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Reactivity and reaction mechanism for the reactions Of(azbdic+arbonyl) dipiperidine with triphenylphos-

phines are investigated using kinetic method. The cation radig®, &fd the anion radical,” -N- are pro-

duced during the course of the reaction. The cation radical is formed by the transfer of an electron from
phosphorus to the nitrogen atom. The anion radical is formed by the addition of the one electron to the azo rad-
ical. The rate constants are decreased by electron withdrawing groups while they are increased by electron do-
nating groups present in triphenylphosphine. The electron density increases on nitrogen, while positive charge
is developed on phosphorus in the transition state.

Introduction Experimental Section

Phosphazines are usually produced from the reaction Materials. 1,1-(Azodicarbonyl)dipiperidine (ADP) and
of azo compounds with triphenylphosphifgsThe reaction  triphenylphosphineptH) were obtained commercially from
of azodicarboxylate with triphenylphosphine has beenTokyo Kasei Co. (TCI) and recrystallized from acetonitrile.
suggested to proceed through the formation of tripheToluene was purified by distillation based on Timmermans'
nylphosphonium cation radical and diazo anion radi-method®
cal® (I). However a different reaction mechanism is p-Chlorophenyldiphenylphosphing-Cl), p-methoxyphe-
suggested that the reaction occurs through the formationyldiphenylphosphinepfOCHs), p-methylphenyldiphenyl-
of forming diazo radical (ll) rather than diazo anion radi- phosphine g-CHs), and m-rifluoromethylphenyldiphenyl-

cal’ phosphine i+ CFs) were synthesized according to literature
. proceduré.
RO,C—N— N— CO,R <———— RO,C—N— N— CO,R p-Cl; mp 41-43°C; IR (KBr): 3073 (CH, Ar, s) cnt. H
Phy* NMR (200 MH;, CDCk): §7.69 (10H, m, ArH)57.42 (2H,
+ m, ArH), 57.09 (2H, m, ArH) ppm. MS (m/z): 296 () p-
Ph,P OCHs; mp 76-78°C; IR (KBr): 3065 (CH, Ar, s) cm. H

(1) (1) NMR (200 MH;, CDCE): 67.34 (10H, m, ArH)57.28 (2H,
m, ArH),  6.88 (2H, m, ArH),563.82 (3H, s, OCk) ppm.

The hyperfine coupling is affected by the two carboxylateMS (m/z): 292 (M), 183.p-CH3; mp 58-62C (from metha-
functions on the azodicarboxylate molecule. A differentnol). microanalysis: GHi7P calcd: C, 82.59: H, 6.20%,
compound, 1,%(azodicarbonyl) dipiperidine would be found: C, 82.62: H, 6.20%, IR (KBr): 3058 (CH, Ar, s)&m
expected to stabilize the diazonium intermediate and also t4H NMR (200 MH;, CDCk): 4 7.40 (10H, s, ArH)p 7.00
control the phosphazine product-contributing step. In view4H, s, ArH), d 2.34 (3H, m, CH) ppm. MS (m/z): 276
of the increased importance of this kind of reactions a neWM*). m-CFs; mp 46-47°C (from ethanol). microanalysis:
attempt is made to explain in detail the reaction mechanisrtigH14PF; calcd: C, 69.09: H, 4.27%, found: C, 68.60: H,
based on kinetic results. So far the detailed reaction mechd-24%, IR (KBr): 3060 (CH, Ar, s) cth 'TH NMR (200
nism for this kind of reactions is scarce. MHz, CDCEk): 67.61 (10H, m, ArH)$ 7.41 (2H, m, ArH)p

7.38 (2H, m, ArH), ppm. MS (m/z): 330 (M
Apparatus and Characterization. The synthesized sam-
O\ Q ples were characterized before using. Melting points were
— C—N=N— C-@ + P . measured on a Biichi 510 melting point apparatus. IR spectra
were recorded on a Bruker IFS 55 spectrophotombter.
NMR spectra were measured on a Bruker AC-200 (FT, 200
X MH;) spectrometer and are reported in parts per million
(X = p-OCH, p-CH;, H, p-ClLm-NO,) downfield from tetramethylsilane. Mass spectra (MS) were
obtained on a Hewlett-Packard 5890- AX505WA [column:

We report here the detailed reaction mechanism and reaétP ultra 2 (SE-54, 5% phenylmethylsilicon, 58r6.2 mm
tivity for the reactions of 1,4 azodicarbonyl)dipiperidine x 0.3 um), 70eV, El].
with p-substituted triphenylphosphine. EPR spectra were obtained on a Bruker ESP 300E X-band
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spectrometer, and the g values were calibrated with 2,2Fable 1 The Second Order Rate ConstahisX0® M-sec?) and
diphenyl-1-picrylhydrazyl using Bruker ERO35M NMR Thermodynamic Parameters for the Reactions of-(AZodi-
gaussmeter. All samples were 0.30 mL and were Containegprbonyl)dipiperidine witlp-Substituted Phenyldiphenylphosphine
in 3-mm cylindrical quartz EPR tubes. All spectra were!n Toluene at 303, 308 and 313K

obtained at 0.2-G modulation amplitude, a modulation  Temp mCk  pCl pH  pCHs pOCHs
frequncy of 100 kHz, and an incident microwave power of 8  (K) (438 nm) (442 nm) (437 nm) (442 nm) (442 nm)

mW. The field-frequency lock accessory was operated auto- 303 1.95 2.78 4.42 8.02 11.4
matically programmed with automatic frequency control 308 2.79 3.97 6.63 11.3 17.1
modulation amplitude correction over the attenuation range. 313 3.62 5.16 8.84 14.5 22.7

Spin concentration measurements were carried out on a dual  Ea
TEi04 rectangular cavity. UV-vis spectra for kinetics were (Kcal - mot?)
recorded on a Shimadzu UV-240 spectrophotometer, and the AH*
cell temperature was calibrated by using a Cu/constant thergcal - mot)

11.7 11.7 13.0 11.2 129

11.1 11.1 12.4 10.6 12.3

— *
mocouple. , AS' 342 335 283 331 267
Kinetic Run. The reaction rates were followed by pho- (Kcal - mot?)
tochemical method on a UV-vis spectrophotometer and the -AG™ 21.6 21.4 21.1 20.8 205

kobs Values were obtained by the Guggenheim method. (Kcal-mot?)

Kinetic determinations were done by following the decreas-

ing amount of reactant time, by using UV/vis spectropho-  Good second order kinetics are observed (10.9982) in
tometer. The kinetic runs were carried out at 438 nm folll cases. Table 1 summarizes the second order rate con-
maximum wavelength aitCFs, 442 nm forp-Cl, 437 nm  stantsk, for the reactions of ADP witp-X.

for p-H, 442 nm fomp-CH; and 442 nm fop-OCH; respec- The second order rate constants are increased by electron
tively. Figure 1 shows a typical spectrophotometric kineticdonating groups and decreased by electron withdrawing
measurement. groups.
The effect of substituents on the rate constants given in
Results and Discussion Table 1 is examined with help of Hammett equation,
log(k/ko) = pox (2)

The pseudo-first order rate constakgss are linearly cor-
related with the concentration pfsubstituted phenyldiphe- wherek andky are the rate constants for the reactions of
nylphosphine. The second order rate constantsave been  ADP with p-X and those for of the reaction of ADP with
determined from the following equation (1), unsubstituted triphenylphosphing-il) respectively.oy is

_ the substituent parameter.
Kobs = ke [ p-X ] (@) The reaction parameterg-values, are in the range
where p-X] represents the concentration pfsubstituted -1.02~-1.06. These values indicate that the pho-

phenyldiphenylphosphine. sphorus atom becomes more positive in the transition state
relative to the ground state and bond formation is more
20 advanced.

Our kinetic results show that a rigid transition state exists
before forming triphenylphosphonium radical cation or
diazo radical anion.

Previously Jenkirfsreportedthat the triphenylphospho-
nium radical cation and the diazo radical anion were formed
as a result of direct attack of triphenylphosphine on diethyl-
L W N E— carboxylate in the reaction of azodicarboxylate with triphe-

—— A nylphosphine as shown in equation (3)
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T e Our kinetic results show that in the reactions of ADP with
o EEE > <~ p-X the transition state lies within the range of reactants and
v the intermediates as shown in Scheme 1 which is somewhat
Wavelength (nm) different from_ Jenkins' result. _
Figure 1. The spectra of the reaction 1,1'-(azodicarbonyl) The activation para me_ters are Sho"Y” in Table 1. Generally
dipiperidine with triphenylphosphine as a function of reaction timeth€ Hammet equation is expressed in the form of standard
in toluene solution at 3& (Amax= 437 nm). molar free enerdy as shown in equation (4).
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O0AG™ = par 0AG %r (4) Figure 3. Evolution of EPR spectra for radical containing two
nuclei with | = 1/2 when they are equivalent.
where AG™ is the free energy of activation for the substi-

tuted aromatic compoung;X andAG%r is the correspond-
ing value for the unsubstituted triphenylphosphjmél).

The correlation parametgnr is almost constant as 0.972-
1.023= 1.00. This means that the reactions of ADP i
are unaffected by the variation iAG™ for the reaction
involving the substituent X ip-X. This shows that the acti-
vation enthalpy compensates the activation entropy in thi

reaction series, . . . spectra indicate the formation of arendiazonium &$alts.
To further explore the intermediates as shown in SChemSeems that the step in which the diazo radical anion is

1 we have performed EPR measurements. Figure 2 shoqirg
h

( Intermediate )
Scheme 1

The central lines show 3462G, 3478G and 3494G. When the
concentration of nucleophilgp-X; p-H) is changed as 1
(equiv.) - 2 (equiv.)> 5 (equiv.), the intensity is decreased.

It is caused by the resonances of nitrogen nucleus and
methine proton nucleus. This kind of observation has been
reported for the reaction of the triphenylphosphinium radical
Tation with the diazo radical aniéhOur results of EPR

: ) SNO%Srmed does not depend on whether the two phenyl rings or
X]SPEF;Rmfnpelc_Uf Wh'Ch ?[re )c(’ bta'ljeg g'\(/)lmn thel rt(_eanc.tltl)n e two piperidine rings are connected to the diazo function
( ol - 1 eqiv.) withp-X (p-H, 0.5M in solution; in the reaction series of diazo reaction centers with triphe-

equiv.). ; .
An ambiguous spectrum was obtained by the GaussianylphOSphmes' However, the EPR spectrum shows different

LT . A fﬁtensity when different connection exists between the diazo
line firstly scanned on the EPR as shown in (1) in Figure 2(:enter and the dicarboxylate. This occurs when the mole
To see a clear spectrum, the base-line cross over method |

adopted as a kind of the phase-sensitive technique, then:ggla CZZ 1:1 of azo function and triphenylphospffins

good spectrum is coIIe_cted as ;hown in (4) in Figure 2. The It is caused by the amount of triphenylphosphonium cation
g-value and the hyperfine coupling constant, A are shown a,dic al, PHD' When the concentration of triphenylphos-

9=10.131and A = 16G. T_he 9 factor an_d the A factor are "hhine is high, the formation of Eﬁ’l is altered and it reduces
agreement for the separation into three lines due to hyperfi Be amount of -NN-. When an excess amount of triphe-

|nt%:aecrt1|%r:e\/v(;t2tgi1|2;|érg%e2 Zl::?rlzé\%ére collected on the EP Iphosphine attacl_<s the diazo function it produces a stable
P lazo radical (-N-N rather than diazo anion radical

as shown in Figure 3. The mole ratio of AOPX(p-H) is (-N-N-)

changedas1:1 1:2- 1:5while scanning on the EPR. Therefore the radical anion species are produced by inter-
molecular electron transfer from the triphenylphosphine to

A - the diazo function below an equivalent concentration of

triphenylphosphine.
xRt tmicbassagomtt et oA s g In conclusion, triphenylphosphine apesubstituted phe-
@ nyldiphenylphosphines are good nucleophiles to attack the
W?Wwwmwmmwm nucleophilic center, diazo function in the reactions of-1,1

(azodicarbonyl)dipiperidine with-substituted phenyldiphe-
W i\t yristi ety nylphosphines.

4
_\m e\ , A kind of diazo anion radical is produced with triphe-
nylphosphonium cation radical as transient.
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