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Abstract
2,2’-Bis(4-dimethylaminophenyl)- and 2,2'-dicyclohexyl-1,1',3,3'-tetramethyl-2,2',3,3'-tetrahydro-2,2'-bibenzo[d]imidazole
((N-DMBI)2 and (Cyc-DMBI)2) are quite strong reductants with effective potentials of ca. −2 V vs ferrocenium/ferrocene, yet are
relatively stable to air due to the coupling of redox and bond-breaking processes. Here, we examine their use in accomplishing elec-
tron transfer-induced bond-cleavage reactions, specifically dehalogenations. The dimers reduce halides that have reduction poten-
tials less cathodic than ca. −2 V vs ferrocenium/ferrocene, especially under UV photoexcitation (using a 365 nm LED). In the case
of benzyl halides, the products are bibenzyl derivatives, whereas aryl halides are reduced to the corresponding arenes. The poten-
tials of the halides that can be reduced in this way, quantum-chemical calculations, and steady-state and transient absorption spec-
troscopy suggest that UV irradiation accelerates the reactions via cleavage of the dimers to the corresponding radical monomers.
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Introduction
Reductive dehalogenation reactions of organic halides can be
used in organic synthesis as a means of generating carbon-
centered radical or anion intermediates and could have rele-

vance to the treatment of waste halogenated polymers. While
such reactions can be achieved using highly reducing metals,
molecular reductants can potentially enable more selectivity, as
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Figure 1: (a, b) Schematics of previous approaches to dehalogenation-based reactions using molecular reductants, along with representative struc-
tures of reductants and photocatalysts used, and (c) schematic for the present approach, along with structures of 1,1',3,3'-tetramethyl-2,2',3,3'-tetra-
hydro-2,2'-bibenzo[d]imidazoles, (Y-DMBI)2, and the corresponding monomer cations, specifically the first reported in the literature and those used in
this work.

required for the use of such reactions in the synthesis of mole-
cules bearing various functional groups. In particular, Wanzlick
dimers (C=C-bonded dimers of N-heterocyclic carbenes,
Figure 1a, i) have been used by Murphy’s group and others for
a variety of transformations, such as the formation of indolines
from N-allyl-2-iodoanilines [1], indanones from 3-(2-
halophenyl)propanoic esters [2,3], and 3-methyl-2,3-dihy-
drobenzofuran from 1-allyloxy-2-halobenzenes [4]. Related
species have also been used to initiate the coupling of aryl
halides and arenes [5]. However, even relatively easily reduced
organic halides have sufficiently cathodic reduction potentials

(e.g., ca. −1.6 V and −1.8 vs ferrocenium/ferrocene (FeCp2
+/0)

for diethyl bromomalonate [6] and 4-iodotoluene, see Table 2,
respectively) that simple one- or two-electron donors capable of
exergonic ground-state electron transfer to these substrates will
be rather air sensitive, complicating their handling and use. In
addition some molecular reductants can themselves react with
the reactive intermediates; for example, the dehalogenation of
alkyl halides, RX, by CoCp2 (Cp = η5-cyclopentadienyl;
E = −1.3 V vs FeCp2

+/0), gives CoCp2
+ and X−, but the organic

radicals R• react with another molecule of CoCp2 to afford
CoCp(η4-C5H5R) [7]. In some cases, issues of reductant air
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Table 1: Debromination of benzyl bromide (1a).

Entry Time [h] UV [BnBr] [mM]a Reductant Conversion [%]b BnH yield [%]b Bn2 yield [%]b

1 1 no 3.0 (N-DMBI)2 20 13 10
2 0.5 yes 3.0 (N-DMBI)2 90 8.6 82
3 1 yes 3.0 (N-DMBI)2 100 9 92
4 1 no 3.0 (Cyc-DMBI)2 10 5 5
5 0.5 yes 3.0 (Cyc-DMBI)2 70 4 65
6 1 yes 3.0 (Cyc-DMBI)2 100 4 95
7 1 no 18.7 (N-DMBI)2 29 7.5 22
8 2 no 18.7 (N-DMBI)2 39 9 30
9 18 no 18.7 (N-DMBI)2 61 7 52
10 1 yes 18.7 (N-DMBI)2 70 6 66
11 2 yes 18.7 (N-DMBI)2 80 6 74
12 2 yes 18.7 – 6 6 –c

13 4 yes 18.7 (N-DMBI)2 92 6 86
14 18 yes 18.7 (N-DMBI)2 100 8 93
15 18 yes 18.7 – 61 58 –c

a3.0 and 18.7 mM BnBr concentrations used, BnBr in quantities of 12 and 75 µmol (2 and 13 mg), respectively, corresponding to dimer quantities of
6.0 and 37.5 µmol, respectively (3.2 and 20 mg for (N-DMBI)2; 2.8 and 17 mg for (Cyc-DMBI)2. bConversions and yields were determined by GC–MS
as described in Supporting Information File 1. cNone detected.

sensitivity can be circumvented by the use of photocatalysts in
concert with sacrificial weak reductants (Figure 1b) [8-11].
Another approach is to add ambient-stable precursors to reac-
tion mixtures: for example, reducing Wanzlick dimers and
related species (Figure 1a, ii) have been formed from precur-
sors through in situ decarboxylation [12] or deprotonation [4,5],
while other reducing species have been formed from in situ
reactions of simple diols or diamines [13].

Another approach is to utilize dimers formed by highly
reducing radicals, such the bibenzoimidazoles (Y-DMBI)2
(Figure 1c). (Me-DMBI)2 was first reported in 1984 and used as
a reductant in studies of electrochemically generated reactive
species [14-16]. More recently, several examples, including
(Cyc-DMBI)2 (Y = cyclohexyl) and (N-DMBI)2 (Y = 4-di-
methylaminophenyl) have been used as effective n-dopants for
organic semiconductors [17-24] and redox mediators for the
electrochemical depolymerization of poly(ethylene terephtha-
late) [25]. These dimers (D2 = (Y-DMBI)2) undergo reactions
with organic semiconductors A to afford two monomeric
Y-DMBI+ (D+) cations and two reduced semiconductors, A•−.
The effective redox potentials, E(D+/0.5D2), are estimated to be
ca. −2 V vs FeCp2

+/0, yet the dimers are reasonably stable to air
due to the kinetic barriers associated with the coupling of elec-

tron-transfer and bond-cleavage reactions [26]. Here we demon-
strate that (N-DMBI)2 and (Cyc-DMBI)2 (Figure 1c) can be
used to accomplish dehalogenation of benzyl, alkyl, and aryl
halides (RX) and discuss the scope and possible mechanism of
these reactions.

Results and Discussion
Reaction of (Y-DMBI)2 with benzyl bromide
We began our investigations of dehalogenation reactions using
benzyl bromide (BnBr, 1a), which has a reduction peak poten-
tial (Epc) of −1.6 V vs FeCp2

+/0, as the substrate (RX),
anhydrous THF (without stabilizer) as the solvent, and
(N-DMBI)2 or (Cyc-DMBI)2 as a stoichiometric reductant
(0.5 equiv, assuming one electron is needed for each substrate
molecule and that each dimer molecule contributes two elec-
trons). Reaction outcomes were analyzed by GC–MS (see Sup-
porting Information File 1 for details); products were identified
based on the observed m/z values and comparison of retention
times with authentic samples, while conversions and yields
were based on calibration curves established using authentic
samples. Table 1 summarizes the conversion of BnBr and prod-
uct yields at various reaction times, with or without dimers, and
with or without irradiation at a nominal wavelength of 365 nm
(see Supporting Information File 1 for experimental details and
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see [27] for the spectrum of the excitation source used), which
is anticipated to selectively excite the dimeric reductants rather
than the substrate (see below and Supporting Information File 1,
Figure S4 for further details). In the dark at low concentrations
of substrate and reductant low conversions are observed after
1 h (Table 1, entry 1), with the dehalogenation products being a
mixture of toluene and bibenzyl, i.e., RH and R2 products,
which were identified by the masses observed through GC–MS
and through comparison of the GC–MS retention times with
authentic samples. Higher concentrations and reaction times
(entries 7–9 in Tabe 1) lead to larger extents of conversion (up
to 61% at 18 h) and favor formation of bibenzyl over toluene
(up to 52% yield at 18 h). [BnBr]•– presumably cleaves to
afford Bn•, which can react further to form Bn2 (see following
section) or can form toluene through reaction with THF, which
is known to have a reasonably weak α-CH bond and act as a H•

donor towards many radicals [28-31].

The reaction is substantially accelerated by UV excitation at
365 nm; quantitative conversion of benzyl bromide at low
initial concentration (3 mM) can be achieved within 1 h using
both (N-DMBI)2 or (Cyc-DMBI)2 and UV (Table 1, entries 3
and 6), while even at higher substrate concentrations (18.7 mM)
80% and near-quantitative (>90%) conversions can be obtained
using (N-DMBI)2 within 2 h and 4 h, respectively (Table 1,
entries 11 and 13). We also investigated the impact of photoex-
citation in the absence of the dimeric reductant; however,
extents of conversion are much lower for a given reaction time
(compare entries 12 and 15 to 11 and 14 in Table 1) and the sole
detected product is toluene rather than bibenzyl.

Furthermore, in one of the cases of complete conversion
(Table 1, entry 14), 1H NMR spectroscopy indicated that the
reductant-based side product is a salt of the monomeric cation
N-DMBI+ (Supporting Information File 1, Figure S15). Thus,
the overall reaction is consistent with:

(1)

Scope of reaction (Y-DMBI)2 with other
benzyl, alkyl, and aryl halides
Table 2 summarizes the conversions and product yields for the
reactions of (N-DMBI)2 or (Cyc-DMBI)2 with several other
benzyl halides (1b–e), an alkyl halide 2, and several aryl halides
(3a–f). Again GC–MS was used to identify and quantify the
products; the necessary authentic samples were mostly commer-
cially available, but the R2 products from 1b and 1c were not,
although well-known in the literature (for example, see ref.
[32]), and were synthesized as described in Supporting Informa-
tion File 1. More complete data are shown in Supporting Infor-

mation File 1, Tables S1 and S2. As in the case of 1a, conver-
sions and yields under UV irradiation in the absence of reduc-
tant are low on a 2 h timescale (≤10%) and the main products
are those in which the halide is replaced by a hydrogen atom.
The more easily reduced benzyl halides examined (1b and 1c)
are dehalogenated by (N-DMBI)2 in the dark, and with
(N-DMBI)2 and UV irradiation are quantitatively dehalo-
genated in 2–6 h with the corresponding substituted bibenzyls
being the dominant products. These reaction conditions repre-
sent an alternative metal-free approach to the conventional syn-
thesis of bibenzyls through the reaction of Grignard or organo-
lithium reagents with benzyl halides, or to the use of highly
active metal reagents [33-36] or metal-containing catalysts [32].
We note that another all-organic reductive dimerization of
benzyl halides using 2,3,5,6-tetrakis(tetramethylguanidino)pyri-
dine has recently been reported [37]. The less readily reduced
halides examined here (1d,e, and 2) are only sluggishly con-
verted, even when using both (N-DMBI)2 (or (Cyc-DMBI)2)
and light. Moreover, in the cases of 1d and 1e there are signifi-
cant mismatches between conversion and the yields of the cor-
responding RH and R2 species, indicating that additional prod-
ucts must be formed. Indeed, in the case of 4-methylbenzyl
chloride GC–MS shows a product with a mass consistent with
the formation of 4-methylbenzyl-substituted THF (see Support-
ing Information File 1, Figure S2) and a somewhat better R2
yield is obtained in toluene (see Table S2). For 1-bromooctade-
cane (2), around half the product obtained using (N-DMBI)2
and UV is RH, i.e., octadecane. The remaining unidentified
product may be R2 (C36H74), but this product is not easily
detected by GC–MS.

In sharp contrast to the case of benzyl derivatives, where the use
of dimer reductants primarily affords R2 products, biaryls are
not observed as dehalogenation products of aryl halides by
dimeric reductants and/or light. This may be attributable to the
lower stability and greater reactivity of aryl radicals relative to
that of their benzyl counterparts. Indeed, aryl radicals are
known to abstract H• from THF [30,31] and presumably do so
in the present reactions before any further reactions can occur.
Resonance-stabilized benzyl radicals, on the other hand, are
sufficiently long-lived to react further to afford dimeric
bibenzyl derivatives (especially at higher concentrations or
when photoirradiation is used, presumably affording higher
steady-state [R•] concentrations). In principle, this is possible by
either dimerization of 2R• or by a second reduction of R• to R−

(as invoked in the reductive cyclization of (2-halophenyl)pro-
panoic esters [2]) which then acts as a nucleophile towards a
second molecule of RX. However, addition of Me3SiCl to a
photoirradiated BnBr/(N-DMBI)2 reaction mixture did not lead
to any detectable BnSiMe3, thus supporting a radical dimeriza-
tion pathway (see Supporting Information File 1, Table S3).
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Table 2: Dehalogenation of various benzyl, alkyl, and aryl halides using (N-DMBI)2 (or, in parentheses Cyc-DMBI)2.a

RX Epc [V]b Conversion [%]c RH yield [%]c R2 yield [%]c

1a −1.6 92 6 86
1b −1.5 80 2 75
1c −1.6 100 14 86
1d −2.3 39 7 5
1e −2.4 73 (60) 3 (3) 3 (32)
2 −2.1 39 19 –d

3ae −1.8 98 98 –f

3be −1.6 99 99 –f

3c −1.6 55 (99) 41 (60) –f (–f)
3d −2.4 5 (5) 5 (5) –f

3e −2.5 4 (2) 0 (2) –f

3f −2.4 1 (<1) 1 (<1) –f

aThe reaction scale in each case was 75 µmol (9.5–25 mg) RX and 37.5 µmol dimer (20 and 17 mg for (N-DMBI)2 and (Cyc-DMBI)2, respectively).
bPeak reduction potential vs FeCp2

+/0 in THF/0.1 M Bu4NPF6 (see Supporting Information File 1, Figures S7 and S8). cConversions and yields were
determined by GC–MS as described in Supporting Information File 1. dLikely not detectable by GC–MS. e2 h reaction time. fNone detected.

As in the case of sp2 R–X systems, only small extents of
dehalogenation for R = aryl are observed in the absence of
reductants. For the more easily reduced aryl halides (3a–c),
moderate to high extents of conversion are obtained in the dark
using dimeric reductants, while higher extents, in some cases
near-quantitative in 2 h, are obtained using UV and reductants.
In the case of 3a and 3b the conversion and yields of the RH
compounds are in good agreement, while discrepancies in the
case of 3c indicate additional side reactions.

The observation that some of the organic halides tested in
Table 2 are cleanly dehalogenated and others essentially unreac-
tive suggested the possibility of selective dehalogenation of
compounds containing different halogenated functionalities.
Specifically, we examined 2-iodobenzyl chloride, in which
the C–I and C–Cl bond strengths are expected to be fairly
similar (C–X bond dissociation enthalpies of 280 and

310 kJ mol−1 have been reported for BnCl and PhI, respective-
ly [38]), but the aryl–I bond is likely to be better coupled to the
reduction process (given the reduction potentials in Table 2). As
shown in Scheme 1, we found 2-iodobenzyl chloride is cleanly
converted to benzyl chloride under the standard conditions used
in Table 2 (see Supporting Information File 1, Table S4 for
more details). This selectivity is not typically achievable using
electropositive metals and may be of use in more elaborate
chemical transformations.

Scheme 1: Selective deiodination of 2-iodobenzyl chloride.
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Figure 2: (a) A representative temporal evolution of % conversion (blue squares), % toluene yield (red diamonds), and % bibenzyl yield (black circles)
during the dark dehalogenation reaction of benzyl bromide (BnBr) using (N-DMBI)2 in THF (these data were acquired using 3 mM BnBr and 1.5 mM of
(N-DMBI)2. (b) Plot of [D2]0-normalized initial reaction rate (d([RX]/dt)0/[D2]0) as a function of the initial benzyl bromide concentration ([RX]0) obtained
from several experiments of the type shown in part (a) for different [D2] and [RX] for both D2 = (Cyc-DMBI)2 and (N-DMBI)2. For these slow reactions,
the “initial” rates were estimated from the change of substrate concentration over the first 30 min reaction time.

Mechanism of dark reactions
Doping of organic semiconductors by (Y-DMBI)2 dimers
[18,39] or by various dimers formed by 18-electron sandwich
compounds [18,40,41], as well as redox reactions of other
dimers formed by organic radicals [42,43], are known to
proceed by two distinct pathways. When the dimer (D2) is rela-
tively weakly bound, its dissociation to D• can be the initial step
(“cleavage-first”), which is then followed by fast electron-
transfer (ET) reactions (Scheme 2). On the other hand, in the
“electron-transfer first” mechanism, the first step is an ET reac-
tion, resulting in the formation of D2

•+, which subsequently
cleaves to form D+ and D•, which is much more readily
oxidized than the dimer itself and thus participates in a second
fast ET (Scheme 2). In the present case, knowledge of the oper-
ative mechanism(s) is important to understand what substrates
might be cleavable on what timescales in the dark; in particular,
if the cleavage-first mechanism is viable, substrates with Ered as
cathodic as, roughly, E(D+/D•), should react, whereas more
strongly bonded dimers might not react with the most chal-
lenging of these substrates due to the non-viability of the
cleavage-first mechanism and prohibitively endergonic initial
steps for the ET-first mechanism.

We investigated the dark reactions of the two dimers with BnBr
in THF, using GC–MS to determine RX conversion and R2 and
RH yields at various time intervals, as shown in the example of
Figure 2a. We repeated these experiments for a variety of dif-
ferent initial reductant and RX concentrations, [D2]0 and [RX]0

Scheme 2: Reaction mechanisms for the reactions of dimeric reduc-
tants (D2) such as (Y-DMBI)2 derivatives with acceptors (A) such as
organic semiconductors or, in this work, organic halides that react
further (the relative rates of steps are indicated for cases where the A
reduction potential falls between D2 and D• oxidation potentials).

(see Supporting Information File 1, Figure S3), and plotted the
initial rate normalized for dimer concentrations, (d[RX]/
dt)0/[D2]0, vs [RX]0 (Figure 2b). In the case of D2 = (Cyc-
DMBI)2, a linear plot with approximately zero intercept is ob-
tained, consistent with a reaction first order in [RX] and [D2], as
expected if the reaction proceeds via an initial rate-determining
ET. On the other hand, in the case of D2 = (N-DMBI)2, the
linear plot has a distinctly non-zero intercept, a behavior which
conforms with a rate law consisting of the sum of two terms,
one first order in [D2] and one first order in both [D2] and [RX]

(2)

and is similar to doping behavior we have recently seen for
some weakly bonded dimers where both “cleavage-first” and
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Figure 3: Top: UV–vis absorption spectra for the two dimeric reductants in THF emphasizing (a) the different positions of the relatively strong absorp-
tion peaks and (b) the presence of a low-energy shoulder in the spectrum of (N-DMBI)2. Bottom: TD-DFT (M06/6-31G(d, p)) natural transition orbitals
for selected (N-DMBI)2 transitions that are thought to be primarily responsible for (c) the main absorption peak and (d) the weak shoulder seen experi-
mentally.

“ET-first” mechanisms are competitive. In the case of (Cyc-
DMBI)2, the second-order rate constant, kET, is estimated
as  6 .0  ×  10−3  M−1  s−1 ,  whereas  for  (N-DMBI)2 ,
kcl = 4.7 × 10−5 s−1 and kET = 1.0 × 10−2 M−1s−1. The differ-
ence in kET values is qualitatively consistent with the peak oxi-
dation potentials, Epa(D2

•+/D2), of the two dimers; values of
−0.06 and −0.13 V vs FeCp2

+/0 are found for (Cyc-DMBI)2 and
(N-DMBI)2, respectively [18,44], indicating that ET from the
former to benzyl bromide is more endergonic than from the
latter. The rate constant for (Cyc-DMBI)2-to-BnBr ET is also
much smaller than that previously determined for the doping of
6,13-bis(triisopropylsilylethynyl)pentacene (TIPS-pentacene,
E1/2

0/− = −1.45 V, kET ≈ 0.15 M−1s−1) by (Cyc-DMBI)2 [18],

consistent with the differences in the reduction potentials be-
tween BnBr and TIPS-pentacene. The observation of the
“cleavage-first” mechanism for (N-DMBI)2 and not for (Cyc-
DMBI)2 is consistent with DFT estimates of bond dissociation
energies for these two dimers (ΔUdiss = 163 and 210 kJ mol−1,
respectively [18,44]) and with their reactivity towards TIPS-
pentacene [18,39].

Impact of photoexcitation
The absorptivities, ε, of (N-DMBI)2 and (Cyc-DMBI)2 at
365 nm in THF are ca. 420 and 43 M−1 cm−1, respectively.
Figure 3a and b show the absorption spectra of the two dimeric
reductants in THF (see Supporting Information File 1, Figure
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S6 for data in toluene). (N-DMBI)2 shows a strong absorption
feature with a maximum at 304 nm (εmax = 28000 M−1 cm−1)
and a weak shoulder at ca. 400 nm (ε400 ≈ 150 M−1 cm−1),
whereas (Cyc-DMBI)2 exhibits only a strong feature with a
maximum at 327 nm (εmax = 13000 M−1 cm−1). TD-DFT calcu-
lations (M06/6-31G(d,p), isolated molecules) qualitatively
reproduce the different behavior of the two dimers: for (Cyc-
DMBI)2 the S0→S1 transition is calculated to be strong (oscil-
lator strength, f = 0.27). The natural transition orbitals (NTOs,
see Supporting Information File 1, including Figure S10, for
more information) indicate that this excitation is largely
confined to the bibenzoimidazole portion of the molecule. In the
case of (N-DMBI)2 the lowest reasonably strong (f = 0.21) tran-
sition is S0→S6 and has bibenzoimidazole-dominated NTOs
(Figure 3c) similar to those for the S0→S1 transition of (Cyc-
DMBI)2, but is seen at higher energy. The strongest of the
weaker lower energy transitions are S0→S4 (f = 0.018), which
is calculated to lie lower in energy than the S0→S1 transition of
(Cyc-DMBI)2 and presumably corresponds to the shoulder ob-
served in the experimental spectrum of (N-DMBI)2, and
S0→S5, which lies very close to S0→S6. For both of these tran-
sitions, the NTOs indicate considerable charge transfer from the
bibenzo-imidazole portion of the molecules to the C6H4NMe2
Y substituents (see Figure 3d and Supporting Information
File 1, Figure S11).

Most of the above-mentioned substrates exhibit little or no
absorption at 365 nm (see Supporting Information File 1, Figure
S4 for comparison of spectra of the reductants and BnBr); thus,
although slight overlap between the tail of substrate absorption
and the tail of the output of the nominally 365 nm LED may be
responsible for the reactivity seen in the absence of dimeric
reductants, the stronger absorption of the two dimeric reduc-
tants examined suggests photo-acceleration of the reactions
involves the excited states of the dimers. In principle excitation
of the dimers might result in cleavage of the dimers to the corre-
sponding radical monomers, D•, which can then reduce RX, or
to ET from dimer excited states, D2*, to RX. The results in
Table 2 support the former effect: if photoinduced cleavage
occurs we would expect the scope of RX cleavage to be more-
or-less limited by the reducing strength of D• (E(D+/D•) =
ca. −2.4 V for both species used here), whereas the singlet
excited state of the dimer, D2*, should be more reducing,
allowing more challenging substrates to be reduced (E(D2

•+/
D2*) can be estimated as ca. −3.4 and −2.8 V for (Cyc-DMBI)2
and (Cyc-DMBI)2, respectively, using values of E(D2

•+/D2) and
estimated absorption onsets). Furthermore, the NTOs for the
strong absorptions of both dimers and the weak low-energy
absorption of (N-DMBI)2 both involve some depopulations of
the bibenzoimidazole-based HOMO, which, as well as π-char-
acter also has significant C–σ-bonding character associated with

the inter-monomer bond, suggesting that excitation should
weaken the bond (in a similar way to oxidation associated with
removal of an electron from the same orbital). To investigate
this possibility in more detail we recorded transient absorption
spectra of the dimers following excitation at 350 nm. Important-
ly, the samples did not degrade during the experiment, indicat-
ing that the species observed eventually reform the dimers. The
transient absorption spectra of (N-DMBI)2 (Figure 4a) show
significant spectral evolution within the first 1 ps following
photoexcitation at 350 nm in MeCN. The (negative) bleach fea-
ture at 450 nm and photoinduced absorption (PIA) peaking at
775 nm transform into a broad PIA spanning the visible wave-
lengths with a notable isosbestic point at 600 nm. There is a
secondary evolution occurring with a time constant of approxi-
mately 60 ps resulting in a long-lived feature existing beyond
the 5 ns window of the ultrafast experiment. In toluene
(Figure 4b), the spectral features at early times are different;
however, the kinetics at 654 nm are the same between solvents
suggesting that the initial features dominating the spectra at
250 fs in MeCN are present in toluene.

The (Cyc-DMBI)2 exhibits faster decay kinetics (Figure 4c)
than (N-DMBI)2 under the same experimental conditions. The
spectral shape is similar to the late time spectra of the
(N-DMBI)2 with a broad PIA spanning the visible wavelengths,
which may suggest that the initial evolution observed in the
(N-DMBI)2 occurs within our instrument response. In toluene,
the signal amplitude at 5 ns for (Cyc-DMBI)2 is significantly
smaller than that of the (N-DMBI)2 and 96% of the signal
amplitude at 654 nm decays with a 1 ps lifetime. The isosbestic
point in Figure 4a is consistent with a clean transformation such
as monomer formation. The corresponding monomeric radicals
are calculated using TD-DFT (M06/6-31G(d,p)) (Figure 4e) to
have absorptions at similar energies to those seen in the longer-
time spectra with Cyc-DMBI• having a blue-shifted absorption
relative to N-DMBI•, consistent with the observed features
arising from the monomeric radicals. Intersystem crossing (ISC)
from the singlet to triplet excited state is also a possibility and
TD-DFT calculations suggest that the dimer T1 states absorb at
similar wavelengths to the monomer radicals (see Supporting
Information File 1, Figure S12). However, ISC is typically
much slower than 1 ps in organic molecules, especially so for
those lacking heavy atoms [45].

Conclusion
Dimeric reductants of the (Y-DMBI)2 type can accomplish the
dehalogenation of a variety of organic halides with peak reduc-
tion potentials less cathodic than ca. −2.0 V vs FeCp2

+/0,
affording essentially quantitative conversions in a few hours
under 365 nm illumination. In the case of benzyl halides the
primary products are bibenzyls, some of which may be
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Figure 4: Transient absorption spectra of (a) (N-DMBI)2 in MeCN, (b) (N-DMBI)2 in toluene, and (c) (Cyc-DMBI)2 in toluene with excitation at 350 nm
in the absence of oxygen. (d) Comparison of temporal evolution of the absorption at 654 nm for both dimers in toluene. (e) Spectra for the two
monomeric radicals obtained from M06/6-31G(d,p) TD-DFT calculations.

challenging to synthesize by other methods, whereas aryl
halides afford dehalogenated arenes. One example also demon-
strates that the approach may have utility for selectively dehalo-
genating compounds containing different halogens. The

photoacceleration of these reactions appears to occur through
photocleavage of the dimers to the more strongly reducing
monomers, which may help inform the use of these and related
reductants in achieving other chemical transformations.
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