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[57] ABSTRACT 
In the process of producing an aromatic polyisocyanate 
from a methylated benzene compound having the se 
quential" steps of ammoxidation, hydrolysis, conversion 
of amide tojcarbamate, condensation and conversion of 
polycarbamate ester to polyisocyanate, the improve 
ment of converting said amide to said carbamate in a 
one-step reaction wherein said amide is reacted with an 
N-halogenating agent in the presence of alcohol and in 
a reaction medium having a pH of from neutral to basic 
and a temperature greater than 40° C. 

8 Claims, No Drawings 
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CARBAMATE PROCESS N02 NHCOZR 

FIELD OF THE INVENTION HN 
03 -. co 

This invention relates to the production of aromatic 5 ROI-I 9 
polyisocyanates. More particularly, it relates to the ‘ 
preparation of a‘ carbamate intermediate from an aro- “2C0 
matic amide in a multireaction step process for obtain 
ing aromatic polyisocyanates from methyl aromatic 10 ~ 
compounds such as toluene. NHCOZR NHCO2R NHCOZR 

DESCRIPTION OF THE PRIOR ART , 

Polyurethanes fill a very important commercial need CH2 CH2 
in both the ?exible and rigid plastic ?elds. For both the ‘ ‘ 

7| ?exible and rigid types, the urethane is the product of 15 heat 
the reaction of alcohol and isocyanate. Much effort and 
time is being spent on developing a means for producing 
these isocyanates in a less expensive and/or toxic man- ' . 
ner. Desirable isocyanates for ?exible and rigid plastic NCO ' . NCO NCO 
applications include methylene bis-(phenyl isocyanate) 2O 
(hereafter designated as MDI) and polymethylene poly-‘ CH2 CH2 
phenylisocyanate (hereafter designated as PMPPI). 
There are two accepted commercial processes for the 

manufacture of isocyanates such as MDI or PMPPI. 
(1) Phosgene technology which can be illustrated as 25 wherein R represents a hydrocarbyl radical such as 

follows: methyl, and 11 1s the same as before. 

HZCO 

‘ NH; NH2 NH2 . HCI NHZ . HCl NH; . HCl 

@ CH2 CH2 {W @ CH2 CH2 
n ' n 

NCO NCO NCO 

@CH; CH; 
n 

wherein n is 0 or an integer ranging from 1 to 5, for the 
product is generally a mixture of various molecular This carbonylation technology is an improvement 
weight oligomers. over the phosgene technology, since it eliminates the 
The phosgene approach has some de?ciencies includ- use of toxic phosgene gas, HCl and NaOH. However, 

ing the high toxicity of phosgene gas, poor utilization of 55 there are some defects in carbonylation technology 
reactants and wasteful energy. Nitric acid is manufac- which include: 
tured by oxidation of ammonia (NH3) and the aniline is (1) use of more expensive CO in place of hydrogen to 
produced by nitration of benzene to nitrobenzene fol- reduce the nitro group and hence no material savings, 
lowed by the reduction of nitrobenzene to aniline with (2) carbonylation of nitrobenzene to carbamate re 
H2. One approach to overcoming these drawbacks is to 60 quires high pressure vessels and equipment, 
animate the benzene directly with ‘ammonia as is taught (3) use of expensive metal compounds or toxic materi-‘ _ 
in US. Pat. No. 4,031,106, but such is not yet commer- als, such as, Se as catalysts, and 
cially useful because of the inef?ciency of the amina- (4) recycle of unconverted CO) to high pressure reac 
tion, even under severe reaction conditions. tor requires energy. 

(2) Carbonylation technology 65 Because of these defects, which are apparent in the 
In order to overcome some of these de?ciencies of teachings of US. Pat. No. 4,038,377 and German DOS 

the phosgene technology, a carbonylation approach has No. 2,635,490, the carbonylation technology offers little 
been developed which may be expressed as follows: advantage over a phosgene technology. 



4,321,402 
3 

It is an object of this invention to overcome many of 
the defects of the process technology currently used to 
produce MDI and PMPPI. 

SUMMARY OF THE INVENTION 

In a copending US. patent application, Ser. No. 
179,062 ?led Aug. 18, 1980 of common assignee, there is 
described a multireaction step process for the produc 
tion of aromatic polyisocyanates from methyl aromatic 
compounds. 
The aforesaid process has the following sequential 

steps: ammoxidation of the methyl group to a nitrile 
group, hydrolysis of the nitrile group to an amide, con 
version of the amide to a carbamate via a Hoffmann 
rearrangement, condensation with an aldehyde to a 
polycarbamate, and decomposition of the polycarba 
mate to a polyisocyanate. 
The Hoffmann rearrangement reaction shows that 

isocyanates can be synthesized from amides by reaction 
with an N-halogenating agent as hereafter seen: 

RCONHZ + NaOX—>RNCO + NaX + H2O 

wherein R is the same as before and X represents I, C1 
or Br. 

Unfortunately, the yield of isocyanates is lower than 
expected from the above reaction because of the isocya 
nate hydrolysis: 

(E. S. Wallis et al., Org. Reactions 3, 267 (1946). There 
fore, the Hoffmann rearrangement reaction has to be 
carried out under anhydrous reaction conditions to 
obtain high yield of isocyanate (H. J. Twichett, Chem 
Soc. Rev. 3, 209 (1974)). 

In fact, because of this the Hoffmann rearrangement 
has been primarily used for synthesis of amines. Thus, 
the art of the N-halogenation of benzamide by the so 
called Hoffmann reaction using various reagents is very 
old. For example, the use of bleaching powder, gaseous 
chlorine and tert-butyl hypochlorite as N-chlorination 
agents for benzamide were reported in literature as 
early as, respectively, in 1886 (Ber. 19, 2274), 1922 (JCS 
121, p. 203) and 1931 (Chem News 143, p. 265). 

Unfortunately, even when anhydrous NaOH is used 
as base, H2O which can hydrolyze the isocyanate to the 
amine is produced by reaction of NaOH with reactants 
or intermediates as shown hereafter: 

(see Organic Chemistry by D. J. Cram and G. S. Ham 
mond, page 304, McGraw-Hill (1964)). Maintaining 
anhydrous reaction conditions is too costly for the com 
mercial manufacture of isocyanates. 
Even when a Group 1 metal alkoxide is used as a 

base, formation of by-products, such as ester, cannot be 
eliminated. However, certain trace by~products as 
RNCICOZR’ are easily expected to be converted to 
NHCOZR’ by heating in the presence of alcohols (R'. 
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4 
represents a hydrocarbyl group which may be the same 
or different than R). 

Surprisingly, it has been discovered that the conver 
sion of benzamide to carbamate can be maximized if the 
reactions are carried out in situ in a speci?c way. Even 
if the reactions are carried out in the presence of water, 
undesirable side reactions can be reduced to minimal, 
i.e., acceptable levels. This means carbamates can be 
produced with decreased energy use and maximum 
utilization of raw materials. 

It was found that if the conversion of the amide to 
carbamate reactions are carried out by maintaining 
reaction temperatures higher than approximately 40° 
C., preferably within the range of 45° C. to 100° C., 
optimally 45° to 90° C., there is signi?cantly less forma 
tion of by-products then when the reactions are carried 
outat l5°-40° C. 

_It was discovered that if the reactions were carried 
out while maintaining the reaction medium under neu 
tral to basic conditions, less by-products were produced 
than reactions carried out under acidic reaction condi 
tions. The pH of the reaction medium ranges broadly 
from 6 to 12, preferably from 7 to 10. Maintaining the 
reaction medium under substantially neutral or basic 
conditions also reduces the corrosivity. If the reactions 
are carried out under an acidic medium, the reactor 
corrosion due to halogen acids or halide ions, which 
originate from N-halogenating agents, will be higher. 

It was also found that if the reactions were carried 
out by adding the N-halogenating agent and base simul 
taneously to the amide solutions while maintaining reac 
tion temperatures higher than 40° C. and keeping the 
reaction media basic or neutral, the conversions of 
amide approached 100%; the formation of by-products 
were minimal; and, the best utilization of N-chlorinating 
agents could be obtained. Therefore, separation of un 
converted amides and recycle of unconverted amide 
can be eliminated or substantially reduced. 

Better results were obtained when the reactions were 
carried out with dilute solutions, e.g., benzamide solu 
tions, rather than concentrated solutions. Useful con 
centrations range from 3 to 40, preferably 5 to 20, 
weight percent based on amide concentration. Excel 
lent yield and conversion with reasonably dilute solu 
tions are obtainable. It also is expected that if N 
halogenating agents, such as t-butyl hypochlorite (here 
inafter t-BuOCl) are diluted with suitable diluents, such 
as t-butyl alcohol or carbon tetrachloride, less by-pro 
duct formation is expected. t-BuOCl is usually pro 
duced by reacting C12 with t-butanol in the presence of 
aqueous NaOH solution. Puri?cation of the product to 
remove unconverted t-butanol or dehydration of trace 
water in the product is unnecessary. 
By carrying out the reactions in the speci?c way 

described above, aqueous NaOH instead of anhydrous 
NaOH or Group IA alkoxides could be used. Addition 
of alcohol to the aqueous caustic results in further im 
provement. Since NaOH is produced by electrolysis of 
aqueous NaCl solution, sodium hydroxide withdrawn 
from the cathode compartment can be used without 
dehydration or puri?cation of crude sodium hydroxide 
and hence energy requirements and cost of manufacture 
can be reduced. It was discovered that the addition of 
NaCl to the aqueous base solution, gave better results. 

Since NaCl is produced in a mainly alcohol reaction 
medium, it can be used to electrolytically produce C12 
and NaOH without special puri?cation or concentra 
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tion of NaCl by removal of water, if desired. The re 
cyclability of NaCl to produce NaOH and C1; are de 
sired to reduce possible environmental pollution prob 
lems. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the aforesaid copending U.S. Application it is 
taught that most, if not all, of the disadvantages of ,the 
prior art processes can be overcome by producing aro 
matic polyisocyanates, such as MDI and PMP_PI, by a 
multi-step process comprising sequentially ammoxida 
tion of an alkyl aromatic compound, e.g., toluene,.hy 
drolysis of the aromatic nitrile, conversion of the resul- - 
tant amide to a carbamide, condensation with aldehyde, 
decomposition of condensation product and recovery 
of the aromatic polyisocyanate. If desired, ammoxida 
tion of alkyl aromatic compounds can be carried out in 
two steps, instead of one step, as taught in U.S. Pat. No. 
3,029,245. I h ' 

This new process can be expressed as follows: 

I CH3 CN 

NI-I3 

' CONI-IZ 

e @ 
(Step 2) 

NCO NCO 

CH2 CH2 @ 
. n _ 

wherein n and R are the same as earlier de?ned. 
As discussed earlier, this new process has. 5 essential 

steps which have been outlined above. The present 
invention is concerned with an improved means of car 
rying out Step3 (above), i.e.,the conversion of amide to 
carbamate. cl Conversion of Amide to Carbamate (Step 
3). 
This step actually consists of three separate reactions, 

the improvement of which is the subject matter of this 
application. ' ' 

(Step I) ' 

NCO 

15 

20 

N-halogenating agent a 
Base, ROI-I 

(Step 5) 

40 

45 

.50 

(1) 

N-halogenating agents are those known generally in 
the art and include halogens as chloride and bromine, 
alkyl, and aryl hypohalites, such as t-butyl hypochlo 
rite, t-butyl hypobromite, acetyl hypochlorite and ace 
tyl hypobromite and compounds of the formula 
M(OX)w‘wherein M is a group IA or group IIA metal 
and X is C1 or Br, w is 1 or 2. (B. Altankirk et a1 synthe 
sized N-chlorobenz'amide by using t-butyl hypochlorite 
with 71% yield, J. Org. Chem., 27, 4532 (1962)); ' 

(known as the Hoffmann rearrangement); and 65 

6 
Current practices teach that these reactions must be 

carried out under anhydrous conditions to achieve high 
carbamate yield. If these reactions are carried out in the 
presence of water, a number of undesirable side reac 
tions can occur. ‘For example, if N-chlorination of ben 
zamide is carried out in ‘the presence of water, part of 
the N-chlorobenzamide formed is ‘decomposed to ben 
zamide. In addition, other undesirable side reactions 
occur: 

In fact, the Hoffmann hypobromite reaction is used 
for the preparation of amines, e.g., - ‘ 

According to the-teachings of the art in order to 
produce isocyanates, the reactions have to be carried 
out under anhydrous conditions and, hence, Group IA 

NI-ICOZR ‘ 

(Step 3) ' (Step 4) 

H200 

NHCOzR NHCOZR NHCOZR 

é heat ‘ 

decomposition @CHZ CH2 , . 
II 

alkoxides, such as sodium rnethoxide, have been used as 
the base of the Hoffmann rearrangement. 

, Application of the Hoffmann rearrangements for the 
manufacture of isocyanates and arylalkylamines can be 
found in‘ Japan Pat. No. 54-128521 and France Pat. No. 
1,007,001, e. g., n-propyl isocyanate is obtained in 86;7% 
yield at 97.4% conversion of 'N-chlorobutyramide by 
using bi-cyclic amidine as base. 
Another serious problem is that the produced benza 

mide reacts with phenyl isocyanate to form an insoluble 
precipitate, when the reaction temperatures are below 
about 40° C. i ’ ‘ 

The amide reactant of the process of this invention is 
an arylamide of the general formula R’(CONH2),,' 
where R’ represents alkaryl or aryl radicals containing 
1,2 or 3 rings either condensed or :noncondensed and n’ 
is l, 2 or 3. Representative amides include benzamide 
(preferred), toluamide, toluenediamide and phthala 
mide. . 

In spite of many undesirable side reactions discussed 
above, it has been discovered that the conversion of 
amide (said amide can be aryl or alkyl) to carbamate 

‘ could be achieved in high yield in the presence of water. 
It was found that. the high yields of carbamic acid esters 
could be obtained by carrying out the_three reactions 
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simultaneously, instead of carrying out three reactions 
in sequence. Reducing'the three steps to two steps cre 
ates another problem. 
When the methyl N-phenyl carbamate is synthesized 

in two steps by reacting methanolic benzamide solution 
with t-butyl hypochlorite and then N-chlorobenzamide 
with methanolic sodium methoxide solution, the unde 
sirable by-product, methyl benzoate, is as high as about 
23% of reacted benzamide. (See Example 13). 
The preferred technique to carrying out the three 

reactions simultaneously can be expressed as follows: 
I. Simultaneous addition of N-halogenating agents 

and base solution to benzamide solution. If desired, the 
base solution, or part of the base solution, can be pre 
mixed with the amide solution prior to entering into the 
reactor. 

2. The preferred reaction temperature is approxi 
mately higher than 40° C. when methanol is used as the 
reaction medium. However, the optimum temperatures 
may be different, depending on the kind of alcohol used 
to convert the phenyl isocyanate to carbamate. For 
example, somewhat higher temperature is preferred for 
ethanol than that for methanol. 

3. The preferred solvents for the benzamide solution 
and the reaction medium are alcohol and mixtures of 
alcohol with other organic solvents. 

4. The dilution of aqueous base solution with organic 
solvents such as alcohol. Preferred bases are sodium, 
potassium and lithium hydroxides and trialkyl amines. If 
the aqueous base solutions are very dilute, i.e. less than 
about 10 weight percent, addition of MX salts, e.g., 
NaCl, to base solutions or saturation of base solution 
with salts is preferred to reduce side reactions in which 
water is involved directly or indirectly and improve 
amide conversion. The preferred base contains from 5 
to 90, more usefully from 30 to 80, weight percent wa 
ter. 

5. The preferred N-halogenating agents are hypohal 
ites such as t-butyl hypochlorite, sodium hypochlorite, 
sodium hypobromite, sodium hypoiodite, chlorine, bro 
mine, iodine, C120, I20 and BrZO. If desired, the N 
halogenating agents can be diluted with solvents, such 
as alcohol, t-butanol or CCl4, or inert gases or solutions 
of metal hypohalites for use in a large commercial reac 
tor to improve yield and for safety. Since N-halogenat 
ing agents are very reactive under the reaction condi 
tion, the multiple injection can be employed for large 
reactor operations. 
The use of an alkali or alkaline hypochlorite provides 

the requisite neutral to alkaline pH reaction conditions, 
without separate addition of a base though minor 
amounts can be added for the purpose of stabilizing the 
hypochlorite solution. 

6. The pH of the reaction medium is from neutral to 
basic. Here, natural means approximately 6 to 8 pH. 

7. Rapid mixing of the reactants in the reactor is 
preferred to reduce undesirable side reactions. 

After separation of salt from the reactor effluents, salt 
is used to regenerate N-halogenating agents, such as 
tert-butyl hypochlorite via electrolysis. 

After removal of solventand other liquid products 
from carbamic acid ester, the carbamate is used for the 
condensation reaction with aldehyde as performed in 
aforesaid step 4. ' 
The invention will be further understood by refer 

ence to the following examples which include preferred 
embodiments of the invention. However, the examples 
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8 
are not intended to limit the invention of the new pro 
cess. 

EXAMPLE 1 

A 250 ml-4-necked micro flask was equipped with an 
electrically driven one-blade agitator, thermometer, 
feed inlet and cooling bath. 75 mmoles of benzamide 
was weighed into the ?ask and 45 ml of methanol, suffi 
cient to give a 20% solution of amide in solvent, was 
added along with 6.28 g of 50 wt. % aqueous NaOH 
solution. Chlorobenzene (12.33 mmoles) was intro 
duced as the internal Gas Chromatographic (hereinafter 
referred to as GC) standard. t-Butyl hypochlorite (82 
mmoles) was pumped into the reactor over a one-hour 
period. The temperature was maintained at 20° C. and 
light was excluded from the reactants during this per 
iod. Stirring of the reactor was continued for 5 hours. 
The reactor contained a solid. and a liquid phase. The 
solid was ?ltered and washed with methanol. The solid 
cake was washed with additional (40 g) methanol, dried, 
weighed and analyzed for sodium chloride after dissolu 
tion with water. The appearance of insoluble by-pro 
duct was noted at this point. GC analysis of the ?ltrate 
was obtained and product distribution is tabulated in 
Table I. The water insoluble product was identi?ed as 
l-benzoyl—3-phenyl urea by melting point measurement 
and IR spectra. 
By carrying out the reaction in the presence of water 

at 20° C., only 56.6% selectivity to carbamate and 
phenyl isocyanate was obtained due to formation of 
insoluble by-product. 

EXAMPLE 2 

A 250 ml-4-necked micro ?ask was equipped with an 
electrically driven single-blade stirrer, thermometer, 
feed inlet and bath. 75 mmoles of benzamide was 
weighed into the flask and 45 ml of methanol, suf?cient 
to give a 20 w/v % solution of amide in solvent was 
added. Sodium methoxide (8O mmoles) was added cau 
tiously with cooling and chlorobenzene (12 mmoles) 
was introduced as the GC internal standard. t-Butyl 
hypochlorite (82 mmoles) was pumped into a stirred 
reactor over a one~hour period. The temperature was 
maintained at 20° C. and light was excluded. The tem 
perature was raised to 50° C. with continued‘ stirring for 
one hour. The reactor on cooling contained a solid and 
a liquid phase. The solid was ?ltered off, washed with 
methanol. The solid ?lter cake was dried, weighed, and 
analyzed for sodium chloride after dissolution with 
water. The aqueous solution was examined forby-pro 
duct organic material and these were separated to give 
by-product yield. GC analysis of the ?ltrate was ob 
tained and the results are hereafter summarized in Table 
I. 
The reaction was carried out at 20° C. under anhy 

drous reaction conditions by using sodium methoxide as 
base. The selectivity was improved to 79.5% for this 
example from 56.6% for Example 1 in which non-anhy 
drous reaction conditions were employed. The im 
provement of selectivity in this Example was due to less 
formation of insoluble by-product. However, methyl 
benzoate formation was increased. 

EXAMPLE 3 

This Example is the same as Example 2 except that 
the reaction temperature was raised to 45° C. and main 
tained at this temperature for a one-hour post reaction 
time. The results are summarized in Table I. 
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This Example shows the reaction temperature effect. 

By carrying out the reaction at 45° C. instead of 20° C. 
in Examples 1 and 2, the selectivity improved greatly 
compared with Example 2, as shown in Table I. The 
improvement was due to no formation of 1-benzoyl-3 
phenyl urea which would form by addition reaction of 
benzamide to phenyl isocyanate at lower reaction tem 
perature. However,‘ the conversion was slightly’ lower 
and another by-product, methyl benzoate, was in 
creased compared with Example 2. 

EXAMPLE 4 

This Example is the same as described in Example 3 

5 

10 

except that the concentration of benzamide was re-' 
duced to 10 w/v % from 20 w/v % and the post reac 
tion time was 30 minutes at 45° C. The results are sum 
marized in Table I. Both conversion and selectivity 
were slightly improved as the reaction was carried out 
with diluted benzamide solution. 

EXAMPLE 5 

The equipment and conditions used in this Example 
are the’ same as that used in Example 1 except that the 
temperature was 60° C. to provide a reaction and condi 
tions of 60° C. The results of this Example are summa 
rized in Table I. The NaCl obtained in this Example was 
dried at 120° C. overnight. This salt contained 300 ppm 
organic compounds. I 

This Example shows the effect of water at higher 
reaction temperature. Although the selectivity was. 
excellent, the benzamide conversion was lower than 
those of Examples 1 and 3. 

EXAMPLE 6 

This Example is the same in all respects as that de 
scribed in Example 5 except that the methanol solvent 
concentration was increased so as to give a benzamide 
concentration of 10 w/v %. The post reaction time was ‘ 
30 minutes at 60° C. The results are summarized in 
Table I. 

20 

25 

30 

v35 

This Example shows the effect of the concentration . 
of benzamide solution as aqueous base ‘solution was 
used. The benzamide conversion was improved. 

EXAMPLE 7 

Except for a modi?cation in the manner of base addi 
tion and the concentration of benzamide, the conditions 
for this Example are the same as those of Example 6. 
The benzamide solution was increased to 20 w/v % 
from 10 w/v % in Example 6. An amount of base solu 
tion equivalent to 20% of that required was added to 
the reaction prior to the simultaneous addition of the 
t-butyl hypochlorite and the remaining base. The results 
of this Example are summarized in Table I. 
Both conversion and selectivity were excellent de 

spite the presence of water and higher reaction temper 
ature used. The methyl benzoate by-product was ap 
proximately one-quarter of that in Example 5. The im 
provements were due to simultaneous addition of N 
chlorinating agent and base to the benzamide solution 
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and maintaining the basic reaction medium during the 
course of the reaction. 

EXAMPLE 8 
Except for the dilution of base solution with metha 

nol and post reaction time, the conditions for this Exam 
ple are the same as those described in Example 7. The 
amount of methanol ultimately added to the reactor was 
calculated to give a ?nal concentration of 10 w/v % 
benzamide in methanol. One-half the methanol was 
used to prepare the benzamide: solution and the other 
half was used to dilute the aqueous sodium hydroxide 
solution before it was pumped to the reactor equal to 
that used in the initial stage of the reaction. There'was 
no post reaction time in this Example. The results are 
summarized in Table 1. 

Further improvement of benzamide conversion was 
made by diluting aqueous NaOH solution with metha 
nol and using further dilute benzamide solution. 

v EXAMPLE 9 

This Example is identical to Example 8 as far as 
equipment and run conditions except that only a 5% 
excess of base was used in place of a 10% excess. The 
results are summarized in Table I. 

This Example shows the effect of base concentration 
in the reaction medium. The conversion in this run was 
lower than that of Example 8; however, it was higher 
than that in Example 7. 

EXAMPLE 10 

The equipment and conditions are the same as those 
described in Example 8 except for the base solution 
used. A 90% H2O——10%NaOI-II solution was used in 
place of 50% H2O——50%—NaO<H solution in the previ 
ous Examples. This aqueous NaOH solution was diluted 
with methanol to provide a 60% aqueous NaOH-40% - 
methanol mixture. The results are summarized in Table 
I. . 

This Example shows the effect of water concentra 
tion in the base solution. As expected, the conversion 
was poor. However, surprisingly, the selectivity was 
good. 

EXAMPLE 1 1 
In this Example the solution and equipment was the 

same as those in Example 10 except that 90% H2O—l0 
%NaOH solution was saturated with NaCl before dilut 
ing with methanol. The results are summarized in Table 
I. 
The benzamide conversion was greatly improved 

compared with that in Example 11 because salt (NaCl) 
in the base solution. It may be possible to further im 
prove the conversion of the benzamide solution is also 
saturated with salt. There was no sacri?ce of ‘selectivity 
due to the salt. 

EXAMPLE l2 

\ This Example was a duplication of Example 8. The 
results of all the foregoing examples are summarized in 
Table I. 
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EXAMPLE 13 

Benzamide was converted in anhydrous medium to 
N-phenyl methyl carbamate in two steps. The amide 
reacted with t-butyl hypochlorite to give the chloroa 
mide which then converted to the carbamate by the 
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time sodium hypochlorite was added and thereafter for 
20 minutes with agitation. 
The amounts of the reactants and the product results 

are hereafter set forth in Table II. There were no insolu 
ble by-product (such as acyl urea) formation under the 
reaction conditions reported -in Table II. 

TABLE II 

Example Nos. 14 l5 l6 17 18 19 20 21 22 23 24 25 

w 
BA (mmol) 75 150 75 75 75 ' 75 75 75 75 75 75 75 
MeOH (grns) 100 100 75 100 150 100 100 100 100 100 100 100 
NaOH (mmol) — — 21.5 21.5 21.5 10.8 21.5 43.0 — — 21.5 21.5 

‘ H2O (mmol) 1392 2784 549 549 549 783 783 783 1392 500 500 1251 
0C1 (mmol) ‘ 79‘ 158' 71 71 71 71 71 71 79“ 71 71 71' 

Yield (% by G.C.) ' 
Methyl Carbamate ‘ 83.7 70.5 82.7 86.1 85.4 80.0 84.3 66.3 83.7 77.2 87.3 82.7 
BA 6.6 17.9 5.0 5.4 3.5 9.5 5.8 5.8 6.6 14.5 1.3 6.3 
Phenyl Isocyanate 0.4 1.0 0.2 0.9 1.4 0.3 0.2 3.4 0.4 1.5 0.5 0.2 
Methyl Benzoate 0.1 0.1 0.2 0.3 0.3 0.2 0.3 0.4 0.1 0. 5 0.2 0.3 
Aniline 5.6 6.9 9.4 5.8 6.6 8.4 7.5 19.3 5.6 3.3 6.0 9.4 
Conversionl 93.4 82.1 95.0 94.6 96.5 90.5 94.2 94.2 93.4 85.5 98.7 93.7 
Selectivity2 90.0 87.1 87.3 92.0 90.0 88.7 89.7 74.0 90.0 92.1 89.0 89.0 

‘Commercial grade, 20% sodium hypochlorite by volume (16% by weight) 
. ‘Conversion = 100% - o.c. % BA 

zselec?vity : G-C. % Methyl fga'gznftesic (2115:?’ Phenyl isocyanate 

addition of methanolic sodium methoxide. Benzamide 
(290 mmoles) was weighed into a 500 ml-4-necked ?ask 
equipped with a single-blade mechanically-driven stir 
rer, thermometer, and an addition funnel. Methanol 
(180 ml) was added to give a 20% w/v solution of ben 
zamide in methanol. The room was darkened and the 
reactor was shielded from light by wrapping it in alumi 
num foil. t-Butyl hypochlorite (290 mmoles) was added 
slowly over a 15-minute period. The temperature rose 
13° C. during the addition period. Sodium methoxide 
(290 mmoles) in 100 ml of methanol was then added 
over a 28-minute period and the temperature rise of 14° 
C. was recorded. Post reaction was continued for two 
hours during which time the temperature was allowed 
to equilibrate to ambient temperature. Stirring was dis 
continued and the reactor was allowed to stand undis 
turbed overnight. The reactor was heated to re?ux (67° 
C.) to aid in conversion of unreacted phenyl isocyanate 
to the carbamate. At the termination of the reaction, the 
reactor contained two phases, one solid and one liquid. 
The solid was ?ltered out, dried and weighed. Analysis 
of the solid after exclusion of sodium chloride showed 
that 26.3 mole % of benzamide was converted to high 
melting (203 °—204° C.) insoluble by-product(1-benzoyl~ 
3-phenyl urea). Solution analysis by GC reported as 
uncorrected area % was as follows: 

Benzamide 0.5% 
Carbamate 73.1% 
Phenyl Isocyanate 0.9% 
Methyl Benzoate 23.0% 

The following Examples show carbamate formation 
using sodium hypochlorite with and without the addi 
tion of a base. 

EXAMPLES 14-25 
For all of these Examples, the solution of benzamide 

(BA), methanol (MeOH), and sodium hydroxide 
(NaOH) [except when not present in Examples 14, 15, 
22 and 23] in water (B20) was heated to 50° C. at which 
temperature it was held for 15 minutes during which 
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Since the sodium hypochlorite generates basicity to 
the reaction system simultaneous with the reaction with 
the amide, it is possible to avoid the separate base addi~ 
tion. Excessive amounts of base ‘can have an adverse 
effect on carbamate yield. This is shown by a compari 
son of Ex. 19, Ex. 20 and Ex. 21 where the yield of 
carbamate was reduced from 90% to 74%. However, a 
small addition of caustic improves the carbamate yield. 
In conclusion, the proper amount of base addition gives 
bene?cial effect on carbamate yield. 
Although sodium hypochlorite solutions contained 

large quantities of water, the excellent results could be - 
obtained by carrying out the reaction in the speci?c 
manner which is the invention of this disclosure. 
The invention in its broader aspect is not limited to 

the speci?c details shown and described and departures 
may be made from such details without departing from 
the principles of the invention and without sacri?cing 
its chief advantages. 
What is claimed is: 
1. A process for making N-aryl carbamic acid esters 

which comprises simultaneously reacting an aryl amide 
and a N-halogenating agent in the presence of alcohol at 
a temperature of from about 40° to about 200° C., while 
maintaining the pH of the resulting reaction medium of 
from neutral to basic by the addition of an aqueous 
solution of base said base being selected from the group 
consisting of NaOH, KOH, LiOH, and tri-alkyl amines, 
and while continually mixing the reactants for a period 
of from about 1 minute to 10 hours, and thereafter re 
covering the carbamate product. 

2. A process according to claim 1 wherein said N 
v halogenating agent is a C3 to C5 alkyl hypochlorite and 
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about a stoichiometric quantity (based on said hypo 
chlorite) of base is present during said reacting. 

3. A process according to claim 2 wherein said agent 
is t-butyl hypochlorite and said base is sodium hydrox 
ide. 

4. A process according to claim 1 wherein said N 
halogenating agent is a hypochlorite of a Group IA and 
Group IIA element of the Periodic Table. 

5. The process of claim 1, wherein said aryl carba 
mate acid ester is: 



4,321,402 ‘ 
15 16 

CH3 

5 (NHCOZRL, 
(NHCO2R),, 

and n is de?ned as 1, 2 or 3 and R represents a C1-C5 
alkyl group. 

7. The process according to claim 1 wherein the 
reaction temperature ranges from 45° to 100° C., and the 

alkyl group. duration of mixing ranges from 5 minutes to 2 hours. 
8. The process of claim 1 wherein the base used for 

6. The process of claim 1 wherein said aryl carbamic pH control is selected from the group consisting of 
15 NaOH, KOH, and LiOH. - 

it 1i 

and n is de?ned as l, 2 or 3 and R represents a C1-C5 

acid ester is: * * * 
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