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The cyclization kinetics of methy#-(2,4,6-trinitrophenyl)mercaptoacetate to 2-methoxycarbonyl-5
dinitrobenzofl]thiazol-3-oxide have been studied in acetate, methoxyacetdtenmethylmorpholine
buffers. In the acetate and methoxyacetate buffers, the cyclization obeys the rate equati
[SH](K meolCH30] + kg[B] + ks medB T[CH5O]) and goes by two reaction paths differing in tt
order of their reaction steps, the splitting off of the proton from C—H group being the rate-lin
step in either path. In thd-methylmorpholine buffers, increasing concentration of the base resul
gradual decrease of reaction order in the base and change in the rate-limiting step of cycl
Methyl S-(2,4-dinitrophenyl)mercaptoacetate undergoes cyclization neither in the given buffers 1
methoxide solution.

Key words: Cyclization kinetics; Reaction mechanism; 2-Methoxycarbonyl-5,7-dinitrobdhiaia{zol- 3-
oxide.

The reactions of meth-(2,4,6-trinitrophenyl)aminoacetdtand methyIN-methyl-N-
(2,4,6-trinitrophenyl)aminoacetéteith methoxide in methanol produce 2-nitroso-4,
dinitroaniline andN-methyl-2-nitroso-4,6-dinitroaniline, respectively. The kinetics
these reactions were studiédand the mechanism suggested for them presume
intramolecular attack of carbonyl group by nitrogen atom of the amino group anc
mation of substituted aziridinone as the key intermediate of reaction. Sulfur is
nucleophilic than nitrogen and, in addition to it, tends to form thiirane rings in reac
involving neighbouring group participatiinHowever, the base catalyzed reactions
S(2-nitro-4,6-disubstituted phenyl)mercaptoacetate esters do not produce nitrosc
pounds but 2-alkoxycarbonyl-5,7-disubstituted bedjtbfazol-3-oxides (ref). The
aim of the present work is to study the kinetics of base catalyzed cyclization of nr
S(2,4,6-trinitrophenyl)mercaptoacetate leading to 2-methoxycarbonyl-5,7-din
benzofl]thiazol-3-oxide.
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EXPERIMENTAL

The *H and'3C NMR spectra were measured on an AMX 360 Bruker apparatus %@ 25 360.14
and 90.57 MHz, respectively, usimg 5% solutions of the substances in hexadeuteriodimethyl -
foxide. The chemical shifts are referenced to the solvent sig(4d3 2.55 andd(*3C) 39.60, respec-
tively.
The mass spectra (EI) were measured on an MS 25 RFA (Kratos) spectrometer at the ior
voltage of 70 eV and ionic current 10&. Temperature of ion source was Z&L) resolutionR; g, = 600.
The electron spectra were measured on an HP 8452 A Diode Array SpectrometéCat 25

Methyl S-(2,4,6-Trinitrophenyl)mercaptoacetats (

2,4,6-Trinitrochlorobenzene (0.5 g, 2 mmol) was dissolved in dry benzene (30 ml) in a three-r
flask with continuous stirring, whereupon methyl mercaptoacetate (0.18 ml, 0.21 g, 2 mmol
triethylamine (0.27 ml, 0.19 g, 0.19 mmol) were added at once. The mixture was stirred under
atmosphere at 10-20C for 1 h, triethylamine hydrochloride was filtered off, and the filtrate w
poured in dilute hydrochloric acid (100 ro& 5%), thoroughly shaken, the organic layer was se
rated and the aqueous layer extracted with chloroform $2 ml). Combined organic portions wer
dried with NgSQ, and the solvent was distilled off in vacuum. According to'HsNMR spectrum
the raw evaporation residue contained 95% produbtside 5%2. The evaporation residue wa
separated by column chromatography (silica gel, acetone—chloroform 1 : 5 v/v). The substar
tained from the first fraction was recrystallized from a benzene—cyclohexane mixture with addit
alumina for chromatography. Yield 0.30 g (47%), m.p. 72&Z3H NMR spectrum: 9.14 s, 2 H (Ar); 3.91 «
2 H (CH,); 3.62 s, 3 H (OCH). 3C NMR spectrum: 154.18 (C-2,6); 147.89 (C-4); 127.76 (C-1); 122
(C-3,5-phenyl); 168.03 (CO); 52.71 (OgH37.36 (CH). For GH;N;OgS (317.2) calculated: 34.08% C
2.22% H, 13.25% N, 10.11% S; found: 34.26% C, 2.19% H, 13.34% N, 10.06% S.

2-Methoxycarbonyl-5,7-dinitrobenzdithiazol-3-oxide )

The same procedure as above with triethylamine (0.31 ml, 2.2 mmol) and the reaction time
gave, after column chromatography (silica gel, acetone—chloroform 1 : 10 v/v) and recrystalli
(toluene, alumina), produét (0.20 g, 33%) with m.p. 197-19€. *H NMR spectrum: 9.26 and 9.12 AB
2 H, %) = 2.06 Hz (Ar); 4.02 s, 3 H (OCHL 13C NMR spectrum: 156.88 (CO); 147.03, 146.1
14251, 137.38, 128.50 ¢6C;); 121.19, 119.53 (X CH); 53.66 (OCH). EI-MS, m/z(%): 299 (M, 16);
283 (M'— O, 20); 252 (M- O — OCH, 35); 225 (M — O — COOCH + H, 100). For GHsN;0,S
(299.2) calculated: 36.13% C, 1.68% H, 14.04% N, 10.72% S; found: 36.44% C, 1.70% H, 14.1
10.87% S.

2-Methoxycarbonyl-5,7-dinitrobenzdjthiazole @)

A mixture of compoun@ (200 mg, 7 mmol) and P£(1.2 ml, 14 mmol) in chloroform (15 ml) was
heated to boiling 1 h, whereupon the solvent was distilled off in vacuum, and the evaporation r
was submitted to column chromatography (silica gel, benzene—acetone 5 : 1 v/v) to give ro
(100 mg, 50%) with m.p. 109-11°C. *H NMR spectrum: 9.55 and 9.18 AB, 2 Fl] = 2.04 Hz
(Ar); 4.10 s, 3 H (OCH). 3C NMR spectrum: 162.91 (CO); 159.48, 153.64, 146.86, 142.41, 13
(5% Cy); 126.22, 118.29 (2 CH); 54.14 (OCH). EI-MS, m/z(%): 283 (M, 48); 252 (M — OCH;, 18);
225 (M" — COOCH + H, 100).
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Methyl S-(2,4-Dinitrophenyl)mercaptoacetaté) (

A solution of methyl mercaptoacetate (1.1 ml, 12 mmol) and triethylamine (1.4 ml, 10 mmc
chloroform (10 ml) was added drop by drop to a solution of 2,4-dinitrofluorobenzene (1.86
mmol) in methanol (15 ml) at room temperature during 1 h. After 3 h stirring under argon a
phere at room temperature, the solvents were distilled off in vacuum, the evaporation resid
dissolved in chloroform, and the unreacted methyl mercaptoacetate was removed by extractic
a 5% solution of sodium carbonate. Chloroform was distilled off, and the residue was recryst:
from benzene with addition of 4D, to give compound! (1.6 g, 60%) with m.p. 94.5-95% (ref?
gives m.p. 93-94C). 'H NMR spectrum: 9.10 d, 1 H) = 2.50 Hz (H-3); 8.40 dd, 1 H) = 9.02 Hz
(H-5); 7.69 d, 1 H (H-6); 3.85 s, 2 H (GH3.79 s, 3 H (CH). 3C NMR spectrum: 168.26 (CO);
145.07, 144.76, 144.40 (8 C,); 127.43, 127.14, 121.64 (8 CH); 53.21 (OCH); 34.66 (CH).

Determination of [, Differences

The ApK, values between acetic acid and methoxyacetic aci-roethylmorpholine in methanol at the
ionic strength of 0.1 moltat 25°C were determined spectrophotometrically from the absorbances
chloro-4-nitrophenoxide at the wavelength= 316 nm in the following buffers: [CEOONa] =
[CH;COOH] = 0.1 mol t (a); [CHOCH,COONa] = 0.1 molt, [CH;OCH,COOH] = 0025 mol *(b);
[morpholine] = 0.1 mol T, [morpholine . HCI] = 0.1 mol (c). The buffer (2 ml) was placed in
1 cm quartz cell and after adjusting its temperature in thermostat a solution of 2-chloro-4-nitroy
in tetrahydrofuran (3Qul, 5 . 102 mol I"Y) was added from a microdoser and the spectrum \
measured in the wavelength range from 240 to 470 nm. geutrsm of completely dissociated 2-chlorc
4-nitrophenol Ag) was measured in methanolic 0.1 ndldodium acetate and that of nondissociat
2-chloro-4-nitrophenolAgy) in methanolic 0.1 mot+ acetic acid at the ionic strength= 0.1 mol 1!
adjusted by addition of NaCJOFor the calculation aApK, values from Eq.%) for acetic (Ac) and
methoxyacetic (MAc) acids we used the absorbance valugg, andAg, measured at 316 nrAA°
and AMAC gre the absorbances of 2-chloro-4-nitrophenoxide in acetate and methoxyacetate t
respectively.

ApKa = pK AS — pK XA¢ = |og ([CH:COOH]/[CHsCOONa]) —
— log ([CHOCH,COOH]/[CHsOCH,COONa]) + log [A*° — Ag)/(As — A™)] —
— log [AMA° — Agp)/(As — AMA9)] = 1.16 )

For theN-methylmorpholine buffer we found the val@K, = pK A¢ — ok ¥Ph = 0.40. 2-Chloro-4-
nitrophenol was recrystallized from benzene, m.p. 107.5-108.5ef® gives m.p. 109.5-110.5C.

Kinetic Measurements

For the kinetic measurements we used solutions of compolraasl 2 (5 . 102 mol ) in dry

tetrahydrofuran and solutions of the following acids and bases in preboiled p.a. methanol: acet
anhydrous sodium acetate, methoxyacetic asichethylmorpholine (1 moft). The methanolic solution
of sodium methoxyacetate (1 mob)lwas prepared from 4.25 mof kodium methoxide and 2 mott|

methoxyacetic acid. The solution dbEmethylmorpholine hydrochloride (0.5 mol') was prepared
by dissolving the crystalline hydrochloride in methanol. The hydrochloride was prepared by s
tion of N-methylmorpholine solution in dry ether with dry hydrogen chloride. The precipitated hy
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chloride was collected by suction in argon atmosphere, washed with dry ether, and dried a
temperature under argon.

Sodium perchlorate p.a. for adjusting the ionic strength was dried a&tCI206 kPa for 4 h.

The stock solutions thus prepared were then used to prepare the following buffer stock so
with the ionic strength = 0.1 mol t% Acetate buffers with [CECOONa]/[CH,COOH] =8 : 1; 6 : 1;
4:1;2:1;1:1;1:2;1: 4; methoxyacetate buffers with;[@EH,COONa]/[CH;OCH,COOH] =
4 :1; 2:1; 1: 1N-methylmorpholine buffers withN-methylmorpholine]/N-methylmorpholine
hydrochloride] = 4 : 1; 2 : 1; 1 : 1. The concentration of ionic component of buffer in the ¢
solution was always 0.1 motll From these stock solutions we prepared series of buffers
various ratios of components and various concentrations. The ionic strength of these solutio
adjusted at = 0.1 mol by adding methanolic 1 motisodium perchlorate. For the kinetic exper
ments, the stock solutions prepared (2 ml) were placed in 1 cm quartz cells and kep€ah 26e
closed cell. At the timé = 0, 20pl stock solution of compoundl was added and the absorbance w
monitored at 292 nm. The rate constants were calculated with the help of the OPKINA profyra

RESULTS AND DISCUSSION

Substitued 2-alkoxycarbonylbenbjthiazol-3-oxides are formed by base catalyzed
actions of substituted 2-nitrochlorobenzenes (which are further activated for nt
philic substitutions) with mercaptoacetdtesntermediates of these reactions
substituted alkys-phenylmercaptoacetates — were only isolated in two cases, henc
reaction described in Scheme 1 is preparatively carried out as a one-step¥éactic

SCHZCOOR

02 HSCHCOOR. Y B
+ HCl —— />*COOR + H0

ScHEME 1

Methyl S-(2,4-dinitrophenyl)mercaptoacetaté) (vas prepared in high yiéldince it
does not undergo a subsequent cyclization. Standing in 1 febdium methoxide
does not result in cyclization but in splitting off of the side chain and formation
mixture of products. This unwillingness to react in cyclization reaction — in contra
2-nitro-6-substituted sulfides of the tyde- is obviously due to entropic effects: tk
conformation suitable for cyclization is energetically unfavourable in compéund

Ethyl S(4-cyano-2,6-dinitrophenyl)mercaptoacetate was preparededgtion of
4-chloro-3,5-dinitrobenzonitrile and ethyl mercaptoacetate in benzene in the pre
of less than equimolar amount of triethylanfing€he reaction of 2,4,6-trinitrochloro.
benzene with methyl mercaptoacetate at similar conditions gave a mixture of n
S(2,4,6-trinitrophenyl)mercaptoacetate and 2-methoxycarbonyl-5,7-dinitrotsnz
thiazol-3-oxide in practically quantitative yields (the ratio of the two substancesaw:
20 : 1 after 1 h reaction). The mixture of both compounds is also formed by the re:
in benzene in the presence of KHC®owever, this reaction is slow and gives or
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39% vyield of compound after 7 h reaction time. The anhydrous sodium acetate c
lyzed reaction of 2,4,6-trinitrochlorobenzene with ethyl mercaptoateiatg gave
2-ethoxycarbonyl-5,7-dinitrobenzdjfhiazol-3-oxide.

Compoundsl and 2 were identified by means dH and*3C NMR spectra, com-
pound 2 also by means of mass spectrum as was also its deoxygenation prot
2-methoxycarbonyl-5,7-dinitrobenatifhiazol 3). The mass spectrum of compouad
shows the typical fragment ™ 16 which is absent after the deoxygenation.

The base catalyzed reaction of metByi2,4,6-trinitrophenyl)mercaptoacetate lea
to products completely different from those obtained from the base catalyzed re
of methyl N-(2,4,6-trinitrophenyl)aminoacetdteand methylO-(2,4,6-trinitrophenyl)-
glycolaté at similar conditions. With the sulfur derivativie no nitroso product is
formed, whereas the nitrogen derivative gives the nitroso compound as the onl
duct. The sulfur derivative gives its product by the attack of nitrogen atconttaF
standing nitro group by the carbanion —S{GHCOOCH; in spite of the fact that the
sulfur atom in compound must be much more nucleophilic than the nitrogen aton
the aminoacetates mentioned. Such an attack, on the other hand, was observed
with nitrogert? nor oxygef derivatives. The different behaviour of the sulfur deriv
tive is obviously due to substantial increase in the acidity of _.SO&@CH, group as
compared with >SNCKCOOCH; or -OCHCOOCH, groups caused by the fact that sulf
atom is better able to stabilize the carbanion. The effect of sulfur on acidity o
groups — as compared with the effect of oxygen — is obvious from the comparis
pairs of 9-X-fluorenes X (pK, in DMSO at 25°C) SGH5 (15.4), OGH5(19.9), SGHs
(18.0), OGH; (21.1).

The reaction of compountiwith bases in methanol was studied spectrophotome
cally at 25°C. The reaction with methanolic sodium methoxide of concentrations al
5. 103mol I'tis very fast: the reaction course is complicated by formation of Mei
heimer adducts and the character of absorbance-time dependences at various
lengths indicates that there occur consecutive reactions. Comj2oisndot the final
product of the reaction. Further decrease in methoxide concentration can be ac
by application of buffers. In acetate, methoxyacetate Nuntkethylmorpholine buffers
the cyclization of compound obeyed the 1st order rate equation, no intermedi:
accumulated in the reaction course, and the reaction product showed the ele
spectrum identical with that of compoudn the same buffer at the same concent
tion. The half-lives of cyclization of compourddo compound ranged from about 3C
to 7 200 s.

The mechanism of cyclization of compouhdo compound? can be expressed b
Scheme 2. The cyclization can take two paths differing by the order of events:
mediate 1§7) can be formed from intermediate{reithervia intermediate 1" after
primary deprotonation of CH group and subsequent protonation of oxygen, or @
other hand, the protonation of oxygen can come first and be followed by deprotor
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of CH group in intermediate {#). The resulting intermediate {hsplits off hydroxyl

ion to give product2. The rate-limiting step can be deprotonation of CH group
compoundl or in some of the intermediates¥ror Inf*~) or hydroxide ion splitting off
from the intermediate {N. The steps involving the protonation of oxygen in Schem
must be fast equilibria. On the basis of kinetic studies it is possible to decide \
path is really adopted by the cyclization.

Acetate and methoxyacetate buffefables | and Il summarize the values of o
served rate constanks,(s™) of cyclization of compound for buffers with various
ratios of components and various concentrations. In the acetate and methoxy:
buffers we found linear dependencexgf vs buffer concentration in series of buffet
with constant ratios of components (Figs 1 and 2). The increasing rajiHj of the
buffer components increases both the intercepts obtained by extrapolation to zel
fer concentration and the slopes of dependences. Such behaviour is compatibl
rate equation?):

Kobs= K® + K ecd[CH30] + kg[B] + kg yed BTI[CH307] . (2
NO» Ki NO»
CH30~ R
OoN S—CHy—COOCH3 =———= O,N S—CH—COOCH3
CH30H
NO NO
2 2 s()
SH
S
NO» Kz_l NO»
S COOCHgz CH30 S_ COOCH3
+ ‘C o +
O,N N H H3OH o N N H
2 o \OH 2! o \O_
(+/-) )
In1 Ing
S kg [BH] | kBB k-B,Me0 [BHI || kg meo [B]
NO, K3t NO,
P s CH30 S
0 <2 +)—COOCH3 +)—COOCH3
0N N CH30H 0N N
2 ‘0" "OH 0 o
(2)
) Ing
Ino

ScHEME 2
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TaBLE |
ObservedK,,) and calculatedk(,, from Eq. @)) values (3!) of rate constants of cyclization of com
pound1 to 2 in methanolic acetate buffers at 26 andl = 0.1 mol I*

[B7)/[BH] [B], mol 2 Kops - 10°, 5% key - 10, st
8:1 0.10 13.41 13.51
0.05 11.91 11.86
0.01 10.51 10.55
6:1 0.10 10.36 10.36
0.05 9.02 9.02
0.01 7.78 7.95
4:1 0.10 7.22 7.21
0.07 6.71 6.59
0.05 6.27 6.18
0.01 5.55 5.36
2:1 0.10 411 4.06
0.05 3.35 3.34
0.01 2.79 2.76
1:1 0.10 2.53 2.49
0.07 2.14 2.14
0.05 1.92 1.92
0.01 1.48 1.46
1:2 0.10 1.62 1.70
0.07 1.34 1.40
0.05 1.15 1.21
0.02 0.86 0.91
0.01 0.75 0.81
1:4 0.10 1.04 -
0.085 0.97 -
0.07 0.90 -
0.05 0.75 -
0.035 0.66 -
0.02 0.52
0.01 0.42 -
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The dependence &f,,vs[B] is not quite linear but slightly curved for the most acic
acetate buffer (4 : 1), which resembles — even though to a much less extent
dependences &, vs [B] in the N-methylmorpholine buffers (Fig. 7) and could ind
cate the same kinetic behaviour. As, however, in the still more acidic methoxyas
buffers the dependences ky, vs [BT] are linear, the curvature in the acidic acet:
buffer is obviously due to a change in character of medium at the highest conc
tions of acetic acid. The terky,.o [CH;O7] corresponds to the cyclization catalyzed |
methoxide and its value was determined by extrapolation of linear dependences
zero buffer concentration. THeyo Vvalues found in the series of acetate buffers
constant and equal to (1.268).012) . 106°s™! (for acetate buffer with ratios of compc
nents 1 : 1). Identical or very close valuesk@f, were found in methoxyacetate ar
morpholine buffers after recalculation to pH values of the acetate buffers with the
of the ApK, values foundk .o = 1.268 . 10° st (for methoxyacetate buffers) an
K veo = 1.304 . 16*s1 (for morpholine buffers).

TasLE Il
ObservedK,,) and calculatedk(,, from Eq. @) values (3!) of rate constants of cyclization of com
pound1l to 2 in methanolic methoxyacetate buffers at®5andl = 0.1 mol 12

[B7)/[BH] [B], mol 2 Kops - 10%, 5% key - 10F, st
4:1 0.100 5.20 5.12
0.085 4.82 4.86
0.070 452 4.60
0.050 4.22 4.25
0.020 3.77 3.73
0.010 3.60 3.56
2:1 0.100 3.07 2.99
0.070 2.58 2.58
0.050 2.31 2.31
0.030 2.01 2.04
0.010 1.73 1.77
1:1 0.100 1.92 1.93
0.070 1.54 1.58
0.050 1.34 1.34
0.030 1.05 1.11
0.010 0.97 0.87
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As the dissociation constakt, of acid buffer component in methanol at the ior
strengthl = 0.1 mol t1is not known, the concentration of methoxide in E).wWas
expressed by means of the concentration rati¢[EH] of the buffer components. The
methoxide concentration and the ratio of buffer components are interrelated I8) E
whereKy,.on is the ion product of methandK.on = 107692 ref19). By introducing
the relation for methoxide concentration from Eg).i(ito Eq. @) we get Eq.4).

[CH307] = KyeoH BV Ka[BH] (3

Kobs= K ™ K yeo KieorBT/KA[BH] + K g[BT] + k g el KieoH B I KABHDIB T (4)

L —
B7:BHI, .,
12 -
3
Kops - 10
8 -
Fe. 1 4 ' h
Dependence of observed rate constants 1:1
kops(s™) of transformation ofl into 2 upon W
concentration of acetate ionJB(mol ™) in M
acetate buffers with varying ratio of buffer 0t L I
components at= 0.1 mol Ttat 25°C 0.00 0.05 B7] 0.10
of (B7: [BH]
4 4:1
Kops - 10
4k i
2:1
)

1:1
Fic. 2 2 / .
Dependence of observed rate constants

kops (57) of transformation ofl into 2

upon concentration of methoxyacetate ion
[B7] (mol I"Y) in methoxyacetate buffers oL J
with varying ratio of buffer components at 0.00 0.05 B 0.10
| = 0.1 mol Ttat 25°C B]
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The dependences &, on concentration [§ of the basic buffer component ar
linear. The intercept®; for a given ratio of buffer components are expressed as
sumD; =k + K ;00 (Kyeor/Ka)([B7J/[BH]) and correspond to the cyclization catalyze
by methoxide. The slope#, of these dependences are expressed as the
kg+ k'B’Meo(KMQOHIKA)([B‘]/[BH]). The values of intercepts and slopes are preser
in Table 1.

The dependence of slopés on the ratio [B]/[BH] of the buffer components is
linear with the intercept corresponding ki, and the slope corresponding t
K &meoKmeonKa. These dependences for acetate and methoxyacetate buffers &
presented graphically in Figs 3 and 4. The slope values are loaded with large errol
case of the methoxyacetate buffers and the justification for the presumption of
dependence in this case (Fig. 4) is supported by the results of the multiple line
gression carried out. The intercepts atyteis have the valudsg = (80.1+ 8.6) . 10*

300
4
A;. 10
200
Fic. 3
100 Dependence of slopes; = Ak, /A[BT]
(I mol™ts™Y) upon ratio [B]/[BH] of buffer
| s components in acetate bufferslat 0.1
0 4 [B7V[BH] 8 mol I at 25°C
T T
18 | .
©
A..10*
1
o
14 .
10 L © | FG. 4
Dependence of sloped; = Ak, /A[BT]
(I mol™tsY) upon ratio [B}/[BH] of buffer
0 é ‘L components in methoxyacetate bufferd at
[BV[BH] 0.1 mol I at 25°C
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and (9.7+ 1.9) . 10* | mol™ s for the acetate and methoxyacetate buffers, respect
The respective slopés; yeo = K meoKcKiKa/Kyeor have the values (31.81.9) . 10
and (1.97+ 0.71) . 16*1°2mol?s™

On the basis of the Bodenstein steady state approximation it is possible to forr
the rate equationss( or (6) for the system of consecutive reactions described
Scheme 2 and going from starting compounto product2 via the intermediate )
or Inf*"), respectively.

Vioy = K GASH] = kK 1kg med CHzOIBIISHI/(K_c + Kg e BT) (5)
Viriny = K EIISH] = KK ykoka[BIISHI/Ka(ker[BH] + ko) (6)

The key intermediates for deriving the approximation afé and I for the pathsia
Inf?) and 14", respectively.

The cyclization of compound in acetate and methoxyacetate buffers follows fu
neither of the rate equations given because linear dependences were found experir
betweenk,,sand concentrations of bases (Eg)).(If k_.>> kg yedB7], then Eq. §) is
reduced to Eq.7). If k, >> kg, [BH], then Eq. 6) is reduced to Eq8]}.

V(o) = Kopd SH] = KK1Kg meoCH3O7][B7][SH] (7

Visio) = Kond SH] = KK kg[BT][SHI/K, ©)

TasLE Il
Values of interceptd; (s7) = (K meo KmeodKA)([BV/[BH]) and slopesA (I mol* s%) =
kg +Kg meo (Kmeor/Ka)([BJ/[BH]) of dependences di,,svs base concentration in acetate (Ac) ar
methoxyacetate (MAc) buffers determined by linear regression

Ac MAc
[B7)/[BH]
D; . 1¢f A .10 D, . 1¢ A . 1¢
1:2 6.63+ 0.06 96.3¢ 1.05 - -
1:1 13.51+ 0.24 116.00+ 3.71 0.80+ 0.05 10.93¢ 0.87
2:1 26.33+ 0.22 146.90: 3.41 1.57+ 0.02 14.82¢ 0.29
4:1 53.60¢ 0.35 187.3+ 5.29 3.34+ 0.05 17.07 0.84
6:1 75.29+ 0.77 285.90 11.90 - -
8:1 102.30+ 0.92 321.30 14.20 - -
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The right-hand sides of Eqg)(and 8) are terms of Eq.2). This means that the cycli
zation of compoundl in acetate and methoxyacetate buffers goes by both patt
Scheme 2j.e. viaboth the intermediates f? and 1§"). The third term in Eq.2),
k vedlCH3O], corresponds to specific base catalyzed reaction. It cannot be de
which reaction path is adopted by the cyclization. The cyclizations obeying the
equations ) and ) can be described by the sequences of stepy iand 8). In both
paths the deprotonation of CH group of the intermediates is rate limiting. The (
energy changes along the reaction coordinate in the cyclizations gairige inter-

mediates Iff”) and 14" are represented qualitatively in Figs 5 and 6 (graph a), res
tively.

Kl KC

kg
SH = &) ) —— 1) —— 1) — P A
e g : @
K Ke K k
SH — = &) == 1D . ) P (B

RLS

Experimentally accessible are only the values of stoichiometric rate codsgq\ﬁg@:
ke meoKcK1Ka/Kyeon @andk g = kK K/K, because the values of corresponding equ
brium constants are not known.

The parameters of rate equatiof) (vere also evaluated by multiple linear r
gressionk,,swas chosen for the dependent variable, and the interpreting variable
volved [B], [B7)/[BH] and [BT][B7])/[BH]. The values of rate constants thus obtain
for acetate and methoxyacetate buffers are summarized in Table IV. Tables |
give beside thé&,,;values also thk., values recalculated from the rate constant vall
for each buffer and each base concentration. We also tested the statistical signi

kglBI
AG P
P |
b
TR
. L
[ R
L 2"
”lv {l’_“' In( ) 4 B( ) \.“
I ;
! b FGc. 5
- 2 . . L. .
SH + cH07 + 80 Gibbs energy profile of cyclization df to 2 with
reaction coordinate the rate-limiting formation of Iﬁ") intermediate
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of the k © constantj.e. of the possibility of the cyclization catalyzed by methanol. T
value of test criterion is= 1.470,t; g7418) = 2.101 in the acetate buffers amd1.990,
to.97412) = 2.179 in the methoxyacetate buffers. KRevalue is statistically insignifi-
cant wherefrom it follows that the solvent-catalyzed cyclization takes place neith
acetate nor in methoxyacetate buffers.

N-Methylmorpholine bufferdn contrast to the acetate and methoxyacetate buff
the dependences &, vs [B] are not linear (Fig. 7, Table V), the slopes being ¢
creased with increasing base concentration. This indicates a decreasing reactio
in base with its increasing concentration and a change in the rate-limiting step
dependences &, vs [B] extrapolated to zero buffer concentration form intersect:
y-axis whose magnitude is proportional to the methoxide concentration in the bu
This indicates the existence of thg,[CH;O7] term in the rate equation for the cycl
zation. As long as the cyclization in themethylmorpholine buffers follows the sam

TasLE IV

Rate constantk;, their standard deviations, residual standard deviai@nd correlation coefficient
R of multiple correlation

Parameter Ac MAc
K. 10, st 7.742+ 5.256 1.228& 0.615
kveo. 1¢%, s 12.680+ 0.122 0.87% 0.023
ks . 10%, | mor* st 83.540+ 8.340 9.85& 1.004
ke meo. 10%, P mol?s* 30.610+ 1.918 1.87& 0.358
s. 10 8.446 0.585
R 0.9998 0.9993
Kgy[BHI
AG Q
pan
Lk
"f—'\l'v /'—\‘
by
L W
| ' ' 2 1
Fic. 6 — L pt gt :
Gibbs energy profile of cyclization dfto 2 with the T g '
rate-limiting formation of Iﬁ) intermediate &) or {80 +gC b
with comparable velocities of decomposition of |_/ 0.0 2
In$?) intermediate into I and transformation of SH+CHO " +B
In$? to 2 (b)

reaction coordinate
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mechanism as that in the acetate and methoxyacetate buffers, it should obey t
equation 9) or (10).

Kobs= K meol CH3O + (KKy/Ky) (kokg[B]/(Kgh[BH'] + k3)) (9)

Kobs= K med CHaO] + kekg meaKa[CHZOIBY/ (K + Kg yeolBI) (10

Both equations express straight lines in the coordinatés,d#(k ,oo[CH;O7]) and
1/[B] (Egs (1) and (L2)). Parameters,, a,, a;, 8, are combinations of rate and equil
brium constants. For a series of buffers with various concentrations and various
of components the solution of EQ.1j represents a series of parallel straight lines w
the slope of H,; = Ky/KK;Kg.

(Kobs— KmedlCH3O )™= (@y[B]) ™ + (8,[CH;O]) ™ (19

(Kobs— K meolCH3O0]) ™ = (ag[CHZO][B]) ™ + (a[CH;0 )™ (12)

In the case of Eq.1Q) the slopes depend on the methoxide concentratibhnrethyl-
morpholine buffer (the slopeaf{CH;07])~Y). The cyclization of compound in
N-methylmorpholine buffers obeys rate equati®n(Fig. 8), hence it goes through th
In{*~) intermediate. Again it is impossible to decide about the reaction path taken I

obs - 10

[B]: [BH]
4:1

15 +

Fe. 7
Dependence of observed rate constdgts (s
of transformation ofl into 2 upon concentration
of N-methylmorpholine [B] (mol1}) in N-methyl-
morpholine-N-methylmorpholinium chloride buffers
0.0 oL 0.2 03 0.4 with \_/?rylng ratio of buffer components bt 0.1
[B] mol ™at 25°C
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specific base catalyzed reaction. The graph in Fig. 6 depicts qualitatively the
energy changes along the reaction coordinate. At low concentratiddsnethylmor-
pholine buffer the reaction is 1st order in base and the rate-limiting step is the forn
of the 1) intermediate. Both the formation and the reverse decomposition of i
mediate I§) are accelerated by increasing buffer concentration, and the reaction
in N-methylmorpholine is decreased. The above-mentioned changes in the rate-lil
step are reflected in the difference between graphs a and b in Fig. 6.

TasLE V
Observed K,,) and calculatedk(,) values (5} of rate constants of cyclization of compouhtb 2 in
methanolicN-methylmorpholineN-methylmorpholinium chloride buffers at 2& atl = 0.1 mol 1*

[BI[BH *] [B], mol I Kops . 1%, st Kegr - 162, st Ky - 10°°, st

4:1 0.400 19.72 19.42 19.54
0.300 18.52 17.75 17.77
0.200 15.55 15.22 15.13
0.100 10.60 10.92 10.75
0.075 9.32 9.33 9.16
0.050 7.21 7.40 7.26
0.030 5.62 5.54 5.46
0.010 3.30 3.30 3.31

2:1 0.200 9.64 9.73 9.77
0.100 7.51 7.55 7.57
0.075 6.68 6.61 6.62
0.050 5.36 5.36 5.37
0.030 4.05 4.02 4.03
0.010 2.19 2.19 2.21

1:1 0.100 476 4.81 4.89
0.085 4.59 457 4.64
0.070 438 4.27 4.34
0.050 3.80 3.74 3.78
0.035 3.10 3.17 3.20
0.020 2.33 2.36 2.37
0.010 1.59 1.58 1.60

2 Calculated on the basis of the results obtained by linearizdtiGalculated on the basis of the
results obtained by multiple nonlinear regression.
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The rate constants were obtained from both the linearized form B9 .ahd nonli-
near regression. Equatiof) (was modified to Eq.1{3).

Kobs= K meo([BV[BH ) + ((KK1/Ko)ka[B])/((Kgp/kp)[BH'] + 1) 13

With regard to the broad range of the dependent variable, #yg.lrmalues were usec
in the optimization. The following values of rate constants and their combinations
obtained from the calculation:

Kiyeo = (5.19% 0.20) . 10*sL, KoK kg/K, = 0.129+ 0.004 | motls,
Ksn/k, = 19.56+ 0.89 | mot™.

The residual standard deviation determined for thie Jgvalues was = 1.946 . 107,
which indicates a very good fit.

T T

+
800 [B]:[BH]
— 1:1
o(\‘)
T
(2
o
()
_¥§
|
2 400 E
<
=

Fic. 8
0t L L 7 Dependence of M, — k'Meo[CH3O‘]) (s) upon
0 40 g 80 1/[B] in N-methylmorpholine buffers
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