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cence. pr-Glyceraldehyde and r-ascorbic acid did not give fluorescence. Nevertheless, these
compounds could be detected by the color reaction.

The present method was also applicable to the determination of sugars on thin-layer
plates utilizing a scanning fluorophotometer. The standard plot for glucose showed a linear
relationship in the range of 0.1 to 0.5 nmol/spot and passed through the origin. The relative
fluorescence intensities of 0.5 nmol each of glucose, galactose, mannose, maltose, maltotriose
measured by this assay procedure were 100, 56, 73, 96 and 77, respectively.
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Controlled potential electrolysis of anthracene at a glassy carbon anode in aceto-
nitrile containing an excess of triethylphosphite and subsequent treatment of the product
with sodium iodide resulted in the formation of 9,10-bis(diethylphosphonyl)-9,10-
dihydroanthracene. Anodic phosphonylation was also performed on 4’-methoxy-
benzanilide to give 2’-diethylphosphonyl-4’-methoxybenzanilide.
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Previously we have reported the anodic arylation of trialkylphosphites,” in which nucleo-
philic attack of alkylbenzene on an anodically generated trialkylphosphite cation radical re-
sults in the formation of a trialkoxy arylphoshponium ion (eq. 1): the latter was converted
to the corresponding dialkyl arylphosphonate on treatment with sodium iodide.

glassy carbon anode N
(RO)P + ArH (RO);P-Ar + 2 (1)
hdeCPL Tq301CM, KéC(k

Since the oxidation of trialkylphosphite takes place at fairly high positive potentials (>>1.5 V vs
S.C.E.in MeCN), the aromatic compounds available were limited. If nucleophilic attack of tri-
alkylphosphites on a cation radical, a cation, or a dication derived from aromatic cmpounds
can be achieved, the applicability of this process will be enhanced. Anodic phosphonylation
would be a new addition to the list of anodic substitution reactions.? We selected anthracene
and triethylphosphite as typical substrates and examined the possibility of such a reaction.
Phosphonylation was also examined in the case of 4’-methoxybenzanilide for which anodic
pyridination has been reported.®
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Results and Discussion

Electrolysis of anthracene in acetonitrile containing an excess of triethylphosphite at
1.0 V95 S.C.E. gave a coulometric n-value of ca. 2, and a yellow oil was obtained. Treatment
of the oil with sodium iodide in dry acetone gave 9,10-bis(diethylphosphonyl)-9,10-dihydro-
anthracene (I) (ca. 509,), indicating that the immediate product of electrolysis is the 9,10-
dibydroanthranyl-9,10-bis(triethylphosphonium) ion (II). Since a phosphonium ion having
at least one alkoxy group is usually unstable, no attempt was made to characterize (II) by fur-
ther purification. In acetonitrile containing excess pyridine, anthracene is oxidized at around
1.0 V by a two-electron process,>® and 9,10-dihydroanthranylpyridinium diperchlorate has
been obtained.® Although the exact sequence of the anodic pyridination is not completely
clear,” the overall process of the phosphonylation may be represented as in Chart 1 by analogy
with pyridination.

O
H +P(OEt)3 H P(OEt)z
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Chart 1

The PMR spectra (Fig. 1) of the phosphonate (I) suggest that I is a mixture of two isomers.
Since dihydroanthracene is not planar, three isomers can be considered for I: two cis and one
trans isomers. Molecular models suggest that one of the cis isomers in which both the phos-

phonyl groups are axial is sterically improbable.

26.5Hz The doublet at 6=4.60 and 5.06 ppm (Jp_¢c_g=
97 5Hz 26.5 Hz)® can be assigned to the axial protons

in the other c¢izs isomer, and the doublet of
doublets at 6=4.86 and 5.32 ppm (Jp_c_g=27.5,
Jr_c—c=c—c-u=~4.6 Hz)® to the protons in the

537 506 486 460 tra@s 1somer. The Ie%tter isomer must consist of
(ppm) a mixture of rapidly interconverting conformers,
Fig. 1. Typical PMR Signals for Protons because an entirely different spectrum would be

at the 9 and 10 Positions of (I) expected if the isomer had fixed conformation.
2% —  (EtO)P -
PhCONH- Q> OMe —— > PhCON= i
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+P(OEb)s O=P(OEt),
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Chart 2
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The isomer ratio in the product seems to vary with slight changes in the chromatographic
conditions employed for the isolation (see “Experimental”). In some cases only one isomer,
either cis or trans, was obtained.

Electrolysis of 4'-methoxybenzanilide under similar conditions followed by similar work-
up gave 2'-diethylphosphonyl-4'-methoxybenzanilide (III). The process shown in Chart 2
is suggested for its formation by analogy with the anodic pyridination of the carboxamide.?

Experimental

Materials Triethylphosphite was purified by distillation. Sodium iodide was dried in an oven
at 120° for 8§ hr. Sodium perchlorate®) and acetonitrile'® were purified as described previously. 4’-Methoxy-
benzanilide was prepared as described previously. Anthracene was obtained commercially and used
without further purification.

Apparatus Controlled potential electrolysis was carried out as described previously.’® IR and
PMR spectra were obtained using Hitachi EPI-2 and R-20A spectrometers, respectively.

Controlled Potential Electrolysis Typical examples of the procedure are described below. A glas%y
carbon anode was used throughout.

a) Anthracene {910 mg) was subjected to electrolysis at 1.0 V zs S.C.E. in deaerated acetonitrile (100 ml)
containing 10 g of sodium perchlorate and 5 ml of triethylphosphite under an atmosphere of dry nitrogen
until the current dropped to approximately the background value (580 min). Initially suspended anthracene
dissolved gradually as the oxidation proceeded. From the curren-time curve 1068 C, which corresponded
to n=2.2, was found to be consumed. Water (50 ml) was added to the anolyte and the mixture was extract-
ed with chloroform (5 x50 ml). Evaporation of the chloroform gave a yellow oil. The oil was dissolved
in dry acetone (100 ml) containing dry sodium iodide (2.4 g), and the mixture was refluxed for 6 hr. After
being cooled to room temperature, the acetone was removed under reduced pressure, and water (100 ml)
was added to the residue. The resulting mixture was extracted with chloroform (3 x50 ml). The organic
layer, after being dried with anhydrous magnesium sulfate, was evaporated under reduced pressure in a
nitrogenstream at room temperature. The residue was subjected to column chromatography first on silica
gel with chloroform—methanol (20: 1) as an eluant, and then on neutral alumina with benzene-methanol
(10:1). I was obtained as a yellow oil (1530 mg, 49%). Anal. Calcd. for CyyHgOgP,: C, 58.40; H, 6.68;
P, 13.69. Found:® C, 57.27; H, 6.47; P, 13.26. IR vz cm~t: 1250 (P=0), 1160 (P-OEt). PMR (CDCl,)
8: 1.03—1.55 (12H, triplet-like multiplet, CHj); 3.656—4.48 (8H, quintet-like multiplet, O-CH,-CH,); 4.60
and 5.06 (singlet and singlet, J=26.5 Hz, ¢is -CH-),and 4.86 and 5.32 (doublet and doublet, J=27.5 and ~4.6
Hz, trans —CH-), (2H) (see Fig. 1); 7.20—7.98 (8H, multiplet, aromatic).

b) 4’-Methoxybenzanilide (680 mg) was electrolyzed similarly at 1.2 V in acetonitrile (40 ml) containing
triethylphosphite (2 ml) and sodium perchlorate (2 g) (280 min). A coulometric #-value of 2.1 was obtained.
Essentially the same treatment, including chromatographic procedure, of the anolyte as in a) gave (III)
as colorless crystals (410 mg, 38%); mp 158°. Anal. Caled. for C;gH,,NO,P: C, 59.50; H, 6.10; N, 3.86; P,
8.52. Found: C, 59.25; H, 5.96; N, 3.92; P, 8.58. IR »hi; cm~1: 3250 (NH), 1670 (C=0), 1260 (P=0), 1165
(P-OEt), 1040—1015 (P-O-C). PMR (CDCl;) é: 1.05—1.50 (6H, triplet, CHs;), 3.75—4.28 (4H, quintet, O-
CH,-CH,), 3.86 (3H, singlet, OCH,), 6.72—8.50 (9H, multiplet, aromatic and NH).
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