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ABSTRACT

Ry = 4-diethylaminobenzene

The isolation and characterization of an intermediate from the benzil —cyanide reaction is reported. The use of this trapping chemistry to
produce a chemical indicator for the cyanide anion is described. It relies on the synthesis and reaction of a sr-extended analogue of benzil.
Addition of tetrabutylammonium cyanide to organic solutions of this species, referred to as compound 3 in the text, gives rise to a dramatic

change in both color and fluorescence properties.

Cyanide-mediated reactions have a time-honored place inrelative to other anions.To overcome this limitation,
organic chemistry and include such classic transformationsreceptors based on oxazihesd acridinium salfshave been
as the Stetter, Franchimond, and Strecker syntheses, as wellleveloped that take advantage of nucleophilic reactions
as the benzoin condensation. In addition, cyanide salts areinvolving cyanide. However, the reactions in question require
widely used in gold mining, electroplating, and metallutgy. specific conditions, such as the use of elevated temperatures
However, even small amounts of the cyanide anion are or basic media. Another interesting cyanide anion receptor,
extremely toxic to living creatures as the result of binding dipyrrole carboxamidé also takes advantage of a putative
to cytochromee and inhibition of the mitochondrial electron-
transport chaid.Therefore, any accidental release of cyanide  (3) (a) Kim, Y.-H.: Hong, J.-IChem. Commur2002, 512-513. (b) Ros-
salts can result in serious environmental damage. There istis, J. V.; Martinez-Méez, R.; Soto, JChem. Commun2002, 2248~

. . 2249. (c) Garcia, F.; Garcia, J. M.; Garcia-Acosta, B.; Martinéadda
thus a cogent need for cyanide-selective receptors andg :sancenon, F.: Soto, Ghem. Commur2005, 2790—2792. (d) Badugu,
sensors. Many of the cyanide anion receptors reported toR.; Lakowicz, J. R.; Geddes, C. D. Am. Chem. So2005,127, 3635~
date have relied on hydmgen bonding mdtignd, as a (45 The basicity of the anions in question (including cyanide) could be

consequence, have generally displayed poor selectivitiescontributing to the observed sensing and competition effects. See: (a)
Anzenbacher, P., Jr.; Tyson, D. S.; Jursikova, K.; Castellano, B. Am.
Chem. So0c2002,124, 6232—6233. (b) Chung, Y. M.; Raman, B.; Kim,
(1) Young, C.; Tidwell, L.; Anderson, QCyanide: Social, Industrial, D.-S.; Ahn, K. H.Chem. Commur2006, 186—188.

and Economic AspectMinerals, Metals, and Materials Society: Warren- (5) (a) Tomasulo, M.; Raymo, F. MOrg. Lett. 2005,7, 4633—4636.

dale, 2001. (b) Tomasulo, M.; Sortino, S.; White, A. J. P.; Raymo, F.MOrg. Chem.
(2) Bhattacharya, P. KMetal lons in BiochemistryAlpha Science 2006,71, 744—753.

International Ltd.: Harrow, U.K., 2005. (6) Yang, Y.-K.; Tae, JOrg. Lett.2006,8, 5721—5723.
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nucleophilic reactiod. However, in no cases were the
proposed addition products isolated, making it difficult t0 1.p1e 1. Products from the Benzil Rearrangenfent
verify the suggested mechanism of action. Given this

uncertainty, we felt it would be advantageous to develop a £ substrate product yield®
cyanide-driven reaction that) operates at room temperature, s’ o N
(i) has a clear mechanistic signature, anig) Could be O O /©)\o)\©\
exploited for the development of off-the-shelf indicatdi R; Ry
this toxic agent. We now report such a reaction. It involves R‘R1 -h R Ry =H 1a 83
the optimized trapping of a single product from a hitherto

R4 = 3-Methoxyphenyl R, = 3-Methoxyphenyl 2a 80

little-explored, cyanide-induced transformation called the
benzil rearrangement.

0, (o]
The benzil rearrangement, and the mechanistically related XA T
benzil—cyanide reaction (Scheme 1), is believed to proceed /@O)ﬁ\ 67
3 P
V4 A\ R, d A R,
| " N *
Ry = 4-diethylaminobenzene R4 = 4-diethylaminobenzene

Scheme 1. Proposed Mechanisms of the Berz@yanide

Reaction and the Benzil Rearrangement Reaction aAll reactions were run in chloroform on a 20 mg scale (diketone
o substrate). Tetrabutylammonium cyanide (122equiv) was added to a
0 Ken, Q )OL o Php© solution of substrate (6 mL, CHg)lat 25 °C. The reaction was deemed
Ph st weor P ome PHTH N &, + O complete after 20 min (cf. Supporting InformatioR)solated yields.
1) The benzil-cyanide reaction DMSO F’h>—<0—‘(o
L CN MeOH LAY
(o 8 o on  ®® o oN . .
Ph)(;;e _ ph)%cf\ — ARy, — S yield from benzil analogues; cf. Table 1. Our results thus
pheN phCN 1a provide direct support for intermedia®in benzil-cyanide-
The benzil rearrangement reaction .
A B C  aprotic solvent type reactions.

An interesting feature of the rearrangementldd lais
that it serves to sever the conjugation pathway between the
through intermediat€.1° While this intermediate represents two aryl carbonyl groups originally present in benzil. We
a species whose existence is widely accepted, to the best othus imagined that this rearrangement could be used to
our knowledge, the corresponding protonated mandelonitrile produce a specific, cyanide-mediated color change, provided
benzoate produdta has yet to be isolated as a major product a suitably colored benzil derivative could be obtained. To
from benzil!* As detailed below, this species may be test this hypothesis, the-extended syster® was prepared;
obtained in good yield via the appropriate choice of condi- it was synthesized in 70% yield via the Sonogashira coupling
tions. Moreover, the use of benzil analogues permits the of dibromobenzil withN,N-diethyl-4-ethynylbenzenamine
dosimeter-type detection of the cyanide anion in organic (cf. Supporting Information)3
media. The benzil rearrangement reaction3dvas monitored by

IntermediateC has long been considered to be unstable UV—vis spectroscopy, as shown in Figure 1. In the absence
under typical benzitcyanide-type reaction conditions. In  of an added anion, the absorption maximun8gélissolved
fact, in alcoholic solvents, intermediafeundergoes scission  in ethyl acetate appears at 412 nm). After the addition of 3
to produce benzaldehyde and the alcohol-derived benzoateequiv of tetrabutylammonium cyanide, a large bathochromic
ester, whereas in DMSO, the stilbenediol benzoate diestershift was observed (Adux = 56 nm), with all spectral
1b is formed** However, we have now found that the use changes being complete within 1 min (Figure 1a). This blue
of aprotic solvents (i.e., acetonitrile, CHCand EtOAc), as  shift is reflected in a change in the color of the solution from
well as a more organic soluble cyanide source (tetrabutyl- yellow to colorless (Figure 1b), allowing for facile qualitative
ammonium cyanide, TBACN), allows the protonated form  analysist4 The fact that3a is fluorescent also allowed the
of intermediateC (compoundla) to be isolated in decent  cyanide-mediated conversion to be followed using a labora-

tory UV lamp (Figure 1c), with the limit of detection [LoD]
g (57())5?1%%5%"-'; Chen, Y.-H.; Chen, C.-Y.; Sun, S.G¥g. Lett.2006, being ca. 2QuM in organic solution.
(8) An interesting reaction-based approach to developing fluorescent (but ~ TO evaluate the selectivity of recep®r3 equiv of various

non-colorimetric) cyanide anion receptors, involving the use of ammonium ; ; i ; ;
boranes, was reported during the time this work was being written up for potentlally competing anions (StUdled as the CorreSpondmg

publication. See: Hudnall, T. W.; Gabbai, F.J2.Am. Chem. So@007, tetrabutylammonium salts), including OHF~ (as the
129, 11978-11986. trihydrate), N~, AcO~, CI~, HSQ,, and HPO,~, were each

(9) Miyaji, H.; Sessler, J. LAngew. Chem., Int. EQR001,40, 154—
157.

(10) (a) Kwart, H.; Baewky, MJ. Am. Chem. S0d958,80, 580—588. (13) N,N-Dimethyl-4-ethynylbenzenamine is commercially available.
(b) Kuebrich, A. W.; Schowen, R. L1. Am. Chem. S0d.971,93, 1220— N,N-Diethyl-4-ethynylbenzenamine was synthesized according to a literature

1223. (c) Bwgstahler, A. W.; Walker, D. E., Jr.; Kuebrich, J. P.; Schowen, procedure: Miki, Y.; Momotake, A.; Arai, TOrg. Biomol. Chem2003,

R. L. J. Org. Chem1972 37, 1272-1273. (d) Okimoto, M.; Itoh, T.; Chiba, 1, 2655—2660.

T.J. Org. Chem1996,61, 4835—4837. (14) (a) Miyaji, H.; Sato, W.; Sessler, J. Angew. Chem., Int. E@00Q
(11) Previous workers isolatelh in 18% yield while recovering benzil 39, 1777—-1780. (b) Anzenbacher, P., Jr.; Jursikova, K.; Sessler, . L.

in 60% yield: Clerici, A.; Porta, OJ. Org. Chem1994,59, 1591—-1592. Am. Chem. Soc200Q 122 9350-9351. (c) Sessler, J. L.; Cho, D.-G;
(12) Trisler, J. C.; Frye, J. LJ. Org. Chem1965,30, 306—307. Lynch, V.J. Am. Chem. So006,128, 16518—16519.
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Figure 2. (a) Color changes observed upon the addition of various
anions (3 equiv in ethyl acetate) to solutions of receft(®.13 x

105 M in ethyl acetate). From left to right: CNNOH~, F~, N3™,
AcO~, Cl~, HSQ,~, H,PO,~, and no added anion. (b) Fluorescence
change observed upon excitation at 365 nm with a laboratory UV
lamp after the addition of various anions (3 equiv in ethyl acetate)
to solutions of receptoB (2.13 x 105 M in ethyl acetate). From
left to right: CN-, OH~, F-, N3~, AcO~, CI-, HSO,~, H,PO,,

and no added anion. All anions were used in the form of their
respective tetrabutylammonium (TBA) salts. Some of insoluble
anions (viz. CN, OH~, HSQ,~, and HPO,~) were dissolved in
acetonitrile prior to the addition.

Figure 1. (a) UV—vis spectra of recept® (2.13 x 107> M in

ethyl acetate) recorded before and 1 min after the addition of
tetrabutylammonium cyanide (TBA-CN, 3 equiv in acetonitrile).
(b) Color changes observed upon the addition of varying quantities
of TBA-CN (as a 4.65< 102 M stock solution in acetonitrile) to
solutions of receptoB (2.13 x 1075 M in ethyl acetate). From left

to right: 0, 1, 2, and 3 equiv. (c) Fluorescence changes observed
at 365 nm with a laboratory UV lamp upon the addition of varying
guantities of TBA-CN (as a 4.6 103 M stock solution in
acetonitrile) to solutions of recept& (2.13 x 10°° M in ethyl
acetate). From left to right: 0, 1, 2, and 3 equiv.

added to organic solutions 8f In no case was a change in  mixed phase or polymer supported) conditions. In addition,
color observed. This stands in marked contrast to what wasbecause a well-defined covalent adduct is formed, the present
seen when 3 equiv of CNwas added (cf. Figure 2). approach could provide materials that allow for cyanide
Compound3 thus appears to be exceptionally selective for remediation as well as detection. Explorations of these
cyanide. In particular, it shows great selectivity over basic possibilities are currently underway, as is a search for other
anions, something that is usually not seen in the case ofreactions that might allow for anion recognitiéh.
hydrogen-bonding-based receptors and sensors.

Using system3, the presence of cyanide can be easily =~ Acknowledgment. This work was supported by the

detected in organic media, either by eye or via the use of aNational Institutes of Health (Grant GM 58907 to J.L.S.)
laboratory UV lamp. Effective as it is, however, it must be
stressed that compour® is not a classic chemosensor. ~ Supporting Information Available: Synthetic experi-
Rather, since an irreversible chemical reaction is used tomental and characterization data for compouBd&a, 3,
produce the colorimetric response, it acts as cyanide-specificand 3a. This material is available free of charge via the
anion indicator and is subject to all the caveats that this term Internet at http://pubs.acs.org.
implies (i.e., intensity of response being potentially dependent 5, 79,7306
on both [CNT] and [3], possible kinetic limitations, etc.).
However, its convenience and the possibility for further  (15) There is increasing interest in the development of reaction-based
modifications to the central benzil core led us to predict that sensors and indicators within the generalized molecular recognition field.
3and its analogues could have a role to play in the detection 2 o X o ee o e i 6 Sones o G A"
of cyanide anion in organic media or under interfacial (e.g., L.; Koide, K. J. Am. Chem. So®007,129, 12354—12355.
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