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The kinetics of trethylamine (TEA) catalyzed deydrochlorination of a series of N-aryl-C-cthonycarbonyiformohydrazidoy!
chlorides To—m have been studicd under pseudo-fizst-order conditions in 411 (v/v) diaxane-water solution 3t 30°C. For all
compounds studied, the kinetics followed the rate law’ ke, = &3 (TEA ) The values of the averall second-order rate constants for
the studied compounds wete correlated by the equation: log ky = 0.533 0 7 - 0.218. The cesults are compatible with a mech
involving & fast reversitle deprotonation step leading to the anion of 1, followed by raze-d ining step involving the boss of the
chloride 506 from the anion. The reaction coastants of these two steps were estimated to be 0.845 and — 0.312; respectively,
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Opérant & 30°C et dans des solutions 4:1 (v/v) de dioxanne /eau. on a érdié Tes cinétiques du pscudd-preenier ordre Ses
réactions de déshydrochloruration catalysées par Ls triéthylamine (TEA) d'une séne (le-m) de chlorures de N-any!
Créthaxycarbony! focmohydrazidovles, Dans tous Jes 2as nadiés. I'éguation de vitesse de 1a cinétique est 1a suivanie: ko, = &
(TEA). Pour tous Jes composés étudaés, on 3 Erabli une coerélation entre les dr vitesse plobales du deaxiéme ordee qui
est dfinic par I'équation susvante: log ks = 0,533 ~ - 0,218, Les résultats sont compatibies 3vec un mécasisme (mpliquant unc
&ape de déprotonation réversible rapide conduisant 3 I'anion de 1 qui serait suivie par une étape déterminanie impliquant une
perte de 1ion chlonere par ) anion, On a évalué les constanies de vitesses pour ces deux étapes 20845 et —0.312 respectivement

Introduction

The chemistry of Nearyl C-ethoxycarbonylformonydruzsdoy]
chiorides 1 has been thoroughly investigated during the last
decade (1-3). Due to their ease of preparation, such compounds
have been extensively used in 1, 3-dipolar excloaddition reac-
tions, where the intermediate nitrilimine 2, formed in situ by
the action of a base catalyst, reacts with a dipolarophile AswB,
producing a cycloadduct 3, eq. [1] (4.5)
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However. no attention has yet been given 1o the mechanism of
tormation of 2 from 1. We wish 1o repart here the results of our
\ifictic study of the tnethylamine cataly zed dehydrochlorination
of 3 serics of substituted A-phenyl-C-ethoxycarbonyiformo-
hydrazidoyl chlorides la-m in 41 (v/v) dioxane-water
initure 3¢ 30°C in an attempt 1o shed some Light on the mechan-
fam of this elimination resction

Results and discussion

The sequenae followed in the preparation of Le-on 1y outlined
s Scheme ) Some of these hydrazidoyl chloridey were reported
<nd others, nansely 1h and Le=<F, are now. The structores of
Hese Jhlasides were evideoced by sheir cleinensal and spectial
nsiyes, For example, the infrared spoctra of alf compounds
teveal the presence of characteristic bards mear 3280-3220
ihydrazone N, 1725« 1693 (ester, CO), 1665~ 1600 (C=N),
and 1080-1060 (esier C—0—Chem™ " I their 'Himr speciea,
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they exhibit a triplet signal at & 1,3-1.4 (3H, J = THx
CHCH,0), aguantetat 4.4-4.3 (2H, J = THe, CH,CHYO),
and a singlet near 9.5-8.32 (1H, NH), in addit:on ta the
aromatic proton multiplet signal in the region 7.0~8,0 ppm

On standing foc 3 days at 25°C in 80% (v/v) dioxane~water
mixture, these hydrazidoy] chlorides were recovered urehang-
ed. However, addstion of tricthylamine (TEA) 10 the solution of
1 in this same solvent mixture liberated the chloride ion
Accordingly, the dehydrochlorination Kinetics were followed at
AFC 10 §0% (v /v) dioxane—water mixture in the presence of a
farge excess, at Jeast 10-foid, of TEA by determining the
chioride 1on concentration with an ion selective electrode fsee
Experimental). In all Kinctic runs, the jonic strength in the
reaction mixtuce was mamntained at 0.10 by the addition of the
appropriate volume of $ M sodium nitrate solution in the same
sofvent system (80:20 dioxane-water, ¥/v},

The pseudo-first-order rate constant of the dehydrochloring-
tion of 1 was estimated from the plot of Jog (C., and C, are the
concentrations of chloride jon liberated at infinite time and a!
time 1, respectively. The values of A, determined for the series
of compounds studied are listed in Table 1. The value of K.
was, in each case. a tinear function of the taethylamine conven.
tration a5 shown in Fig. 1, where Ay, is plotted vs, amine
concentration. The fact that such plofs have 2er0 ntercepss
indicates that the water-assisted (i.¢, the uncatalyzed) reastion
is neglhigible.
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TABLE | Ritte constants for dehydroc
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1og ks,
X ) log & o,
H L3 -0.191 o
pCH, 0.94 ~-0.327 ~0.17
mCH, 115 -0.240 -0.07
p-Ci 1.53 ~0.115 0.23
m-Cl 1.85 -0.032 0.37
m-NO. 2R 0134 0N
P CHOOC 2.83 015! 0.6%
p-CH,OC 3.50 0.243 .84
pNO; 592 0.471 128
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Fi. 1, Piot of the cbserved pseudo-first-order 2a% const
tricchyTaniine concentration for the dehydrochlonnation o
Cetboxycardony Ihydraridoy! chipride 1a 41 dioxanc-waser at 3°C
and = 0}

The plot of the log ks {whers &,

ubstituent constant o, ", is lineas
regression line is

liog ks = 0.533 0, - 0.218]

o L G HON vs, e
2). The equation of the

with correlation coelfcient ¢ = 0.997 and standard devistion s
= =20.016

The most campatidle mecha
forepoing results is outhined in Schy

be shown tha,

= = P,

i =
That is, the obsenved p value is the algebraic sumof the pyalaes
deseribing the sepasate suges

For the reaction undes study, it is cxpec
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Fio. 2. Hammett plot of Jog &y versus o~ consiant |
chlorination of the hydraziday! chlionides, XCoHNHN.CiC
Hy, in 4.1 dioxane~warer at 30°C and o = 0.)

is. p; and p, constants will have opposite signs, p, being
negative whereas the value of p, 18 positive. The positive sign of
the p value obtsined implies that p, < p,. To confirm this
necessary to determene the acid dissociation constanis K, of
reaction series stedied. However, the very high reactivity
shown by these hydrazidoyt chiorides in basic solution made
direct measurement of K, difficuls. Therefore. the rute of
chlonide (on loss from the hydrazidoy! chioride snion (45 in
Scheme 21 could ot be separated from the acidin ¢

To overcome this difficalry, it was thoupht possible to
estimate the value 0f p, by determining the p&’, of the hydrazone
serics da-h in 805 (v /v) dioxane=water mixure at 30°C and
wonic strength 0.1, The choce of 4 was based on the close
similarity of the inductive effects of the ON aad €t groups For
example. the Taft o constants of these two groups are ofy =
1.30and o8, = 1.05(6). also, the values of a; of the ON and €|
groups were reported to be 0.60 and 0.47, respectively (6

The compounds:-da- # required for such study were pr
by coupling ethyl cyancacetste with dizzotized anvlaming
ethanol in the presence of sodium acetate. The structires of
da-n were confirmed by their infrared and '"Hmr spectra. Thes
the nfrared spectra of all compounds reveal the presence of
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TABLE 2. ACIE issociation constants, pi,, of ethyl cyanogiyoxalate
aryiydrazones (XCyH NHN==CICNXCOOC:Hy) in 80% dsoxame
water at 30°C and o = 0}

and alkalize
X Aras i1 A BT px, o,
w-CH, 364 359 8.85 -0.07
H %2 3=8 §.75 0.00
<l 152 302 8.52 023
»Cl 83 396 8.47 037
- Br 356 395 8.7 0.39
m-NOs 340 387 8.09 N
pCH.CO 366 428 §.02 084
pNO. s 472 7.63 128

charactenstic bands near 3220 (hydrazone NH), 2220 (CN),
1710- 1690 (ester CO). 1615 (Ca=N), and 1250 (ester C—
D—Chem ™", In their "Hmr spectra. they exhibit a triplet signal
208 1L.3-1.4(3H, J = THz, CH,CH,0), aquartet at 5 4.4 (2H,
J =7 Hz, CH;CH,0). and a singlet near 9.6 (1H, NH), in
addition 1o the aromatic proton multipiet in the region 7.0-8.2
ppm

CN
C;H,OCOC\
NNHC,HX
4
e X =3CH, & X=2Cl g X=4.CHCO
boX=H. e X=23B: A X=4NO;
& X=aC . X=3NO:

Al pH < 8 each of the compounds da—# shows an infense
w-w* absorption band near 360 nm, In alkaline medium. the
vorresponding anion shows w—=* band in the region 380-
470nm (Table 2). Spectra recorded at different pH values show
2n isobestic point near 380 nm. Typical spectra of an example of
the series studied are reproduced in Fig. 3and the valuesof A,
of da=h in acid (pH < 3) and alkabine (pH > 1) media are
summanzed in Table 2. The absorbance of a freshly peepared
wlution measured at the wavelength of the absprption masi-
mum of the amzon plotted aganst pH shows a dependence in the
shupe of a dissociation curve of a monobasic acid. From the
pH-absorbance data, the pA, values of 4a-h were caleulated
The results are summarized in Table 2

A plot of pK, vs. the substituent constant o~ was hincar (Fig
41 The eguation corresponding to this regression ling is

flog K, = 083507 — 0,873)

with correction coelficient r = 0 946 and standasd deviation § =
=0.120. As shown, the value of the siope (p,) as expected i
positive and has a value of 0.835. Since p = p; = p, it follows
gt p, = =0.312 This p, value is negative, as expected for o
feaction involving the gencration of positive charge an il
rensitson state

The'se cenchinims sem o b in agreement with heratune
Gata (7-9), Thus, (or the thermolysis of 2 S duarybetrazeles §
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Fi. 3. Atsorption spectra of ethy] a-cvanogivoxalate arvihydra
zones, XCHNHN . CICNICOOC; Hy, in 4:1 divxane«water ut M1°C
and o = 0.1 at &afferem pH values,
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Faie, 4. Hamnwett plot of acid dissociation constant svesis o ¢ons
dant for ethy) a-cyanoglyosalate arsl hydrazoass, XCHANHN.C-
(CNICOOC;H,, i 11 dioxane-water a1 S0°C and = (1

the valucs of gy and py were found 1o be .16 and <025,
respectively (71, Fusthenmiore, & Hammett pvatue of =0 63 was
sepoeted for the formation of the azocarborium ion § from the
hydrazidoyl bromides 7 (8,9)

B > )
(a8 [Ny C AL CeaN XM
‘,\--.\H-':\r
L] M

At = Jeelin =N H

The small salue of p (=0.112) obsenad for senes |
ondoubicdly results from the compensation of the trivalen
snionic nitrogen centre for the positive charge buitdup, such that
the effect of substitution was reduced.
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Tanie 3. N-Aryl-C-cthoxycarbonyHormohvdrazidov] chlorides, XCoHNHNwCICHCOOCM,
Anal caled {found), 5
Melung poim *C Yield, Molecular
X thit ) mp. °C % formala < H N
4.CH, P97 80 CiiHCINO,
S6-98¢10)
3CHy 75 9 € H, (CIN,O; 5488 3,58 164
(54 0y (5.43) (11.49;
H 80 w0 CyoH, CINO;
TI=T910)
pCl 146 83 CioHyClNLOs 4598 186 10.712
136(10) (46.05) (3.72) (1068}
m-Cl 95 Y CoH CLNO, 45 .98 356 10.72
146.0%) 32 (10,68}
P COOCH, 149 71 C M, CIN.O, Ry 504 9.38
152,181 (4.9 (.37
m-NO» 157 &0 CioH 1 CINO, 4421 n 1547
3.93) 3.65) {15.60)
p-COCH, 157 75 Ci:H,,CINO, 53.63 & 8% 0w
(83448 ($.83) 110.39)
pNOy 192 &5 CoeM1CIND, L | in 15.47
191-193(10) 42 07y (1.68) {15.59)
Experimental An Onon research microprocessor ton analyzer model %01 (Onon

All melting points were medsured on Bockmonoscop, Kazikolb
Scientific Tochnical Supplics. West Germany, and are uncarrecied.
The infrared spectra were recorded in potassivm bromide on a Zeiss

eared spectzophotometer model IMT 16, The electronic absorpeion
spectra were eneasured on a Pye-Usicamn SPR000 spectrophosometer
The proton magnetic 1esOnance speciea were obtained in deuterated
<hlocoform with a Vanan EM-390 90-MHz spectrometer Mivro-
snalyses were performed On Perkia Elmer elemeatal analyzer mode]
240-B o the microanalytical taboratary of King Abdulaziz Universay
Eihyl 2<hloroacctoacetate was peepared by chlonination of ethyl
awetoacetate with sulfury! chlonde 1o anhydrous other as previcesly
descnbed (10}

Preparation of N-anyl-Ciethorvcarbony iformohydrazidos! chlovides
la-i

A solotion of cthy! 2<chiorcucetoactate (1,642, 001 mol) in
cthanol (100 mL) was stirred for 1S min with 1.3 g sodium acetate
trihydrate, The muxeure was then chilled i an ice bath 10 0. 5°C. Whike
the ester solution was cooling, the desieed diazonium sait solution wos
prepared by diaxetizing the appropriate anylamine (0.01 mol) i 6 M
hydrochlorie a¢id (6 mL) with cold | A sodivm ritrve solution (10 mL)
i the usual way, The diazoaium salt solutivn was added 1o the culd
cster solution over a pcnud of 20 min while stirming and keeping the
wenperature below S°C. The reachion mixtore was then Rft in a
relngerator for 30 The peccipitated solid was cotlectad. wasked wath
water, dncd, and finally crystallized from ethanol. The conguvands
peepared, together with therr physical constamts, ane [bted ia Tahte 3

Preparation of ethy! cvanoghoxalate anlindnizones $a-h
These were prepared by ceuphing gty ! cvanssy
anitioes following the same peovedure dewribed y
product, osaally coored. was filtered. waed with wares, aod dered
Cryseallnation Teons ave Save e comaapanding
™M-B5% % The e

d, tageiber with Thiar Py el coatints.
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Keuette studivy

Ihe Dimetics of debydrovhhonnation of the hyvdrazadoy | chlonides
V=7 were studied in deonane=wates (40, v /vy at 30O 0. 1°Cr and
ai streagth ) = 0.0 (NaNO,). The s of dely dnwhlvnination
were !ﬂlhmuﬂ by reconding the inceeasg in the chiforlds Ion corcentry

Fooes il

Rescmblncaxpmmé. Mass, U S A ) with double juation réference
electrode 190-02) ané chiorede fon clectrode (93-178) was used ©
record the chionds jon liberated during the dehydrochlonnaton of 1

Stack solutions of hydrazadoy! chlomdes Ja-i, useally abous 1077
M, were peepared 10 209 squeous dioxanc. A stock soluton of
tiethyiamine (1 M) was also prepared in the same soivent sisiein
Appropriate concentrations of the amine and the hydrazsdoy! chloride
were prepazed by diletion of the stock solutions and thermostazed at
30°C in a constant temperature waier bath

Reactions were folloned 1o 804% completson, with at leass 1§
readings taken, All kmetic ruas wiere camind out i a double-wall cell,
theoagh whick water at 30°C was circulated by meams of a constan!
emperatite MgW Louds circulating water pump

Ina wmal kinctic run, the hvdrazides] ehlonide solution (usually
2x10° Ml was trassferred to the cell. Then the appevpriane voleme of
sodiom nitrate stock solution (1.0 Af) way added so that the ionic
strength in the test solutson was 0.1, The maxture was stirted w
mageetic stirrer. Then the chlonds 10n and the reference elecinodess
were irzroduced. The run was started by injocting the amunc selution by
means of 3 syringe asd the stop warch was starned a1 the moemient of
injction. the concentration of the chloride ion Bbdrated was secveded
# given inservals. Inall kimetic rumy, at deast 2 tenfold excess of aming
over the hydrazadoy! chlonde was used 10 onder 10 maintain psauda
fiest-order Kinetics. Buphicate or teiplicane runs wene perfornd for
each concentzation

Goad tint-onder plats of log (T = € apanss tone were abtained
Ths ¢ened Braniee ate comuants wete calvulated from
the slopes of the straiaht loes obeained by the method of Jeast -.qu:n
(Tabile 10 The an tion from the mean valee of the e
vt 3 duplivaie o A expetameals vy 280 o o

Prenfon
A pantuie of Nopmitiophen I Coethoxa corbaonn i
Shlands 140 Y o OIS oty sV 1O N
A sandianns et tate sorutnont €5 AL Y ik, oo L0 atel, Ber e iy ang cmanst
nEuge was kept 21 the Kinclie temporature 30°C ontil thy <hilorade 12
disapgeaned, as evilenaed byt ibin-dayer chromatographas) analy -
sis, The solvent in the misture was dastithed usder redoced pressure and
the rexidue wos washed with water, dewd, and subjected by peoparationg
te \ch.lhm using sihea p\! ac adsorhent and the \n.um \\\l o
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Tasty 4, Ethyi cyanoglyoxalate arylhydrazoees, XC M NHN==CICNICOOC: H,

Ana! cald
Melung point °C Yicid, Modeculas
X L) mp. *C L formata C H N

H 1 75 Ci My NyO 5.10 1934
106112) (4.97) LRL R
mCH, 92 80 CiH N0y S.66 18.16
5.51) (172.87)
m-Cl 185146 69 C | HCIN,O; 4.00 16,69
(3.84) (16.63)
pCl 151-152 78 CHoCIN, O, 4.00 16.69
(3.92) (16.49)
m-Br 155-15¢6 68 CyH BN, O, 340 14.18
(.35 (14.07)
»CH,;CO 159 75 CuH N0y 5.05 16,20
(4.%3) (16.07)
mNO, 135 85 C H N0, 384 21.36
(3.76) 120.98)
pNO; 193-192 83 G HNO, 384 21.36
(50.58) 374 21

Tuo products were separated and dentified as | 4-bis<p-nitrophens}-
Y o-diethoxycarbonyl-1 &-difydotetrazine 8 and cthyl oxalate mono-
r-hitropbenyihydrazide 9, by comparison with autheatic samples
prepared by lieeratuee methods (11)

The tetrazine derivative 8 was obained in 35% yield, mp 237°C
ACOHNER (11)mp 236217, 8°C); e iKB1) + 1738 ester COy, 1580
WC==N), 1520, 1330 (NO;), 1290 (C—=N), 1175 (C—O0—Crem™"
'Hme (CDCly) & 1240 6H. J = THz, 2CH y=~CH.), 4,319, 3H. / =
THe 2CHy = CHY0), 7.34d, 2H J = G Hz, 2 pNO,—ArH L 8.3 (4,
M J = 9Hz, 2 p-NOs—ArH) ppm

The hydrzide 9 was obtained 1n 60% yield, mp 70°C cethanoly, i
3320 (NH), 1738 (esser CO. 1650 (anilide CO). 12505, 1320
Durem”" "Rt (CDCly) 3 1.83 (¢, 38, J = THz. CHy—CH-O,
$520g, 2K, J = THy, CH,—CHO), 706 (6. 2H, J = 9H:,
N NO:—~ArH), 8.26 (d, 2H. J = $Hz, p-NO;—ArH), 8.7 (5, 1K
CONHY, 10.90 (s, TH, HNCH,—NO:wp) ppm. Anal. caled. for

0, CAT 43, K338 N 16,59, foend Ca710, H4 I3 N

I\ rermination of acid dissociation constasts of Ja-h

The acad dissoniation constanty of the compounds $a=h were
decemined spectrophotomemically in 800 dioxane~water a 30 2
UTC and an jonic streagth of 0.1

A Taccussel dagnal pH mcter PRN 78 fisted with 2 glass electrods
fipe €-285.725 and a refetence electrode type TB/HS 286-506 was
cmplivyed for the datermination of pH. The inssrument was aeurae 1o
=008 pH uait. It was calibdraled using two standard Bockman buffer
wolutions of pH 4.01 and 7.00. The pH meter readings (81 recosded m
divxane~water solations were convened to ydrogen ion concertralion
M7 1 by means of the widely used retation of van Ustert and Hass (12),
faenely

=loglH | = B+ log U,

whire Jog Uy is the correction factor for the solvent composition and

foaic strength used, for which & is read. For this purpose, readings
were made on a swenies of solutions contaiming krown amoents of
hydrochloric acid and sodium chionde. such that the jonie strepgrh was
equal to 0.1 in 80% dioxane~water 31 30.0 = 0.1°C, The value of log
Uy was found 10 be 0,55

The expenimental provedure in the determination of pK, constants
and their Calculations from the absorbance~pH data weee as described
carlier (13), The pK, values obtasned were reproducible to within
=0.0]1 pK, unit, The results are summarized tn Tabie 2
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