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SUMMARY

Isopropyl s-chloro-z-hydroxyvearbuanilicte has been shown to thermally degrade
to  s-chloro-z-benzoxazolinone  and  unidentitied . polymerie products, Isopropyl
2-acctoxy-3-chlorocarbanilate was thermally degraded to N-acetyl 3-chloro-2-benzox-
azolinone and polymerie products. When isopropy] z-acetoxy-3-chlorocarbanilate
wis pyrolyzed in the presence of dimethyvlamine isopropyl 2-hvdroxy-s-chlorocarb-
anilate, s-chloro-z-benzoxazolinone and 3-(2-hyvdroxy-s-chlorophenyh-1,1-cdimethyl-
urei were isolated, The acetvhvted carbamiate was shown to bhe thermally more stable
than the hydroxy analog,

INTRODUCTION

In sovbeans, the aglucone of 0 major wiater-soluble metabolite of isopropyl
S-chlorocarbanilate has been identificd as isopropyl s-chloro-z-hydroxyearbanilate!,
Problems with chemical and thermal instability were encountered throughout the
isolation and characterization of this metabolite, Gas liguid chromatography (GLC)
of the free phenol or the acetviated derivative viclded pyrolytie degradation produets,
RosaaNoLt axb Barney® reported the instability of isopropyl g-chlorocarbanilate at
tomperatures above oo FrsipiiNy aND Zininsstt reviewed the thermal degradation
ol varicty ofalkyl- and arvi-substituted carbamates during GLC, MuUgaryasa ef ol 15
studicd the thermal dissociation of ortho, ieta and para (methyl-, methoxs-, chloro-
or nitro-) substituted henzylearbanilates in an amine solvent, Their data suggested the
following sequence of reactions:

RNCITOOR” - RN GG O L HO R (0
RN ConO) = T,NR” - RNHCONTIIR )

Reaction rwas shown to be the rate-determining step. Dy axp Wriair® extended
the linding of MeKay aND Vavasorr® and studied the thermal degradation of ethyl,
benzyl, and z-methylbenzyl carbanilates under nitrogen in the absence of solvent.

* Mention of a trademarlk or proprictary prodoct does ot constitute o guarantee or warranty
of the proguct by the TS Departient of Agriculture and does not imply its approval to the ex-
clusion of other products that may also be suitable,
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Several investigatorst = hiave shown that carbamiate esters of secondary and tertiary
aleohols may decompose according to reaction 30t the aleohol has o g-hydrogen,
. -

CeLNHCOOCHI(CH R - CiHENTL, - CoOy e RICTHE O, (RY

Kinctic and chemical data” support an intramolecular degradation with a proposed
carbanilic acid intermedinte. None of these studies have been performed with ortho-
hydroxy carbanilates, The appearance of several unknown materials was observed
during the development of o suitable GLC method for the separation of the hyvdroxy
or acctoxy carbanilates, These unknown materials had shorter retention times than
the parent and their concentrations increased at clevated column temperitures,
Recent reports® 10 on the mass spectral analysis of isopropyl z-hyvdrosy-3-chloro-
carbanilates have proposed that s-chloro-z-benzoxazolinone is o predominant frag-
ment ion. Thus, the possibility of 2-benzoxazolinone formation by thermal degrada-
tion of isopropyl 3-chloro-z-hydroxyearbimate wis considered,

EXPERIMENTAL

General procedures for degradations

samples were placed in glass hvdrolysis ampules with silanized glass wool,
purged with nitrogen and scaled at atmospheric ressure. The ampules were heated
cither in a programmed GLC oven or a preheated silicone oil bath, Following the
pyrolyvzis period the ampule was opened and the reaction misture dissolved in 1,2-di-
methoxsethane, The procedures for the separation of the reaction components are
deseribed in Table 1,

A 1o splitter was emiploved to transfer saomples from the ettltuent stream ol the
gas-liquid chromatograph. All simples were collected in capillary tubes from which
the material could be removed for TR, NMR or mass spectral analysis. As o general
practice TR spectroanalysis was conducted using semi-micro WHr pellets, After the TR
data had been collected the K3r pellets were re-ground and placed in sianple tubes for
mass spectrometry by use of the solid somple probe, The mass spectra were measured
with o Varian M-00 mass spectrometer equipped with a V3500 console, The spectra
were attained at 7o oV oat o source temperature of 180 and a probe tempericture of
25--50 " :

NMR spectra were collected using a Varian A-ooN with the aid of o Fabri-Tek
computer of averaging transicnts, Samples were examined as solutions of carbon
tetrachloride or acetone 61,

Al GLC data were exposed as peak area measured by using o Teehnicon-strip
chart integrator, The quantitative data were based on standard curves as a function
of peak arca,

RIESISLTS

In o tvpical experiment the conditions of the gas-liquid chromatograph were
sitmulated by charging o glass hydrolysis ampule sith silanized gliss wool,isopropyl
2-hydroxy-s-chlorocarbanilate or isopropyl z-acetoxy-s-chlorocarbanilate, and sealed
at atmospheric pressure under nitrogen, The samples were pyrolyzed for ro min at
250--2007. The products of the thermal degradation were isolated by TLC and/or GLC
(Table ) and assaved by TR, NMR, and mass spectroscopy.
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TALL
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Conditions lor thinaover chronutosraphy s faver, 250000 Silicas Gel THE S solvent svstem, benzene
chlorotorm ethyl aeetate (505005, Conditions Tor was chromatogreaphy s carrier go-, hehin
coceaninindet tempes 220 e detector s tempoeratare progean, 15 min at 125, then o e
Vo v D rodtiim, LS o vy 3 I yesstl A0 on Cias-chiroan L), N0 tomn mesh, or 30 0N g on
Coas-chirom (_), Ney oo peshy,

Cosirpeinind 1. Crd O o teattient branne Caiciag:
e il
Al A AT B TR SNV TP

F~oprapvl z-acetosy 3 chlorocarbanilate N 14 b
Lsoprapyl 2hvdrosy s chlorocarbaailinte ooy 13

N Aecrvbisopropyl @ acetosy s-chilorocarbumiliate ) 15
I~oprapyl 2aeetosy g chlorocarbanilate 45 a4

N Neetvbisopropyl 2acetosy 3 chlorocarbaenifiate N At
Isoprapyt pracetosy 3 chlorocarbanlate 35

N o Acetsvbisopropyvl pacetosy 3 chiloracariambate 30

|~'l||l'l>|!\'| sacetosy s oochlorocarbamnibiate 5N At

N Neetvbisopropyl goacetaossy s-chlorocarbooibinte ' 30

N Aevetvl schlore 2ohenzosazalinogne e KN

5 Chiforos o beenzoxazolinone g S

Clurracterivation of 5-chloro-z-henovazolinone
When isopropyl 2-hvdroxyes-chlorocarbanilate was subjected to elevated
tempreratures an unkonown product was observed, This unknoswn pyrobvtie prrodet
cunknown s had o TLO e vadue of o o and o GO retention time of 31 min Clable 1y,
The TR spectrinn of unknown W\, z-isoproposy-henzosazole, 2-henzoxazolinone and
3.0-dichloro. 2-henzoxazolinone swere similar in several respects. A\ strong carbony] at
7o oom Pindicated that anknown A had o cavbonvlgroup similo to 2-henzaoxazolin-
v,

Mas< spectrad data for nokoeswn N\ and several possible stractarvalle related
compotnds are reported in Table TH Unknown A hied o strong parent ion and base
preak ot e oo which fraogment= with the Jos< of tswvo carbon monoxide fraginents
300 to vield a peak at wcfe rrgs This ragmentation pattern is comparable to the
mss spectra ol the twonodel componnds, z-isopropoxy-henzoxazole and 2-henzos-
azodinone. The .3~i>‘:»])]'()I)()x;'<.|)l'llxt)x:lzxllx' Chen fraogments awith the Joss of 42 to _\'i.-l(l
z-henzoxazolinone Gnde 135y and the wede 135 on from both maodel compounds Toses
two carbon monoxide fragments (efe 300 to vield o strong ion at sje 700\ signiticant

‘

difference between unknown AL 2-bhenzoxazolinone and 2-isoproposyv-henzoxazole wias
acditference of 54 mass anits in the parent ions, This may be aceounted for by sabsti-
tution of o hvdrogen with a chilorine atom. The presence of chlorine in nnknown .\ s
confirtmed by the 3010 ratio Tor the ehlorine eluster found in Table T Therefore,
s-chloro-z-henzoxazolinone is proposed as the strocture in anknown L\,

Characterization of N-acetvd 5-chloro-o-benoxazolinone

When isopropyl z-acetosyv-s-chlovocarbanilate was thermally degraded  un-
known 14 was observed, Unknown T had o THLOC Re vidoe ol o.oo and o GO retention
time of 2t min CPable I The compound was unstable to TLC and GLOC and vielded
s-chloro-z2-benzosazolinone, The TR spectrunt of anknown 13 was similor to -chiloro-
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MASS SPECTRAL DATND RELNTIVE INTENSUTTES
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2-henzoxazolinone with the exception of a strong carbonyvl absorption at 1840 cm~1,
The carbonyl absorption at 1775 cm~! observed in the 2-benzoxazolinone remained in
this spectrum. The absorption for NH from 3300 cm-! to 3100 em- ! was diminished in
the spectra of unknown 13,

Mass spectral analysis of unknown 13 vielded o fragmentation pattern very
similar to s-chloro-z-benzoxazolinone (unknown A) with the exception of the parent
fon at m/e 211, which was 42 mass units larger than s-chloro-2-benzoxazolinone. These
data arc in good agreement with the predicted spectrum for N-ncetyvl 5-chloro-2-benz-
oxazolinone,

To test this hypothesis, a sample of unknown 13 was subjected to NMR analysis,
These data are presented in Table 111 Data from the model compounds, 2-benzox-
azolinone (I, reported in the literature, and 11, synthesized in this laboratory) and

J. Clhromatogr,, 62 (1971) 20-37
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2-isopropoxy-henzoxazole are in good agreement with unknown I3 forassignment of the
aronitic hyvdrogens: The aromatic hyvdrogens in unknown 13 absorbed at 7.33 and
S.00 p.pan. (9). Integration of these two peaks showed that the arca of the 7.33
hydrogens wis double that of the S.00 p.p.n. () hvdrogen, The protons at 2,60 p.p.mn.
(M I are assigned to the methy] of the N-acetvl derivative; this is supported by data
from the spectrum of the model compound N-ucetyl pyrolidone. The chromatographic,
NMR, TR, and mass spectral data, all support the hypothesis that N-ncetyl 5-chloro-
2-henzoxazolinone is the structure of unknown 13,

Thermal degradation fu the presence of dinethvlamine

The data presented in this report show that ortZo-hydroxy carbanilates ther-
mally degrade to vield 2-benzoxazolinone derivatives, These derivatives may result
from the formation of an ortfo-hydroxy isocyanate intermediate during pyrolysis, To
test this hypothesis, isopropyl z2-acetoxy-3-chlorocarbanilitte was pyrolyzed in the
presence of excess dimethylamine. The py lnl_\tlt_‘. products were separated by TLC,
and three components were detected with R vidues of o.20, 030, and o.47, respec-
tivelyv. The first intermediate (K o.47) hidd o0 GLC retention time identical to isopropyl
2-hyvdroxy-s-chlorocarbanilate (Table 1), TR analysis and mass \'})L etral fragmentation
patterns of this component were identical to isopropyl 2-hydroxy-s-chlorocarbanilate.

The GLC retention time, TR and mass spectral analysis of tlm unknown material
(R 0.30) were identical to 5-chloro-z-benzoxazolinone,

When subjected to GLC, the unknown material (l\’,. 0.20) viclded prvdnminnntl\'

5-chloro-z-benzoxazolinone, Assuming that 2-hyvdroxy-s-chlorophenyl isocyanate was

an intermediate in the thermal degradation process, tlm product with . o.20 could
have been 3-(2-hydrosy-3-chlorophenyl)-1, 1-dimethylurea. Several workers have re-
ported® -5 that ureas are thermally unstable. I 3-(2-hydrosvphenyh) -1, 1-dimethyl-
urcas are thermally degraded Hy i process similar to the ortho-hyvdroxy carbanilates,
then the presence of s-chloro-z-henzoxazolinone is in agrecment with the proposed
urei intermediate,

IR analysis of the Rpo.20 material yiclded aspectrum that was very similar to

I DR

oparain popan. ()

' (] o} o
Cl 2 I N"(H)B N
N-—C—(—CH;,)E /H\ e
N—C —£CHjy
PN N & 07 oAcH—wHR), |/ ]
A O @) A A o
Unknown B 1 I
AL 733 AL Noo ZRL 727 7-27. 7.2
(PR N) 1O ——
1.58, t.48 —
. - 5.00, 5,10, 5,20, 5.30 —
5.40, 5.50, 5.00
2.00) — - I 2,50
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AMASS SPECTRANL DATA OF UREA ANALOGS
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S-tp-chloraphienyvh-ror-dimethviurea., The miass specteal fragmentation pattern ol the
unknown wias compared with the model compound - p-chloraphensh -1, - ditmethyel-
uren Clable IV) The mass spectral fragmentation pattern of the anknown material
viclded o base peak of wi/e 72 and abundant ions at /e gpand /e 43 These three ions
are characteristic fragments from NON-=dimethylureast™ =20 The fragmentation of the
inknown compound (parent ion se/e 2140 to the /e tog ion could be the sanne loss of
nife s (CHDLWNTE as=eenin the spectrum of the model compound, There is, loaveser,
a striking ditference between the fragmientation pattern of the m/e 1og ion sod the
mefersy ion, The m/e 1og ion resulted from the loss ol two carbon monoxide [ragments
to vield mefe 113 (CoHNCH swhile the me/e 153 ion (g-chloro-phenyt isoevanatey frag-
mented to lose COand ON to vield thie m/e g ion (CoTHC . Both parent jons also fost
dimethyl isocevanate (ni/e 72) to vield the respective aniline ions, z-hvdroxs-s-chloro-
anitine (/e 14.3) and g-chloroaniline (pe/e 127y The fragmentation data for the model
urca compounds are in agrecnment with Lot poN of of P The mass spectrum of the
unknown, A o.2o material, is in good agreement with the proposed 3-(2-hivdrosy-

)
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s-chlorophenyh -t r-dimethyluren, This conclusion is supported by the presence of the
unique fragmentation of the m/e 16gion, which miy be assumed to be 5-chloro-2-ben-
zoxazolinone!®,

The data show that when isopropyl z-acetoxsyv-s-chlorocarbanilate was ther-
mally degraded in the presence of dimethyliamine, the only compounds isolated were
ixopropyl z-hvdroxyv-s-chlorocarbanilate, s-chloro-z-benzoxazolinone and  3-(2-hy-
droxyv-z-chlorophenyl)-1,r-dimethyiurea,

Quantitative pyvrolyvsis studies

Both isopropyl z-acetosy-s-chlorocarbanilate and isopropyl 2-hydrosv-s-chlo-
rocarbanilate have been shown to be unstable to moderate thermal conditions. Quan-
titative studies were conducted to determine the thermal stability of the ort/io-hydroxy
carbanilate and z2-benzoxazolinone intermediates, Table T reports the GLC conditions
used to separate the components of this quantitative study. Standard curves for
isopropyl z-ncetoxy-s-chlorocarbanilicte and isopropyl z-hydrosy-s-chlorocarbanilate
were linear in the concentration range from o to 14 g,

The results of these pyrolysis studies are reported in Table V. Greater than go v,
of the starting acetyvlated derivative was recovered as unaltered carbanilate at 200
for 5 min, Under the same conditions only 7o ", of isopropyl z-hvdroxy-s-chloro-
carbanilitte was recovered, The N-acetyl 5-chloro-z-henzoxazolinone derivative was
present at 1757 during the ro-min pyvrolysis but did not accumulate at elevated tem-
peratures. These data did not permit o comparison between the stability of the
5-chloro-z-benzoxazolinone and its acetvhted analog, but they did indicate that both
of these pyrolyvtic products were unstable and were converted to unidentitied pyrolysis
products. The identities of the final pyrolysis products of the carbamates and the
2-benzoxazolinone intermediates are not known. These unidentitied pyrolysis pro-
ducts are non-polar and will not chromatograph in the GLC system used in this study,

TABLE Y

PER CENT RECOVERY OF STARTING MATERIAN., AND MAJTOR PRODUCTS FROM PYROLY SIS

A sopropyl coacctosy-s-chlorocarbaniliote (starting material)y o B -0 N-acetvl 3-chloro-2-benzoxs-
azalinone (product); O isopropyl s-haddroxv-s-chlorocarbanilate (starting matervial); 1Y - 5-

chioro-z-benzoxazolinone (product),

Dieration Dyvrolysis ol Iy Total < D Total

af pyvrolvsis temp,

(r2iny ()

5 25 1o 0 1O e 0 1 OO

150 fOw (B oo 02 [§] 02
175 0y o an 12 0 02
Q00 1)3 (R l)_{ 7() i ‘I'()
245 71 2 73 50 3] 50
30 7 2 73 35 tu 45

O _'5 [NRIA) N 1010y 100y [} 100
150 ON 0 0N Nty 0 Ny
trs ot 1 u2 S8 O S8
SO0 S5 1 St Oy 0 Oy
225 70 3 73 <7 " 30
230 47 T A4 1t 13 L0

20 250 1H 1ty 32 .
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DISCURSSION

A summary of the pyrolysis experiments is shown in Fig, 1. Pyrolysis of iso-
propyl 2-acetoxy-s-chlorocarbanilate in the presence of dimethylamine is deseribed in
reactions A\, 13, E, I, and G, Tsopropyl 2-hvdrosy-s-chlorocarbanilate was isolated
from the reaction mixture indicating that tlluu- was cleay age of the acetoxy bond.
The presence of the intermediate, 2-hydroxy-3-chlorophenyl isocyvanate, is suggested
by the formation of the ureat -7, It is not ¢ lc.u whether s-chloro-z-bhenzoxazolinone is
derived from z2-hydroxy-s-chlorophenyl isocyanate or is « thermal degradation prod-
uct of the urca,

¢l NH-C-0-CHICH3)a cl NH-C-0-CHICHyly
QL QL
0-G-CHy —\ OH

3 m/le 229
m/e 271 8
‘ CaH20 (CHg 3 CHOH
[=]
¢l o C! nCsO
N'C'CHS c /
- > UNIDENTIFIED
@J PRODUCTS
m/e 21 m/e 169

’ / \
(CH;)zNH
c cu NH-C-NICH3 )z
S Al ;
o ° ou

m/e |69 mle 214

UNIDENTIFIED PRODUCTS

Fig. 1. Sunmunaey of pyrolysis experiments,

In the absence of dimethyhunine the thermal degradation procecds via reaction
scheme A, B Coand DU The attack of the pheny! isocvanate intermediate by a C,H,0
ion, in these gas phase reactions, is speculative,

The transesteritication of tln- starting material could result in accumulation of
N-acetyl isopropyl 2-hydroxy-s-chlovocarbanilate. A conserted reaction mechanism
where the isopropyl group lm\vs under the attack of the electro-negative phenol
oxyvEen on the now clectron-delicient carbonyl carbon to vield N-acetyl g-chloro-
2-benzoxazolinone could then be proposed. This reaction mechanism would by pass
the phenyl isocyanate intermedinte, ScoTrT AND KEArsE™ compared the mechanism
for the preferential 2-benzoxazolinone formation in the Lossen rearrangement with
the Curtius reavrangement that yielded only phenyl isoevinate. They proposed an

(RN ==C-0) intermediate that would be compatible with the concerted mechanism
described above,

Regardless of the mechanism involved, N)pmp\l 2-hvdroxy-s-chlorocarbanilate
is thermally unstable and degrades, under nitrogen in an all-glass \vssu], to yield the
transient 2-benzoxazolinones, The low per cent recovery of ortho-hydroxy carbanilates
at elevated temperatures is paralleled by the large accumulation of unidentified prn(l-
ucts (Table V), Several possibifities for these low recoverios are suggested in Fig,

J. Chromatogr., b (10571) 2037
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Non-volatile, polymeric materials were not removed during GLC analysis, If reaction 3
was i major route for thermal degradation, the reaction product, 2-amino-g-chloro-
phenol, would be unstable and would have Ted to the formation of polymerice products,

The data reported in these studies show that isopropyl 2-hydross-s-chloro-
carbanilate and isopropyl 2-acetoxy-s-chlorocarbanilate undergo rapid thermal deg-
radation to  s-chloro-z-benzoxazolinone and N-acetyl s-chloro-z-bhenzoxazolinone.
Information concerning relitive rates of the reactions occurring during thermal deg-
dation was not provided.
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