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Preparation of Methylenediphenyldiurethanes by the Acid Rearrangement of
[(Ethoxycarbonyl)phenylaminomethyl] phenylecarbamic Acid Ethyl Esters
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Dept. of Chem. Eng., Hongik Univ., Seoul 121-791, Korea
(Recetved August 18, 1995, Acepted December 9, 1995)

2 9! Ethylphenylcarbamate(EPC)9} ZELu|3|=g 4 Zof stolal =¢sle] A [(ethoxycarbonyl)
phenylaminomethyl phenylcarbamic acid ethyl esters(N-benzyl83t2)E 90°C, 34}, 34— F5ojete SulA, B4 —
ey oA, 35F 023 ¥4 2o so]A Ajudulge] &8 methylenediphenyldiurethane(MDU) 9] A Z2A L
AEY A 2l fejsidld] w71zl MDU AAg°] 64% 2 713 & A4EL Yehigin 4,4-MDUY
Q€= A MDU9 58%% AR5 713t Eoic) EPCo ZELH =S 70C, ¥ 714 o2 oko] 34, Ea|E8 0
2ot EAL, 3EF223 B4 Fof oM S Auidubsg Sl dodly] AT VL2 AL HEF A3 2uj2 4
#Ate] ok¢ EPC 30mmole] ojsfA 34k 17mmole H7F ZA$7E MDUS gAgo] 714 Eotor} Wx ol Aujed uke
< 5T FART A gl ottt

Abstract: The rearrangement of [(ethoxycarbonyl)phenylaminomethyllphenylcarbamic acid ethyl esters(N-benzy! com-
pounds) to methylenediphenyldiurethanes(MDU) in sulfuric acid, sulfuric acid-absolute ethanol solvent system, and sulfuric
acid-nitrobenzene solvent system, and boron trifluoride at 90°C was studied. The production of MDU was the highest in sul-
furic acid-nitrobenzene system giving 64% MDU yield, of which 58% was 4,4’-MDU. The simultaneous condensation of
EPC and formaldehyde and rearrangement to MDU were studied in the presence of different amounts of sulfuric acid,
trifluoroacetic acid, and boron trifluoride at 70°C. Though 17mmot of sulfuric acid with 30mmol of EPC produced the highest
MDU, the MDU yield was much lower than that from separate condensation and rearrangement reaction.
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diurethane(MDU) A &s}= uhiizl EPCo} T 2okg)
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Ethylphenylcarbamate(EPC)+  Tokyo Kasei#],

g3t A7 ALz, 1996

trioxane, trifiuoroacetic acid, borontrifluoride ethyl
etheratet= AldrichA]e¥, 7]e} 98% AL Foksis}
EPg#]2kE A4t}

2.2. PYEEY Y

EPC 5gol| trioxane 0.5go)] 5ml boron trifluoride
ethyl etherate® 7}3te] 70°Ce| A4 308 Fob uke 4
7 ethanol 26ml2 3|43l GC chromatography &
% X182 A5kt 3 2L Hwelett Pack-
ard Gas Chromatograph 58904el|4] Ultra-1 capil-
lary column (0.3mm X 25m)& A}4-3t A3tz
TAZRAL g9 2o

Inject, Detector Temperature : 265C

Temperature Programming : 100°C (1min)-250C

(10min), 10°C /min

Sample Volume : 1x]

Carrier Gas : Nitrogen Flow Rate : 100cm/s

Split Ratio : 100

£2% A4¥2 Finnigan MAT 4510B Quadrupole
GC/MSE AHg-3te] qlstgt).

Methylenediphenyldiurethane(MDU) ¢] o] Al 5| &
TE7] 995t Az4 HPLCE A-£3t metha-
nol:H,0=75:25 &2jdg¢ Algste] &2 238}
= ¥4 &olE 3470 T DMSO-deoll 53
500MHz Brucker 'H NMR Spectrometer AMX-
50002 ~#HEedg odyr}.

2.3. Mol o st =

[ (Ethoxycarbonyl) phenylaminomethy] Jphenylcarbamic
acid ethyl esters(N-benzyl3}3H2) 2 94 ¢433 %
Aujd whgol 2Jg methylenediphenyldiurethane
(MDU)E #A3tdct. N-benzyls}gHgo $H4& 54
Toll4l EPC 5g(30mmol)e] trioxane 0.5g(16.
5mmol HCHO) ¢ 7}3l2 4t Zuj24 ERE20 7
oA EAL 5mlE 7}3to] 3087} wleA|zlo 4] 51
%] EPC2} 49% 9] N-benzyls}g& 37}x] o] Al
£ 24}, trioxane?] ¥ o] ql diurethane A
A& A o)E%Y 10%E FAFE 71shdnt. o] N-
benzyls}g-Eol 98% H,SO. £vi2 4 T4 os},
UEZAS AHgdte 90CHA 3083 6082 X<
#8417 MDU o] 4AE¢ 21 Lojo} Zojo) g8
S FAC ¢ e AzEeEs) 10 AL
90°CAlA 30%3 608 Fok uh2A]A MDU o] A
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Fig. 1. Gas Chomatogram of Three Isomers of
Methylenediphenyl-diurethane(MDU).
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Fig. 2. Mass Spectrum of MDU( I ) Isomer.
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3. 1. Methylenediphenyldiurethane(MDU) 2| Ha| g
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EPC7} 51%, N-benzylstgtE 49%2 33 &
TE 3goll 12g9 EEFQBolAEANTFA) &
7¥sted 70°C, 307t vh-5-A17) A} Fig. 1ol Ae} 2
o] 3717 o}l MDU 33HE<¢ ¢ ¢ Uit
ol Al 7}A ol4Ae HFE A7l wzld MDU
(1),MDU(I),MDU(I)Z el giet. GC/MSel
oJ3te] o] & Ho|aEe Az AHEYL 2AEY
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Hl CIOCNH @CH,—@—NHCOC Hs dlphenylmelhane 4,4"-dicarbamate
diethyl ester(4,4'-MDU)

@iHCgc Hs NHC OC.H: diphenylmethane-2,2'-dicarbamate
CH, diethyl ester(2,2'-MDU)
NHCOC Hs
@'— CH, @ diphenylmethane-2,4’-dicarbamate
ieth: -
KHCOC.H. diethyl ester(2,4’-MDU)
It
[¢]

Scheme 1. Three Isomers of Methylenediphenyl-
diurethane(MDU).

Table 1. Predicted Fragment lons of MDU( I ) Isomer

Fragmention Remark

0 0
| I
CZHSOC—NH@—CHZ@-NH-C—OCZHs M+
| M-46
296 C,HSOC—NH@—CH,@—N:C:O (CH,CH,0H)
0 0
u M-78 |
269 CszoC—NH@~CHr@—NH
223 O=C=N@—CH2@—NH M-119

(CHCH0C)
178 CZHSOC‘NH@CH‘I M-164

132 O:C:N‘@—CHI M-210

34

Do

2 2% A vsg Eohr) wae g e 2
Foll MDU(I)9 A% 2"=xdg Fig. 2¢] Jehy
et

o]F MDU+ Scheme 1942} zto] 37}7] oA
2 E 2 g3lod o|F Ento]2E2 Table 1449}
o) 428 4 g,

Bl Hol2} m/z 3424 Tk ek
oo} FafoloA gL BAE YojA M-46
9] m/z 29694 vebytch 2699 = o AH|Z o)A
3] vepte FolazA Eajo]le 28 ¢ CHCH,
CO0E g& 7|37t vebiteh. m/z 223414% m/
z 26904 AEYTE 5 e FHo|zvl eyt
th. m/z 17844+ phenyl7]¢} methylene”] A}o]d
A FolH M-164) 7o) vhehsich.
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Table 2. Conversion of N-Benzyl Compounds to MDU in the Presence of Lewis Acid Catalysts in Different Re-

action Conditions and Reaction Times

Reaction |0 e(min)| EPC N-Benayl |\ ity Total| MDUC 1) | MDUCT) | MDUCT) Polymer
Condition Compounds
. 30 24.1 39.9 427 18.8 77 16.2 0
90°C, H:S0, 60 38.1 374 245 62 64 119 0
90°C, H,S0, 30 386 72 56.4 16.2 110 292 0
Abs. EtOH 60 430 5.2 458 8.2 10.9 268 5.9
90C, H:S0, 30 35.2 25 582 13.8 120 324 41
Nitrobenzene 60 30.0 2.2 63.7 14.9 12.3 36.5 4.1
30 235 15.0 49.9 312 33 154 11.6
S0, BTF 60 26.1 141 185 295 38 152 1.3

M-1643]c]39 4 t}hA] odLdTe EAE gof
M-210¢] m/z 1323 ¢]=7} basedo]=ZZ el

walx o] RE Ak AF2HE gas chromato-
grapholl A &2j€d o] AEES 44-MDU, 2,2-
MDU, 2,4-MDU %9 sivates AL < 71 U4
th. o]F AEe] oW o|AAUAE waly) HHA
A Z4 HPLCEZ &5t DMSO-de&vio] £33
'H NMR ~#eag =13 A3 4,4-MDUE 6 1.
23(3H,t), & 3.78(2H,s),0 4.09(2H,9),0 7.09(2H,d),
8 7.37(2H,d), & 9.47(1H;s)o|QQx 2,4-MDUE o-
9} p-ethylcarbamate?]7} %F7b4 o2 A4
el 2289 AeX § 117(3Ht), & 3.84(2H.s),
8 4.03(2H,q), & 6.99(2H,m), & 7.18(2H,d), & 9.44
(1H,s), #2}e] A$ & 1.22(3H,b), & 3.76(2H, s),8
4.10(2H,q), & 7.06(2Hd), & 7.33(2H,d), & 9.45
(1Hs)e]9x, 2,2-MDUE § 1.15(3H;t), & 3.84
(2H,s), & 4.03(2H,q), ¢ 6.99(2H,m), & 7.18(2H,
m), & 9.44(1Hs)ZA phenyl7] }Adzte] ~dlen
Eelyelel 0 9429 NHY fAate] ~ded e
e yeo] weld gA 4,4-MDU= GCAHe] MDU
(IDE &9 =9z, 2,4'-MDUE MDU(I), 2,2-
MDU+= MDU(II) & &= e}

3.2. N-benzyl slgt2 25 MDURS| Mt

EPCdl trioxaneg 713l3 At Znj24] E]E2 0
BolNEALE slEte] B4THIA 308 Tt 7Fds g
& o Q3= 51% 9 EPCe 49% 9] N-benzyl 3
e 2A4E 2= EALE e 9 shxY g2
g ZAsA WEAIZEE 308 60E 02 st
N-benzylg3§l&o] MDUZ RA3=|: oL Table 2
A4t o] debligich. o714 debd £3= GC

Fgste, A174 A 1E, 1996

Aol 229 olF E4 dAnE %ZE Yehd A
o]t}

EPCt N-benzyl3}§t&9 MDUZ2] xjulj dub-2-
FA Fedsted MDURS AHIE FAA7)E Ao
2 dejglen(9) W88 FF 51%7} 24-43%
=2 Zamgch e 4 Fujo oA}
7h N-benzyl8}3 8] A2l A7h8jo] 2447}
7t ol ee 9 o Aash WAl 2 ot p-
AR RAAY TALE ad Yopdrh. wea
diurethane o]AA|ql 44’-, 24'-, 2,2-MDU, =
MDU(I), MDU( 1), MDU(II )¢} 432 polymer
ol polymethylene- polyphenylpolycarbamate(poly-
urethane)7} A€ 4 o},

Table 2014 & 4= ol ule} Ze] Falute A4
g AR 7 ouhgold YEZdAlg 2o &
siE AH&3te] 90T, 30% F WEAHS AE N-
benzyl HgtEo] At Euff Audut-gol a4 MDU
FFEE 2 Ao} A HSAHEY oF 60%E
A} A&} gf ek,

AEFe28 B2(BTF)Y 7A$9h o] Zuje}
4ule 98¢ st ols MDUSY AAeko] A
o) o 50%4Eelgin EPCS ool e Ao
A ZasE A% Jeblov N-benzylshgt
Eo| Aol dolglel o 15% =Y ot
HHAIEE 30RlA 60802 FIAFE A%
EA FAbtohd P4 ok LojE ALSSH
Felle 238 MDU 9 R&7t dojus Q4¢
F7b gtk 23 JEZAAL $oi2 ALy
Atele 14179 A4 64%HEE Ads] 275
ZFel5x BTFS ZA$ole 42 wiss} giaich
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2] A4 B} 257 g N-benzyl 3=
9] ofo] 7} A3 MDURS HEgo] & 7 &
7k ok zEjlm GRSl M 4,4-me-
thylenebis(phenylisocyanate),4,4’-MDI7} ¥+ MDU
(& ¥l€x 7} ¥o} A4 MDUY o 58%%F
Axstdz AR AE A E o 3% H
et

2z} BTF9 A$el= 90°C, 3027 Hk-sA17 &
73S AA MDUAIAZFo] oF 50%l ol23x 2,4~
o]l MDU(I)e| A MDUAAMES] 60%E
A A5tk

2,2-0]4#q MDU(II)& ubHo2 BHopx o
& g Bged oA 22-o4AH dATHN
fFo 2 475t Tl gk MDIAZA gloiA
E opdAE TELUFEY F3std methylene
diphenyldiamine(MDA) 9} %% 4,4’-, 2,2'-, 2,4'-
MDA ©]A43#](60%)9} Eejo}ul(40%)°] A=
phosgenationZ Aol 4] Eejolule] Abgkako] tie]i
Alopdle|E o] AR HFHCH(15). 4,4-o]4H
ZF MDIE A o2 ol4AE Fejolarle}
volE &L AF E¢HE AZd A8
wala] oj7lellA] edojAl 4,4'-MDI o] oAM=
ARHZT AF SYSHAEAZ ALY & JenE
A9 MDU¢ Agze o3 d2 AL 7z
iz £ 4 9l 23}t Spandex A-fut 8HAIA|,
3 A4 MDIAZE e 44-o4A9 &
Aeke] Be T4 ogtgolt YEZWA Luf ol
A B34 Eol] oalA dojAe A whge] o
felsicin & 4 itk Table 29 n&As E2¢
#Heto 24 o] 7& phosgenationo] 2] o]4AJo}
Yole AZFTANMY o] o]F LELAEE FE3
BAANA 7} tle]zAobo]ER £aE T 3l
£ Aot

3.3. MDURY XF gMEZ

A& A Zof e N-benzylshitE& $Asta
o] 7% thAl & A Fufl Sholl A Aujdub-go ot
MDUZ ¢ Azhhs-g A71E Al AT =230
A EPCe} ZE<dv|dzgye] A4 MDUZ A#HA|
2 7} gt A AESnA} s

EPCel 54 3eg Folx A &) 3holl4 =
& A7 AL 50T = R4 EL N-
benzyl 3}3Hge] F2 AAHHL L F 70Coldel

100 4
N ---4--- EPC
A\ —o— N-benzyl
80 [ ---4—- MDU
~ 3 \
® \
2 60} \
3 \
g .
< . $- == *
3] -
2 VL
K
@
o

0.4 0.6 0.8 1.0
H,80.(ml)

Fig. 3. The Area Ratios of GC of EPC, N-Benzy!
Compounds, and MDU in the Presence of
Different Amount of Sulfuric Acid Catalyst.

Table 3. The Area Ratios of GC of MDU Isomers
Produced from EPC and Trioxane in the
Presence of Different Amount of Sulfuric
Acid Catalyst

H,S0,(ml) | MDU(I) | MDU(IT) | MDU(II)
0.24 4.4 1.1 3.1
0.48 16.9 7.2 19.1
0.96 12.0 6.7 24.6

e SPPAEC] AMudel o MDU7} g7 A4
Sk g2t S EEE Folxn 4 EFej2 A
HS0, AAZ2S 23 24 (BTF), EBZEF 2 2olA
EXNTFA) 5& AH&sta Eel9] kg wishA7]d
A EPC, N-benzylstiHg, g A44E< MDUS
& A

Fig. 3& 34 Zujge| @2 EPC, N-benzylshst
€, & MDU o|4dAS9] ¢ 9] 43 el
oy Table 3& MDU(I }(2,4-°]14), MDU(II)
(2,27-0]43A), MDU(II) (4,4-o14A)ES] A4 ¥
& vehliglch

A A7-9] N-benzylshgtE F4(8)A diure-
thane®] e} 714 Fd w389 w] &2 A EPC
5g(30m mol)el trioxane 0.50g(16.5mmol HCHO)
< 7}stx H,S0,(98%), 0.24(4.25 mmol), 0.48(8.
5mmol), 0.96(17.0mmol)ml& 7}8te] 70°CA 30
271 uks-3tdo). Wsleke gas chromatogramAell
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The Area Ratios of GC of EPC, N-Benzyl
Compounds, and MDU in the Presence of

Fig. 4.

Different Amount of Trifluoroaccetic Acid
Catalyst.

A ol ¥ E2E Fo)z 9 dAn|E Jehyoc.

Fig. 3.0l4 2 uls} 7bo] EPCE #4be] Hrje}
8 F7tel webA Faste Ago]dem N-benzyl
}Ee F7lsitr AasEE Askolgith. MDU=
H,S0, 0.48mlsl A Z7lsleizl 2 o)AbolA]e A
HakA] ekgke}h. 22y H,SO, 0.48mloAs 23
7] 9}#¢ N-benzyl 5}gH8o| o 20% AT o} 9}
o] A7} HE22 N-benzyl 3}g5¢] A9 MDUZ
o] Aujde] dojut H,S0, 0.96ml7F MDURA 2] 5
HZZ otz ¥ 4 9ot 23y o9 MDUS A
S AA AAEY o 43% 24 EPCREE N-
benzyl3}3H2-& A zsto] YEZ A Lol shojA &
AFE Al B3-& Foto] MDUS AAsts 7
T+ A AHES ok 64% KTt Ads] Be oot}
E 4,4-MDUZael diME Axte] A7t A
AREFE] 25%, FA9] ASE 37%E Tape A
74 AR felsic). HSO, 0.96mlE Enj2 xjg3)
e A% F29e] Aol A glqict.

Fig. 49 A= &oj24 EEFo2ol)EsE
1~5ml(13~65mmol) & AM4-3t9le 7A-%o)c). upo
TEE 70T AT wheAe 30809
t. TFA9] 7%+ EPCY} TEgH3|c22g N-
benzyl 3}3829 A& TFAS Hsleke) nje} =
7hel= ZAgo|9l TFA 5ml F7} 4] EPCZEE N
-benzylsl3HE R o] ABL A Yo 48%E 3

THEH, A7E A 1xE, 1996

100
\ -4 EPC
[\ —o— N-benzyl
80 |\ -4~ MDU
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E 60 F A K
: A -
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/
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Fig. 5. The Area Ratios of GC of EPC, N-Benzyl
Compounds, and MDU Produced from EPC
and Trioxane in the Presence of Different
Amount of Boron Trifluoride Ethyl Etherate

Catalyst.

Table 4. The Area Ratios of GC of MDU Isomers
Produced from EPC and Trioxane in the
Presence of Different Amount of Boron
Tetrafluoride Ethyl Etherate Catalyst

BTF(ml) MDU(1) | MDU(IT) | MDU(I)
0.5 3.6 0.5 0.8
1.0 27.0 4.0 8.4
2.0 37.1 6.5 16.0
5.0 434 5.4 17.0

At MDUS A48 15% F =8t 57 goch.
%ol Arleko] Age & ulo] vl YT o
Folold MDUAZE flaiA: Agx gtz 47
gt

Fig. 5= £w§ 24 boron trifluoride ethyl etherate
9 A7te, 0.5~5.0ml(4~40mmol) o] We EPC, N
-benzyl #3-&, MDUS| AtjA <ko] wisle Jepy
et

Fig. 5e4] B& wle} o] tERoms 2y
(BTF) 2.0ml(16mmol) A= o4 MDU$} 9] 227}
°of2}& N-benzyl #g&o] 7e A=A ootz
MDUS| 4%z A AAake] 60%2A Abehs)
Bsith. webd MDUmeze] #4¢ gisixetd
EPC 30mmol(5g)] a4 2mie] H7}7} Adsich
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€ A& ¢ 7 . 28 Table 449} o] 2,
£-MDUI(]) 9] AAo] t}E o|HASH nZa)A
gol FAEQ 44-MDIZ z}]ﬁ\_a}_q} A

o] 742 A Solo} w3275l 4 N-benzyl 3
359 Ajujdel] 28 methylenediphenyldiurethane
(MDU)E &AstaAdt 2z Folx Ato 2 Lujgl
of FATtE A ASET F4 oetgold e
2 5o &oiE AHgste] Aujdnisg AFHE
745 AA MDU A=) wokoeni 4,4'-MDIe] A
Zo| 23 4,4-MDUY AAvleE =9t

£ol9} Zolo) 4R FAG S HEFe=s
49 Atz AA ws AHEY o 50%7F
MDUZ A4dsgley MDUSt £2]7h o3& N-
benzyls}g-&9] oFo] 43| dolslslz 4,4'-MDU
ol A 2] AA ulgo] ¥ttt

=3+ ethylphenylcarbamate(EPC)¢} L E<d)s]l=
ERE A SolE AMSste) A S A dub
& Al deogly] F u-2AL HES

B AH2-3te] EPC, N-benzyl3H3HS-, MDUS] &)
Aulgg zAHE A3 EPC 5g(30mmol)3} trioxane
0.50g(16.5mmol HCHO) ¢l 0.96ml(17mmol) 2} 34k
< A7kl 70CAA 308 Eot kA AS
MDU®] AAo] 7k @3tx 4,4-MDUS HXE g
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