
PATENT SPECIFICATION    (11) 1458595/ (21) Application No. 19578/74   (22)
Filed 3 May 1974 (31) Convention Application No. 357301   (32) Filed 4 May
1973   (19) (31) Convention Application No. 449291   (32) Filed 8 March
1974 in (33) United States of America (US) (44) Complete Specification
published 15 Dec. 1976 (51) INT CL2  C07C 119/042 119/045 119/048 31/02
31/16 31/18 39/04 (52) Index at acceptance C2C 1231 1253 126Y 20Y 21X 220
221 222 225 226 227 22X 22Y 24Y 279 30Y 311 313 314 31Y 332 338 339 349 360
361 362 364 365 366 368 36Y 5OY 566 567 568 569 606 607 608 609 622 623 624
632 633 642 652 65Y 662 66Y 694 699 69Y 707 714 771 779 MH WS WT YB YK YN
(54) PRODUCTION OF ISOCYANATES FROM ESTERS OF CARBAMIC ACIDS (71)   We,
ATLANTIC  RICHFIELD   from methylene - bis(4 - phenyl isocyanate) COMPANY,
a corporation organised under  and 1,6 - hexane diol when pyrolyzed at  45
the laws of the State of Pennsylvania, United  300[err]C  produced carbon
dioxide and the States of America, of ARCO Plaza, 515 S.  parent alcohol or
diol and also yielded amine 5   Flower Street, Los Angeles, State of Cali-
residues from the benzyl carbamate and poly- fornia, United States of
America, do hereby  carbamate. declare the invention, for which we pray
that    In another article in the Journal of the  50 a patent may be
granted to us, and the  American Chemical Society, Vol. 81, page method by
which it is to be performed, to  2138 et. seq. (1959) Dyer et al show that
10   be particularly described in and by the fol-  ethyl carbanilate gave
phenyl isocyanate (60- lowing statement: -                       75 mole
per cent based on carbanilate de- This invention relates to the production
graded, 44-30 per cent degraded, in 6 hours  55 of isocyanates from esters
of carbamic acids,  and 4 hours, respectively) and the alcohol otherwise
known as urethanes.             when heated at 200[err]C under pressure
suffi- 15     The conversion of esters of carbamic acids  ciently low
60-120 mm. Hg to vaporize the to the corresponding isocyanate and alcohol
alcohol but high enough to retain the iso- has been extensively
investigated. An early  cyanate. Thus even under these conditions  60
Patent United States No. 2,409,712 (1946)  other products were formed. At
atmospheric shows the pyrolysis of N-substituted car-  pressure no
phenylisocyanate was obtained, 20   bamic esters in the liquid phase at
subatmos-  although 70 per cent of the ethyl carbanilate pheric pressures
to give the isocyanate and  was destroyed. At 250[err]C and atmospheric
alcohol. Thus ethoxyethoxyethyl N - lauryl  pressure alpha - methylbenzyl
carbanilate  65 carbamate was pyrolyzed in the liquid phase  gave major
amounts of aniline, alpha - methyl- at 210[err]C to 230[err]C under high
vacuum, i.e.  benzyl aniline, styrene and carbon dioxide. 25   2 mm. Hg
pressure (no time given) to give    Dicarbamates such as his (2 - acetoxy-
lauryl isocyanate and ethoxyethoxyethanol.  ethyl) 1,6 - hexane dicarbamate
according The yield of isocyanate- was 75 per cent.  to United States
Patent 3,054,819 (1962) can  70 The use of such a high vacuum, however, be
distilled in the presence of a basic cata- poses problems in
commercializing such a  lyst such as tribenzylamine at low pressures, 30
process and consequently it is not believed  for example, 6 mm. Hg at
215[err]C to 260[err]C to have been commercialized. Other examples  to
produce the hexamethylene diisocyanate at showed much lower yields down to
37 per  a yield of 40 per cent. Without the catalyst  75 cent.
a yield of only 17 per cent was obtained. In an article in the Journal of
the American    A more recent British Patent No. 1,247,451 35   Chemical
Society, Vol. 80, page 5495 et. (1971) discloses that it was known that
seq. (1958), Dyer et al report that mono-  organic isocyanates can be
produced by the meric carbamates of the type RNHCOOR' non-catalytic
pyrolysis of urethanes at tem-  80 are known to be degraded above 200[err]C
to  peratures above 250'C but the yield is un- the isocyanate and alcohol.
The authors show, desirably low, and if lower temperatures are 40
however, that biscarbamates prepared from  employed the isocyanate and
alcohol will methylenebis - (4 - phenyl isocyanate) and  react to reform
the original urethane. This 1 - butanol, 2,2 - dimethyl - 1 - propanol
confirms the findings discussed hereinbefore  85 and benzyl alcohol and the
polycarbamate  wherein various expedients such as catalysts    2
1,458,595                                        2 and low pressures were
employed with speci-  atoms, and aryl radicals aralkyl radicals and   - fic
carbamates. The aforementioned British  alkaryl radicals containing 1 to 5
rings; eacl Patent proposes to pyrolyze diethyl toluene -  R' is
substituted or unsubstituted mono-, di 2,4 - dicarbamate in the presence of
a Lewis  or trivalent radical selected from  saturated   65 



5   acid such as ferric chloride catalyst to pro-  and monoolefinic
unsaturated  straight and duce toluene - 2,4 - diisocyanate (TDI). A
branched chain aliphatic and cycloaliphatic yield of approximately 59 mole
per cent is  radicals containing not more than 32 carbon shown. In general,
the reaction is carried out  atoms, alkoxyalkyl radicals having not more at
from 400[err]C to 600[err]C in the presence of  than 32 carbon atoms, and
aryl radicals  70 10   the catalyst at subatmospheric pressures to  aralkyl
radicals and alkaryl radicals contain- form  vapors, and condensing the
vapors to  ing 1 to 3 rings; and x is 1, 2 or 3, each R recover the organic
isocyanate product.      or R' being the same or different, respec- Thus
although the monocarbamates can be  tively, where x is 2 or 3, said method
com- noncatalytically pyrolyzed to the monoiso-  prising thermally
decomposing said ester at  75 l5   cyanate and alcohol employing high
tempera-  a temperature in the range of from  175C tures and low pressures
the yields are un-  to 350[err]C while said ester is dissolved in an
desirably low. Likewise certain dicarbamates  inert solvent to produce the
isocyanate and have been pyrolyzed to the diisocyanate and   alcohol, and
separately recovering said iso- alcohol but the yields have generally been
cyanate  and  alcohol; said  solvent being   80 20   unsatisfactory for
commercial purposes; more-  characterized as a compound or mixture of over,
in most cases the decomposition pro-  compounds which is (a) a solvent for
said ducts are predominantly amines and carbon  ester, (b) liquid and
stable at said decomposi- dioxide, not the desired diisocyanate. The  tion
temperature and (c) non-reactive with aforementioned British Patent also
requires  said isocyanate produced in said thermal de-   85 25   high
temperatures and low pressures and in  composition reaction, and selected
from  ali- addition a Lewis acid catalyst such as ferric  phatic
hydrocarbons having from  4 to 32 chloride which renders such process
highly  carbon atoms, halo- and mono-nitro substi- undesirable  from  a
commercial viewpoint  tuted derivatives of said aliphatic hydrocar- because
of the highly corrosive nature of such  bons, cyclo aliphatic hydrocarbons,
aromatic  90 30   acids.                                       hydrocarbons
having from 1 to 3 rings, alkyl The present invention obviates these prob-
benzenes having from 1 to 15 carbon atoms lems and others encountered by
the above  in the alkyl group, halo- and mono-nitro sub- illustrated prior
processes. It can be carried  stituted derivatives of said aromatic hydro-
out at atmospheric, subatmospheric or super-  carbons and alkylbenzenes,
oxygenated com-  95 35   atmospheric pressures. The present invention
pounds containing from 4 to 32 carbon atoms also does not require the use
of catalysts and   and selected from ethers, ketones and esters gives
extremely high yields of the isocyanate  of organic carboxylic acids, and
sulfur ana- and alcohol. It can be used with esters of  logues of said
oxygenated compounds. carbamic acids in general, but is particu-
Although esters of carbamnic acids or car-  100 40   larly useful for the
production of the mono-  bamates are generally referred to as "ure- and
diisocyanates from  their corresponding  thanes " in the literature, the
esters are usually esters of mono-and dicarbamic acids.        individually
named as a particular carbamate. According to this invention a method is
The decomposition reaction produces the cor- provided for producing
isocyanates from car-  responding isocyanate and alcohol. If the  105 45
bamates which comprises thermally treating  alcohol is lower boiling it can
be removed the carbamate in an inert organic solvent for  by the use of
reduced pressure, by refluxing the carbamate.
to distill it overhead or by employing an In accordance with the invention,
there is  inert gas to sweep it from the reaction mix- provided a method
for the production of iso-  ture. Conversely, if the alcohol is higher
boil-  110 50   cyanates from esters of carbamic acids having  ing than the
isocyanate, the isocyanate can the formula
be separated overhead. Alternatively, both the alcohol and isocyanate can
be vaporized and R(NHCOOR'),                   separated, for example, by
fractionation in the vapor phase.                            115 or
Preferably R will be an organic aliphatic radical containing up to 18
carbon atoms (RNHCOO)XR'                   for example, methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, amyl, isoamyl, neopentyl, the 55
wherein each R is a substituted or unsubsti-  hexyls, the heptyls, the
octyls, the nonyls, the  120 tuted mono- di or trivalent organic radical
decyls, the octadecyl, and the monoolefinic selected from saturated and
monoolefinic un-  compounds such as propenyl, butenyl, pen- saturated
straight and branched chain ali-  tenyl, hexenyl,  decenyl  and
octadecenyl phatic and cycloaliphatic radicals containing  radicals. The
divalent radicals such as ethyl- 60   not more than 32 carbon atoms,
alkoxyalkyl  ene, propylene, butylene, amylene, hexylene, 125 radicals
having not more than 32 carbon  heptylene, octylene, nonylene, decylene and
1,458,595                                        3 3 likewise up to
octadecylene also are included   ethyl 9 - anthracenecarbamate, diethyl
9,10- nd likewise the trivalent radicals. These  anthracenedicarbamate,
diethyl 1,5 - anthra- 



radicals may be hydrocarbyl or may be sub-  cenedicarbamate, diethyl 5,6 -
naphthacenedi- stituted with groups non-reactive with iso-  carbamate,
diethyl 6,13 - pentacenedicarbam- 5   cyanates, for example, nitro or halo,
in par-  ate, ethyl para - phenylcarbanilate, ethylene  70 ticular chloro
groups. Also included are the  bis(para - phenylcarbanilate), diethyl meta-
cycloaliphatic radicals containing from  5 to  benzenedicarbamate, diethyl
1,5 - naphthal- 7 carbon atoms preferably such as the cyclo-
enedicarbamate, methyl isopropylcarbamate, pentyl, cyclohexyl and
cycloheptyl radicals,  ethyl (methoxymethyl) carbamate, methyl sec- 10
likewise the di- and trivalent corresponding  butylcarbamate, ethyl(3  -
chloropropyl)car-  75 radicals. The mono-unsaturated  C[err] to C[err]
bamate, methyl tertiary butylcarbamate, ethyl cycloaliphatic radicals are
also included as  tert - octylcarbamate, diethyl tetramethylene- well as
the substituted compounds wherein  dicarbamate, ethyl 1 - ethyl -
cyclohexane- the substituent is an alkyl radical of 1 to  carbamate, propyl
(5,5 - dimethylhexyl) car- 15   4 carbon atoms, or nitro, or halo such as
bamate, methyl para  - toluenecarbamate,  80 chloro. The alkoxyalkyl
radicals can range  ethyl para - (trifluoromethyl) carbanilate, iso- from
the short chain such as methoxymethyl  propyl meta - chlorocarbanilate,
ethyl 2 - and ethoxyethyl to the longer chain radicals  methyl - 5 -
nitrocarbanilate, ethyl 4 - methyl- such  as ethoxyethoxyethyl,
propoxypropyl,  3 - nitro - carbanilate, diethyl 4,4 - methyl- 20
butoxybutyl and may contain up to 18 carbon  enedicarbanilate, dimethyl
meta - benzenedi-  85 atoms.
carbamate, dimethyl toluene - 2,4 - dicarbam- Likewise R can be an aryl
radical such as  ate, diethyl toluene - 2,4 - dicarbamate, di- the mono-,
di- and  trivalent radicals of  propyl toluene - 2,4 - dicarbamate, diiso-
benzene,  toluene,  naphthalene,  diphenyl,  propyl toluene 2,4 -
dicarbamate, dibutyl 25   anthracene, phenanthrene, terphenyl, napth-
toluene - 2,4 - dicarbamate, diamyl toluene -  90 thacene, and pentacene
with the mono- and  2,4 - dicarbamate, dihexyl toluene - 2,4 - di- divalent
radicals being particularly preferred.  carbamate, diphenyl toluene - 2,4 -
dicarbam- These aryl radicals can also be substituted  ate,
di(phenylmethyl)toluene - 2,4 - dicar- with one or more alkyl groups having
from   bamate, dinaphthyl toluene - 2,4 - dicarbam- 30   1 to 4 carbon
atoms or by radicals non-reac-  ate, di(ethoxyethyl)toluene - 2,4 -
dicarbam-  95 tive with isocyanates such as nitro or halo, ate, the
corresponding esters of toluene - 2,6- particularly chloro radicals. In
addition to the  dicarbamate, diethyl 4 - chloro - meta - alkaryl radicals,
the aralkyl radicals, such as  benzenedicarbamate, methyl para - butoxy
methyl, ethyl, propyl, and butyl radicals hav-  carbanilate, ethyl para -
acetylcarbanilate, 35   ing a hydrogen substituted by phenyl, naph-  ethyl
para - bromocarbanilate, ethyl ortho- 100 thyl, anthryl or phenanthryl
radicals thus the  nitrocarbanilate, isopropyl meta - (trifluoro- lowest
member of the group is methyl having  methyl)carbanilate and triethyl 1,3,5
- benz- a phenyl radical substituted for a hydrogen  enetricarbamate.
These  esters  specifically on the methyl giving a benzyl radical. Like-
named are obviously merely representative of 40   wise more than one
hydrogen may be substi- the very large numbers of esters falling with- 105
tuted with a phenyl group as in diphenyl in the definition of the general
formula for methane, the corresponding aralkyl radical the compounds which
can be converted to being diphenylmethyl.                      isocyanates
by the method of this invention. Preferably the R' of the above formula  In
general, the methyl and ethyl esters are 45   will be an organic radical
containing up to  more readily available and therefore these are  110 18
carbon atoms, i.e. the same alkyl radicals  more preferred. enumerated
above for R, the same mono-    In carrying out the process of this inven-
olefinic compounds enumerated for R  the  tion the ester is added to a
solvent, to be same alkoxyalkyl radicals enumerated for R  characterized
completely hereinafter in  an 50   and the same aryl radicals up to 3 rings
amount such that substantially all of the ester  115 enumerated for R.
will be completely dissolved at the reaction Representative esters of
carbamic acids as  temperature. The ester can either be added characterized
above include ethyl phenylcar-  to the cold solvent and the mixture heated
bamate (alternatively named ethyl N - phenyl-  to reaction temperature,
which method is 55   carbamate or also the ethyl ester of car- generally
employed in smaller scale batch  120 banilic acid, or preferably ethyl
carbanilate), runs, or the ester can be added to the heated butyl
carbanilate, pentyl carbanilate, hexyl solvent continuously, as would be
more feas- carbanilate, octyl carbanilate, ethylene di- ible for commercial
large scale operations. carbanilate, 1,3  - propylene dicarbanilate,   The
process can be carried out at tem- 60   1,4 - butylene dicarbanilate, 1,5 -
amylene  peratures ranging from 175C to 350C with  125 dicarbanilate, 1,6 -
hexylene dicarbanilate, a more preferred range being from  200C 1,8 -
octylene dicarbanilate, 1,10 - decylene  to 300C. dicarbanilate, glyceryl
tricarbanilate, ethyl 1-   The reaction time can vary from  sever.
naphthalenecarbamate, ethyl 1 - anthracene- minutes to several hours
depending upon the 65   carbamate, ethyl 2 - anthracenecarbamate,
particular ester of the carbamic acid being  130    4
1,458,595                                         4 reacted   and  the
reaction  temperature  medium and for carrying the products over- 



employed. In general, times ranging from 5  head are compounds which meet
certain cri minutes to 4-6 hours are sufficient to obtain  teria. The
reaction medium solvent must be the desired objectives of this invention in
capable of dissolving the particular ester of 5   batch runs, while in
continuous runs, resi-  the carbamic acid at reaction temperature to   70
dence times of from 10 to 20 hours are pre-  an extent sufficient to make
the process prac- ferred.                                     tical. Thus
if the ester were soluble in the The process is preferably carried out at
reaction medium  solvent to the extent of 1 atmospheric pressure when
suitable high boil-  weight per cent or less the process would be 10   ing
solvents are employed, or it can be run   operable, but not particularly
attractive from   75 at superatmospheric pressures when lower  a
commercial  standpoint.  Consequently, boiling  solvents are used.
Subatmospheric  although the lower ester concentration limit pressures can
also be used with high boiling  might be considered to be about 1 weight
solvents but these subatmospheric pressures  per cent, it is preferred that
the ester be 15   are not required for the reasons as set forth  soluble at
least to from  3 to 5 weight per  80 in the prior art wherein no solvents
were  cent at reaction temperatures. used.
Since it is necessary in accordance with It is important in carrying out
the process  the objects of this invention to carry out the of this
invention that the ester of the car-  conversion of the ester of the
carbamic acid 20   bamic acid be substantially completely dis-  in solution
it is preferred that the concentra-  85 solved in the solvent at reaction
temperatures  tion of the ester in the reaction medium sol- during
conversion  to  the  isocyanate  and  vent should not exceed from  70-80
weight alcohol. If the alcohol is lower boiling than   per cent based on
the weight of the solution. the isocyanate as most frequently is the case,
Both the reaction medium solvent and the 25   then the alcohol can either
be distilled from   solvent employed to carry the reaction pro-  90 the
solvent as formed or by being removed   duct or products overhead (the
carrier sol- by the assistance of an inert gas being passed   vent) must
not decompose at the reaction through the solution such as through a
fritted  temperature employed and in addition these disc or similar means
for dispersion or by the  solvents  cannot contain  active  hydrogens 30
use of a lower boiling solvent meeting the  which, of course, would react
with the iso-  95 same criteria as will be set forth hereinafter  cyanate
produced. In general any compound and  boiling  between  the  isocyanate
and   containing reactive groups that combine with alcohol. By this means
recombination of the  the isocyanate should not be employed as alcohol and
isocyanate is prevented. More-  these solvents in this invention. 35
over, since the reaction is carried out in solu-  Therefore, the parameters
for suitable sol- 100 tion the formation of polymerization products  vents
in this invention are (a) compounds that such as tars and resins is avoided
as well as  are solvents for the starting carbamate (b) inhibiting the
formation of undesirable by-  compounds that are stable in the reaction
products such as amines and carbon dioxide  temperature and (c) compounds
that are non- 40   formerly associated with the thermal decom-  reactive
with the generated isocyanate.     105 position of esters of carbamic
acids.          In view  of these criteria or parameters, Alternatively if
the alcohol is higher boil-  compounds such as alcohols and acids cannot
ing than the generated isocyanate, the iso-  be used because of their
reactivity with the cyanate can be removed overhead again by   generated
isocyanate. Water also must, of 45   distillation  or by the use of an
inert gas or  course, be excluded.                      110 by the use of a
suitable solvent also to be    When operating at atmospheric pressure the
defined.                                     boiling point of the solvent
or solvent mix- In a somewhat more sophisticated alterna-  ture should be
at or above the desired operat- tive which is preferred for continuous
opera-  ing temperature. Lower boiling solvents or 50  tion both the
alcohol and isocyanate after for-  mixtures of solvents can be used by
employ-  115 mation in the solution are removed into the  ing
superatmospheric  pressures;  however, vapor phase either by the use of an
inert gas  since the reaction must be carried out in the or a suitable
solvent. The isocyanate and  liquid phase, the single solvent or solvent
alcohol are then separated by suitable frac-  mixture cannot have a
critical temperature 55  tionation and/or partial condensation. When
below 175[err]C (the minimum reaction tempera-  120 a solvent is employed
to carry the products  ture). overhead, it can be used to assist in the
con-    In general, the solvent will be a compound densation of either the
isocyanate or alcohol.  or mixture of compounds selected from  the The
inert gases which can be employed   aromatic hydrocarbons having from  1 to
3 60  include nitrogen, helium, argon, carbon di-  rings including the
alkyl benzenes having  125 oxide, methane, ethane and propane either  from
1 to 15 carbon atoms in the alkyl group, alone or in mixtures. Nitrogen is
preferred  the halo (particularly chloro) substituted and because of its
convenience.                  the mono-nitro substituted derivatives of
these The solvents which can be used in the  aromatics; the aliphatic
hydrocarbons having 65   process of this invention both in the reaction   4
to 32 carbon atoms and the halo (particu-  130    5
1,458,595                                        5 



larly chloro and fluoro) and mono-nitro sub-    In the runs which follow
except where stituted derivatives of these aliphatics, the  noted
differently the ester of the carbamic cycloaliphatic hydrocarbons,
oxygenated com-  acid and solvent (when used) were placed pounds having
from  4 to 32 carbon atoms  in a pot containing a glass covered magnetic 5
and selected from ethers, ketones and esters,  stirrer, a  thermometer, a
nitrogen  inlet  70 and the sulfur analogues of these oxygenated  extending
below the liquid level and a 6 inch compounds.
Vigreaux column. The overhead take off tube More specifically suitable
compounds either  was connected to a trap maintained at room for the
reaction medium  or carrier solvent  temperature and then to a set of two
Dry- 10  include alkanes or monoalkenes having from   Ice traps to collect
the alcohol. The column  75 5 to as many as 32 carbon atoms which can  and
overhead tube were not heated during be either straight or branched chain,
e.g. the  these runs except where noted. In certain pentanes, hexanes,
heptanes, octanes, non-  runs samples of the pot materials were taken anes,
decanes and on up to the higher alkanes  with a syringe inserted through a
septum 15   such as n - hexadecane, n - octadecane,  during reaction and
were immediately diluted  80 eicosane and squalane, and the correspond-
with a weighed amount of dried tetrahydro- ing monoalkenes. Compounds such
as the  furan to insure solubility of the products. In C[err]'s, although
having critical temperatures  other runs the entire reaction product was
below 175 C, can be employed in conjunc-  analyzed. The samples or entire
product were 20   tion with the compounds having critical tem-  analyzed by
gas-liquid phase chromatography  85 peratures above 175[err]C provided that
the mix-  for the isocyanate and, for the mono- and/or ture has a critical
temperature above 175[err]C.  dicarbamate, by analytical liquid chromato-
The aromatics such  as benzene, toluene,  graphy. In the representative
runs which ortho - xylene, meta - xylene, para - xylene, follow, the rate
of nitrogen flow is generally 25   mixtures of two or more of the xylenes,
about 10 litres per hour or higher. The  90 ethylbenzene, cumene,
diisopropylbenzenes,  nitrogen flow rate was merely adjusted to
dibutylbenzenes, naphthalene, C[err]-C[err] alkyl  remove the alcohol as
formed in  the particular substituted naphthalenes, substituted benzenes
laboratory set up employed in these runs and and  substituted  naphthalenes
non-reactive  was merely a matter of convenience, whereas 30   with
isocyanates such as the nitro or halo-  in the alternative methods which
would be  95 genated compounds for example, the chloro-  used  commercially
employing  solvents an benzenes, nitrobenzene and chloronaphthal-  inert
gas would not be required. enes diphenyl and substituted diphenyls, di-
phenyl methane, terphenyls, such as ortho -               EXAMPLE I 35
terphenyl, substituted terphenyls, anthracenes    A  mixture  of 10  g
ethyl carbanilate and phenanthrenes can be employed with  (0.0606 mols) and
50 g n - hexadecane was 100 equal utility. Likewise cycloaliphatic hydro-
heated for 1 hour at 200[err]C and for 2 addi- carbons such as
cyclopentane, methyl cyclo-  tional hours at 220[err]C in a nitrogen stream
pentane, 1,1 - dimethyl cyclopentane, ethyl  at 30 litres per hour. The
ethanol carried 40   cyclopentane, cyclohexane, methyl cydohex-  overhead
was collected in a Dry-Ice trap. ane, ethyl cyclohexane, cycloheptane  and
Analysis showed that 62.4 mol per cent of 105 others of 5 to 7 carbon
atoms.             the ethyl carbanilate had been converted and Ethers
(including cyclic ethers) and poly-  that the yield of ethanol was 88.7 mol
per ether solvents which do not contain a sub-  cent and the yield of
phenyl isocyanate was 45  stituent group which would react with an   87.9
mol per cent both based on the ethyl isocyanate can also be used. Likewise,
other  carbanilate converted.                  110 oxygen containing
compounds such as the ketones, for example methyl ethyl ketone, esters, for
example dibutyl phthalate, dihexyl    EXAMPLE II (Comparative) 50
phthalate, dioctyl phthalate  and  didecyl    In a similar run with the
exception that no phthalate are suitable as are the sulfur  solvent was
employed, the conversion of ethyl analogues of these compounds.
carbanilate was 89.2 mol per cent and the In summary compounds meeting the
cri-  yield of ethanol was 86.2 mol per cent but 115 teria which have been
set forth can be em-  the yield of phenyl isocyanate was only 18.1 55
ployed as the reaction medium  solvent or  mol per cent. Infra-red and
gas-liquid phase carrier solvent since in order to meet the
chromatographic analysis showed  that the objectives of the invention, the
conversion  major by-product of this latter reaction is of the ester of the
carbamic acid to give the  the carbodiimide which is undesirable since 120
isocyanate and alcohol must take place in  it is the isocyanate that is the
desired useful 60  solution  from  which  the  isocyanate  and   product.
This run confirmed results obtained alcohol can be recovered without
reaction of  by Dyer et al described hereinbefore. the isocyanate with the
solvent.              A number of runs were carried out to pro- The
following Examples are provided to  duce toluene diisocyanate; all gave
good selec- 125 illustrate the invention in further detail but  tivities.
Several are shown in the following 65  these are not to be construed as
limiting.   Examples. Except where otherwise indicated,    



1,458,595                                      6 in each case the alcohol
was carried overhead  mol per cent of the starting dicarbamate. and
collected in a Dry-Ice trap.           At the end of 1 hour the yield of
toluene - 2,6 - diisocyanate was 78.1 mol per cent EXAMPLE III
together with 12.3 mol per cent of the mono- A mixture of 10 g diethyl
toluene   2,4-  carbamate. This showed that the monocar-  65 5
dicarbamate and 50 g n - hexadecane was  bamate had been converted to the
diisocyan- heated at 260[err]C in a stream of nitrogen at  ate so that the
ultimate yield of diisocyanate 25 litres per hour for 1.5 hours. The reac-
was over 90 mol per cent. tion mixture was diluted with tetrahydro- furan
and analyzed for toluene diisocyanate             EXAMPLE VIII 10   and the
mono- and dicarbamates based on    In this run a different ester was
employed   70 the  dicarbamate  charged. The  yield  of  together with a
mixed solvent. A mixture toluene diisocyanate was 74 mol per cent and  of
10 g of di(ethoxyethyl)toluene - 2,4 - di- the yield of the monocarbamate
was 13 mol  carbamate in 20 g of tetrahydronaphthalene per cent, while less
than 1 mol per cent of  and 30 g of di - 2 - ethyihexyl phthalate IS  the
dicarbamate remained. Since the mono-  was heated at 241[err]C for 2 hours
in a nitrogen   75 carbamate is an intermediate that can be  stream  at 10
litres per hour. The ethoxy- recycled to produce the toluene diisocyanate
ethanol was carried overhead along with some this represented a potential
yield of 88 mol  of the tetrahydronaphthalene. Analysis showed per cent of
the diisocyanate.              an 80 mol per cent conversion to isocyanate
groups induding a yield of 68.2 mol per  80 20                EXAMPLE IV
cent of the toluene - 2,4 - diisocyanate. This A mixture of 7.2 g of
diethyl toluene -  run showed that various esters as well as 2,4 -
dicarbamate and 36 g of ortho - ter-  mixed  solvents can be employed in
the phenyl was heated at 250[err]C for 2 hours in a  method of this
invention with excellent suc- nitrogen stream  at 25 litres per hour. The
cess.                                      85 25   product was diluted with
tetrahydrofuran and the analysis showed the selectivity to toluene
EXAMPLE IX diisocyanate was 63.3 mol per cent, the mono-    In order to
show that runs could be carried carbamate 27.2 mol per cent and unconverted
out at low temperatures a run was carried dicarbamate 3.9 mol per cent.
Thus the ulti-  out at 214[err]C for 3 hours in which 10 g 30   mate yield
of the toluene diisocyanate was  of di(ethoxyethyl)toluene - 2,4 -
dicarbamate  90 approximately 95 mol per cent.              was heated with
50 g of tetrahydronaphthal- ene in a nitrogen stream at 11 litres per hour.
EXAMPLE V                     There is obtained a 53.9 mol per cent con- A
mixture of 10 g of diethyl toluene -  version to isocyanate groups
including a yield 2,4 - dicarbamate was heated with 50 g of  of 22.3 mol
per cent of the toluene - 2,4 -  95 35   n - hexadecane at 250[err]C for 4
hours in a  diisocyanate. This run was used merely to nitrogen stream,
selectivity to toluene diiso-  demonstrate that the reaction could be
carried cyanate was 83.4 mol per cent and 9.4 mol  out at low temperatures;
however, it will be per cent to the monocarbamate. Thus the  seen that the
conversion is correspondingly ultimate yield of toluene diisocyanate was
slower.                                    100 40   approximately 93 mol
per cent. EXAMPLE X EXAMPLE VI                      A mixture of 10 g of
diethyl toluene - A mixture of 10 g of dimethyl toluene -  2,4 -
dicarbamate, 15 g of tetrahydronaph- 2,4 - dicarbamate and 50 g of ortho -
ter-  thalene and 40 g of ortho - terphenyl was phenyl was heated at
250[err]C in a nitrogen  heated at 259-261[err]C in a nitrogen stream  105
45   stream at 50 litres per hour. The top of the  at 11.4 litres per hour
for 1.5 hours. The reactor was heated so that substantially all yield of
toluene - 2,4 - diisocyanate was of the toluene diisocyanate was carried
over-  66.2 mol per cent along with 20.8 mol per head, with some of the
solvent, as it was  cent of the monocarbamate. This demon- formed in the
reaction. At the end of 1 hour  strates that excellent ultimate yields of
the  110 50   analysis showed a 73 mol per cent yield of  diisocyanate can
be obtained with a mixed toluene diisocyanate and a 15 mol per cent
solvent and that one solvent can be utilized yield of the monocarbamate.
as a carrier solvent. EXAMPLE VII                                 EXAMPLE
XI A mixture of 10 g of diethyl toluene -    A mixture of 10 g of diethyl
toluene - 115 55   2,6 - dicarbamate and n - hexadecane was  2,4 -
dicarbamate and 50 g of di - 2 - ethyl- heated in a nitrogen stream at 30
litres per  hexyl phthalate was heated in a cylindrical hour at a
temperature of 250[err]C. At the end  reactor at 250[err]C for 1 hour.
Nitrogen at 32 of 15 minutes the toluene - 2,6 - diisocyanate  litres per
hour was passed through a fritted was 58.4 mol per cent together with 34.9
disc at the bottom  of the reactor. A yield  120 60   mol per cent of the
monocarbamate and 1.8  of toluene - 2,4 - diisocyanate of 57.6 mol    
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7 per cent together with 28.6 mol per cent of             EXAMPLE XVI the
monocarbamate and 2.5 mol per cent of    A mixture of 10 grams of diethyl
toluene -  60 unconverted dicarbamate was obtained. This  2,4 - dicarbamate
and 50 grams of technical run demonstrated that ester type solvents also
grade n - octadecane was heated at 250[err]C 5   can be employed in the
process of this inven-  in a stream of nitrogen at 30 litres per hour tion
with excellent results.               for 1 hour. The yield of toluene
diisocyanate was 59.8 mole per cent and the yield of the  65 monocarbamate
was 24.4 mole per cent while EXAMPLE XII (Comparative)            1.4 mole
per cent of the dicarbamate re- Ten grams of diethyl toluene - 2,4 - di-
mained unreacted. Thus the ultimate yield carbamate was heated in a metal
bath at  of toluene diisocyanate was approximately 86 10   250[err]C for 1
hour in a nitrogen stream  at  mole per cent.
70 30 litres per hour. Analysis showed that only    As pointed out
hereinbefore, alkyl substi- 13.3 mol per cent of toluene - 2,4 - diiso-
tuted benzenes having from  1 to 15 carbon cyanate and 12.1 mol per cent of
the mono-  atoms in the alkyl side chain can be em- carbamate were obtained
along with 12.4 mol  ployed as the solvent. The monoalkyl benz- 15   per
cent of the dicarbamate. This shows that  enes having from 9 to 15 carbon
atoms in  75 in the absence of solvent over 62 per cent  the alkyl side
chain are particularly useful of the dicarbamate was destroyed without  and
are available as so-called "detergent forming useful products while as has
been  alkylate" since these compounds when sulfon- shown hereinbefore the
same reaction carried  ited  and  neutralized  produce  the  alkyl 20   out
in a solvent gives a dramatically higher  benzene sulfonates widely used in
both house-  80 mol per cent of desired product.           hold and
industrial detergent formulations. The detergent alkylates are available
gener- EXAMPLE XIII (Comparative)           ally as mixtures of compounds
varying only A  run similar to that of Example XII  in the number of carbon
atoms in the side except that it was carried out at 260[err]C in  chain.
For example, the commercial material  85 25  the absence of a solvent gave
a product that  may contain from  10 to 15 carbon atoms polymerized in the
reaction flask and could  in the side chain with over 90 weight per not be
removed from  the flask. These two  cent of the compounds having from  12
to runs (Example XII and XIII) show the neces-  14 carbon atoms in the side
chain and with sity of carrying out the reaction in a solvent  the average
being 13 carbon atoms in the  90 30  if the high yields of the isocyanate
are to  side chain. Other commercial materials have be obtained.
other distributions of alkyl side chains. The alkyl side chains may be
either straight chain EXAMPLE XIV                   or branched chain, but
most commercial A mixture of 10 g of diisopropyl toluene -  detergent
alkylate available in recent years  95 2,4 - dicarbamate and 50 g of n -
hexadecane  contains only straight chain compounds since 35   was heated at
2500C in a nitrogen stream at  these give biodegradable detergents whereas
25 litres per hour bubbling through the solu-  the branched chain compounds
give deter- tion. Conversion to toluene - 2,4 - diiso-  gents resistant to
biodegradation and hence cyanate was 45 mol per cent at the end of  are no
longer in general use.              100 1-1/2 hours. This run shows that
secondary    The following Examples are provided to 40   alcohol esters of
the dicarbamic acid are  show the use of commercial detergent alkyl-
amenable to the process of this invention.  ates as solvents. As in most of
the previous Examples, in each case (except where other- EXAMPLE XV
wise indicated), the alcohol was carried over- 105 A mixture of 10.7 g
(0.03 moles) 1,6 -  head and collected in a Dry-Ice Trap. hexylene
dicarbanilate, having the formula, 45   where Ph=phenyl, of:
EXAMPLE XVII A mixture of 10 g diethyl toluene - 2,4 - [err]   dicarbamate
and 50 g of a commercial deter- gent alkylate, having about 10 to 12 carbon
110 and 50 g n - hexadecane was heated at 250[err]C  atoms in the alkyl
side chain, with small for two hours in a nitrogen stream at 50 litres
amounts of higher and lower compounds and per hour. In this Example, the
isocyanate  with an average side chain of about 11.3 50   was recovered
overhead and the alcohol re-  carbon atoms attached to the benzene ring,
mained in the pot. Analysis of the products  was heated at 250[err]C in a
stream of nitrogen  115 taken overhead during the run showed that  at 30
litres per hour for 1 hour. The reaction the yield of phenyl isocyanate
produced under  mixture was diluted with tetrahydrofuran and these
conditions was 57.2 mol per cent. The  analyzed for toluene diisocyanate
and the 55   material remaining in the pot included un-  mono- and
dicarbamate based on the dicar- reacted carbamates so longer reaction time
bamate charged. The yield of toluene diiso- 120 would have produced
additional phenyl iso-  cyanate was 52 mole per cent and the yield cyanate
at a very high ultimate yield.     of the monocarbamate was 41.6 mole per
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8 cent, while 4 mole per cent of the dicarbam-  drawn from the pot to give
a total yield of ate remained. Thus, the ultimate yield of the  97 mole per
cent. toluene diisocyanate was over 97 mole per    Examples XVII and XVIII
show that alkyl  65 cent.                                      benzenes
having up to 15 carbon atoms in the alkyl side chain, i.e., the detergent
alkyl- 5               EXAMPLE XVIII                   ates can be employed
as solvents in the A mixture of 10 g diethyl toluene - 2,4 -  method of
this invention. Examples XIX and dicarbamate and 50 g of a commercial
deter-  XX  demonstrate continuous operation and   70 gent alkylate having
from  10 to 15 carbon  show that exceedingly high yields are obtain- atoms
in the side chain, with over 90 weight  able thereby. 10   per cent having
from 12 to 14 carbon atoms    All the foregoing Examples demonstrate and
with an average side chain of 13 carbon  the utility of the invention for
generating atoms attached to the benzene ring, was  isocyanates
corresponding to various esters of  75 heated at 250[err] in a stream  of
nitrogen at  various carbamic acids by utilizing the sol- 30 litres per
hour for 1 hour. The yield of  vent method of this invention with atmos- 15
toluene diisocyanate was 59.1 mole per cent  pheric pressure pyrolysis. The
results show and the yield of monocarbamate was 25.7  that high yields of
isocyanates are obtainable mole per cent while 1.4 mole per cent of even
from  esters of dicarbamic acids which   80 the dicarbamate remained. Thus,
the ultimate  heretofore, in general, gave little if any yield yield of
toluene diisocyanate was over 86  of the diisocyanate by purolysis methods.
Of 20   mole per cent.                              particular interest the
results show that in In order to demonstrate continuous opera-  the
conversion of the dicarbarnates there is tion, the following runs were
made.        formed  the  monocarbamate  intermediate  85 which on
continued conversion (or recycle) is EXAMPLE XIX
converted to the diisocyanate. The detergent alkylate of Example XVII 25
in the amount of 100 ml was placed in a 300    WHAT WE CLAIM  IS:- ml
round-bottom  flask fitted with two feed    1. A method for the production
of isocyan- inlet tubes, a nitrogen inlet tube, a 12"  ates from esters of
carbamic acids having the   90 Vigreaux column, a thermometer and a pro-
formula duct dip tube. A solution containing 0.12 g 30   diethyl toluene -
2,4 - dicarbamate per ml               R(NHCOOR'), of tetrahydrofuran
solution was pumped in at the rate of about 32 ml per hour; the  or
detergent alkylate was pumped in at approxi- mately 8 to 10 ml per hour to
maintain a                 [err] 35  level sufficient to give an average
residence time of about 15 hours. A stream of nitrogen  wherein each R is a
substituted or unsubsti-  95 was passed in at a rate of 30 litres per hour.
tuted mono-, di or trivalent organic radical The pot temperature  was
maintained  at selected from saturated and monoolefinic un- 250C and the
column was wrapped to give  saturated straight and branched chain ali- 40
a temperature of 130C at the top of the  phatic and cycloaliphatic radicals
containing column. Under steady state conditions, the  not more than 32
carbon atoms, alkoxyalkyl 100 yield of toluene diisocyanate recovered over-
radicals having not more than 32 carbon head was 81 mole per cent along
with 3 mole  atoms, and aryl radicals aralkyl radicals and per cent of
monocarbamate. In addition, 2  alkaryl radicals containing 1 to 5 rings;
each 45   mole per cent toluene diisocyanate, 5 mole  R' is a substituted
or unsubstituted mono-, per cent monocarbamate and 2 mole per cent di or
trivalent radical selected from saturated  105 dicarbamate were present in
the product and monoolefinic unsaturated  straight and drawn from the pot
to give a total yield of branched chain aliphatic and cycloaliphatic 93
mole per cent.                          radicals containing not more than
32 carbon atoms, alkoxyalkyl radicals having not more 50
EXAMPLE XX                    than 32 carbon atoms, and aryl radicals 110
In the same unit as described in Example  aralkyl radicals, and alkaryl
radicals contain- XIX, the detergent alkylate was replaced with  ing i to 3
rings; and x is 1, 2 or 3, each n - hexadecane. Other conditions were
similar  R or R' being the same or different, respec- except for a top
column temperature of  tively, where x is 2 or 3, said method com- 55
180[err]C. Under steady state conditions with an  prising thermally
decomposing said ester at 115 average residence time of about 20 hours, a
temperature in the range of from  175C the yield of toluene diisocyanate
recovered  to 350[err]C while said ester is dissolved in an overhead was 84
mole per cent along with  inert solvent to produce the isocyanate and 9
mole per cent monocarbamate. In addition,  alcohol, and separately
recovering said iso- 60   1 mole per cent toluene diisocyanate, 2 mole
cyanate  and  alcohol; said  solvent being  120 per cent monocarbamate and
1 mole per cent  characterized as a compound or mixture of dicarbamate were
present in the product  compounds which is (a) a solvent for said  
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8 cent, while 4 mole per cent of the dicarbam-  drawn from the pot to give
a total yield of ate remained. Thus, the ultimate yield of the  97 mole per
cent. toluene diisocyanate was over 97 mole per    Examples XVII and XVIII
show that alkyl   65 cent.                                      benzenes
having up to 15 carbon atoms in the alkyl side chain, i.e., the detergent
alkyl- 5               EXAMPLE XVIII                   ates can be employed
as solvents in the A mixture of 10 g diethyl toluene - 2,4 -  method of
this invention. Examples XIX and dicarbamate and 50 g of a commercial
deter-  XX  demonstrate continuous operation and   70 gent alkylate having
from  10 to 15 carbon  show that exceedingly high yields are obtain- atoms
in the side chain, with over 90 weight  able thereby. 10   per cent having
from 12 to 14 carbon atoms    All the foregoing Examples demonstrate and
with an average side chain of 13 carbon  the utility of the invention for
generating atoms attached to the benzene ring, was  isocyanates
corresponding to various esters of  75 heated at 250 in a stream  of
nitrogen at  various carbamic acids by utilizing the sol- 30 litres per
hour for 1 hour. The yield of  vent method of this invention with atmos- 15
toluene diisocyanate was 59.1 mole per cent  pheric pressure pyrolysis. The
results show and the yield of monocarbamate was 25.7  that high yields of
isocyanates are obtainable mole per cent while 1.4 mole per cent of even
from esters of dicarbamic acids which   80 the dicarbamate remained. Thus,
the ultimate  heretofore, in general, gave little if any yield yield of
toluene diisocyanate was over 86  of the diisocyanate by purolysis methods.
Of 20   mole per cent.                              particular interest the
results show that in In order to demonstrate continuous opera-  the
conversion of the dicarbamates there is tion, the following runs were made.
formed  the  monocarbamate  intermediate  85 which on continued conversion
(or recycle) is EXAMPLE XIX                    converted to the
diisocyanate. The detergent alkylate of Example XVII 25   in the amount of
100 ml was placed in a 300    WHAT WE CLAIM  IS: - ml round-bottom  flask
fitted with two feed    1. A method for the production of isocyan- inlet
tubes, a nitrogen inlet tube, a 12"  ates from esters of carbamic acids
having the   90 Vigreaux column, a thermometer and a pro-  formula duct dip
tube. A solution containing 0.12 g 30   diethyl toluene - 2,4 - dicarbamate
per ml               R(NHCOOR')x of tetrahydrofuran solution was pumped in
at the rate of about 32 ml per hour; the  or detergent alkylate was pumped
in at approxi- mately 8 to 10 ml per hour to maintain a
(RNHC00)R' 35   level sufficient to give an average residence time of about
15 hours. A stream of nitrogen  wherein each R is a substituted or
unsubsti-  95 was passed in at a rate of 30 litres per hour. tuted mono-,
di or trivalent organic radical The  pot temperature  was maintained  at
selected from saturated and monoolefinic un- 250C and the column was
wrapped to give  saturated straight and branched chain ali- 40   a
temperature of 130[err]C at the top of the  phatic and cycloaliphatic
radicals containing column. Under steady state conditions, the  not more
than 32 carbon atoms, alkoxyalkyl 100 yield of toluene diisocyanate
recovered over-  radicals having not more than 32 carbon head was 81 mole
per cent along with 3 mole  atoms, and aryl radicals aralkyl radicals and
per cent of monocarbamate. In addition, 2  alkaryl radicals containing 1 to
5 rings; each 45   mole per cent toluene diisocyanate, 5 mole  R' is a
substituted or unsubstituted mono-, per cent monocarbamate and 2 mole per
cent di or trivalent radical selected from saturated  105 dicarbamate were
present in  the product and monoolefinic unsaturated  straight and drawn
from the pot to give a total yield of  branched chain aliphatic and
cycloaliphatic 93 mole per cent.                          radicals
containing not more than 32 carbon atoms, alkoxyalkyl radicals having not
more 50                EXAMPLE XX                     than 32 carbon atoms,
and aryl radicals 110 In the same unit as described in Example  aralkyl
radicals, and alkaryl radicals contain- XIX, the detergent alkylate was
replaced with  ing 1 to 3 rings; and x is 1, 2 or 3, each n - hexadecane.
Other conditions were similar  R or R' being the same or different, respec-
except for a top column temperature of  tively, where x is 2 or 3, said
method com- 55   180[err]C. Under steady state conditions with an  prising
thermally decomposing said ester at 115 average residence time of about 20
hours,  a temperature in the range of from  175[err]C the yield of toluene
diisocyanate recovered  to 350[err]C while said ester is dissolved in an
overhead was 84 mole per cent along with  inert solvent to produce the
isocyanate and 9 mole per cent monocarbamate. In addition,  alcohol, and
separately recovering said iso- 60   1 mole per cent toluene diisocyanate,
2 mole  cyanate  and  alcohol; said  solvent being  120 per cent
monocarbamate and 1 mole per cent  characterized as a compound or mixture
of dicarbamate were present in  the product  compounds which is (a) a
solvent for said 
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9 ester, (b) liquid and stable at said decomposi-  phatic radicals
containing up to 18 carbon tion temperature and (c) non-reactive with
atoms and alkoxyalkyl radicals containing up said isocyanate produced in
said thermal de-  to 18 carbon atoms.                      55 composition
reaction, and selected from  ali-    7. A  method according to any one of 5
phatic hydrocarbons having from  4 to 32  Claims 1 to 6 in which the
isocyanate is a carbon atoms, halo- and mono-nitro substi-  toluene
diisocyanate. tuted derivatives of said aliphatic hydrocar-    8. A method
according to Claim 7 where- bons, cycloaliphatic hydrocarbons, aromatic  in
said toluene diisocyanate is toluene - 2,4 -  60 hydrocarbons having from 1
to 3 rings, alkyl  diisocyanate. 10   benzenes having from 1 to 15 carbon
atoms    9. A  method according to any one of in the alkyl group, halo- and
mono-nitro  Claims 1 to 8 wherein said solvent is ortho- substituted
derivatives of said aromatic hydro-  terphenyl. carbons and alkylbenzenes,
oxygenated com-    10. A method according to any of Claims  65 pounds
containing from 4 to 32 carbon atoms  1 to 8 wherein said solvent is
tetrahydro- 15   and selected from ethers, ketones and esters  naphthalene.
of organic  carboxylic  acids, and  sulfur    11. A method according to any
one of analogues of said oxygenated compounds.    Claims 1 to 8 wherein
said solvent is n - 2. A method according to Claim 1 where-  hexadecane.
70 in the decomposition temperature is in the    12. A method according to
any one of 20  range of from  200[err]C to 300[err]C.              Claims 1
to 8 wherein said solvent is n - 3. A  method according to Claim  1 or
octadecane. Claim 2 wherein R is selected from mono-,    13. A method
according to any one of di- and trivalent unsubstituted organic ali-
Claims 1 to 8 wherein said solvent is di - 2 -  75 phatic radicals
containing up to 18 carbon  ethylhexyl phthalate. 25   atoms; halo or
mono-nitro substituted mono-,   14. A method according to any one of di-
and trivalent organic aliphatic radicals  Claims 1 to 8 wherein said
solvent is a mix- containing up to 18 carbon atoms; mono-,  ture of alkyl
benzenes having from 9 to 15 di- and trivalent cycloaliphatic radicals con-
carbon atoms in the alkyl group.       80 taining from  5 to 7 carbon
atoms; mono-    15. A  method according to Claim  14 30   unsaturated
cydoaliphatic  radicals  having  wherein said mixture of alkyl benzenes has
from  5 to 7 carbon atoms and substituted  from  10 to 12 carbon atoms in
the alkyl cycloaliphatic radicals wherein  the substi-  group with an
average of about 11 carbon tuent is an alkyl radical having 1 to 4 carbon
atoms.                                 85 atoms, a nitro radical or a
chloro radical.   16. A method according to Claim 14 where- 35     4. A
method according to Claim  1 or  in said mixture of alkyl benzenes has from
Claim 2 wherein R is an alkoxyalkyl radical  10 to 15 carbon atoms in the
alkyl group having up to 18 carbon atoms.              with an average of
about 13 carbon atoms. 5. A  method according to Claim  1 or    17. A
method according to Claim  1 for  90 Claim 2 wherein R is selected from
mono-,  the production of isocyanates from esters of 40   di- and trivalent
unsubstituted aryl radicals  carbamic acids, substantially as hereinbefore
having from  1 to 5 rings, aryl radicals sub-  described with particular
reference to the stituted with 1 or more alkyl groups having  Examples.
from 1 to 4 nitro groups or halo groups, and  18. Any method which is
substantially a  95 aralkyl radicals wherein the alkyl portion con-  method
described herein as an embodiment 45  tains from 1 to 4 carbon atoms and
the aryl  of the method claimed in Claim  1. contains from 1 to 3 rings.
19. An isocyanate obtained by the method 6. The method according to any one
of  claimed in any one of Claims 1 to 18. Claims 1 to 5 wherein R' is
selected from mono-,  di-  and  trivalent  unsubstituted          MATHYS  &
SQUIRE, 50   organic aliphatic radicals containing up to              10
Fleet Street, 18 carbon atoms, halo or mono-nitro sub-              London,
EC4Y  lAY. stituted mono-, di- or trivalent organic ali-       Agents for
the Applicants. Printed for Her Majesty's Stationery Office, by the Courier
Press, Leamington Spa, 1976. Published by The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.
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