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Abstract: A cyclometalated complex of Ir(lll) is covalently tethered to DNA oligonucleotides and serves as
both a photooxidant and photoreductant in the study of DNA-mediated hole transport (HT) and electron
transport (ET). Spectroscopic and melting temperature studies support intercalation of the tethered complex
into the DNA duplex through the functionalized dppz ligand. Using these tethered assemblies, ET and HT
is initiated in DNA by the same photoredox probe. Cyclopropylamine substituted bases, N4-cyclopropyl-
cytosine (°PC) and N,-cyclopropylguanine (°PG) are used as kinetically fast electron and hole traps to probe
the resulting electron migration processes after direct irradiation of the tethered Ir assembly. Oxidation of
CPG and °PC is promoted efficiently by HT from photoexcited Ir(lll) when the modified bases are positioned
in the purine strands of the A-tract. In contrast, when °PC is embedded in a pyrimidine tract, ET to yield
reductive decomposition is observed. Thus, the Ir(lll)-tethered DNA assembly containing cyclopropyl-modified
bases provides a unique model system to explore the two DNA-mediated electron migration processes
using the same photoredox probe and the same DNA bridge.

Introduction oxidants with the DNA duplex is one of the essential factors in

The structural core of a DNA duplex is constituted by an termg of studying HT mechanisms. For example, two fluorgscent
array of heterocyclic aromatic nucleic acid base pairs. This well- 2denine analogues, 2-aminopurine (Ap) aridssthenoadenine
defined -stacked structure provides an efficient pathway for (A<) with similar reactivity to oxidize guanine, yield striking
charge migration, both hole transport (HT) and electron transport differences in distance dependence of HThe distinctly low
(ET)12 In HT, a radical cation, an electron hole, is injected HT efficiency triggered by Ais due to the significantly poor
and migrates through the DNA duplex to oxidize distant bases. base stacking of the sterically bulky analogue within the double
On the other hand, ET occurs with DNA reduction and an excess Nelix. With covalently tethered Rh(lll) and Ru(ll) complexes,
electron is transported along the double helix. which have extended intercalative ligands to achieve effective

DNA-mediated HT has been extensive|y explored using a electronic COUpIing with DNA, efficient HT over at least 200
variety of photooxidants and hole traps with both biochemical A in DNA is observed: Thus, the critical ways in which
and spectroscopic assdyépA conformationally gated domain photooxidants interact with the DNA helix can result in
model has been proposed by our laboratory to reconcile mostsignificant differences in H¥
of the experimental data that have been obtaidédlt has It has also become apparent that DNA-mediated HT yields
become increasingly clear that the interaction mode of photo- different features when probed on different time sc&é4.15
Owing to its long ms lifetime, the guanine radical cannot report
HT events on a fast time scal&leaving time for back electron
transfer to occur. The development of cyclopropylamine-
substituted bases, such bs-cyclopropylguanine FG)!” and
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N4-cyclopropylcytosine9"C)!8 allows for probing transient hole

independent mannéf.In these studies, nonetheless, it is also

and electron occupancy on DNA on a picosecond time scale. apparent that DNA ET is very sensitive to coupling of the redox
Model studies have shown that the cyclopropyl ring can open probe?®

with a rate of~10' s~ upon both oxidation and reductidh.
Thus these kinetically fast traps can report sensitively on
transient occupancy of the DNA bridge for both HT and ET
studies.

Our understanding today of DNA-mediated ET is far more
rudimentary than DNA-mediated HP.Early pulse radiolysis

No studies have thus far utilized a single redox probe coupled
effectively into the base pair stack to compare directly ET and
HT in DNA. A uniform photoredox probe of appropriate binding
and redox characteristics for both HT and ET must be developed
for these experiments. Recently, several novel cyclometalated
dipyridophenazine (dppz) complexes of Ir(lll) have been

studies using noncovalently bound probes suggested a superdesigned to trigger DNA redox reactioffsHere, we diSCU+SS
exchange mechanism for electron transport at 77 K but perhapsstudies using a cyclometalated Ir(llf) complex, [Ir(pgipp?Z]

thermally induced hopping at high temperattir&ime-resolved

(ppy = 2-phenylpyridine; dppz= dipyrido[3,2-a:2,3-c]phena-

transient absorption spectroscopic measurements indicatec?in€-11-yl)-hex-5-ynoic acid), covalently tethered to DNA

significantly better electron transfer to T than C in hairpin
duplexes with the acceptor 2 bases from the déhGovalently

oligonucleotides. It has been shown that this complex has an
excited-state oxidation potential 6f0.9 V versus NHE and an

attached flavin analogues have been used by Carell and co-excited-state reduction potential of 1.7 V versus NHE, which

workers as photoreductants in assemblies where a thymine dime

was employed as the electron tF&d.hese studies showed little
difference in repair efficiencies with T or C as the intervening
bases in ET over 17 A. Aromatic amines or pyrene-substitute

uracil have also been employed as electron donors in DNA

assemblies where 5-bromouracig) was utilized as a fast
kinetic electron trag*-26 These studies did show variations
depending upon sequence but only with a small distane® (1

base pairs) for electron transport. It was observed that ET

through intervening AT pairs is significantly more efficient than

are sufficient to reduce pyrimidine and oxidize purifié! “C-
and “PG-containing DNA are used to explore the resulting
electron propagation process. This iridium intercalator serves

gas both an oxidant for HT and a reductant for ET upon

photoactivation.

Experimental

DNA Oligonucleotides.All DNA oligonucleotides were synthesized
using standard phosphoramidite chemistry on an ABI DNA synthesizer.
N;-cyclopropyl-guanine€°G) andNs-cyclopropylcytosine {°C) modi-
fied sequences with the trityl group on were first prepared by solid-

through GC segments; these results are reconciled by protonpnase pNA synthesis, using 2-fluoroinosifig énd 4-thiouridine T'U)
transfer between GC base pairs becoming rate limiting with fast a5 precursors for the two substituted bases, respectively. The DNA

traps as the reporter.

Our laboratory has examined DNA-mediated ET using DNA-
modified electroded’ Here, however, the DNA is linked to the
electrode through a long alkane thiol linker, and it is transport
through this linker that is rate-limiting Hence DNA electro-

oligonucleotides containing and™U at the desired positions are then
incubated m 6 M aqueous cyclopropylamine at 6C for 16 h for
substitution reaction®. "C- and®FG-containing oligonucleotides are
also cleaved from the resin during this incubation. The cleaved strands
were purified by reverse-phase (RP) HPLC and repurified after
removing the trityl group by treatment in 80% acetic acid for 15 min.

chemistry experiments cannot be utilized to examine variations Oligonucleotides were characterized by MALDI-TOF mass spectrom-

in DNA ET rates as a function of sequence or length. It is the

case, however, that in these films, DNA ET can proceed over

etry.
The photoredox probe, [Ir(ppydpp2)]* (ppy = 2-phenylpyridine;

long molecular distances and in essentially a sequence-dppz = (dipyrido[3,2-a:2,3-c]phenazine-11-yl)-hex-5-ynoic acid), was
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synthesized using an ester derivative of [Ir(pfgppz)]™ as the
precursor, which was described previou¥ljhe deprotection of the
carboxylic acid was conducted in basic conditions. Briefly, the
suspension of the ester-derived Ir(lll) complex (0.5 mmol) in aqueous
0.4 M LiOH (50 mL) and THF (75 mL) was stirred at room temperature
for 3 h. TLC (alumina 7% methanol/GBl,) was applied to monitor

the reaction complete. The resulted mixture was adjusted te< pH

by 1.0 M HCI. The solvent was removed under reduced pressure, and
the precipitates were collected by filtration and washed with copious
water. The resulting solid was dissolved in 9 mL of 1:1:1 MeOH4CH
Cl,/MeCN and precipitated by 100 mL of ethyl ether and collected by
filtration. Reversed-phase HPLC was applied to purify the crude product
for characterization and spectroscopy. Crude product can be used for
DNA coupling without further purification. The Ir(lll) complex was
characterized byH NMR and mass spectrometry. Yield: 75%
NMR: (300 MHz, CDCly): ¢ 9.85 (t, 2H,J = 8.4 Hz), 8.50 (s, 1H),
8.42~8.34 (m, 3H), 8.05-7.94 (m, 5H), 7.827.41 (m, 4H), 7.48 (d,
2H,J = 4.5 Hz), 7.14 (t, 2HJ = 7.5 Hz), 7.05-7.02 (m, 2H), 6.42 (t,

(29) Gorodetsky, A. A.; Green, O.; Yavin, E.; Barton, J.B{oconjugate Chem.
200718, 1434-1441.
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Figure 1. Ir(lll)-tethered DNA assemblies used in the DNA-mediated photoredox reactions. The Ir complex serves as both photooxidant and photoreductant
and is tethered to the DNA oligonucleotide by g&lkyl amino-linker through a phosphate linkage. Cyclopropylamine-substituted nucle¢$des)d°FG,

are incorporated in the complement of the Ir-tethered strands as fast kinetic electron and hole traps, respectively. Structures of the egclofiigtalat
complex and cyclopropylamine-modified bases are shown below.

_ . Table 1. Sequence and Melting Temperatures of DNA
2H,J = 7.8 Hz), 2.66-2.61 (m, 4H), 2.041.97 (m, 2H). ESI-MS: Assemblies in the Studies of DNA-Mediated ET and CT upon

calcd, 893.2216 for £Ha:NeO2Ir; found, 893.2198. Irradiation of the Tethered Ir(lll) Complex
[Ir(ppy)2(dpp2)]™ was covalently tethered to DNA oligonucleotides

T T
as follows. First, the detritylated resin-bound oligonucleotides with an ONA) (D
amine-ended galkyl linker were prepared by phosphoramidite chem- DNA sequence Cor (op
istry. Ttle_ amine-modified stran.ds were ther_l reacted with [Ir(;liapy) IGI° 5 -ACATT-GTTTTTTCAGTCACS 53 61
(dpp2)]* in anhydrous DMF using-(benzotriazol-1-yl)N,N,N,N'- crCl 3 TGTAACPCAAAAAAGTCAGTG-5'
tetramethyluronium hexafluorophophate (HBTU, Aldrich) and 1-
set Iri1 Ir-5'-ACATT-ITTTTTTCAGTCAC-3 50 60

hydroxybenzotriazole hydrate (HOBT, Aldrich) as the coupling reagent

in the presence of diisopropylethylamine (DIEA). Cleavage from the (C1 1B ACATT.CTTTTTTCAGTCAC.S 53 5o
. . . . . o r r-5'- - -

resin was accompllshec.i.by |n.cubat|on.|n MOH at 60°C for 6 h. cPG1 3 TGTAACPGAAAAAAGTCAGTG-5"

Strands were HPLC-purified using a Variant@versed-phase column.

MALDI-TOF mass spectrometry was used to characterize the metalated

no.1 C¢RC1 3-TGTAACPCAAAAAAGTCAGTG-5'

DNA conjugates. For example, calcd, 6557 fd2 (CsoHasN,OsPIr- Icr%zz Ir-g:1A'|E:r‘T“T“T¢',|I:\CAF:CG'|ér%(ErAé(,;AI3(ErA(3CE:ﬂ;3 49 %5
5-ACAAAAAAGAACAGTCAC-3'); found, 6556 for (M-H)~. DNA
set Irl2 Ir-5'-ACAAAAAA-IAACAGTCAC-3 ' 47 52

oligonucleotides were suspended in buffered agqueous solution (10 MM .5 5 ¢ P
sodium phosphate, 20 mM NaCl, pH 7) and quantitated by-uigible c2 S-TITTTTTT-CTTGTCAGTG-S
spectroscopy. IrC2  Ir-5-ACAAAAAA-CAACAGTCAC-3' 51 57

. . CPG2 3-TITTTTTTCPGTTGTCAGTG-3
Melting Temperatures. Melting temperatures T¢,) of all the

duplexes were measured using a Beckman DU 7400 spectrophotometer

with a temperature control attachment. Absorption at 260 ngaoAf ?p]él g?g?;;gg;;;;;i’gﬁgiﬁ%é5 4
equimolar DNA complements (181 in 10 mM NaCl, 20 mM sodium
phosphate, pH 7.0) were measured every’@.%rom 90 to 15°C with a T, is determined by monitoring the UV absorption of 18 DNA in

rate 0.5°C/min. The reverse temperature traces were measured under20 mM sodium phosphate, pH 7.0, 10 mM NaCl at 260 nm from 90 to
the same conditions to confirm the reversibility of the DNA annealing 15 °C- " Tm is determined by monitoring UV absorption of 201 DNA
process. The data were fit to a sigmoidal curve to determind the TSZ‘%T'\IAr rseogr':;nerﬁgﬂi‘;hgéiggn;ﬁeltﬁeﬁqe'\g C’“&%F;;}ﬁ?&;}gﬁ@ 90to
The absorption profile was also measured at 413 nig(As a function
of temperature for 2&M Ir(ll1)-tethered DNA aliquots in the same Results and Discussion
buffer in order to measure the correspondingof the Ir(l11) complex . . - . .
within the duplex. The error of, over at least three sets of individual Experimental De§|gn.The mod{fled. DNA assemblies uti- )
experiments was less thar°C. lized for these studies are shown in Figure 1. Upon photolysis,
Photolysis Experiments. Aliquots (10 xuM DNA, 30 ul) for the tethered cyclometalated Ir(lll) complex serves as both a
irradiation were prepared by annealing equimolar amounts of the desiredphotooxidant for HT and a photoreductant for ET in the
DNA complements on a DNA thermal cycler (Perkin-Elmer Cetus) assemblies. Cyclopropylamine-modified ba$€€, and®FG, are
from 90 to 15°C over a period of 2.5 h. Aliquots of the Ir-tethered employed as fast kinetic traps to probe the transient electron
duplexes were then irradiated with a 1000W Hg/Xe lamp equipped and hole densities during both electron migration processes. The
with a 320 nm LP ﬁlter.and a monochromator. After.irradiation at 380 |r(|||) Complex iS Covalently tethered to the Complementary
nm (0, 30 min, 60 min), duplex samples were digested by’G7  gyrang of the cyclopropyl-substituted DNA oligonucleotide
incubation with phosr_)hodlesterase | (USB) and alkaline phOSphatasethrough a G-alkyl linker. Here, the alkyl chain is connected to
(Roche) for 24 h to yield the free nucleosides, and the samples were,[he 5-end of DNA single strands through a phosphate linkage,

analyzed by reversed phase HPLC (Chemcobond 5-6D$4.6 x . e I
100 mm). The percentage decomposition () of cyclopropyl-modified which may better mimic the DNA backbone than the diamine

bases was determined by subtracting the ratio of the area under the@lky! linker used in Rh(lll)-tethered DNA:®
CPG or CPC peak in an irradiated sample from that in a nonirradiated ~ TWO sets of DNA duplexes were prepared here to explore

sample, using adenine as an internal standard for all HPLC traces.long-range redox chemistry between the tethered Ir(lll) complex
Irradiations were repeated three times, and the results were averagedand DNA (Table 1). All the duplexes have a three base pair

J. AM. CHEM. SOC. = VOL. 129, NO. 47, 2007 14735
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) 0.0 Figure 3. Melting temperatures of DNA duplexes with or without the

300 400 500 600 tethered Ir(Ill) complex: (top) 1.&M G-1/°PC-1; (middle) 1.5uM IrG-
1/°PC-1; (bottom) 2QuM IrG-1/PC-1. The UV absorption is monitored at

% (nm) 260 nm for 1.5¢M DNA assemblies and at 413 nm for 20 IrG-1/PC-

Figure 2. UV—visible spectra of Ir-DNA conjugates and the free 1. Shown are both annealing and remelting curves, which are superimpos-
[Ir(ppy)2dpp2]* complex. Free Ir(Ill) complex (28M) in MeCN (triangle) able.
and buffer (circle) (10 mM NacCl, 20 mM sodium phosphate, pH 7.0), as

well as tethered to the DNA single straiC1 (black line, 4.5uM) in upon tethering to DNA, in particular the hypochromicity,
buffer, are used to measure the spectra. . .
suggests that the dppmay stack, at least partially, with the

nucleic acid bases even in the single DNA strands, which, to
some extent, may create an environment more like acetonitrile
than water.

Melting temperatures of Ir-DNA assemblies also provide
evidence of intercalative stacking to stabilize the tethered duplex.

segment, 5ACA-3' at the metal-tethering end to accommodate
the intercalative dppdigand. An eight-base pair (bp) adenine
tract follows the intercalation site to study the potential DNA-
mediated ET and HT through the A-tract. On the distal side of

the A-tract, a mixed seven-base sequence is included and is Vel T (DNA)) of DNA bl 1 6M
constant to minimize any effects of fraying ends in the duplexes. etlng teTperiturez(“gsgs);?c asITem '?S( g‘ t)47
In set no. 1, 8 adenines are placed in strands that areIn Setno. Larefounda as well as set no. 2 a

complementary to the Ir(lll) tethered strandisrt , Y = I, G, ; o1 o(t:’ tI)(Y m?nltogglg: :helg?gractengglczé?_ﬂssomatrled with

or C). Cyclopropyl-substituted basé$C and®FG are placed hase Zac gg:]cr?m 5 o h rev?rs(,jl 3|/ | ebs ag“gls were

after the second adenine$AC1 and“"G1, respectively. DNA eated at or > min, t €n cooled slowly by D.J./min
and the spectra were monitored. Remelting (@#HAnin) shows

assemblies in set no. Y2, Y = I, G, or C) have the same h it b . ble. As sh inFi 3

A-tract, but the purine and pyrimidine strands are flipped € melting curvescpo € superimposa e; S shown In Figure

between the complement§"C and PG are placed after the and Table 1JrG1/CPC1 has aTy, that is 5°C higher than the
same DNA sequence without tethered Ir(lI51/ CPC1.

fifth thymine in the A-tract in the corresponding sequences of
set no. 2. Inosines are also included to enhance the eff|C|enC|esFurthermore the absorption intensities at the MLCT band of
Ir(111)-DNA were measured at 413 nm following the same

These two sets of Ir-tethered DNA assemblies would allow us ; N le. B fitting the data t . idal th
to compare the transient hole and electron distributions between emperature cycle. by litting the data to a sigmoidal curve, the
Tm(Ir) (temperature at half-maximum of44g) can obtained to

the purine and pyrimidine strands during DNA-mediated HT . .
and ET, respectively. characterize the melting of the Ir(lll) complex from the DNA
o . duplex. TheTy(Ir)'s of I—DNAs are observed around 6C
Intercalation of the Tethered Ir(lll) Complex. UV —visible .
. . for set no. 1 and 55C for set no. 2 as shown in Table 1.

spectra of the Ir(lll)-tethered DNA (Ir-DNA) have characteristic . B°
bands at 260 nm, primarily from the DNA bases, and around Remarkably, thd(Ir) increases an extr . c from theTo-

‘ ' (DNA) of the same assemblié$.Interestingly, in the DNA

380~430 nm from a mix of intraligand transitions of dppz and . .
the metal-to-ligand charge transfer (MLCT) band of the Ir assemblywnha[Ru(phempp_z]? cnmplex (_:ovalently tethered
to DNA through a carboxylic acid functional group on the

complex33 As is evident in Figure 2, the absorption spectrum . X : e
of [Ir(ppy)sdppZ]* shows significant solvatochromic effects. intercalative dppz ligand, simildi,, enhancement was observed
and assigned to stabilization of the duplex because of the

Hypochromicity and broadening are observed at both the high intercalation of dpp#5 Thus, the increase ifin(Ir) indicates
energy intraligand and the low-energy bands in changing from
; - . that the Ir complex stabilizes the end of the DNA duplex from
organic solvent to aqueous buffered solution. Upon tethering .
. . separating even after much of the duplex has been denatured.
to the DNA single strand, the features of the absorption spectrum . e L
. Certainly the duplex stabilization and the hypochromicity in the
of the Ir(lll) complex in the low-energy band can be resolved .
. 4 . MLCT band support the idea that the tethered Ir(lll) complex
in aqueous buffer, however. The maximum absorption for the . . - )
can adopt an intercalation mode. The reversibility of the melting

low-energy band in Ir-DNA appears in between those of Ir(l1l) : . . . .
in buffer and acetonitrile. Two absorption maxima at 393 and curves suggests that threading to achieve intercalation is feasible.

413 nm, which are broadened out in aqueous solution, are(34) Although 20u«M solution of DNA samples, instead of 1.8V, are used in
present to some extent in the case ofMNA, although they the Tin(Ir) experiment to achieve measurable absorption intensities, the
are still not well resolved and have been red-shifteth nm enhancement due to the concentration increments should be less than 4

compared to MeCN. The spectral features of the Ir complex (35) (a) Kitamura, Y.; Ihara, T.; Okada, K.; Tsujimura, Y.; Shirasada, Y.; Tazaki,
Jyo, A A.Chem. Commur12005 4523-4525. (b) Ossmov D,; Pradeep

kumar P. I.; Holmer, M.; Chattopadhyaya, J.Am. Chem. SoQOOl
(33) Lo, K. K.; Chung, C.; Zhu, NChem. Eur. J2006 12, 1500-1512. 123 3551-3562.

14736 J. AM. CHEM. SOC. = VOL. 129, NO. 47, 2007



Long-Range Electron and Hole Transport

ARTICLES
40 60
cp -
A iri1-c A ol O Ic1cha
O irG1-°ci
L or e ot ®
% S al}
o k-]
R 2 -
g 20 A c sl
2 S )
-g = L
£ A g
: A I
i} 10 |
a A o® ® & 10 o
o A‘ - O
a oFr@ b
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Irradiation Time (min) Irradiation Time (min)
60
o A m2c2 O Irc2-G2 ®
(o) CP 50 |-
IrG2-""C2
o o
o o
3 o 40 |
- Y
o s )
RS 2 ®
5 5 °f
= =
® B
et b i e
5 § @
] € 10}
@
Q o ®
0k
a c ol © d
1 L L L 1 L L 1 L 1 L L L L
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Irradiation Time (min)

Irradiation Time (min)

Figure 4. Redox decomposition of cyclopropylamine-substituted DNA assemblies upon irradiation of the tethered Ir(l1l) complex. Percentages of @@tomposit
of CPC in assemblies set of no. 1 (top left) and no. 2 (bottom left), as well as thdgidh set no. 1 (top right) and no. 2 (bottom right). The error bars

are obtained over 3 sets of individual experiments.

DNA-Mediated Hole Transport by Photoexcited Ir(lll).
DNA assemblies in set no. 1 have either®®C or a °FG
positioned within the A-tract five base pairs away from the Ir-
tethering end. Upon irradiation of Ir(lll) at 380 nm, in these
assemblies both cyclopropylamine-substituted bases are seen
decompose linearly with an irradiation time aflL h as shown
in Figure 4. InlrC1-“PG1, 46% of "G is decomposed after 1
h by the irreversible oxidative ring-opening reactidtf'C
decomposition is also observed in both assemblits, CPC1
andIrG1- °PC1. Notably, however, duplekll- cPC1 exhibits
more efficient decomposition (35% after 1 h) than dtr€xl-
CPC1 (10% after 1 h). The enhanc&8C decomposition in the
duplex with base pairing to inosine, a guanine derivative of
higher oxidation potential, is a characteristic feature“at
oxidation!® The higher ring-opening yield observed lih1-
CPC1 versusIrG1-°PC1 is explained by the less competition
from the paired base for the hole occupancy~8a within the

bases®37 Thus it is reasonable to consider that the oxidation
potential of°"C in Irl1- °PC1 andIrG1- “PC1lis lowered enough
to be oxidized by the excited-state of the Ir complex. With
photoactivation, then, using this tethered photooxidant B&Eh
tandCFC can be oxidized from a distance through DNA-mediated
HT.

DNA-Mediated Electron Transport by Photoexcited Ir-
(). In set no. 2 versus set no. 1, with respect to the Ir(lll)-
tethered end, the A-tract is flipped between the two comple-
mentary strands®PG and “PC are thus positioned in the
pyrimidine strands of the A-tract and are located after the sixth
thymine (Table 1). In this set of assemblies, oxidative decom-
position of °FG in IrC2- ®PG2 is observed upon irradiation at
380 nm and has comparable efficiency (55% after 1 h) to that
of IrC1-“PG1. Photoexcitation of the Ir complex in set no. 2
thus shows similar decomposition yields to set no. 1. As
expected, the electronic coupling between the bound Ir complex

inosine-containing assembly versus the guanine-containing@nd the DNA base pairs certainly is not changed and the

assembly. Efficient photooxidation 6fC by the Ir complex

variation in yield with distance is shallow.

might be somewnhat surprising based upon the excited-state ~Significantly,“"C in bothlIrl2- PC2 andIrG2- "C2 are also

reduction potential of the Ir compleXEl,y = 1.7 V vs NHE);
the driving force would be very small, at béStHowever,

previous studies have shown that purine stacking in the duplex

can significantly lower the oxidation potentials of the DNA

decomposed upon irradiation of a distally tethered Ir(lll)

(36) Voityuk, A. A.; Jortner, J.; Bixon, M.; Rech, N.Chem. Phys. Let200Q
324, 430-434.

(37) Sugiyama, H.; Saito, 0. Am. Chem. S0d.996 118 7063-7068.
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complex, but now the efficiency of charge transport in the sequence. Indeed, only differences in transport efficiencies
inosine-containing duplex is equivalent to or lower than that of between T and C as the intervening bridge have been
the guanine-containing duplex (Figure 4). Decomposition ef- explored?®-26 For ET, effective traps and well-coupled electron
ficiencies of °FC in this series are significantly lower than for donors are needed to achieve ET over sufficient distances where,
series no. 1 where tH&C is embedded within the purine strand. as for HT, sequence variations could become significant.
The increased separation from the Ir center might be consideredCertainly, the relative reduction potentials for pyrimidines versus
a contributor to the lowered efficiency, but the switch in purines make our observations of a preference for electron
efficiency between the guanine-containing duplex and the transport within a pyrimidine bridge and hole transport within
inosine-containing duplex indicates that a different mechanism a purine bridge understandable.

for charge transport must be involved. A similar phenomenon  symmary and Implications. A cyclometalated Ir(Ill) com-

is observed in the case of photoactivation of a platinum diimine pjex has therefore been covalently tethered to DNA oligonucle-
complex with “"C-containing duplexe¥. The switch to give  otiges and provides both a photooxidant and photoreductant for
greater decomposition wifffC paired to guanine versus inosine studying DNA-mediated HT and ET. Melting temperatures
supports the idea that for the transport through pyrimidines it monjtored at both the DNA absorption band and the MLCT
is ET that is preferred. In the pyrimidine series, nocQC is band of Ir(lll) indicate stabilization of the DNA duplex by the
reduced by the excited-state of the distally bound Ir. The (gihered complex, consistent with intercalation by the function-
flanking pyrimidines likely do not efficiently decrease the gjized dppz. Thus the Ir complex can provide consistent and
oxidation potential of"C by base stacking,and the pyrimidine gffective electronic coupling with the DNA base pairs for both
bridge provides a viable low-energy path for electron transport. 41 and ET. Upon photolysis, both the reduction @t and
Hence, in thé"C-containing duplexes of set no. 2, the reductive g .qation ofCPG are promoted by DNA-mediated ET and HT

ring opening reaction ofC effectively competes wittf"C from the distally DNA-bound Ir(lll). Therefore, ET and HT can
oxidation. Therefore, upon direct |rrad|at|o_n, the covalently |4 initiated with the same photoredox probe and can be probed
tethered Ir(lll) can promote both DNA-mediated HT and ET, ., o picosecond scale by ring-opening of cyclopropyl amine-

probed by decomposition 6FG and“"C. substituted bases. The-lDNA assembly is a unique model

These results must be considered in the context also of otherSystem that allows us now to compare characteristics of DNA-
studies of DNA charge transport. Purine strands are known to

i ’ S mediated HT and ET directly in the same donbridge-
be more effective conduits for HT than pyrimidine strands, acceptor system
although the full sequence of the duplex, before and after the '
trap, contributes to the transport efficiencié&or ET, extensive Acknowledgment. We are grateful to the NIH (Grant

studies have not been carried out as a function of distance andsM49216) for their financial support of this work.

(38) Lu, W.; Vicic, D. A.; Barton, J. KInorg. Chem.2005 44, 7970-7980. JA0752437
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