m) of phenyl), 7.90-7.98 (m, 8H, H-C(o) of
phenyl), 8.16-8.17 (m, 4H, H-C(o) of phenyl), 8.28 (d, Ji»,m)= 8.3 Hz, 2H of benzoate), 8.33 (d, Jo,m)= 8.3
Hz, 2H of benzoate), 8.39 (d, J(o,m)= 8.3 Hz, 2H of benzoate), 8.48 (d, Jio,m)= 8.3 Hz, 2H of benzoate), 8.63-
8.78 (m, 16 H of pyrrole); FABMS: m/z 1490 (m + H*); CD (MCH): 436 (-10.1), 423 (+56.0), 418 (0), 413 (-
23.3); MeOH): n.d.; (TEA): 437 (-3.2), 426 (+35.6), 420 (0), 417 (-24.4); (CH,Cly): 438 (-8.1), 424 (+36.6),
419 (0), 415 (-27.4); (toluene): 426 (+43.0), 420 (0), 417 (-33.5)
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(28)-{2’N-[(p-[{10°,15,20’-triphenyl-5’-porphyrinyi]benzoyli)]j-ethyij-2-(p-{10',15',20'-
triphenyl-5'-porphyrinyl]benzoyl)-2-phenylacetamide (4f)

Prepared from 3f (1.88 mg, 2.30 pmol) according to method B to afford pure product as a deep purple powder
(12.0 mg, 83%). UVivis (CHClp) 645 (11 800), 590 (14 900), 550 (16 800), 515 (34 800), 417 (690 000);
IH-NMR (CDCl3, 400MHz) 8 -2.87 (s, 2H, NH of pyrrole), -2.85 (s, 2H, NH of pyrrole), 3.89-4.04 (m, 2H,
NHCHCH;0), 4.75 (m, 2H, NHCH,CH0), 6.61 (s, 1H, H-C(a)), 7.07 (m, 1H, C(O)NH), 7.41-7.77 (m,
series of m, 18 H, H-C(p,m) of phenyl, SH, H-C of mandelic phenyl), 7.95-8.07 (m, 8H, H-C(0) of phenyl),
8.17-8.20 (m, 4H, H-C(o) of phenyl), 8.28 (d, J»,m) = 8.0 Hz, 2H of benzoate), 8.38 (d, Jiy,m) = 7.8 Hz, 2H

of hanznata) R AN (4 T, = 7.2 Hz 2H of henzoate). 8.62 (4. J; v= R He 27H af han7nata)l R 71. 82
Vil ULV GLW [y OTTU (A2, J(o,m} -— W RRLy LlE UL LNBLUAGW ]y U4 Uy J(O,m} — V.4 114,y L11 UL U\rllb\l“k\al’ Q.7 170.04
(m, 16 H of pyrrole); FABMS: m/z 1476 (m + H*); CD (MCH): 422 (+66.9), 418 (0), 414 (-47.7); (hexanes):
422 (+42.3), 417(0), 414 (-32.2); (TEA) 422 (+26.0), 418 (0), 414 (-15.6); (CH»Cl»): n.d.

(2R)-[2°N-[(p-[10°,15°,20’-triphenyl-5’-porphyrinyl]benzoyl)]-ethyl]-2-(p-[10°,15°,20°-
triphenyl-5’-porphyrinyllbenzoyl)-2-phenylacetyamide (4g)

Prepared from 3g (1.88 mg, 2.30 pmol) according to method B to afford pure product as a deep purple powder
(12.0 mg, 84%). UV/vis (CHaClp) 645 (8 200), 590 (11 600), 550 (14 600), 515 (33 300), 417 (690 000); 1H-
NMR (CDCl3, 400MHz) & -2.87 (s, 2H, NH of pyrrole), -2.85 (s, 2H, NH of pyrrole), 3.89-4.03 (m, 2H,

rJ====%77 7= 3= ASTS T2

NHCH,CH,0), 4.75 (m, 2H, NHCH,CH,0), 6.60 (s, 1H, H-C(a)), 7.07 (m, 1H, C(O)NH), 7.41-7.77 (m
PASZEYAS D Il PR RS AR iRy ANRANCLLJNAAL SN )y U Oy 131, XATNAWY ), 70U LRy 1AEy N ANSJINEL ]y J.501- 000 7 1],
series of m, 18 C(p m) of phenyl, SH, H-C of mandelic nyl), 7.94-8.06 ( , H-C(o) of phenyl),

8.16-8.19 (m, 41-1 H-C(o) of phenyl), 8.28 (d, J(s,m) = 8.0 Hz, 2H of benzoate), 8.37 (d 2H, Jio,m) = 8.0 Hz,
2H of benzoate), 8.39 (d, 2H, Jio,m) = 8.0 Hz, 2H of benzoate), 8.62 (d, 2H, J, m) = 8.0 Hz, 2H of benzoate),
8.71-8.82 (m, 16H of pyrrole); FABMS: m/z 1476 (m + HY); CD (MCH): 422 (-65.0), 418 (0), 414 (+46.6);
(hexanes): 422 (-45.9), 417(0), 414 (+30.5); (TEA) 422 (-25.6), 418 (0), 414 (+20.4); (CH;Cly): n.d.

(2R,35)-[2’N-[(p-[10°,15°,20’-triphenyl-5’-porphyrinyl]lbenzoyl)}-ethyl]-[2-(p-[10°,15°,20°-

trinhanvl.8’.narn VI’I“V‘]I\D“’I{IVI\1!“ N’ hoan7zamidoe.I_nhonvinrananamidse (4h)

A IPII\IIIJI - .’Ul llll.,llll.y lju\tll‘lv-’ l}l WALEGSARKLANENY "o PII\IIIJ lPlvP“llullll“\t \"'lll

Dranarad fram Th (1 D mao T AL 11mnl) acrarding ta mathad R tn affard nradnast ag a daam miiemla msawdae /4 §

rivpaicd Uil O (1.4 Ly, J.UU i) alivluigly W luivu D W anvia proauit ad a Ueip puipic powdiall (.0
-~ L A;H\ TTILTL 7l PV VRN VY. LRI s s TaTA N Z0Mn 71 P YavYany £ ALY 710\ SN 1 E 7730 7TNMNN I R B 4 aYaRr aVa Y a NN 1y

mg, /0.470). UV/VIS (LHL12) J (Y LUU), 00 (14 4UU), 047 (1Y JUU), 210 (OY /UU), 41/ (OYVU UUU), *‘I1-

S
o

4
NMR (CHCl3 500MHz) & -2.91 (s, 2H, NH of pyrrole), -2.90 (s, 2H, NH of pyrrole), 3.79 (m, 2H,
NHCH;CH;0), 4.49, 4.57 (2 m, 2H, NHCH;CH;0), 5.88 (dd, J = 8.24 Hz, 4.69 Hz, 1H, PhC(O)NHCH),
6.14 (d, J = 3.38 Hz, 1H, H-C(w)), 6.96 (t, J = 5.3 Hz, 1H, C(O)NH), 7.21-8.17 (series of m, 18 H, H-
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Jio,m=8.01 Hz, 2H of benzoate), 8.40 (d, Jio,m)= 8.01 Hz, 2H of benzoate), 8.54 (d, Jjo,m)= 8.02 Hz, 2H
benzoate), 8.62-8.78 (m, 16H of pyrrole, 1H, PhC(O)NH); FABMS: m/z 1609 (m + H*); CD (MCH): 440
(+4.8), 422 (-33.8), 417 (0), 414 (+16.4); CD (TEA): 436 (+6.1), 422 (-37.2), 416.5 (0), 414 (+15.6); CD
(toluene): 424 (39.9), 419 (0), 416 (+16.3); CD (hexanes): 438 (+6.3), 422 (-12.5), 416 (0), 412 (+6.6); CD
(CH,Cly): 440 (+6.3), 424 (-43.5), 417 (0), 414 (+24.9).

)

(7C TP I’N.IMn_f10° 18° 20 trinhanvl . 8’ narnhvr nvl1}\nnwn\l‘\]=n hoyll_[2_(n_T10? 182 20,
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Prepared from 3i (1.3 mg, 3.9 pumol) according to method B to afford product as a deep purple powder (5.5 mg,

87%). UV/ivis ((,quz) 645 (10 100), 589 (13 900), 550 (19 100), 514 (39 200), 417 (690 000); 'H-NMR
(CHCl3, 500MHz) & -2.87 (s, 2H, NH of pyrrole), -2.86 (s, 2H, NH of pyrrole), 1.40 (s, 9H, BocNH), 3.12
(m, 1H, CH3Ph), 3.17 (m, 1H, CH,Ph), 3.94 (m, 2H, NHCH,CH,0), 4.68 (m, 1H, BocNHCH), 4.75 (m,
2H, NHCH;CH;0), 5.38 (m, 1H, BocNH), 5.70 (1H, m, H-C(«)), 6.97 (m, 1H, C(O)NH), 7.20-7.38 (m,
5H, CeHs), 7.45-7.61 (m, 12H, H-C(p,m) of phenyl), 7.71-7.77 (m, 6H, H-C(p.m) of phenyl), 7.94-8.00 (m,
8H, H-C(o) of phenyl), 8.17-8.21 (m, 4H, H-C(0) of phenyl), 8.26-8.46 (series of m, 8H of benzoate), 8.66-

QA (m 16H of nurrnley FARMC: an/> 16820 (A L HHY- O (MOHN: 440 (_1 ARY A (1T DY AIR (N A1A (_
Q.07 1l 1vii w1 il]llul\t}, B DALFIVIND . TTW L LTVLT (UVL T 11 Jy W7 UUVIRAL ), TTTU \TL1. UL )y, Toeo \TL/1.4), "T10O \U}, i T \
71 TN TTAN L O 1 A 7 12 AN TN fialioao o, 11 0OV AN NN\ A1L 7 172 &\ £
7.1 . i 4 (-~13.2 i 11.9), 420 (U), 416 (-13.5); CD

(28,3R)-[2’N-[(p-[10°,15°,20’-triphenyl-5’-porphyrinyl]benzoyl)]-ethyl]-[2-(p-[10°,15°,20°’-

triphenyl-5’-porphyrinyl]benzoyl)]-t-Boc-3-amino-5-methylhexanamide (4j)

Prepared from 3j (1.0 mg, 3.3 pmol) according to method B to afford product as a deep purple powder (3.2 mg,

61%). UV/vis (CHpClp) 645 (8 000), 589 (12 600), 550 (18 200), 514 (36 700), 417 (690 000); H-NMR

(CHCl3, 500MHz) § -2.87 (s, 4H, NH of pyrrole), 1.02 (d, J = 6.6 Hz, 3H, CH3 from iPr), 1.04
3

e | ~ 75 =

Hz, 3H, CH; from iPr), 1.46 (s, 9H, BocNH), 1.65 (m, 2H, CH,iPr), 1.85 (m, 1H, CH(CH )
NHCHCH;0), 4.47 (m, 1H, BocNHCH), 4.73 (m, 2H, NHCH;CH/0), 5.10 (d, J = 8.8 Hz, lH, NHBoc),

5.66 (m, 1H, H-C(a)), 7.03 (m, 1H, C(O)NH), 7.45-7.61 (m, 12H, H-C(p,m) of phenyl), 7. 2 (m, 6H,
H-C(p,m) of phenyl), 7.95-7.99 (m, 8H, H-C(o) of phenyl), 8.16-8.18 (m, 4H, H-C(0) of phenyl), 8.29 (d,
Jio,my=7.83 Hz, 2H of benzoate), 8.37 (d, J(o,m)= 7.66 Hz, 2H of benzoate), 8.46 (d, Jypm= 7.12 Hz, 2H of
benzoate), 8.57 (d, Jio,m)= 7.92 Hz, 2H of benzoate), 8.67-8.84 (m, 16H of pyrrole); FABMS: m/z 1586 (M +
H*); CD (MCH): 422 (+40.7), 418 (0), 414 (-38.7); CD (TEA): 422 (+50.8), 417 (0), 414 (-34.4); CD (toluene):
426 (+31.5), 419.5 (0), 416 (-21.4); CD (hexanes): 422 (+14.0), 417 (0), 412 (-15.1); CD (CH,Cly): 424
(+43.0), 419 (0), 414 (-24.0).
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-{{p-{i¥',15',2¢'-triphenyi-5'porphyrinyijbenzoyij-ethyij-

-(p-{10',15",20"-triphenyl-
S'porphyrinyljbenzoyl)-4-methylpentanoate (Sa)
step 1, (25)-[hydroxyethyl]-2-hydroxy-4-methylpentanoate: To a solution of (-)-2-hydroxyisocaproic acid (49.0

mg, 0.371 mmol) in ethylene glycol (8 mL) was added EDC (175.0 mg, 0.913 mmol) and DMAP (111.5 mg,
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0.913 mmol). The solution was stirred at rt (4 days), dissoived in CH,Cl (40 mL), washed with sat. aq. NH4Cl
(2 x 20 mL), brine (2 x 20 mL), dried with NaSOy4, and evaporated. Product was purified by silica
chromatography (MeOH/CH2Cl3 1:15) to afford product as an off white solid (5.4 mg, 8.2%). It was then used
immediately in the next reaction; IH NMR (CDCl3, 400 MHz) & 0.93 (d, J = 6.67 Hz, 3H, CH;3 from iPr), 0.94
(d, J = 6.59 Hz, 3H, CH;3 from iPr), 1.56 (m, 2H, CH,iPr), 1.88 (m, 2H, CH(CHz)3), 2.05 (br s, 1H, OH),
2.72 (br s, 1H, OH), 3.85 (t, J = 4.62 Hz, 2H, OCH,CH,0H), 4.24 (t, J = 6.79 Hz, 1H, H-C(0)), 4.29 (2H,
m, OCH,CH,OH), CI-MS (NH3): m/z 194 (m + 18)*.

IR YACS S 23 RANERS

cteny Y Final aradnat A eanlntinn AFTDD (24 mo 1722 mmall ETYT /N R1 mo 4 26 mmall and MMAD (0 8§59
Loy £, Hitlal produLt. A DUV UL 1100 (057 HE, 14.0 111H1IVL), LA \V.01 1ig, .40 HTIHHVL), allld L7IVIAL (V.J 4
me A VL e I o OTT Y s 3\ ad ta a ..Al..o:,.... AF oAt Altninad Fann ctam 1T /N7 g 2 Q7 arena
I lg, “4.40 INHIVL) H I (1 m ll_z) was dUUCU L0 4 d>UlultVlLL VI lJlUUubl UULAlICU 11U DICP 1 \V./ 1lig, .7/ 1111V}

of sat. aq. NH4Cl (3 X 25 mL), brine (2 x 25 mL), dried (Na2804), and evaporated to give crude product which
was purified by silica chromatography (CH2Cla/MeOH, 40:1) to afford product as a purple powder (1.0 mg,
16%). UV/vis (CH2Cly) 644 (5 600), 589 (8 400), 548 (16 200), 514 (29 900), 418 (690 000); 1H NMR
(CDCl3, 400MHz) & -2.85 (s, 2H, NH from pyrrole), -2.84 (s, 2H, NH from pyrrole), 1.11 (d, J = 6.7 Hz, 6H,
CH(CH3)7), 1.99-2.34 (m, 3H, CH>CH(CH3z)2), 4.75 (m, 2H, OCH;CH;0), 4.81 (m, 2H, OCHCH>0), 5.55

(dd, 2H, J = 9.2 Hz, 4.0 Hz, H-C(a)), 7.5-7.78 (m 18H, H-C(p,m) of phenyl), 8.04-8.20 (m, 12 H-C(o0) of
nhpnv]\ 828 (d It sn)y =17, ~ )= R.2 Hz. 2H of hpn'lnafp\ 8.48 (d, I/ \

=70 Ir =
..... Ly ) L3Sy u,v‘u’,"} 7 Al a twfy O, v { ,,‘} Cede 12dhy &Lii Ui UVULUVG M| ,‘}
— 77 U 2T ~Afhanran t~Y QSN A T, V=70 T IT Af hanrantal 2 77 Q Q) (e 1ALT ageralal. TADAC
= /.4 0z, 11 01 ORNZ0AW), 6.0V \4, Jip,m) = /.7 nZ, i1 01 OCNZO4IL), 6.74-0.04 (1N, 1011, PYITOiE); TADMO

m/z 1457 (m + HY); CD (MCH): 422(+27.0), 417 (0),
5.33); CD (hexanes); 422 (+29.9), 416.5 (0), 412 (-1
(TEA): 422 (+37.3), 416.5 (0), 412 (-18.4).

4 (-1
.8); CD (MeOH): 424(+36.4), 415.5 (0) 411 (62) D
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(2S)-[2’N-[(p-[10’ 15’ 20’-triphenyl-5’-porphyrinyl]benzamide]-ethyl]-2-(p-[10’,15’,20’-

sten 1. N-fn-110'.15'20'-trin norvhvrinvllhenzamide)-N’-Rac-ethvlene diamine: To a <olution of TPP
SEvp! 4, ANTIPTIAV 520,40 R pid PP Y LG Y L UCHLANINGC /-1 LULTUULL Y ILUC Graiiuae AV 4 SUiuuUir Ui 111
(104 mo ISR itmaly FIC (3Q ma 20858 1iitmal) amd DMADP (7 8 mo 208 tima) in O A0~ (1 & vl \ wyac
VAVST BIE, 1.0 JMRIRVLJy SR (V.7 1L, &U.J PIIUL), QiU LJLVAOM (4o LLHE, &U.J IIIRAL) L R 1) (LD LA ), Wad

UV/vis (CH,Clp) 417, 515, 548, 589, 644; IH NMR (CDCl3, 400 MHz) & - 2.80 (s, 2 H, NH of pyrrole) 1.47
(s, 9H, BocNH), 3.54 (m, 2H, CH}), 3.73 (m, 2H, CH3), 5.10 (m, 1H, NH amide), 7.58 (m, 1H, NH amide),
7.68- 7.81 (m, 9H, H-C(p,m) of phenyl), 8.14-8.29 (m, 6H, H-C(0) of phenyl, 4H of benzamide), 8.77-8.86
(m 8H, pyrrole); CI-MS (NH3, neg ion): m/z 800 (m).

step 2,  (25)-N-[p-[10',15',20'-triphenyl-5'-porphyrinyl]Jbenzamide)-ethyl]-2-hydroxy-4-methylpentanamide:

4M HCl in dioxane (2 mlL) was added to the product from s step 1 (15 5.0 mg, 18.8 umol). The solution was stirred
at vt fAar 1 & h fallawed hy tha ramaval Af cnlvant Tha ramnannd waog regnignandad in ol ln () 2nT ) and
at 1L I0r 1.5 11 IOuOWEG OY uiC ICmidva: O SCiveiit. 10C COIMMPOUNG was TeSUSpenaGea in Lripuiz (£ o) ana

AAAAA AT _TTLYMN Vo B AN | AY <ssiel NI Qo P R
wa CU Wllﬂ aq sat. Nan U3 (L A | H]L) ana [ﬂcﬂ UHCQ WIL IN ZDU4 lﬂﬂ Iree amine was ot [a.lnca as green

powder after the removal of solvent. This was used immediately for the following reaction. (-)-2-hydroxy-
isocaproic acid (2.3 mg, 17.0 pmol), and CDI (2.8 mg, 17.0 pumol) were stirred in CH>Clp (1.5 mL) for 40

minutes, followed by the addition of the free amine prepared above. The mixture was stirred overnight at rt and



was appllc" directly to a silica column (40:1 CHy lzuueun) to yicld pure product as a d
mg, 28%); UV/ivis (CHClp), 417, 514, 548, 589, 644; 'H NMR (CDCl3, 400 MHz) 6 -2.80 (s, 2 H, NH
pyrrole), 0.94 (d, J = 6.6 Hz, 6H, CH(CH3)2), 1.59-1.86 (m, 3H, CH,CH(CH3)y), 3.68 (m 2H CH2) 3.77
(m, 2H, CH>), 4.21 (m, 1H, H-C(a)), 7.57 (m, 1H, NH amide), 7.70- 7.77 (m, 9H, H-C(p, m) of phenyl, 1H,
NH amide under m), 8.18-8.30 (m, 6H, H-C(0) of phenyl, 4H of benzamide), 8.76-8.83 (m, 8H, pyrrole); CI-
MS (NH3): m/z 815 (m+ 1)*.

step 3, final product: A solution of product obtained from step 2 (2.8 mg
(4]

added to a solution of TPP (4.0 mg, 6.1umol), EDC (1.2 mg, 6.2ur 1) d M_A.P (0. 8 mg, 6 2 um_oh in
CCHACS (1 ml ) at ot 'T"hp mivtnre wae ctirrad nvarnicght at vt an was -:nn]uar‘ rhrnnfl\ ta a cili colimn
L0 B A NSY \l j383 ) ] (ll iw L LIINv LILIALULY VWWAOD OLLLIVAL UYL AL WA WwAJIMALELLL

(40:1
g, 68%). UV/ivis (CH2Clp) 645 (13 000),
590 (16 300), 549 (21 100), 515 (40 100), 417 (690 000); 'H NMR (L,UL13, 400 MHz) 6 -2.87 (s, 2 H, NH of
pyrrole), -2.85 (s, 2 H, NH of pyrrole), 1.09, (d, J = 6.22 Hz, 3H, CH; from iPr) 1.10 (d, J = 6.15 Hz, 3H,
CH 3 from iPr), 1.97 - 2.16 (m, 3H, CH,CH(CH3)3), 3.76-3.92 (m, 4H, NHCH;CH,NH), 5.67 (dd, 1H, J =
9.7 Hz, 3.35 Hz, H-C(a)), 7.11 (m, 1H, NH amide), 7.45 (m, 1H, NH amide), 7.54 (m, 18H, H-C(p, m) of
phenyl), 8.03 (m, 12 H, H-C(0) of phenyl), 8.20 - 8.29 (2d, Jo,m) = 8.10 Hz, 8.06 Hz 4H of benzoate), 8.36-
8.56 (2d, J(o,m) = 7.98 Hz, 8.06 Hz 4H of benzoate), 8.72 - 8.82 (m, 16H of pyrrole); FABMS: m/z 1453 (m +
H*); CD (CH,Clp): 425 (+41.92), 419 (0), 415 (-14.89); CD (hexanes): 422 (+33.6), 417 (0), 414 (-24.5); CD

CH,Cl>/MeOH) to yield pure product as a deep purple powder (3.

ERRLNT L =75 Sg¥al S NFERASRAII s TS (T v v A7

(MO A4 (A8 7Y A1Q 1D A14 1.9 7N\ (N (AMMaNIN d.: CD (TEA): 423 (+85.3). 417 (0). 413 (-39.2)
WML G248 (TI2.7 ), 415 (U), 814 -40.0/ ), L \VICUN ) NLAL, UL (IEA) 425 (105.3), 41/ (U), 415 (-37.4),
el nYe 1 - AY AMs 1 BN N A SN A1 7 AN ON

CD (toluene); 426 (+50.7), 420 (0), 417 (-23.8)

(28)-[(p-[10',15',20'-triphenyl-5'-porphyrinyl]benzoyl)-propyl]-2-(p-[10',15",20"'-triphenyl-

5'-porphyrinyljbenzoyl)-4-methylpentanoate (5¢)

step 1, (2S5)-[hydroxypropyl]-2-hydroxy-4-methylpentanoate: To a solution of (-)-2-hydroxyisocaproic acid
(124.5 mg, 0.94 mmol) in CH>Cl; (40 mL) at rt was added EDC (270.9 mg, 1.41 mmol) and DMAP (172.3 mg,

1.41 mmol). After 5 minutes, 1,3-propanediol (1.75 g, 23.0 mmol) was added and the reaction mixture was

stirred a

at room temperature for 24 h. The excess diol was decanted and the organic layer was washed with
aqueous sat. NH4Cl (3 x 40 mL), followed by aqueous sat. NaCl (2 x 40 mL), and dried with MgSQO4. The
ot dian srrimo zeszeifiacl inn aal flasde Abkanevndaconelae: N1 LY I‘l I NN~ L‘L‘,‘_.J PR P R f
1COIUUT Wadd puuut:u Uy Sll L«d gCl 11 i1 ClIL HALOE1 Plly \LU.1 oIl 2 2/ 1v1cur1) lU ariora a cicare oOii as pr auct
(11.8 mg, 7%); 'H-NMR (CDCl3, 400MHz) § 0.91 (d, J = 3.2 Hz, 3H, CHj from iPr), 0.94 (d, J = 3.2 Hz,
3H, CHj3 from iPr), 1.53 (m, 1H, CH3) 1.80-1.95 (m, 3H, CH>, C ( H3);), 2.13 (br s, 2H, OH), 3.68 (t, J =
12.4 Hz, 2H, CH,CH,CH,0H), 4.18 (m, 1H, H-C(0))) , 4.32 (t, J = 12.4 Hz, 2H, CH>CH2CH,0H); CI-MS

(NH3): m/z 208 (m + 18)*.
step 2, final product: A solution of the product obtained from step 1 (0.75 mg, 3.2 pmol) in CH»Cl; (1.0 mL)
was added to a solution of TPP (7.7 mg, 11.8 umol), EDC (2.3 mg,11.8 pmol), and DMAP (1.45 mg, 11.8

umol) in CHyClp (0.5 mL). The reaction mixture was stirred at 1t for 22 h, The solution was applied directly to a

n (RS 1 (HACIA MO ta viald mnre
il (0J.1 wrijiaiivalu 13
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(24 600), 418 (6 90 OOO), IH-NMR (CDCl3, 400MHz) &

-2.81 (s, 2H, NH of pyrrole), -2.80 (s, 2H, NH of pyrrole), 1.20 (d, J = 6.51 Hz, 3H, CH3 from iPr), 1.30 (d,
J=6.51Hz, 3H, CH; from iPr), 1.91-2.41 (4 sets of m, SH, CH,CH(CH3)2, NHCH,CH>CH0), 4.59 (t, J =



6.4 Hz, 2H, CH3), 4.67 (m, 2H, CH)), 5.51 (dd, iH, /= 9.8 Hz, 4.0 Hz, H-C{(a)), 7.65-7.75 (m, 18 H, H-
C(p,m) of phenyl), 8.15-8.20 (m, 12H, H-C(0) of phenyl), 8.31 (m, 4H of benzoate), 8.48 (m, 4H of benzoate),
8.78-8.83 (m, 16H of pyrrole); FABMS: m/z 1472 (M+H"); CD (CHClp): 424 (+6.3), 419 (0), 415 (-7.0); CD

(MCH): n.d.; CD (hexanes): n.d.; CD (TEA): n.d.; CD (toluene): n.d.

General procedure for 5d-5f:

step 1 (attaching aminoalcohol linker): To a solution of (-)-2-hydroxyisocaproic acid (29.7 mg, 0.23 mmol) in
m [’) mT ‘ aft r wacg ﬂl"f‘pf‘ nur}\t\ﬂ‘rlr‘!‘mlr‘ A"f\lﬂ (AQ Q mir n 07 mmnl\ Fn\ﬂ mivhire wacg K‘f‘"ﬂf‘ at nr 1 h
X RAR \ld 11]‘-4} @Al 1L VY OO dAuiliwAg hmwll]lulllll]uﬂ‘;\ll\t \-r.} o llls, Tkt 1 llllll\lll L1l% LIINIALUIND VYWAD JUiliIVU au 1L 1ul 1 11.
L B PR Ly ROy pugy BORN 1 DY R B de Bie [+ RENSERIEY | Qs p Pgh | L S L e R TR, PR S K I S
11IC U101 OF alllIO4ICOIIO1 HIIKCE USCU {(3.00 IV} wad aUucd diid UIC ICACLION ITHALUIC wdd SULITCA al TL 10OF 1 £ fl.
PSS TSR TR <ty SN JARY. g TUNPRSIERSUIL ¥ gt T SRS 1IN 1 o (SR | 1 Ak L. /17,1 £YTT £V IR A _ATT
After the removal of solvent, the residue was purified by silica gel flash chromatography (12:1 CH,Clo/ MeOH) to
afford product .

step 2 (forming bisporphyrin derivative): To a solution of TPP (6.4 mg, 9.7 umol), EDC (1.9 mg, 10.1 pumol),
and DMAP (1.23 mg, 10.1 pmol) in CH,Cl3 (1.0 mL), a solution of product obtained from step 1 (0.61 mg, 3.2
pmol) in CH2Cl; (1.0 mL) was added. The reaction mixture was stirred at rt for 12 h. The solution was applied
directly to a silica gel column (70:1 CH;Cl,/MeOH) followed by a pipette silica column (7:3 CHCls/hexanes) to

yield pure product as a deep
J r r r

nJ

urple powder,
(28)-[2’N-[(p-[10',15',20'-triphenyl-5'-porphyrinyl]benzoyl)]-propyl]-2-(p-[10',15',20"'-
triphenyi-5°-porphyrinyijbenzoyi)-4-methyipentanamide (5d)

step 1, (25)-[2N’-[hydroxypropyl]]-2-hydroxy-4-methylpentanamide was prepared from (-)-2-hydroxyisocaproic
acid (29.7 mg, 0.23 mmol) according to step one afforded a clear oil as product (16.1 mg, 38%). !H-NMR
(CDCl3, 400MHz) 6 0.93 (d, J = 6.6 Hz, 3H, CH; from iPr), 0.95 (d, J = 6.6 Hz, 3H, CHj from iPr), 1.47-
1.54, 1.61-1.71 (m, 4H, (CH3);CHCH,, NHCH;CH,CH,0H), 1.81 (m, 1H, CH(CHj3)3), 2.60 (br s, 2H,
OH), 3.43 (m, 2H, NHCH,CH;0H), 3.60 (m, 2H, NHCH;CH,0H), 4.14 (dd, J = 10 Hz, 3.1 Hz, 1H, H-
C(n)), 6.89 (br s, 1H, C(O)NH); CI-MS (NH3): m/z 190 (m + 1)*, 207 (m + 18)*.

. nroduct was nrenared from sten 1 nroduct (0 61 mo. 32 umol) accordine ta ctean 2 affarded nure
Sy Ly G PEVRRULA WAS PACPAINAL LIV S0P 1 PRULUR (V.U LE, 2.4 RiLVL) allUIULILE W SWp & aiiPlIull pulic
nroadneat ac a daan mirnla mawdar 120 moe GAGY  TTWUluic (OW-0C1-\ LAA (5 AN 0N 7Q SAMY SAOQ (1A 20M
produit ady a Utip puipiv puwuli \J.v g, U70) UV/IVID (L)1) U (0 FUVUY, D2V (0 JUV), J97 19 DUV},
Z1 A 7L YN A V7T £ L0 YN ‘t' ATR ATY /4TI ANNR ATY,__\ © ~ ON s ATYT RTYTY T 1 AY ~ On ra ~ATYT YT Y o~
514 (35 300), 417 (690 (00); *H-NMR (CDCl3, 400MHz) 6 -2.83 (s, 2H, NH of pyrrole), -2.80 (s, 2H, NH of
pyrrole), 1.10 (d, J = 8.64 Hz, 3H, CH3 from iPr), 1.12 (d, J = 8.44 Hz, 3H, CH3 from iPr), 1.99-2.23 (3 sets

of m, 5H, CH;CH(CH3)2, NHCH,CH»CH,0-), 3.65 (m, 2H, NHCH,CH70), 4.67 (m, 2H, NHCH,CH,0),
571 (dd, J = 9.3 Hz, 3.5 Hz, 1H, H-C(a)), 6.89 (t, J = 6.0 Hz, 1H, C(O)NH), 7.35-7.51 (m, 7 H, H-C(p,m)
of phenyl), 7.63-7.77 (m, 11H, H-C(p,m) of phenyl), 8.00-8.07 (m, 4H, H-C(o) of phenyl), 8.12-8.21 (m,

5 1

8.44 (d, Jio,m) = 8.0 Hz, 2H of benzoate), 8.57 (d, Jiom) = 8.1 Hz, 2H of benzoate), 8.70-8.82 (m, 16H of
nvrrole): ABMS: m/z 1470 (m + HY): CD (MCH): 423 (468 4) 417 (D). 414 (.48 3): CD (CHAClL): 424
PYiiVIC), L i3RIVAS, 510 & LTV (12T XX Ty Nk \AVANZ Faod \TUU.5), T \VJ)s TTAT (TTFO.C Nrij ) LT

1) )
(+42.7), 419 (0), 415 (-23.8); CD (hexanes): 422 (+47.0), 416 (0), 412 (-32.6); CD (TEA):
(0), 413 (-46.3); CD (toluene): 426 (+51.9), 420 (0), 413 (-43.3).
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(28)-[2°’N-{(p-[16°,15%,20’-triphenyi-5’-porphyrinyijbenzoyl)]j-butyij-2-
triphenyl-5'-porphyrinyljbenzoyi)-4-methyipentanamide (5e)

step 1, (28)-[N’-[hydroxybutyl]]-2-hydroxy-4-methylpentanamide was prepared from (-)-2-hydroxyisocaproic
acid (25.9 mg, 0.20 mmol) according to step 1 to afford a clear oil as product (23.0 mg, 57%); !H-NMR (CDCl3,
400MHz) 6 0.91 (d, J = 6.6 Hz, 3H, CH3 from iPr), 0.93 (d, J = 6.6 Hz, 3H, CH; from iPr), 1.44-1.61 (m,
6H, NHCH,CH,CH,;CH,0H, (CH3);CHCH3>, 1.81 (m, 1H, (CH3)2CH), 3.26 (m, 2H, NHCH,CHj,), 3.63 (t,
J =5.8 Hz, 2H, CH>CH,0H), 4.07 (dd, J = 9.9 Hz, 3.4 Hz, 1H, HC(x)), 6.89 (br s, 1H, C(O)NH); CI-MS
(NH3): m/z 204 M+1)*, 221 (M+18)*._

N 27 =& Q)
cten 7 final nraduct wae nranared fram cten 1 nradnet (N AR mo 2 28 1imal) arcnrding ta cten 2 tn affard nnra
ﬂl.\dg “, 1E51&R1 lll\’uu\ll— YV D l_ll\dym\iu SRV S0 Ol\/y kS t’luuu\y‘. \Ug—ru llls, et v S ”lll\)l} GV WwVUiRLLL i D‘.UH &~ W oailituiu tJul\.«
izt e 2 Aone mriemmla s Adan 2T e~ QOOQOZN YTV Javan FOUT_ TN LA 7O NNNN £O0N 711 ONNN CAOQ 710 NNNY
plUuuLl dd d Ul CP pu1 1 p()wu 1 (9.1 llg, oxz70) U V/VID (LII2012) V40 (0 UUV), 007 (11 JUU}, 047 (10 UUV),

514 (41 600), 417 (690 000); 'H-NMR (CDCls, 500MHz) 6 -2.82 (s, 2H, NH of pyrrole), -2.81 (s, 2H, NH of
pyrrole), 1.09 (d, J = 5.9 Hz, 3H, CHj3 from iPr), 1.10 (d, J = 5.7 Hz, 3H, CHj3 from iPr), 1.66 (m, 1H,
CH(CHs3)3), 1.90-2.12 (3 sets of m, 6H, iPrCH,;, NHCH,CH,CH;CH;0), 3.56 (m, 2H, NHCH,CHj), 4.58
(t, J= 6.3 Hz, 2H, NHCH,CH,0), 5.65 (dd, J = 9.4 Hz, 3.5 Hz, 1H, H-C(a)), 6.39 (t, J = 5.9Hz, 1H,
C(O)NH), 7.63-7.76 (m, 18 H, H-C(p,m) of phenyl), 8.11-8.20 (m, 12H, H-C(0) of phenyl), 8.29 (d, Jio,m) =
8.1 Hz, 2H of benzoate), 8.35 (d, J(o,m) = 8.1 Hz, 2H of benzoate), 8.44 (d, Jyom) = 8.1 Hz, 2H of benzoate),

o,m;

8.49 (d, I/(,; m) = 8.1 Hz, 2H of benzoate), 8.74-8.82 (m, 16H of pyrrole); FABMS: m/z 1485 M + 1)t ; CD

(MCH): 426 (+4.7), 417 (0), 414 (-8.1); CD (CHCly): 424 (+8 0), 419 (0), 416 (-8.6); CD (hexanes): 420

EA): 423 (+10.2), 417 (0), 413 (-8.1); CD (toluene): 426 (+4.8), 420 (0), 413

(28)-[2’N-[(p-[10°,15°,20’-triphenyl-5’-porphyrinyl]benzoyl)]-hexyl]-2-(p-[10',15',20"'-
triphenyl-5'-porphyrinyljbenzoyl)-4-methylpentanamide (5f)

step 1: (25)-[2’N-[hydroxyhexyl]]-2-hydroxy-4-methylpentanamide was prepared from (-)-2-hydroxyisocaproic
acid (11.2 mg, 84.7 umol) according to step 1 to afford a yellow oil as product (11.7 mg, 60%); 'H-NMR
(CDCl3, 400MHz) 6 0.93 (d, J = 6.6 Hz, 3H, CHj of iPr), 0.94 (d, J = 6.7 Hz, 3H, CH; of iPr), 1.33-1.63

< = e e ] 2
(ceries of m 10H, NHCHACH->CH)YACHAOH (CHOWCHCHASY 182 (m 1 (CHYACHY 2928 (m 7D
\OUAILS Ul ik, aVAL, ANIATIN AT NAZ OR300, \Ndd3 2N ai a1 2, 1,04 (1M, aX1, \A13)2\dij, S.420 (I, <n,
NIIMITIY N 2 £1 76 T £ ALY ALY MO NIIN A TN (A T_ 00 LT~ 272 LIe 11T IY £/~ £ £1 /e o
Nnilng), .61 {t, 7 =64 nz, 2n, CnpCa0n0), 4.10 (aq, v = %.9 0z, 5.3 nz, in, no-C{o)), 6.61 (or s,

1H, C(O)NH); CI-MS (NH3): m/z 232(m + 1)*, 249 (m + 18)*,
step 2, final product was prepared from step 1 product (0.79 mg, 3.4 pmol) according to step 2 to afford pure
product as a deep purple powder (2.0 mg, 39%) . UV/vis (CH;Cla) 644 (5 400), 591 (8 200), 549 (12 100), 514
(17 500), 417 (690 000); 'H-NMR (CDCl3,400MHz) & -2.83 (s, 2H, NH of pyrrole), -2.82 (s, 2H, NH of
pyrrole), 1.07 (m, J = 5.2 Hz, 3H, CH3 from iPr), 1.08 (d, J = 5.2 Hz, 3H, CH3 from iPr), 1.55-1.73 (m, 10H,

iPrCH >, NHCH(CH2CH3)2CH»0), 1.96 (m, 1H, CH(CHz);), 3.44 (m, 2H, NHCH2CH0), 4.51 (1, /= 6.6
Hz, 2H, NHCH,CH>0), 5.6

L P ..,--Lv--‘-.—,,

2
H-C(p,m) of phenyl), 8.14-8.19 (m, 12H, H-C(0) of phenyl), 8.24 (d, J(o,m) = 8.0 Hz, 2H of benzoate),

(dd, 1H, J = 9.0 Hz, 3.4 Hz, H-C(q)), 6.30 (m, 1H, C(O)NH), 7.64-7.76 (m,

223 24, 22 VeI 2335 A\ JANiD ),

18 H,
QY rd ¥ Q VTV NET o b ndn QN YT MNLT AL Lot AT —_ 0 12 1Y
8.35(Q, J(g,m) = 8.3 NZ, ir1 OI benzoate), 8.39 (d, J(O m) = 0.2 NZ, 2H of benzoate), 8.47 (d, .I(o m) = 0.5 ni,
2H of benzoate), 8.73-8.84 (m, 16H of pyrroie); FABMS: m/z 1514 (M+1)*; CD (MCH): n.d.; CD (CH,Cl):
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423 (+6.0), 420 (0), 415 (-5.4); CD (hexanes): n.d.; CD (TEA): n.d.; CD (MeOH): n.d.; CD (CHCI3
naiey) A4 /122 0) A1 /0N A1 (.S M
NUISY . 947 \(73.7 ), T17 V), F1U (“J.V).

(28)-{2’N-[(p-{zinc-10°,15",20 -iriphenyi-5'-porphyrinyijbenzoyi)j-ethyij-Z-(p-{zinc-
10',15',20'-triphenyl-5'-porphyrinyl]benzoyl)-2-cyclohexylacetamide (6)

To a solution of 4d, (25)-[2’N-[p-[10',15',20'-triphenyl-5'-porphyrinyl]benzoyl]-ethyl]-2-(p-[10',15',20'"-
triphenyl-5'porphyrinyl]benzoyl)-2-cyclohexylacetamide (8.2 mg, 5.5 pmol) in CHCI3 (1.0 mL), Zn(OAc); (10
mg, 54.5 pmol) was added. The reaction mixture was stirred at rt for 11h. The solution was applied directly to a
silica gel column (100:1 CH2Cl/MeOH), then a second column (toluene/EtOAc 20:1) to yield pure Zn
bisporphyrin compound (6.9 mg, 78%) as a deep purple powder. UV/vis (CH;Cl», neutral): 586 (4 600), 548

(41 300), 418 (79'7 000): UV/vis (CHACly, 1ull i-PrNH»/ml. \ 6(\4 18 600), 563 (40 500), 428 (878 600 Iq-
(41 300), 000, vis (CH,Cl,, 10l Ho/t 604 (18 600), 563 (40 500), 428 (878 600);'H
NAMD /(YL A NATI-Y R 12921 Q2 (. 10T AF runlahavanal D 72 fmm 1 ~runlabhavanal 272 2 QQ ((m N1
INIVIIN \\,U\,lj‘ “TUVIVI1L1 } UV il.co=1.70 (111, tUll, Ul h)’blUllDAallD}, &ode 111, 1112, b_yblUllDAallC], J.710-J.70 111, &~11,
RITTLNTT /AYY MY TY A S~ A ™~ s NYY RYIFT/ITT /7NTTF YT\ o AL A 1 4 A Yy __ 1T YY /7N o\ £ OM la b 4 A £ YIY

NHCH,>CH,0H), 4.67-4.72 (m, 2H, NHCH,CH,0H), 5.46 (d, J = 4.1 Hz, 1H, H-C{(®®)), 6.82 (t, /= 4.6 Hz,

1H, C(O)NH), 7.50-7.69 (m, 10H, H-C(p,m) of phenyl), 7.71-7.73 (m, 8H, H-C(p,m) of phenyl), 7.94-8.00
(m, 8H, H-C(o) of phenyl), 8.15 (m, 4H, H-C(o) of phenyl), 8.27 (d, Jio,m)= 7.8 Hz, 2H of benzoate), 8.36 (d,
Jio,m= 7.7 Hz, 2H of benzoate), 8.40 (d, Jy,m)= 8.0 Hz, 2H of benzoate), 8.53 (d, Jiy,m)= 8.1Hz, 2H of
benzoate), 8.71-8.86 (m, 16 H of pymrole); FABMS: m/z 1610 (M+Ht); CD (MCH, ¢ = 1.56e-6M, 1pL i-
PrNH,/mL MCH): 434 (+86.0), 429 (0), 424 (-70.7).

(2§)-[2’N-[(p-[zinc-10',15',20"-triphenyl-5'-porphyrinyl]benzoyl)]-ethyl]-2-(p-[10',15',20"-

L.._--I -4 U ST § | e panpy PN I. e o bl 2D Ve AY
I.l‘lpllt’.‘ 1Yo -porpnynnyljueluuyl) A'Lytl ICAylaceLdnuae (/)

step 1, Zn porphyrin on 1° alcohol: (25)-[2’N-[p-[zinc-10',15",20'-triphenyl-5'porphyrinyijbenzoyi)]-ethyl]-2-
hydroxy-2-cyciohexylacetamide: To a solution of TPP (4.2 mg, 6.38 umol), EDC (1.3 mg, 7.0 pmol), and
DMAP (0.86 mg, 7.0 umol) in CHpClp (1.0 mL), a solution of 4d (6.0 mg, 29.9 umol) in CH»Cl; (2.0 mL)was
added. The reaction mixture was stirred at rt for 12 h. Zn(OAc); (3mg, 12.1umol) was then added. After 3
hours of stirring at rt, the solution was applied directly to a silica gel column (40:1 CH,Clo/MeOH) to yield pure
product (3.9 mg, 67.6%) as a magenta powder; UV/vis (CHyClp) 547 (24 300), 419 (574 000); 'H-NMR

(CDClz, 400MHz) 6 1.18-1.72 (m, 10H, cyclohexane), 1.92 (m, 1H, cyclohexane), 3.36 (m, 1H, H-C(a)), 3.43

O ‘
Q
3§
Z |
5
~J
:‘

(m, 2H, NHCH,CH,0), 4.34 (t, J = 5.2 Hz, 2H, NHCH,CH,0), 6.56 (t, J= 5.6 Hz, 1H .
(m, 2H, NHCH,CH;0), 4,34 (t, J = 5.2 Hz, 2} ICH,CH;0), 6.56 (t, J=5.6 Hz, 1H, H), 1.71

TFTIO fos OLT TT MV caay AF calanan, 1Y QNN O 21 (e LLIT LY M\ A ol o1 ATT 8 b e nd Q02 ONL f... O
f.07 (11, 711, -G P, O1 [JIl llyl) 0.4U-0.01 \ll1, UI1, I1-U\V) Ul plicilyl alid 4 ol UC[ILUdlC), 0.02-0.70 (IIl, &
H of pyrrole); CI-MS (NH3): m/z 905 (M+1)*, 922 (M + 18)*.

step 2, 2H porphyrin on 2° alcohol: To a solution of TPP (5.0 mg, 7.6 pmol), EDC (1.56 mg, 8.17 umol), and

DMAP (1.0 mg, 8.17 pmol) in CH,Cl3 (2.0 mL), a solution of product obtained from step 1 (3.9 mg, 4.3 pmol)
in CH>Cl» (2.0 mL)was added. The reaction mixture was stirred at rt for 21 hr. The solution was applied directly
to a silica gel column (50:1 CH2Cl2/MeOH) to yield pure product (3.9 mg, 67.6%) as a red powder; UV/vis3?
(CH2Cly): 644 (2 000), 590 (7 300), 547 (24 400), 514 (17 6000), 418 (736 000); UV/vis (MCH, neutral): 644,
592, 546, 512, 415; UV/vis (iPrNH; IuL/mL MCH): 646, 600, 559, 514, 427, 417; TH-NMR (CDCl3, 500MHz)

8 -2.87 (s. 2H. NH of nvrrole). 1.18-1.72 (m. 10H. cvclohexane). 1.92 (m, 1 cvelohexane) 343 (m. 2H
0 -2.87 (8, 2ri, NH of pyrroie), 1.15-1. (m, 108, ¢ycionexane), 1.22 (m, 14, cycionexane), 2.42 (m, Z4,
NUAII O MY A2 6 T =S We A NUOCUACL O S AL (A T—AA2 > 1T W /Y £Q1 (¢ T =& &
NOlLa2lngUj, 4.54 ({, v = 0.2 n1Z, zn1, INOLnpUiipJj, 3.40 (G, v =4.45 nZ, 10, o-Ui{jj, 6.o1 (L, v =30
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nz, in, \(VU)jNmj, 71.47-7.64 (M, 120, o-C{p,mj O pnenyl), /.7<4-7.76 {(m, 6, n-C{p,m) of pnenyl), 1.99-
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8.05 (m, 8, H-C(o) of phenyl), 8.18-8.20 (m, 4, H-C(o) of phenyi), 8.31 (d, Jio,my= 8.1 Hz, 2ZH of benzoate),

8.39 (d, Jio,m)= 8.1 Hz, 2H of benzoate), 8.43 (d, Jjo,m)= 8.2 Hz, 2H of benzoate), 8.57 (d, Jio,my= 8.0 Hz, 2H
of benzoate),8.72-8.99 (m, 16 H of pyrrole); FAB-MS m/z 1546 (M + 2)*; CD (MCH/neutral) 428 (+44.6), 423
(0), 418 (-27.9); CD (iPrNH3 1pL/mL MCH):3° 430 (sh, +15.2), 422 (30.8), 418 (0), 414 (26.6).

(28)-[2’N-[(p-[10',15",20'-triphenyl-5'-porphyrinyllbenzoyl)]-ethyl]-2-hydroxy-4-

g
"~
-~
.JJ
-~
2]
Ga

4.7 umol), EDC (0.9 mg, 4.7 pumol), and DMAP (0.57 mg, 4.7

s TWel pRAiIVLg, AR 27 Ay g pradal

mol} in CH,
mg, 4./ umoi) m CHp

a 1
(1.0 mL), a solution of 3¢ (5 mg, 28.6 pmol) in CH2Cl, (1.0 mL) was added. The reaction mixture was stirred

noE ~TT

t 2 h. The solution was applied directly to a silica gel column (80:1 CH,Clp/MeOH) to yield pure product
as a deep purple powder (2.6 mg, 68%). UV/vis (CH2Clp) 645 (4 600), 589 (6 700), 549 (9 200), 515 (19
700), 417 (350 000); IH-NMR (CDCl3, 400MHz) & -2.84 (s, 2H, NH of pyrrole), 0.97 (d, J = 6.5 Hz, 6H,
CH(CH3)3), 1.60 (m, 2H, iPrCH3), 1.86 (m, 1H, CH(CH3)3), 3.84 (m, 2H, NHCH;CH;0), 4.13 (m, 1H, H-
C(a)), 4.62 (1, J = 4.8 Hz, 2H, NHCH,CH,0), 6.48 (m, 1H, C(O)NH), 7.72-7.79 (m, 9 H, H-C(p,m) of
phenyl), 8.20 (d, J = 6.85 Hz, 6H, H-C(o) of phenyl), 8.30 (d, J(o,m) = 7.9 Hz, 2H of benzoate), 8.42 (d, Jio m)

= 7.9 Hz, 2H of benzoate), 8.84 (m, 8H of pyrrole); CI-MS (NH3): m/z 816 M + 1)*; CD (MCH): n.d.; CD
(CH,Clp): n.d.; CD (TEA): nd.

e d b RV 8
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The other solvents, MCH, TEA, and hexanes show no CD
. The lH-NMR spectrum of this comnound
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