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The photodecomposition of Metacrate (1 > 265 nm) has been carried out in aerated and 
degassed solutions. The major products observed are m-cresol, Zhydroxy4-methyl-N- 
methylbenzamide and 4-hydroxy-2-methyl-N-methylbenzamide. These products indicate 
that the photo-Fries reaction is operative in the photo-degradation of Metacrate. 

I NTRO DU CTlON 

The O-phenyl-N-methyl carbamates form an important class of pesticides. 
The absorption spectra of most of these molecules extend into the solar region 
( A  > 300 nm). Casida and collaborators have shown that some of the car- 
bamates undergo photo-oxidation when deposited on bean foliage l S 2  and 
that a variety of organic molecules can sensitize the decomposition of certain 
carbamates. 3,4 This work, however, does not allow one to differentiate 
between products arising solely from photochemical reaction and those due 
to either a combination of photo and enzymatic action or sensitization of the 
carbamate by natural products present in the bean foliage. The carbamates 
are also of interest in organic photochemistry since they are expected to 
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undergo a photo-Fr ie~~*~ reaction, the mechanism of which is still under 
discussion in the literat~re.”~ We have been examining the solution photo- 
chemistry of carbamate~~*’~  with a view to determining the nature of products 
due purely to photodegradation, thus enabling analytical chemists to develop 
techniques for their detection, and to the elucidation of the photo-Fries 
reaction in carbamates. This paper.presents the results of such a study on the 
solution photochemistry of Metacrate, 3-methylphenyl-N-methyl carbamate. 

EXPERIMENTAL 

Chemicals 

Metacrate was obtained from Sumitomo Shoji Kaisha Limited, Osaka, 
Japan. This material was dried under vacuum and TLC showed it to be pure 
to the limits of detection; its spectral properties determined by us are listed 
below: 

ms, M+ 165; n.m.r. (CDCl,) 7 7.65 (s, 3H, tolyl methyl), 7.10 (d, 3H, 5Hz, 
N-methyl), 3.W2.80 (multiplet, 4H, aromatic H’s); infrared (CHC1,) 
v , ~  3462 cm- ’, 1736 cm- ’ ; U.V. (ethanol) A,,, = 264.0 nm, E N 345 liten/ 
mole-cm; A,,, = 270.5 nm, E N 300 liters/mole-cm. 
Absolute ethanol, for solution photolyses, was obtained from Consolidated 

Alcohols Limited, Toronto, Ontario. Cyclohexane was obtained from 
Harleco, Philadelphia, Pa., as fluorometric grade; both solvents were used 
without further pruification. Carbon tetrachloride was obtained from Fisher 
Scientific Co. as reagent grade. Chloroform, used as a general solvent for 
TLC, was distilled and stored over molecular sieve. 

Instrumentation 

Infrared spectra were recorded on a Perkin-Elmer grating spectrophotometer, 
Model 457; U.V. spectra were determined on either a Perkin Elmer 402 u.v.- 
visible spectrophotometer or a Hitachi EPS-3T spectrophotometer. N.m.r. 
spectra were recorded on a Varian T-60 n.m.r. spectrometer; tetramethyl- 
silane was used as an internal standard. Mass spectra were recorded on a 
Hitachi Perkin-Elmer RMUdD mass spectrometer. Melting points were 
recorded on a Kofler hot-stage apparatus and are uncorrected. 

Photochemical procedures 

For aerated ethanol solutions the photochemical set-up used was similar to 
that described by Calvert and Pitts. ’ The source was a Hanovia medium- 
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PHOTOCHEMISTRY OF CARBAMATES 75 

pressure Hg arc, contained in a quartz water jacket and equipped with a 
Hanovia cylindrical Vycor filter (512/27/114), encasing the entire lamp. The 
cell housing had an approximate volume of 250 ml. For all other photolyses, 
1 x 4 cm fluorometric quartz cuvettes were used. They were placed 20 cm 
from the centre of the lamp housing, the water jacket being removed in these 
circumstances. Solution concentrations were typically 4 g/1 except with 
aerated ethanol where it was 8 g/l. 

Analytical techniques 

Analytical and preparative TLC was performed on microscope slides or 20 x 
20 cm glass plates. Silica gel G (Merck) was used throughout at a layer thick- 
ness of 0.5 mm for the preparative plates. The plates were activated by heat- 
ing in an air-oven at 140°C for 6 hr. Elution was achieved by the ascending 
technique using chloroform/ether (6 : 4) at tank saturation. Samples, scraped 
from the plates, were eluted from the silica gel with methanol, filtered and the 
solvent evaporated. The residue was then dissolved in chloroform, filtered to 
remove traces of silica gel, followed by drying with magnesium sulphate and 
solvent evaporation prior to spectral analysis. Phenolic products were also 
extracted from photolysed solutions using 1 N sodium hydroxide solution 
followed by neutralization with hydrochloric acid and extraction into chloro- 
form. Ninhydrin was used as a visualization reagent along with potassium 
permanganatelsodium carbonate solution. U.V. detection was also used aided 
by “phosphor Green” (Sylvania) incorporation into the silica gel layers. 

VPC was performed on a Perkin-Elmer 990 gas chromatograph equipped 
with a flame-ionization detector. Helium was used as a carrier gas throughout. 
The column was 6‘ long +” 0.d. stainless steel packed with 10 % w/w UCW-98 
on Chromosorb Q. Column temperature was 150°C. Samples were dissolved 
in chloroform prior to injection. 

RESULTS AND DISCUSSION 

The photodecomposition of Metacrate was examined in both aerated and 
degassed ethanol and cyclohexane solutions and also in aerated carbon 
tetrachloride solution. The results are summarized in Table I. In ethanol for 
both the aerated and degassed cases, four major photo-products were isolated 
and identified to be : m-cresol (I), 2-hydroxy4methyl-N-methylbenzamide 
(II), 4-hydroxy-2-methyl-N-methylbe11zamide (III) and a product arising out 
of the secondary photolysis of 111, IV. Small quantities of oxidation products 
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TABLE I 
Typical photolysis results 

Aerated or Photolysis Decomposition. Products (%) ? 
m Solvent degassed time (hr) (%I I I1 111 IV Comments 

6 
19 39 32 N 3 E Ethanol (0.05 M) Degassed 2 -2 

Ethanol Aerated 4 
Ethanol Aerated 8 

6 18 34 30 - 6 
26 -10 10 16 31 

Ethanol Aerated 22 23 19 28 15 >20 E? 
F4 

2 

Ethanol Aerated 30 26 18 27 8 >28 
Ethanol 

Cyclohexane Aerated 22 15 >95 - 
Cyclohexane Degassed 22 17 >95 - - 
Carbon 

tetrachloride Aerated 22 18 >90 - - 

20 - - - - NOR, = 0.0products 
r 

Degassed 22 . 
- R, = 0.0products 

evident [photo-oxidation 
and/or polymeric 
product(s)]. 

Determined by WC. 
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PHOTOCHEMISTRY OF CARBAMATES 77 

were also observed in aerated solutions. The reaction scheme can be 
represented as : 

fl 0 

CH3 

0-C-NHCH3 OH ~ - N H C H ~  

CH3 @ +  c-0 

Preparative TLC always showed seven distinct bands, under U.V. light (with 
“phosphor” incorporated in the plates), with unique colours. The description 
of each band is given in Table 11. 

TABLE II 
RI values for photolysis products of Metacrate 

Band No. Assignment Band colour R, 

1 - trace only 0.94 
2a I light brown 0.86 
2b Metacrate light brown 0.79 
3 I1 blue 0.66 
4 m light brown 0.41 
5 Iv dark brown 0.26 
6 oxidation products yellow 0.00 

and polymer 

The spectral properties of the isolated and purified products are given 
below: 
m-cresol (I). oil; ms, M+ 108; n.m.r. (CDCI,) z 7.68 (s, 3H, tolyEMe), 2.87- 
3.32 (multiplet, 4H, aromatic H’s); infrared (CHCl,) vMaX 3600 cm- ’, 
1590 cm- ’. 

This compound was identical, spectroscopically, to an authentic sample of 
m-cresol and also to the product produced in the alkaline hydrolysis of 
Metacrate. 

2-hydroxy-4-methyl-N-methylbenzamide (II). white crystals; ms, M + 165 ; 
n.m.r. (CDCI,) z 7.69 (s, 3H, tolyl-Me), 7.00 (d, 3H, 5 Hz, N-Me), 2.84-3.42 
(multiplet, 3H, aromatic H’s); infrared (CHCl,) vMar 3600 cm- ’, 3480 cm-l, 
1645 cm- 1605 cm- ’ ; U.V. (ethanol) AMax 303 nm, 245 nm (cf. ref. 12). 
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4-hydroxy-2-methyl-N-methylbenzmide (ZZZ). white crystals ; ms, M+ 165; 
n.m.r. (CDCl,) z 7.49 (s, 3H, tolyl-Me), 6.97 (broad-s, 3H, N-Me), 2.65-3.36 
(multiplet, 3H, aromatic H's); infrared (CHCl,) vMax 3630 cm- ', 1636 cm- l, 
1602 cm- ' ; U.V. (ethanol) AMax 283 nm (cf. ref. 12). 

(IV). Spectra not clearly dehed; infrared (CHCl,) indicates v(C=O) - 
1640 cm-',(O-H) - 3630cm-', broadH-bondingband v,,, - 34OOcm-1; 
n.m.r. (CD,COCD,) indicates N-Me moiety (z 7.05-broad singlet). 

The photo-products of Metacrate, under the conditions of this study, are 
those expected from a photo-Fries rearrangement of this molecule.5 This 
rearrangement has been demonstrated to occur, in part, in the insecticidal 
carbamate, Zectran.' The photolysis of Metacrate follows a similar pattern 
to that described for the isomericp-tolyl-N-methyl carbamate, where p-cresol 
and 2-hydroxy-5-methyl-N-methylbenzamide are the major photolysis pro- 
ducts. In the case of the p-tolyl compound, the para position is effectively 
blocked, since alkyl elimination is not known to occur in photo-Fries re- 
arrangements, 5*10 and hence paru-product formation is not possible. In the 
case of Metacrate, the para position is open and in addition to the cresol and 
ortho-benzamide the para-benzamide (III) is produced, although not in high 
yield due to its secondary photolysis.? Steric factors play an important role 
in ortho-product formation (11) in Metacrate where it appears quite clear, 
from spectral evidence in the present and from previous work, 9i ' that the 
acylamino group migrates to the ortho position in the ring away from the 
ring-methyl group. 
In degassed ethanol solutions, products I, 11, I11 and IV were also obtained 

but no oxidation products were observed (at Rf = 0.0). In aerated and de- 
gassed cyclohexane solutions, photo-Fries rearrangement products were not 
observed under these conditions except for m-cresol (I) which was the major 
product. In aerated carbon tetrachloride solutions, again photo-Fries re- 
arrangement is not observed; m-cresol is the major product. It seems logical 
to suggest, then, that photo-Fries rearrangement for Metacrate solutions is 
solvent dependent. That solvent polarity plays an important role in re- 
arrangements of this type has been known for some time. The yield of phenol, 
for example, is favoured by non-polar solvents whereas ortholpura rearrange- 
ment products are favoured in polar ~olvents.~ This argument lends an 
explanation to product formation in this work; photo-Fries rearrangement 
seems only to occur in the polar solvent, ethanol, whereas in cyclohexane and 
carbon tetrachloride, it does not and phenol formation is evident. Photolyses 

t This was confirmed by separate photolyses of the isolated ortho- and para-benzamides 
in ethanol solution. The orrho-benzamide showed little or no decomposition whereas the 
puru-benzamidc disappeared rapidly, giving a compound whose R, was'identical to band 
IV. Table II. 
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PHOTOCHEMISTRY OF CARBAMATES 79 
carried out on the ortho- and para-benzamides, under identical conditions to 
that of Metacrate, indicate that the ortho compound is far more photostable 
than the para compound. The photostability of the ortho compound is 
probably due to rapid enolisation in the excited state. The para compound, 
likely, photo-pinacolizes and evidence from the literature bears this out. 
The photolysis of Metacrate is self-terminating ; the maximum conversion 
possible is of the order of 30%. This is a common feature of photo-Fries 
rearrangement. 

An attempt to synthesize products I1 and I11 by the acid catalysed Fries 
rearrangement using aluminium chloride was unsuccessful. Only m-cresol was 
produced in fair yield. From this work and from previous s t u d i e ~ ~ * ' ~  it 
appears unlikely that the acid-catalysed Fries rearrangement can be induced 
in these carbamates. Instead, considerable decomposition occurs. 

Lute Note-Toluene was also observed as a product in ethanol solutions. 
The mechanistic implications of this product will be discussed in forth- 
coming publications in this series. 
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