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The reactions of diazoindanes and diazoindanones with triphenylphosphine have been studied in acetonitrile. 
The diazoindanes and diazoindanones react with triphenylphosphine to give triphenylphosphazine. The reaction 
of 1,3-bis(diazo)indan-2-one with a tenfold excess of triphenylphosphine in dry acetonitrile gave the 1,3-bis 
(phosphazmo)indan-2-one, however in acetonitrile containing below of 1% water, the 1,3-bis(hydrazono)indan- 
2-one was produced by hydrolysis. The phosphazine compound could be easily converted into bishydrazone 
by recrystallization, due to small amounts of water in the solvent. The reactivity of triphenylphosphine toward 
diazoindanes and diazoindanones depends on the structure of the diazo compounds.

Introduction

Diazoalkanes provide a useful source of a wide variety of 
reactive intermediates such as, carbocations, radicals, car
benes and organometallic species.1'5 Generally the reactivity 
of diazoalkanes towards nucleophiles increases with increas
ing contribution of limiting electron structures, la and lb.6

--------
H lb

Even though triphenylphosphine is more weak nucleo
phile than amine, it forms stable addition complexes 
through the reaction of diazoalkanes unlike amines.7 This 

unique reaction results in the ability of phosphorus to sta
bilize the phosphazine which is formed by K-acceptance 
into its empty d orbitals.8

R、・ .

/C—N=N + PPh3
'R

In general diazo compounds react with triphenylphos
phine to give the adduct (Id), which is formed easily in a 
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biphilic process.9
A biphilic process results in the formation of two new co

valent bonds, that is, one is placed at the o-bond and the 
other at the K-bond in the case of phosphazines.10 It is pro
posed that the lone pair of phosphorus is involved in the for
mation of the a-bond, while the electron cloud moves back
ward from the diazo moiety into the vacant 3d orbitals on 
phosphorus.11 This situation is analogous to the classical 
synergistic bonding in phosphine complexes of transition 
metals.

The reactivity of triphenylphosphine toward diazo com
pounds depends on the structure of the diazo compounds.12 
Aromatic a-diazo ketones like diazoindanes and diazoind
anones (Scheme 1) have a different reactivity among the di
azo compounds.13

The reactions of diazoindanes and diazoindanones with 
triphenylphosphine would show a different mechanism by 
structural change of aromatic a-diazo ketones and electronic 
effect.

This research is focused on unusual findings for the reac
tion mechanism of a reaction series of diazoindanes and di
azoindanones towards triphenylphosphine and to elucidate 
the mechanisms involved.

Experimental

Instrumentation. XH NMR spectra were recorded on 
a Brucker WM-200 (200 MHz) spectrometer as solutions in 
deuteriochloroform (CDC13), unless otherwise noted. Chem
ical shifts are expressed in parts per million (ppm, 8) down
field from tetramethylsilane (TMS) and are referenced to 
CDC13 (7.24 ppm) as internal standard. Splitting patterns are 
designated as s, singlet; d, doublet; t, triplet; q, quartet; m, 
multiplet; br, broad. Coupling constants are given in hertz 
(Hz). 13C NMR were recorded on a Brucker WM-200 (75 
MHz) spectrometer as solutions in CDC13 unless otherwise 
indicated. Chemical shifts are expressed in parts per million 
(ppm, 8) downfield from TMS and are referenced to the 
center line of CDC13 (77.0 ppm) of the solvent peaks as int
ernal standard. Infra-red spectra were recorded either neat 
on KBr discs or as nujol mulls as indicated using a Perkin- 
Elmer 1320 or 1720 FT-IR spectrometer and are reported in 
wavemumber (cm Ultra vi이et-visible spectra were re
corded on a Hewllett-Packard HP 8452A diode array spec-

2-DIAZOINDAN-l -ONE 2-DIAZOINDAN-l ,3-DIONE
[INON2] [OINONJ

n2 N2
(3) (4)

1,3-BIS(DIAZO)INDAN-2-ONE 1,3-BIS (DIAZO)INDANE 
[N2INON2) [N2INN2]

Scheme 1. 
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trophotometer. Mass spectra were obtained on a VG 7070E 
Double Focusing or a Fisons Instruments Trio 1000 mass 
spectrometers. The purity of samples was checked by mi- 
croapalysis and high pressure liquid chromatography. Melt
ing points were determined on a Kofler hot stage apparatus. 
Thin layer chromatography was performed using Merck 
5554 pre-coated silica plates. Flash column chromatography 
was performed using Merck silica gel 60.

Preparation and purification of materials. All 
chemicals were obtained from Aldrich Chemicals Ltd: (i) 
Indan-1,3-dione (Aldrich, 97%) was commercial sample and 
used without further purification, (ii) Indan-2-one (Aldrich, 
98%) was purified by recrystallization from ethanol or 
diethyl ether (needles, mp, 60 °C, lit.,14 59 °C), (iii) Indan-1- 
one (Aldrich, 99%) was purified by recrystallization from 
petroleum ether (plates, mp 42 °C). The hydrazones were 
prepared by refluxing the corresponding ketones with hy
drazine hydrate in ethanol. Full details are given only for 
the preparation of new compounds. The compounds pre
pared in this way were characterized as follows:

1,3-Bis(hydrazono)indane. Indan-1,3-dione (7.31 g; 
50 mmol) was weighed into a flask containing 250 mL of 
ethanol. Hydrazine hydrate (48.5 mL; a tenfold excess) was 
added to this and the flask fitted with a reflux condenser. 
The reactants were heated under reflux for 3 hours, the reac
tion being monitored by tic. The reaction mixture was slow
ly cooled to room temperature and pale off-yellow crystals 
formed on standing overnight. The solution was filtered and 
the crystals dried. A portion of the solvent (ca. 50 mL) was 
removed in-vacuo and the solution left to stand overnight. 
More pale off-yellow crystals formed and, after filtration, 
were dried. The combined solid was recrystallized from ab
solute ethanol to yield pale yellow cry가als (7.37 g, 85%); 
mp 188-190 °C (with decomposition); vmax. 3380, 3210, 
1620, 1240, 1200, 1090, 1010, 925, 830, 790, 725, 660 cm1; 
】H NMR (DMSO-d6) 8 3.3 (s) and 3.5 (s) (2H; CH2), 8 6.4 
(4H, s; NH2), 5 73-7.4 (2H, m; ArH), 8 7.6-7.7 (2H, m; 
ArH); Mass spec. (El) m/z=174 (M+ and base), 157, 145, 
128, 102, 89, 77; C9H10N4 requires; C, 62.05; H, 5.79; N, 
32.17; Found: C, 62.12; H, 5.77; N, 32.28%, This com
pound was also prepared by hydrolysis of the bisphosph- 
azine.

l,3~Bis(oximino)indan-2-one has previously been 
reported by Regitz and Heck15 who generated bis(tosyl- 
hydrazono)indan-2-one from ninhydrin, but the synthesis 
was inefficient and the final product difficult to purify. 
Therefore, we used an adaptation of the method described 
by Lee et al.16 using n-butyl nitrite in place of isoamyl ni
trite with concentrated hydrochloric acid. It was recrystal
lized from methanol/ether; pale-yellow crystals (Yield=90%); 
mp 230 °C (lit., 225-226 °C); vmax 3300, 1760, 1655, 1625, 
1595, 1570, 1425, 1320, 1225, 1200, 1095, 1020, 1010, 
850, 840, 795 cm1;NMR (DMSO-d6) 5 3.3 (2H, bs; 
NOH), 8 73-7.7 (2H, m; ArH), 5 8.2-8.4 (2H, m; ArH); 
Mass spec. (El) m/z=190 (M+), 144, 128 (base), 117, 102, 
90, 75; C9H6N2O3 requires; C, 56.84; H, 3.18; N, 14.73; 
Found: C, 56.79; H, 3.17; N, 14.70%.

2-Oximinoindan-1 -one17 was prepared by reaction 
of indan-1-one and isoamyl nitrite with concentrated hy
drochloric acid in ethanol. It was recrystallized from ethanol; 
pale-yellow crystals; (Yield=93%); mp 200-201 °C (lit., 200 
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°C); vmax. 3250, 3100, 1715, 1645, 1595, 1320, 1290, 1250, 
1015, 895, 790, 765 cm-1; Mass spec.但I) m/z=161 (M+), 
144 (base), 116, 89, 63; GH7NO2 requires; C, 67.07; H, 
4.38; N, 8.69; Found: C, 67.29; H, 4.36; N, 8.70%.
lt3~Bis(diazo)indan-2-one(3)16 was prepared by 

reaction of a cold alkaline solution of 1,3-bis(oximino)indan- 
2-one with chloramine solution. It was recrystallized from 
methylene chloride/petroleum ether (60-80 °C); red crystals 
(Yield=54%); mp 124-125 °C (lit., 126-127 °C); v^. 2110, 
2080, 1645, 1465, 1375, 1365, 1320, 1305, 1185, 750 cm1;

NMR (CDCL) 8 7.1-7.3 (2H, m; ArH), 5 73-7.5 (2H, m; 
ArH); 13C NMR (CDC13) 209.43 (CO), 183.63 (CN2), 126.54, 
121.86, 119.46 (ArH); Mass spec.但I) m/z=184 (M+), 156, 
128, 100, 74 (base); C9H4N4O requires; C, 58.70; H, 2.19; 
N, 30.42; Found: C, 58.66; H, 2.18; N, 30.49%. The diazo 
transfer method was also tried for the synthesis of the bis 
(diazo)-compound by treating indan-2-one with potassium 
ethoxide and p-tosyl azide, but the resultant product was a 
black, high molecular weight compound (M.W.>3,000 by 
mass spectrometry).

2-Diazoindan-1 -one( 1)was prepared by reaction 
of 1,3-bis(oximino)indan-2-one with chloramine solution. It 
was recrystallized from petroleum ether (40-60 °C); yellow 
crystals (Yield=55%); mp 88-89 °C (lit., 89 °C); vma, 2090, 
1690, 1660, 1610, 1345, 1325, 1295, 1255, 1165, 1150, 
1110, 1080, 935, 780 cm-1; Mass spec. (El) m/z=158 (M+), 
130, 102 (base), 76; CgH6N2O requires; C, 68.35; H, 3.82; 
N, 17.71; Found: C, 68.46; H, 3.82; N, 17.79%.
lr3*Bis(diazo)indane  (4). 1,3-Bis(hydrazono)indane 

(3.0 g; 17.2 mmol) was ground up in a mortar together with 
yellow mercuric oxide (18.63 g; 86 mmol) and of sodium 
sulphate (ca. 5 g). The mixture was introduced into a 250 
mL round bottomed flask surrounded with aluminium foil. 
Dried ether (100 mL) was then added, followed by 4-5 
drops of cold saturated ethanolic potassium hydroxide solu
tion. The flask was stoppered and the contents were stirred 
at room temperature for 3 hours. The progress of the reac
tion was monitored by infra-red spectroscopy looking for 
the appearance of the diazo peak, and concurrent disap
pearance of the hydrazone peaks. When the reaction was 
completed the mixture was filtered and the residue was 
washed twice with dry ether. The solvent was removed in- 
vacuo (at 35 °C) to yield a dark red oil (1.38 g, 47%) 
which did not crystallize on standing at 一 20 °C. However 
kinetic experiments were still carried out with this com
pound.; vma, 2075, 1430, 1350, 1300, 1210, 1115, 1065, 750 
cm % Mass spec. (El) m/z=170 (M，142, 114 (base), 88, 
63. This compound was decomposed within 2 hours at 
room temperature yielding an oily solid. The products of 
thermal decomposition were appeared on the basis of mass 
spectrometric investigation to consist of two isomeric dimer, 
bis diazo compounds.; cis- and trans-1,1 '-bis(diazo)-3,3'-bi- 
indanylidene isomers.; (a) Mass spec. (El) m/z=284 (M+), 
242, 215, 156, 142, 114 (base), 88 and (b) Mass spec. (El) 
m/z=284 (M) 242, 215, 156 (base), 142, 114, 88.

2-Diazoindan-l,3~dione (2). was prepared, as a use
ful reference diazo-compound, by the method suggested by 
Regitz and Heck (diazo transfer reaction).15 The diazo com
pound was obtained by reacting potassium ethoxide and p- 
tosyl azide with indan-1,3-dione and was isolated in 21% 
yield. It was recrystallized from ethanol; yellow crystals; 

mp 148-150 °C (lit., 149 °C); vmax. 2110, 1680, 1602, 1355, 
1330, 1190, 1140, 955, 870, 800 cm1;】H NMR (CDC13) 
8 7.4-7.7 (4H, m; ArH); 13C NMR (CDC13) 182.77 (CN2), 
137.76, 135.50, 123.36 (ArH); Mass spec. (El) m/z=172 
(M+), 88 (base); C9H4N2O2 requires; C, 62.80; H, 2.34; N, 
16.27; Found: C, 62.76; H, 2.31; N, 16.32%.

1 -Diazoindane19 was prepared by the oxidation of the 
indan-1-one hydrazone with silver oxide in dry ether with 
saturated methanolic potassium hydroxide solution under at 
-15 °C. The progress of the reaction was monitored by in
fra-red spectroscopy checking for the presence of the diazo 
peak. The reaction mixture was then filtered and the residue 
was washed twice with dry ether. The solvent was removed 
in-vacuo (at - 15 °C) to yield a red oil which did not crys
tallize; Vmax. 2020 cm '; This diazo compound was decom
posed within 10 minutes at room temperature and the 
colour was changed from red to yellow. Flash column chro
matography (methylene chloride eluent) was permitted iso
lation of two compounds; 1,1 '-biindanylidene (minor) and 
indan-1-one azine (major) products. (1) 1,1 '-biindanylidene 
was obtained as yellow crystals by recrystallization from 
methylene chloride.; mp 85 °C; yield=13%; Mass spec. (El) 
m/z=232 (M+), 217, 202, 117 (base), 101 (Accurate mass re
quired m/z=232.1252; Found: m/z=232.1251); C18H16 re
quires; C, 93.06; H, 6.94; Found: C, 92.56; H, 7.08%. (2) 
Indan-1-one azine was obtained as brown crystals by re
crystallization from acetonitrile; mp 154-155 °C; yield=87%; 
Mass spec. (El) m/z=260 (M+), 130 (base), 115, 103, 77 
(Accurate mass required m/z=260.1313; Found: m/z= 
260.1312); C18H16N2 requires; C, 83.04; H, 6.19; N, 10.76; 
Found: C, 82.91; H, 6.24; N, 10.64%.

p-Toluenesulfonyl chloride. A commercial sample 
was dissolved in the minimum amount of chloroform (2.5 
mL/g) and diluted with five volumes of petroleum ether (bp 
40-60 °C). It was recrystallized20 from petroleum ether (bp 
60-80 °C); white cry아als; mp 68-69 °C (lit., 68 °C).

p-Toluenesulfonyl azide21 was prepared by a mod
ification of the procedure of Curtius and Kraemer21 by ad
ding with sodium azide in water to freshly distilled p-to- 
luenesulfonyl chloride in 95% ethanol.

TriphenyIphosphine. A commercial sample was re
crystallized22 from ethanol.; mp 80-82 °C (lit., 80 °C).

Solvents. Dichloromethane was distilled from calcium 
hydride, under nitrogen and stored over activated molecular 
sieves. Chloroform was distilled, under nitrogen, from phos
phorus pentoxide. Acetonitrile (hplc grade) was also dried 
and fractionally distilled over calcium hydride or phos
phorus pentoxide,23 bp 81.6 °C and stored in the same way. 
It was also purified by passage through a column of ac
tivated alumina (type 507C) immediately prior to use in 
kinetic experiment.

1,3"Bis(phosphazino)indan-2-one (5). 1,3-Bis 
(diazo)indan-2-one (0.184 g, 1.0 mmol) and triphenyl
phosphine (2.623 g, 10 mmol) in 20 mL of a freshly dis
tilled acetonitrile were stirred together at 30 °C for 30 min., 
the reaction being monitored by tic. A dark brown pre
cipitate was formed and the reaction was stirred for a furth
er 30 minutes. The reaction mixture was flash filtered off, 
collected and the crystals dried in-vacuo. A portion of the 
solvent (ca. 10 mL) was removed at reduced pressure and 
the solution was left to stand 1 hour. More pale off brown 
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crystals were formed and, after filtration, were dried. The 
combined solid was characterized; brown crystals (0.59 g, 
83%); mp 145-147 °C; vmax. 1690, 1595, 1510, 1200, 1120, 
960, 865, 760, 740, 700 cm h "H NMR (Acetone-d6) 8 7.2- 
8.0 (34H, m, ArH); Mass spec. (El) m/z=709 (M+), 557, 
449, 414, 279 (base), 262, 201, 183, 154, 136, 107, 89, 77; 
C45H34N4P2O requires; C, 76.26; H, 4.83; N, 7.91; Found: C, 
76.02; H, 4.81; N, 7.89%. The brown solid product was 
washed with methanol and recrystallized from petroleum 
ether (60-80 °C). It was converted to 1,3-bis(hydrazono) 
indan-2-one to give yellow crystals (0.15 g, 80%); mp 185 
°C; (El) m/z=188 (M+ and base), 160, 144, 128, 115, 102, 
88; C9H8N4O requires; C, 57.44; H, 4.29; N, 29.77; Found: 
C, 57.33; H, 4.26; N, 29.83%. The triphenylphosphine ox
ide was separated by flash column chromatography 
(acetonitrile eluent) to give white crystals (0.37 g, 67%) and 
recrystallized from petroleum ether (60-80 °C); mp 152-154 
°C, (Aldrich Chemical Co., mp 153-155 °C); Mass spec. (El) 
m/z=278 (M+), 277 (base), 201, 183, 152, 77; C18H15PO re
quires; C, 77.67; H, 5.43; Found: C, 77.51; H, 5.45%.
lt3~Bis(hydrazono)indan-2-one (6). 1,3-Bis(diazo) 

indan-2-one (5.0 g, 27.2 mmol) and triphenylphosphine (14.25 
g, 54.4 mmol) and a distilled water (0.01 g, 0.56 mmol) in 
acetonitrile (200 mL) were stirred together at 30 °C for 20 
hours, the reaction being monitored by tic. The solvent was 
removed at reduced pressure and dried. The product was 
separated by flash column chromatography in acetonitrile to 
give 1,3-bis(hydrazono)indan-2-one as yellow crystals (4.55 
g, 89%) and triphenylphosphine oxide as white crystals (10.4 
g, 69%). 1,3-Bis(hyrazono)indan-2-one was recrystallized 
from ethanol; mp 187 °C; vmax. 3390, 3230, 3160, 1670, 
1600, 1575, 1560, 1535, 1260, 1190, 1090, 1035, 940, 745 
cm1; Mass spec. (El) m/z=188 (M+ and base), 160, 144, 
128, 115, 102, 88; GHgNQ requires; C, 57.44; H, 4.29; N, 
29.77; Found: C, 57.30; H, 4.28; N, 29.72%. Tri
phenylphosphine oxide was recrystallized from petroleum 
ether (60-80 °C); mp 153-156 °C, (lit., 153-155 °C); vmax. 
1590, 1315, 1190, 1120, 760, 730, 700 cm1; Mass spec. 
(El) m/z=278 (M+), 277 (base), 201, 183, 152, 77; C18H15PO 
requires; C, 77.69; H, 5.43; Found: C, 77.76; H, 5.42%.

2-Phosphazinoindan-1 -one. 2-Diazoindan-1 -one (0.5 
g, 3.16 mmol) and triphenylphosphine (0.83 g, 3.16 mmol) 
in 30 mL of a freshly distilled acetonitrile were stirred to
gether at 30 °C for 10 min., the reaction being monitored 
by tic. The solvent was removed at reduced pressure and 
dried. The product was characterized; orange crystals (1.25 
g, 94%); mp 165-167 °C; vmax. 1670, 1580, 1180, 1145, 
1105, 1060, 930, 700 cm'1; C27H21N2PO requires; C, 77.13; 
H, 5.03; N, 6.61; Found: C, 76.85; H, 5.03; N, 6.63%. It 
was recrystallized from acetonitrile and converted to 2- 
hydrazonoindan-1 -one to give yellow crystals (0.36 g, 71%); 
mp 181 °C; Mass spec. (El) m/z-160 (M+ and base), 144, 
131, 116, 89, 77, 63; C9H8N2O requires; C, 67.48; H, 5.03; 
N, 17.49; Found: C, 67.47; H, 5.03; N, 17.67%. The tri
phenylphosphine oxide was separated by flash column chro
matography (acetonitrile eluent) to give white crystals and 
recrystallized from petroleum ether (60-80 °C); mp 153 °C, 
(lit., 153-155 °C); Mass spec.但I) m/z=278 (M+), 277 (base), 
201, 199, 183, 152, 77, 51; C18H15PO requires; C, 77.67; H, 
5.43; Found: C, 77.40; H, 5.41%.

2-Hydrazonoindan-1 -one. 2-Diazoindan-l-one (0.5 

g, 3.16 mmol) and triphenylphosphine (0.83 g, 3.16 mmol) 
and a distilled water (0.06 g, 3.33 mmol) in acetonitrile (30 
mL) were stirred together at 30 °C for 6 hours, the reaction 
being monitored by tic. The solvent was removed at reduc
ed pressure and dried in-vacuo. The product was separated 
by flash column chromatography in acetonitrile to give 2- 
hydrazonoindan-1 -one as yellow crystals (0.45 g, 89%) and 
triphenylphosphine oxide as white crystals (0.69 g, 79%). 2- 
Hydrazonoindan-1 -one was recrystallized from acetonitrile; 
mp 180-182 °C; vmax. 3380, 3300, 3210, 1670, 1580, 1550, 
1300, 1200, 1150, 1080, 935 cm-1; Mass spec. (El) m/z= 
160 (M+ and base), 144, 131, 116, 89, 77, 63; GUNQ re
quires; C, 67.48; H, 5.03; N, 17.49; Found: C, 67.47; H, 5.02; 
N, 17.66%. Triphenylphosphine oxide was recrystallized 
from petroleum ether (60-80 °C); mp 151-152 °C, (lit., 153- 
155 °C); Vmax 1590, 1315, 1190, 1120, 760, 730, 700 cm-1; 
Mass spec. (El) m/z=278 (M) 277 (base), 201, 199, 183, 
152, 77, 51; C18H15PO requires; C, 77.67; H, 5.43; Found: 
C, 76.52; H, 5.51%.

2-Phosphazinoindan-lt3"dione. 2-Diazoindan-l,3- 
dione (0.43 g, 2.5 mmol) and triphenylphosphine (0.66 g, 
2.5 mm이) in 30 mL of a freshly distilled acetonitrile were 
stirred together at room temperature for 10 min., the reac
tion being monitored by tic. The solvent was removed at 
reduced pressure and dried. The product was characterized; 
red crystals (1.01 g, 93%); mp 97-98 °C; C27H19N2PO2 re
quires; C, 74.65; H, 4.41; N, 6.45; Found: C, 74.30; H, 4.38; 
N, 6.46%. It was recrystallized from acetonitrile and con
verted to 2-hydrazonoindan-1,3-dione to give yellow cry
stals (0.36 g, 83%); mp 185 °C; Mass spec. (El) m/z=174 
(M) 158, 146 (base), 118, 105, 89, 76; C9H6N2O2 requires; 
C, 62.07 H, 3.47; N, 16.09; Found: C, 62.18; H, 3.70; N, 
15.59%. The triphenylphosphine oxide was separated by 
flash column chromatography (acetonitrile eluent) to give 
white crystals (0.45 g, 65%) and recrystallized from petro
leum ether (60-80 °C); mp 151 °C, (lit., 153-155 °C); Mass 
spec. (El) m/z=278 (M+), 277 (base), 199, 183, 152, 115, 77, 
51; C18H15PO requires; C, 77.67; H, 5.43; Found: C, 77.71; 
H, 5.41%.

2-Hydrazonoindan-1,3-dione. 2-Diazoindan-l,3- 
dione (0.43 g, 2.5 mmol) and triphenylphosphine (0.66 g, 2.5 
mmol) and a distilled water (0.05 g, 2.78 mmol) in 
acetonitrile (30 mL) were stirred together at room tem
perature for 12 hours, the reaction being monitored by tic. 
The solvent was removed at reduced pressure and dried in- 
vacuo. The product was separated by flash column chro
matography in acetonitrile to give 2-hydrazonoindan-1,3- 
dione as yellow crystals (0.37 g, 85%) and triphenylphos
phine oxide as white crystals (0.56 g, 81%). 2-Hydrazono- 
indan-1,3-dione was recrystallized from acetonitrile; mp 181 
°C; "ax 3300, 3150, 1700, 1655, 1575, 1185, 1140, 965, 
880 cm-1; Mass spec. (El) m/z=174 (M+), 172, 158, 146 
(base), 118, 105, 89, 76; CgH6N2O2 requires; C, 62.07; H, 
3.47; N, 16.09; Found: C, 62.00; H, 3.44; N, 16.38%. Tri
phenylphosphine oxide was recrystallized from petroleum 
ether (60-80 °C); mp 151-152 °C, (lit., 153-155 °C); v^. 
1580, 1300, 1175, 1100, 740, 690 cm，Mass spec. ”EI) m/ 
z=278 (M+), 277 (base), 199, 183, 152, 115, 107, 95, 77; 
C18H15PO requires; C, 77.67; H, 5.43; Found: C, 77.74; H, 
5.42%.

21小❹ 2-Diazoindan-1,3- 
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dione (0.43 g, 2.5 mmol) and triphenylphosphine (0.66 g, 
2.5 mmol) in 30 mL of a freshly distilled acetonitrile were 
stirred together at 50 °C for 5 hours, the reaction being mon
itored by tic. The solvent was removed at reduced pressure 
and dried. The product was isolated and chracterized. It was 
recrystallized from dichloromethane/petroleum ether (60-80 
°C) and found by microanalysis and infra-red spectroscopy; 
red-orange crystals (0.73 g, 72%); mp 185-187 °C; vmax. 
1630, 1585, 1480, 1190, 1120, 1025, 1000, 920, 750, 690 
cm1; Mass spec. (El) m/z=406 (M+ and base), 377, 281, 
260, 203, 185, 165, 152, 129, 107, 77; (CI) m/z=407 (M+ 
H)+, 279, 263 (base), 187, 165, 150, 133, 94, 80; C27H19PO2 
requires; C, 79.79; H, 4.71; Found: C, 77.71; H, 4.69; N, 
1.37%.

1,3 ~ Bis (phosphazino) indane. 1,3-Bis(diazo)indane 
(0.17 g, 1.0 mmol) and triphenylphosphine (2.623 g, 10 
mmol) in 30 mL of a freshly distilled acetonitrile were stirr
ed together at 30 °C for 30 min., the reaction being mon
itored by tic. A brown precipitate was formed and the reac
tion was stirred for a further 30 minutes. The reaction mix
ture was flash filtered off, washed with methanol and the 
crystals were dried in-vacuo. A portion of the solvent (ca. 
10 mL) was removed at reduced pressure and the solution 
left to stand 1 hour. More pale off brown crystals were 
formed and, after filtration, were dried. The combined solid 
was characterized; brown crystals (0.48 g, 69%); mp 40-42 
°C; Mass spec. (El) m/z=557 (M+), 279 (base), 171; C45H36- 
N4P2 requires; C, 77.80; H, 5.22; N, 8.06; Found: C, 75.67; 
H, 5.40; N, 4.60% (For example, l-phosphazino-3-di- 
azoindane; C27H21N4PO requires; C, 72.31; H, 4.70; N, 12.49).

1,3"Bis(hydrazono)indane. 1,3-Bis(diazo)indane (0.17 
g, 1.0 mmol) and triphenylphosphine (0.52 g, 2.0 mmol) 
and a distilled water (0.04 g, 2.2 mmol) in acetonitrile (50 
mL) were stirred together at 30 °C for 20 hours, the reac
tion being monitored by tic. The solvent was removed at 
reduced pressure and dried. The product was separated by 
flash column chromatography in acetonitrile to give 1,3-bis 
(hydrazono)indane as yellow crystals (0.15 g, 86%) and tri
phenylphosphine oxide as white crystals (0.35 g, 63%). 1,3- 
Bis(hydrazono)indane was recrystallized from ethanol; mp 
184-185 °C; Mass spec. (El) m/z=174 (M+ and base), 157, 
128, 115, 102, 89, 77; C9H8N4O requires; C, 62.05; H, 5.79; 
N, 32.17; Found: C, 61.84; H, 5.75; N, 32.37%. Tri
phenylphosphine oxide was recrystallized from petroleum 
ether (60-80 °C); mp 152-153 °C, (lit., 153-155 °C); vmax. 
1590, 1315, 1190, 1120, 760, 730, 700 cm* 1; Mass spec. 
(El) m/z=278 (M+), 277 (base), 201, 183, 152, 77; C18H15- 
PO requires; C, 77.69; H, 5.43; Found: C, 77.55; H, 5.44%.

Kinetic Method. The reactions were carried out in a 
two-legged glass vessel (one leg capacity ca. 1 mL) which 
was connected to a 1mm quartz UV cell and a tap for in
troducing reaction solutions and for degassing. The reaction 
vessel is degassed through tubing, then the tap closed to 
seal the reagents from the external atmosphere. The reac
tants are mixed by the inverting apparatus. The solution of 
sub아rate under study (usually 1.0x10" m) and base solu
tion (l.Ox 10"3-8.0x 10-3 M) were pipetted into separate 
legs of the reaction vessel and degassed. The solutions were 
equilibrated at a suitable temperature before being thorough
ly mixed at the temperature and transferee! to the UV cell 
which was placed in the cell holder of the spectrometer at 

the same temperature. The starting time was measured at 
the moment of mixing of the reactants. The appearance of 
the coloured species in the reaction mixture was measured 
by the increase in optical density at suitable time intervals.

Results and Discussion

1,3-Bis(diazo)indan-2-one (N2INON2) (3) and triphenyl- 
phosphine were reacted together in acetonitrile by standing 
overnight at room temperature. After purification a yellow 
crystalline solid was obtained which was identified as 1,3- 
bis(hydrazono)indan-2-one (6). Simultaneously with the pro
duct (6), triphenylphosphine oxide (7) was produced as 
shown in Scheme 2.

The triphenylphosphine oxide (7) was isolated in high 
yield, as white crystals, by flash column chromatography 
(methylene chloride/acetonitrile eluent). These results could 
be explained briefly by the reaction mechanism as shown in 
Scheme 2. Firstly diazo compound (3) reacts with triphenyl
phosphine to give the adduct, triphenylphosphazine (5). 
However triphenylphosphazines in general are unstable in 
the presence of a small amount of moisture.

It is known that phosphazines can react with water to pro
duce hydrazones,24 and this result is observed in the elec
trochemical reaction.

R2C=N-N=P(C6H5)3 브JrK=N-NH2 + O=P(GH5)3

The reaction of N2INON2 (3) with a tenfold excess of tri
phenylphosphine in dry acetonitrile gave the l,3-bis(phosph- 
azino)-indan-2-one (5), however with acetonitrile containing 
1% water, 1,3-bis(hydrazono)indan-2-one (6) was produced 
through hydrolysis as shown in Scheme 2. The bisphos- 
phazine compound (5) could be easily converted into bishy
drazone due to a small amount of water in the solvent.

This hydrolysis can be demonstrated on the basis of the 
ultraviolet spectra of the reaction mixture as an increase in 
the absorbance at 384 nm which occurs initially due to for
mation of bisphosphazine (5) and the subsequent decrease 
in the absorbance which occurs as it is slowly hydrolyzed 
as shown in Figure 1. Other mono-, and bis(phosphazino)-

f매 3 zN=PPba
n2 nz n

n2 n2 n2
(3)

2Ph3P=O +

(7)

PPh3旧 2。

hydrolysis

⑸5
Scheme 2.
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Figure 1. Variation of intensity of absorbance vs. reaction time 
for the reaction of 1,3-bis(diazo)indan-2-one (l.OOx 10~3 M) and 
triphenylphosphine (2.50x 10~2 M) in acetonitrile at room tem
perature at 人=384 nm.
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compounds were also prepared in pure acetonitrile solvent 
from the mono-, and bis(diazo) compounds with equimolar 
and excess amounts of triphenylphosphine.

When the colour of the diazo compound was totally 
discharged, the phosphazine crystallized out. However the 
product was converted into the hydrazone and triphenyl
phosphine oxide due to a small amount of water. Through 
these reactions, phosphazines and hydrazones were crys

tallized out and were characterized. On the other hand 1,3- 
bis(phosphazino)indane was not isolated. In contrast to 
these results 1,3-bis(diazo)indane and triphenylphosphine in 
the presence of water gave a l,3-bis(hydrazono)indane as 
pale yellow crystals. The products are summarized in Table
1. The molar extinction coefficients and 爲„稣 of the diazo 
compounds, phosphazines and hydrazones are collected in 
Table 2.

The absorption peaks of mono- and bisphosphazines are 
appeared at between 360 and 380 nm. Among others, 1,3- 
bis(phosphazino)indan-2-one (人林=384 nm) shows the 
highest wavelength absorption among the phosphazines pro
duced from this study.

Infra-red spectroscopy was investigated to see if it would 
be observable through the following the reaction kinetics. In 
principle the rate of disappearance of the diazo peak at ca. 
2100 cm1 could be monitored. The infra-red absorbance at 
various time intervals throughout the reaction was det
ermined by measuring the transmittance of the diazo peak 
and the transmittance of the background noise either side of 
this peak. This kinetic observance was not proved as an ac
curate enough method. However, a satisfactory method for 
the kinetics of these reactions was given a viable means by 
UV spectrophotometry as shown in Figure 2 as a typical 
run. The UV/visible spectrum of dilute solutions shows 
only phosphazine formation but in the case of 2-diazoindan- 
1,3-dione in pure solvent, only the phosphorane arises.

The second-order rate constants (粉 for the reactions of

Table 1. Characterization of Phosphazines and Hydrazones after Conversion from Various Diazo compounds

Table 2. The Molar Extinction Coefficients and 入林 for Mono-, and Bis(diazo) compounds, Phosphazines and Hydrazones*1

Phosphazines Hydrazones
Diazo

Yield 吒 Analysis Analysis m/z

s、 nip/C Yield (%) nip/C
(%) Theory Found Theory Found

%C 77.13 76.85 %C 67.48 67.47 1 An
INON2 (1) 94 165-167 %H 5.03 5.03 89 180-182 %H 5.03 5.02 lou

%N 6.61 6.63 %N 17.49 17.66 (IbU)

%C 74.65 74.30 %C 62.07 62.00 1
OINON2 (2) 93 97-98 %H 4.41 4.38 85 181 %H 3.47 3.44 1 /4

%N 6.45 6.46 %N 16.09 16.38 （皿）

%C 76.26 76.02 %C 57.44 57.30 1 QQ
N2INON2 (3) 83 145-147 %H 4.83 4.81 89 187 %H 4.29 4.28 loo

QQ\
%N 7.91 7.89 %N 29.77 29.72 （、丄㈣

%C 62.05 61.96 1 HA
N2INN2 (4) - - - 86 184-185 %H 5.79 5.77 1 /우

%N 32.17 32.27

a The solvent was acetonitrile.

Diazo
Compounds

Mono-, and bis(diazo) Phosphazine Hydrazone
入g./nm e/1 moE'cm 1 Xg/nm e/1 mol 'em 1 e/1 mol"'em1

258 17200 264 12200INON2 (1) 324 10900 364 43300 310 22100
OINON2 (2) 246 41500 374 19000 328 21600
N2INON2 (3) 300 11600 384 30800 374 8200

266 11300N2INN2 (4) 332 7800 378 - - -
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Figure 2. Time-resolved UV/vis spectra variation for the for
mation of 2-phosphazino-indan-1,3-dione in acetonitrile at 50 °C 
Qmax= 374 nm); solution of 2-diazoindan-1 -one (3.10X 10 3 M) 
and triphenylphosphine (2.50x 10~2 M), time interval=20 sec.

mono-, and bis(diazo) compounds with triphenylphosphine 
at 30, 40 and 50 °C are summarized in Table 3. The second- 
order rate constants (灼)are obtained from the following re
lationship in Table 3,

炳逐사丿卩사為] (1)

where kohs is the pseudo first order rate constant, which is 
determined by the time-resolved UV/vis spectra variation. 
[PPh3] refers the concentration of triphenylphosphine.

The plot of kobs vs different concentrations of triphenyl
phosphine gave a good linearity to show the small standard 
deviations.

The order of magnitude of the rate constants reveals 
[OINON2]>[N2lNON2]>[N2INN2]>[INON2] at the same reac
tion condition in Table 3. This result is basically caused by 
increasing the ability of diazo group25 to stabilize the be
taine intermediate (8).

C—n=N + PPh3

The ability to form betain intermediate increases with in
creasing the n-electron localization of the diazo group.26 
That is, [0IN0N2] might more stabilize the n-electron lo
calization by the neighbored oxygen compared with other di

Table 3. The Second-Order Rate Constants (k2x 102 L.mol '• 
sec ') of the Reactions of Mono-, and Bis(diazo) compounds 
with Triphenylphosphine at 30, 40 and 50 °C

Diazo
Compounds Temp. (°C) *2 

(X102 L mor'sec1)
Conelation
Coefficient

30 3.26 0.9889
[INON2] 40 4.23 0.9769

50 5.89 0.9993
30 19.6 0.9997

[OINON2] 40 36.7 0.9933
50 66.0 0.9979
30 12.5 0.9982

[N2INON2] 40 20.0 0.9985
50 26.2 0.9850
30 3.97 0.9913

[n2inn2] 40 5.65 0.9999
50 7.14 0.9997

Figure 3. The interaction of HOMO(Pp) and LUMO (冗* nn).

azo compounds. On the other hand [INON2] might less sta
bilize the n-electron localization.

The n-electron participation pattern can be interpreted in 
terms of the interaction of the frontier orbitals27 of the reac
tants, considering both HOMO(PPh3)-LUMO(ArCN2) and 
HOMO(ArCN2)-LUMO(PPh3).

There are two ways by which the interactions between 
the frontier orbitals of the diazo compounds and PPh3 can 
be formulated. In the first one HOMO(Pp)-LUMO(n*NN ) 
and LUMO(Pd)-HOMO(K2) are involved in the primary and 
sencondary interactions, respectively. In these orbitals, only 
the HOMO(兀2)is strongly dependent on diazo structure as 
shown in Figure 3.

In Figure 3, the approach of phosphazine toward the di
azo group conforms to the principle28 of least nuclear mo
tion (PLNM). The process of forming phosphazine would 
be controlled kinetically and the tzn/z-isomer of phosphazine 
the thermodynamically controlled along with the stabiliza
tion of diazonium cation based on the theory of PLNM.

In the other possibility of interaction of the frontier or
bitals, the primary and secondary interactions are HOMO 
(Pp)-LUMO(n3*)  and LUMO(Pd)-HOMO(nNN) respectively 
as shown in Figure 4.

In this case the Pd orbital interacts with in the nuclear 
plane. This second possibility seems less likely, since it does 
not appear to conform to theory of PLNM. It is suggested 
that in the series of diazoalkanes,25 the first kind of interac
tion exists in which the HOMO(兀)LUMO(Pd) interactions. 
However, it seems that the interactions in diazoketones are 
favorable to HOMO(7i；NN)・LUMO(Pd) and HOMO(Pp)-LUMO 
S* nn) instead of HOMO(Pp)-LUMO(n* NN) in which both in
teractions are structure-dependent.

In conclusion, the reactivity of diazoindanes and diazoind
anones toward triphenylphosphine is much more structure-de
pendent compared with other diazoalkanes. This means that 
the reactivity of diazoindanes and diazoindanones should be 
related to the stability of the analogous carbanion and diazon
ium ion unless there is developing the negative charge as a

Figure 4. The interaction of HOMO(Pp)-LUMO(7t3*).
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result of nucleophilic attack by triphenylphosphine.
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Modified polymeric composite electrodes having highly dispersed CuO particles through the electrode matrix 
were prepared for LCEC or flow injection analysis of carbohydrates. The composite electrodes were prepared by 
incorporating carbon black and highly dispersed copper oxide particles in polystyrene matrix cross-linked with di- 
vinylbenzene. The analytical characteristics of the electrodes for LCEC and flow injection analysis of car
bohydrates were evaluated. Improved performance in LCEC and flow injection analysis of carbohydrates is de
monstrated in terms of sensitivity, reproducibility, stability and surface renewability. It was possible to get im
proved performance of the electrodes as well as adaptability of the electrodes for practical applications by em
ploying highly dispersed catalyst particles through the electrode matrix and robust polymeric electrode matrix.

Introduction

Detection of carbohydrates after HPLC separation has 

been of great research interest to analytical chemists be
cause of their importance in physiological, clinical, medi
cinal, food and nutritional aspects. Due to the lack of a func
tional group absorbing light in most carbohydrates cumb
ersome pre- or post-column derivatizations are required in


