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Methyl N-phenylcarbamate was prepared by reductive carbonylation of nitrobenzene i n  the presence of 
methanol and a new catalytic system composed of sulfur, vanadium pentoxide and a base - alkoxides of 
alkali metals or hydroxides of alkali metals or alkali earths - i n  good yields. Reaction mechanism of this 
process is discussed. Diphenylmethane dicarbaniates were obtained by acid-catalyzed condensation of 
methyl N-phenylcarbaniate with formaldehyde. Conccntrated and dilutc sulfuric acids, dilute hydrochloric 
acid, a mixture of hydrochloric and sulfuric acids, and bentonite were the cutalysts investigated. The 
influence of the catalyst used, the molar ratio of methyl N-phenylcarbamate (MPC) to formaldehyde, 
temperature and reaction time of yields of dimethyl 4,4'-diplicnylnietliune dicarbaniate and its higher 
homologues was examined. The condensation products were aniilyscd by high-prrformance liquid chro- 
matography on reversed phases (RP-IIPLC) with a favourable chemically bonded octadecyl stationary 
phase and a mixed mobile phase water-methanol. 

Alkyl N-phcnylcarbaniatcs and their codcnsiltion products with nicthylcnation agents 
are iiiiportant prccusors for prcparatioii of iso- and diisocy;in;itcs, which are valuable 
interniediates i n  the production of p ~ l y ~ r ~ t h i i ~ i ~ .  Polyiiicric cstcrs of aromatic carbaniic 
acids a s  d i p he ny I met ha ne d ica rba liiii t cs , ~ i i i i  i lily d i iiict h y 1 4,4'-dip hcn y 1 methane 
dicarba niate (MDDC) and  rclatcd highcr hoiiiologues of polyiiiclhylene polyphenyl 
carbaniatcs (PMPPC) arc of rising iiiiportaticc fo r  prcpiiration of commercially valuable 
diphenylnictha ne diisocya nate (MDI) a lid iiiixtures of diisocyii 1ii1 tes ii nd polyisocya- 
nates (PMPPI) by theriiial cleavage of the corrcsponding cstcrs of polyiiicric carbaniic 
acids'. 

Aiming to eliiiiinatc the dangerous phosgcne, progressive proccdurcs avoiding this 
strongly toxic cheiiiical for the synthcsis of MDI h;ive rcccntly bcen worked out. Search 
for new effective tilethods for preparation of isocynnotcs, MDI and polyisocyanates led 
to progressive procedures bascd on the reductive carbonyli~tion of aroniatic nitro 
conipounds2-6, oxidative carbonylation of aroliiiltic a ~ i i i n e s ~ * ~  (Fig. l), or most recently 

Collect. Czech Cbm. Commun. (Vd. 57) (1802) 



1506 JakcS, Bojsovi: 

EXPERIMENI'AL 

Chemicals 

Nitrobenzene (Lachema. Brno), cliemically pure 0.4 wt. % ni:ixiniuni water conleiit; methanol (Lachema. 
Brno), p a .  grade. 0.35 WI. % niaximuni water content was rectificd on a 30-tlicoretliical plates column 
operating at a 5 : 1 rellux ratio. The resulting water COII ICI I~  wiis lower th:in 0.03 wt. %. Carbon nionoxide 
contained 0.5 vol. % hydrogen, 0.05 vol. % oxygen, 1.34 vol. % nitrogen and 0.1 vol. 9% carbon dioxide. 
Sulfur (Lachema, Brno), chemically pure, m.p. 120 'C. 1i.p. 444.6 'C. Sodium acetate, anhydrous (Lache- 
ma, Brno), vanadium pentoxide (Lichema, Urno), plieiiyl isocyanrte (Mcrck Schuchard, Germany), 
formaldehyde (37% aqueous solution stabilized with 1 wt. % nietlianol, C'hemko. Strhiske), 4,4'-MDI 
(Desmodur 44 Bayer, Germany), Bcntonite (JelCovf Potok, Czechoslovakia). Methyl N-phenylcarbamate 
and dimethyl 4,4'-diphenylnicthane dicarbiiniate (4,4'-MDDC) were prepared according to refs23926 and 
ret2', respectively. 

Methyl N-Phenylcarhimate by Reductive Carhnylrtion of Nitrobenzene 

Nitrobenzene (0.81 mol), powdered su l fur  (0.31 mot), mct1i:inol (3.84 - 6.24 mol) and vanadium pentoxide 
as  a catalyst were placed into a stainless rotatory digester ( 1  I volume) equippcd with a heating coil. The 
amount of methanol depended on that of sodium niethoxide (10 wt. %) as cocat:ilyst: totally 6.24 mot of 
methanol was i n  the experiment. Besides of sodium methoxide also sodium or potassium acetate or their 
mixtures, solid powdered sodiuni or potassium hydroxide and their mixtures with calcium oxide or magne- 
sium hydroxide were applied as cocatalysts. Carbon monoxide was pressed into the autoc1;ive to 14 MPa, 
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stirring (180 rpni) and licating were started. After the tcnipxi ture  reached 150 'C thc rc;iction was carricd 
out for 4 h, the vcsscl content w i i s  worked up ,  weighted :ind iinalyscd by CiLC. 

Determination of Methyl N-Plicnylcarbiimate i n  tlic Carbonylation Product of Nitrobenzene by GLC 

Methyl N-phcnylcarbamatc and tlic carbonyliition products of nitrobcnzcnc wcrc analysrd using CIIROM-4 
(Laboratorni piistroje, Praha) apparatus cquippcd with a flirmc-ionizing dctcctor23*26 at following condi- 
tions: stainless capillary column (2.5 ni x 3 nini), stationary pliasc 5% XE-60 ovcr Chromaton NAW (0.16 
- 0.20 grain size), carrier gas - nitrogen of flow rate 24 nil inin-', inlet prcssure 0.30 kPa at 140 'C, flow 
rates of hydrogen and air 48 and 450 nil miti-', respectively. For analysis 1 111 of isopropanolic solution of 
methyl N-phcnylciirbani;ite or ciirbonyliition product wcrc injected. 

Acid-Catiilyzcd Condens:ition of Mrtliyl N-l'liciiylciirlsiniiite with I~oriii~ildcliydc 

Coircrii/ra/rd srrl/tric w i d  6riiig I / I ~  ccr/alyst. Aquibous forni:ildcliydc (35 W I .  %, 44 n ~ m o l )  was addcd 
dropwisc during 50 niin to tlic stirred mixture of iiic~liyl N-~iliciiylc.;irl~i~iiatc (?US n1moI), sulfuric acid (96 wt. 8, 
100 mniol) and hcxane (35 nil). Wiitcr present i n  the nlixturc wiis renioved by iwcotropic distillation at the 
sanic time, while stirring wiis continued for 80 min. 'Ilic reiwiining Iicxiine wiis distillcd off, heptane (35 nil) 

was added, the mixture was Iieiitcd to Y7 - YS 'c' and stirred for 7-0 niin.  I lcptiine w i ~ s  distilled off, mctha- 
no1 (30 nil) was added and the methanolic solution of sulfuric acid was removed by pressure filtration and 
washed with methanol (2 x 30 nil). I l i c  solid was dried, weighted iind aniilyscd by RP-IIPLC. 

Dilrrrr srrl/riric rrcid I I S  crr/a/ys/. Aqueous form;ildcliydc (35 W I .  %, 44 iiiiiiol) and sulfuric acid (43 wt. 8, 
175 mniol) were added dropwisc to a stirred iind to 82 - 83 'C- hciitcd niixturc of nicthyl N-phcnylcarba- 
mate or the carbonylation product (31 niniol) and sulfuric acid (43 wt. 96, 1.05 mol) during 45 niin. After 
f u r t h r r  60 min the mixture was filtcrcd, the solid wiis wiisliid wilh distilled water (3 x 100 ml), dried, 
weighted and aniilysed. 

Dilri/r hydrochloric cicid us  cri/olyst. 'I'hc above procedure wiis cniploycd applying hydrochloric acid 
(18 wt. %, 1.59 niol) for disdving of MI" and 133 iiiniol for dilution of form:ildchydc: dropping time I5 min, 
additional stirring time 15 min. 

Mixrrrrr o/ /rydroc./ilonc r r d  srtl/lin'c rrcids rrs ccr/cr/yst. 'Hie mixture of nictliyl N-plicriylciirbiiiiiitc (31 nimol), 
hydrochloric acid (18 wt. %. 1.44 niol). sulfuric :wid (25 wt. %. 82 iiiiiio1), ~cni~icriiture 100 'C; fornialde- 
hyde (35 wt. 96, 31 niniol). hydrochloric acid (IS wl. %, 17-0 iiiiiiol). sulfuric iicid (I5 wt. %, 7 niniol); dropping 
time: 15 min, additional stirring: 15 niin. 

Brirtoiii/r ns e ~ / r r l y s ~ ~ ~ .  A niixturc of methyl N-plicnylr.:irb;iiiia~c, bentonite and an incrt solvent wcre 
heated with stirring to tlic required tcnipcraturc; fornialdchydc was introduced under concurrent removal of 
water by azcotropic distillation together with a part of the inert solvcnt. 7'hc inert solvent was then distilled 
olf, acctone dissolving all rcaction components was iiddrd, the niixturc was liltercd iind tlic filtrate was 
worked up. 

Dctcrmination of Mctliyl N-PIieiiyIcarbaiii:itc and Dinictliyl 4,4'-l)i~~liriiylnietlianr Diciirbiniiitc in  the 
Condensation Product of Mctliyl N-Plicnylcarhiiniiite and the C:irhonyl:ition Product with Formaldehyde 
by RP-I IPLC 

The abovc-mentioncd conipounds were separated froni I I I C  rcniiiining components of the mixture by RP- 
HPLC using the isocratic elution niodc. A direct method wiis applied for ciilibration. 

Aimlysi's comfi/ious: high-resolution liquid rhroni;itogr:ipli (IAoriitorni piistroje, Praha), column a )  150 
x 3.3 mm i.d. packed with Separon CGC, 5 1tm grain size; 6) 250 x 4.2 nini id.. S e p r o n  SGX CtB, 5 prn 
grain size. 
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Mobilephase: methanol-water 6 : 4 (v/v), flow ralc 0.3 nil min-’; detector UV,,,; iiijected amount 5 pI 
of methanolic solution, chart drive 0.15 cm min-’. 

Chemicals: methanol p.a. grade, commercially availablc, distilled water; standards of methylphe- 
nylurethane, diphenylurea and dimcthyl 4,4’-diphenylniclhenc dicarbamate were twicc crystallized from 
heptane, petroleum ether or methanol, the purified substance content was higher than 99.2 wt. 96. No 
satisfactory resolution of the mixture under investigation was achieved with the mobile phase methanol- 
water 7 : 3 (cf. Table I); diphenylurea did not separate from diniethyl 4,4’-diphenylnietIiane dicarbamate as 
required. Aniline, which was  not anticipated i n  the sample analysed, elulcd closely after methyl 
N-phenylcarbamate. Better resolution afforded methanol-water 6 : 4 (v/v); a shorter column was used 
aiming to shorten the time needed for analysis. 

Content of constituents in samples (in wt. % ) w a s  calculated according to ELI. ( I ) ,  

c = ( A, RF 100 ) / / I ,  (4 
where c is the substance content, A, the peak area of the conlpound dctrrniined in  the sample, RF the 
response factor of the given compound, 11 the amount of siiniples. 

TABLE I 
Retention times of compounds at specified conditions: methiiiiol prr wilter ratio, carrier liquid flow 
(ml min-’) and the column packing (A Separon CGC‘; B Separon SGX Cts) 

Condi lions 
Compound 

7 : 3; 0.4; B 6 : 4: 0.3; I3 6 : 4; 0.3; A 

Methyl N-phenylcarkiniate 11.3 12.0 6.0 
Aniline 11.7 - - 
Diphenylurea 15.3 18.7 10.3 
Ni trobcnzene 16.0 - 10.0 
Dimethyl 4,4‘-diphenyl- 15.3 22.7 13.0 
methane dicarbmiate 

RESULTS AND DlSCUSSlON 

Catalytically Activated Reductive Carbonylcnion oJ Nitrobenzene to Metl1yl N- 
Plrenylcnrbamcite 

catalyst 
C6H.5N02 + co + CH,oH 70-240 O C ,  3-30 CbHSNHCOOCH, + 2 C02 (2)  
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As f a r  as the reaction mechanisni is concerned, we suppose - i n  accordance with the 
literature30-32 - tha t  reduction of nitrobenzene to phenylnitreiie took place. We assuiiie 
tha t  the first step i n  the iiiechanisiii is associated with forriiation of carbonyl sulfide, a 
catalyst, which lowers its stability due to the influence of sodium acetate33 or a lka l i  
nietal methoxide or hydroxide to form a coiiiplex with nitrobenzene followed by 
deca rboxy lii t ion lea ding to p hen y I ni  t re lie. 

L 

1 
co - C6H5i - C,H,NCO - Cat-CO 

CHJOH * C6HSNHCOOCHJ 8 

kl 

The later reacted with carbon nionoxide to yield phenyl isocyanate and with methanol 
to furnish niethyl N-1,hcnylrarbaiiiate. Phenylnitrene eaii react with water to produce 
a ni I i nc 

C~HSNH, t CO,, (4 C , H S  t H,O t CO k? 

where k ,  << k Z ,  

i n  the prcsencc of 
This coiiccption is ;ilso lxickcd by our findings that ii positivc effcct is encountered 

iind v;i1iiIdiulll pentoxide i n  the reaction systcnl. 

Co nden S ( I  I ion of Me I 11.y I N -  Plr eny lc (I r 11 ( I  in (it  e with Form (1 Ideliy de 

The coiide lisil t ion iiicc hii nis 111 fo r  a roiiia tic c;i rba iiia tcs with met h y lena 1 ion ti gc nts has 
so f a r  not been elucidated. It is supposed3s tha t  during condensation a conipound was 
produced on reaction of aromatic carbaiiiatcs with fornialdehyde 

(CH,O)*H 
C,H,NHCOOR + n CH,O - C,H,N; 

COOR 

where n 2 1. 
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In  addition to MDDC also higher holiiologucs - PMPPC illid CVcIitUiilly a lot of 
by-products -can be formed during condensation as ii result o l  the kind of the catalyst, 
1i1ethyleniltion agent, concentritioli of rcilgclits i n  the solvcnt, tcliipcriiture and tinie; 
consequently, the mech;tnisni and kinetics of co1idciEiltiOli ciin bc rilthcr coniplicated. 

Condensation of alkyl N-phcIlylcarbilIliilte with for1iliildehyde Ciili give, i n  addition to 
the principal isonicr with a secondary nitrogeii - 4,4'-MDDC - illso 2,4'- and 2,2'- 
isomers i n  10 to 20 tinies lesser extent". Further isoiiicrs possessiiig a tertiary nitrogen 
and having the 
derivatives) can 

ciirbaliiiitt nitrogcn bo~idcd through the nictllylcnc bridge (N-benzyl 
originate under the siiiiie conditions 

H+ 
resp. - C,H5- y-CHz-N-C,H5 - HZO I 

COOR COOR 

where n r 1. 
As found", these N-bc1izyl dcriviltivcs cilIi undergo i l l 1  iiitcrniolccular transfer 

reaction in the presence of iilkyl N-phcIiylciirbilI~iiitc il11d ;I c;irlwxylic  id hnving QK < 4, 
or sulfuric acid of greater t h a n  75 wt. % to iill'ord the corrcspoiiding niono-, di- and 
poly~lie t hy h e  polyp hclly I cii rba lliii t CS. 

COOR 
I 

CaH5- N-CH2-C6H4-NHCOOR + C6HSNHCOOR' - 
- ROCONH-C~H4-CHz-C6H4-NHCOOR' + C6H5NHCOOR (8) 
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Preparation of Melhyl N-I'licoylcarbaniale 1511 

- 2 ROCONHCeH4-CH2-C,H4NHCOOR 

Concentrated Sirlfirric Acid ( I S  Criltrlyst 

The best yields of MDDC i n  two-stcp syntheses, where a rciirrilligcliic1it of N-benzyl 
derivatives to MPC, MDDC illid PMPPC took p1;icc i n  llie sccoiid step of the coiidensa- 
tioii could be obtiiilicd with co1iccMrilIcd (96 Wt. %) sull'uric acid. 

Bctter yields of co1ldciisiitio11 wcrc O ~ S C I V C ~  i i I  GO - 70 "C t h i i ~ i  iIt 80 - 100 "C. This 
is ~ U C  to thc fact t h i l t  higher tc1ilpcriiIurcs iInd loiigcr rci1ctioIi liiiics proiiiotc rcarrange- 
lilclits of N-~CIIZYI  dcrivativcs ~ I I I ~  fi~cilitiik i i 1 ~ 0  liydrolyscs illid oxid;itions (HZSO, -P 

The calculated 11101iir ratio of MPC/HCHO l'or :I 100% rcilcIio1i course is 2 : 1, but a11 
patcnts" strcssed a grciit cxccss of MPC i n  rcilctio1is with colicc1iIriltcd sulfuric acid, 
i.e. the HCHO to MPC ratio ~ub~ti11iIii11ly lowcr tliii1i 0.5 Ihcrcby ensuring thc maxi- 
IIIUIII cotilclit of the 4,4'-iso1iicr i n  the product (Tiiblc I11 illid Fig. 2a). 

A grcat cxccss of f o ~ ~ i i i ~ l d c h y d ~  is, 011 Ihc otlicr I I ~ I I I ~  uiil';ivour;iblc b c c a ~ e  i t  lcads 
to PMPPC of lowcr qui~lity. Vcry long rcilrlioli tiiiics lowcr ~ I I C  coiiklit of MDDC in 
favour of p ~ l y c ~ n d ~ ~ i ~ i ~ t ~ ~ .  The co1idciisilIio1i product thus obtiiilicd is siiicary and not 
crystalliac; :IS a coiiscqucnce, i t  is inipossiblc 10 scl)i~ri~tc sull'uric acid froiii the 
condelisation product with water, nor S C ~ ~ I ~ ~ I I ~ O I I  wilh ;IqtIcous I I I ~ I I I ~ I I I O I ,  rcconimcnded 

H,O t SO, t 1/2 0,). 

TABLE 11 
Effect of the catalyst and the ratio of llic caliilyst/iiitrobenzctic (m,JmNu) on the calalylic carbonylation of 
nitrobenzene with conversion of nitrobcnzcne (CN,J and sclcctivily for MI'C (S,,,,) and aniline (SAN) 

Co -catalyst "CJmNu CNB, Lyo s,,,.. Lyo ,$AN. % 

CtI3ONa 0.7 I00 84.6 10.7 
Ct1,ONa 1 I00 86.4 6.8 
CI-I,OK 0.7 I00 85.1 10.6 
CtIJOK 1 98.3 89.0 2.6 
NaOIl t CaO 0.5 t 1.0 97.3 86.7 9.1 
NaOl I I .5 YY.9 82.3 14.7 
KO11 t (MgOII), 0.5 t 1.5 Y7.Y S6.9 8.9 
CI 1,COONa 5 34.0 74.5 15.1 
CtI3COONa 10 9Y.5 74.3 15.5 
CI IjCOONa t CI 130Na 5 t 3.55 I00 74.7 15.9 
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Preparation of Methyl N-Phcnylcnrbnmate 1513 

FIG. 1 
Progressive methods for the synthesis of phenyl 
isocyanates and "blocked" phenyl isocyanates i.e. 
alkyl N-phenylcarbamates 

a 

L 

b I : 
I I 

b m i n  20 10 0 l o o  

FIG. 3 
Chromatograms of condensation products of MPC 
(carbonylation product of nitrobenzene) using a 43 
wt. % sulfuric acid and b 18 wt. % hydrochloric 
acid. 7 MPC; 2 DPU; 3 dimethyl 4,4'-MDDC; 4 
unidentified compound 

, R , m i n  10 0 20 10 0 

PIG. 2 
Chromatograms of condcnsation products of MPC 
a 96 wt. Z and b 43 wt. % sulfuric acids. 7 Methyl 
N-phcny1carh;imntr; 2 diphenylurea; 3 dimethyl 
4,4'-diphcnylnicthnne dicarbaniate; 4 unidentified 
co ni pound 

4 

0 

5 

f,rnl"*0 10 0 2 0 9 0  

FIG. 4 
C'hromntograms of condensation products of MPC 
using a 18 wt. Z IIC'I t 25 wt. % iI,SO, and b 
bcntonite. 1 MPC; 2 nitrobenzene; 3 DPU; 4 
diniclhyl 4,4'-MDDC; 5 unidentified compound 
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i n  ref.37 proved successful. We found the solubility of MPC illid MDDC i n  iilcthanol at  
24 "C to be 81.3 and 0.65 wt. %, respectively. BilsiIig on this finding, we elaborated a n  
effective separation procedure for MPC, MDDC and other coiuponciits with methanol. 

Dilute Siilfuric Acid as Catcilyst 

Dilute (43 wt. %) sulfuric iicid i n  a volunie ratio to the organic philse greatcr than 15:1, 
and foriiialdehyde (concentration less thiin 0.5 niol I-') were used according to papes'. 
Dilute sulfuric acid WiiS added to for1iliiIdchyde i n  order the iicidity H, to be less than 
-1. Dilute sulfuric was found to be a good ciitiilyst (Tiiblc 111 and Figs 2b, 3a) and i t  is 
noteworthy that  this co~i~~c~itr i l t io~l  of acid i n  11 great V O ~ U I U C  cxccss a t  iI low fornialde- 
hyde concentration iiffordcd bcttcr yields t 1 1 ; i n  coIiccntriitcd sulfuric acid in  lcsscr 
amount. The required rciiction tinic is rcliitivcly short. 

Diliite Hydrochloric Acid and its Mktrrre with Dilirte SirlJuric Acid ( I S  Catalysts 

Excellent yields (89 wt. 5%) of MDDC ciili bc obtilincd accordiiig to rcf.17 with dilute 
(18 wt. 9%) hydrochloric iicid iind a little worse ones (72 wt. 96) with 25% HZSO,. The 
amount of acid has to dissolve ii11 the MPC ill  100 "C. This procedure was checked in  
experiments using 18% HCI (Tiiblc I11 iiiid Fig. 3b) i\Iid 25% HZSO,, but yield of 
MDDC reported i n  could not be rciichcd. Not cvcn wliitc product could be obtai- 
ned under these conditions; its colour Wils niorc or less pinky.  A white product was 
obtained by lowering the tcnipcriiturc to 90 "C. It is uscl'ul to lower the molar ratio 
HCHO/MPC to 0.5 - 1.0 instcad of 1.5. I t  is i i l~o ildvil1it;lgcous according to to 
add  a part of the catalyst acid lo for~iialdchyde prior lo rciictio1i in order to dilute the 
reagent and to depolymcrize its polynicric fo rm.  

A little higher yields were achieved when using a iiiixlurc of hydrochloric and sulfu- 
ric acids (Tiible 111 and Fig. 4 4 ,  or the rccyclcd iIcid instcad of ii new one. Experiments 
7 and 8 are coliipariiblc. Extension of the rcilctioli time for getting the rciiction through 
from 20 to 60 niiii lowered thc yields of MDDC. 

Bentonite NS C(itrilyst 

Like or bcttcr yields than  with dilute hydrochloric acid or with its iiiixlurc with sulfuric 
acid afforded bcntonitc as ciita1ysIz8 (Tiiblc I11 iiiid Fig. 4b). Ncvcrthclcss, this process 
requires a long rcilctioIi tiuic (10 - 20 h), a grciit cxccss of MPC, higher tcnipcrature 
and a more energy-demanding scpantion than with iicid iis catiilyst. 
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