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Analysis on Cocondensation of Melamine and Urea
through Carbon 13 Enriched Formaldehyde with Carbon

13 Nuclear Magnetic Resonance Spectroscopy.l

Bunichiro TOMITA82 and Chung- Yun HSE8'

~.13 ~.:I:. ~ IJ ':I 1-L- to: *)v A 7)v '7 t. r.~ J: .Q

~7~~c~1J7~~.a&~~~.1~.~
:::Jt.A~? ,.. )v~.~ J: .Q~.l

amx-.-a, T.:z. ;" :z.;"-.!.-'.o( _-I

.1
1. INTRODUCTION

In the work for the previous paper,lI whether or not
the ~ of cocondensation betw~ melamine
and \Ira tbrouIh the fonnation of the methyl~
link... could be identified was investipted with "ac
- NMR (carbon 13 nuclear magnetic rsmance)
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Vol. ~ No. So 1_] r t.--=a af .~ 8M u.. ..
-tJ ~opy. The chemical Ibift8 of two kind8 of
C«¥~~~~ medJyIene carboIw ~ calculated u8ina
th<* of leIf-condel8d metbyl8l8 ~ of Uta.

formaJdebyde (UP) aIMi ~lamiDeoformaJdehyde
(MF) r8ns with additivity relatiol81ip. aIMi the
~. of the signaIa comspoMill8 to the cab.

lated ~_~I Mlifts W8'e SIa8ed moneIy in the
IIIectra of ~lamiM-urea.formaldehyde (MUF>
coc(;.-~~ r8Ja

It ~ was invsipted whether ~ of the
cocor.dei".tion ~w~ melamine aIMi Uta ~
the formation of a ~~ ether linkaae ~ be
identified. As a r8IIt. the sipa1a due to coconden8ed
methyl-. carboIw of a diD8byleae edIer linkaae
W8'e recOInized clearly betw~ the Ii8D8l8 of the

.1f-cor~ dimethyl8le edIer linkaae of UP aIMi
MFr8iJ-.

AJtbOUIb the 0CCurTence8 of COCOndeDaatiOD
~ the formation of methylene fX dimediy'.a¥
eths' Unk88S W8'e identified, more pred8e intorma.
tiCXI abCMIt the ~-:-:-=:_".==-~:; ~ wu mu D.-I.
81. In I8Ier8l. 8pa1a of ~ ,... IJndI8iIed
from ilxlU8ria1 formaldehyde W8'e quite 8Da11 in

inteIJ8ty aIMi broad in their '1(:- NMR ~ beca..
of lreat vI8:o8ty of tt. 8mpie. 'n.8ore, it wu
c0c8d8-~ mat a ~ IX-=i8 ,. of , ~ -~:_~-

led methylene carboIw would be ~"ble if aac 8Iri.
cbed formaJdebyde .. ~ wb8a 1M r-. ~

1Ynd8zC.
In the work for this paPS". three kiID of -- UF.

MF. aIMi MUF. W8W .,m-- 18118 'I(: ..-'-":W.

formaldebyde (~ forma1del!)'de). aIMi - ~

~ of c~o:~~tion ~ aI8lyI8I &.-D their
NMR ~ SeYen1 re8di~ II8IW aac ~

formaldehyde .. ~ aDaly-s to -.DUlle tJ.

driviJ18 fma to ~ the tiCXI ~
the formatiCXI of aletbyl8le « cI.-b,.,- ---
linkaae into the -'._-~ r8D .,-.n.

2.nPDIM&N'r

2.1 ...,~ of .,...ro--~ ,.,.. (U12)
A 20~ i8)tope formaliD (ICN Bicx!Blical hM:.. ""

"C em'icbed. :m nI8'. 2.0 mmol) wu pIac8I in a aaD
flask with a ~ aDd dilut81 with ~71 of wat8'-
After ita pH wu adi~ to 9.. wMh IN N80H. UI8
(60 nI8'. 1 mmol) wu added. aDd tbm tt.1IIixtIn..
heated at 8O"C for 30 min with ~ The pH of tt.

mixture W88 ~ to 4.51 ~ IN HC 8ft8
coolinl to ~ tSDPeI'ature. it .. -fed at
8O'C for 100 lain. ".. the mixtm'e W88 ~Iat to
room temperature arxI ita pH W88 adju-.l to 7.70.
2.2 ~ of ~t ;~.-lo~~ , (MI3)

MF r8n (MI3) of the molar ratio of F 1M = 3.0 ..
syutbe8- After the mixturw of 20~ ~ fonna-
liD (360 q. 2.. ~I) uMf .at« (SCM) ala) .. ad-

ju-.l to pH 8.2 with IN NaOH, melamine (100~,
0.8 mmoU .. 8ckIed. Att.' the ~ was bested
at 83'C for 3 miD. IDeI8miDe was di8>1- aM then
ita pH .. ~ to 1.7. After I-.~ at 8O'C f«
:. miD. the r8Cticm axt1Ke was cooled to ~

~
2.3 ~.. NUF ~~,-. (M]3-U)

A 20~ i8Otope formalin (450018. 3.0~ ..
placed iD a 8Dall fluk with a mrrw arxI diluted witla
0.7. of Wat8'. After its pH .. acij1-.I to 8.9 with

IN NaOH. 12a~ of melamine U.OmDd) ..
8CkW. ~ aIim.. -- beat81 at MrC miD wida

ariJW. &f-a.miae wu di8II- completely aft8'
'-*iII8 11 mia, - ~ -- (~q. 2 mDIf) ..
~ Tbe pH « tM IIIixtIn .. aIiD.:: .
~ 6.7. Aft8 tile miztIIIw ... t-.t8I at .rc for »
Da, tt. mbaicm bec:8u. clCM8ip. .. k tIast ..
free8eodi'.ed.
2.4 .-,---""", (M]3-FUF}.IJv-'"~~.,. ~-

A mixture of ~ iaope formaliD (ZOO~, 1.33
I-.i) aDd .at« (SCM» q) was ace1J8ted to pH 9.3,
.. ~ ~lPi- (56 ~ 0." mmol) ... added.
Att.. -- tt. mixt1n at .oc for 10 miD.
metami- W88 di8»1Yed completely, .. it wu cool.s
to ~ ., ture. DimetbJI~ (52 aw. 0."
maM)i) aDd the pH of the mixt1D'e -
a4..s In u. It ~ to be clG.tJ aft8' beatiJW f«
»miD. aDd ~ it.. cooled to ~ tempelature.

2.5 , of ,.. ,-. (Ul2-A(2) ~ ...
,.-. ... ~-=,..'~i-

The pH of ~ ~ of i8)tope formaliD (310 nI8.
2.07 JDaMJ6 (SOO q) .. ~ to pH

9.0. To miz11Irw W88 ~ \u. (&Qq, 1.0nmlOU,

.. it WM b88I at MrC for 30 lain. Aft« cooJiD8 to
~ ~ ~"-I-,- (n ~ 0.5
~U was 8ckIed. Att.. the di8)1~ of dimetbFloI-
1Dei8IIIir.. bJ -- at ~ ,. 5" tM pH ~
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3. RDULTS AND DISCUSSION

3.1 CG, ~ . C~ ~
~ tt. ~ of thi8 wort, ~1x:i8 of

~ to 6.s. The mixture was _tell at WC f« ~
miD. aud Ita pH ... adj18t8l twice at 6.5. Aft8' ~
miD. it became cl~. ~ tJ-. it was cool.t to room

temperature.
2.6 .n,-~,ano,. 01 1M ,.,. (MIU1S)

To a mixture of 99~ 'JC eIIridIed paraformaJde-
hycie (lNC Bi~- ~... 1Ix:.. 7S aw. 2.5 DmX)1) aud
water (BOO q) a few dI'OI8 of IN NaOH mludm was
ackied, ~ _tell to 8O'C. Aft8' 5 miD, paraf~
hycie ... ~ completely, aud the pH of the

mixtme was determiu.I to be 9.6. MeI8mine (63 q.
0.5 mmoI) ~ ur8 (oW aw. 0.5 mmol) wsw added.
aud _tell at 8O'C. ~'"".miIW.. ~~ after
b8tiII8 fM 10 miD, aM tM pH of tM misturw ..
determiDed u to be 9.8. Aft8' adj~ ita pH to 6.2,
it .. -tell at WC f« ~ miD, aud tb8 It be88D to

f~ 1X-=iPtata.
2.7 "C-NMR ~-=

All the .iDP1e8 ... ~ iD DMSO-de aft8o
1r"""-,~ aIw! th8r II(-NYI. ~ ...
.':'-.:;.i;-~~ (XI . AC-- ~u-. (&ukB') at .
1r~7 of 75 MHa bJ ~¥-= ~~'W of Ja'Oo

-- 5 mID ~ ~ N\88Ja of ~ -0 timI tia8 wse S12 to 2.580. ". cMalk:81 ~ --

caJcuJat81 by .k.~I;--= . C8It8' of tt. . 8ID&I8 - m
DMSO-o. . 5 ~

'P. 'PO ..
.PM

F18. 1. EffeI:t8 of tt. ackIiticm of wa.. to DMSO--de
mlutim cm cb8Dica1 aft8 of carboI8 of UP
r8a (UI2).

N.-: w :-.;;-,,~.::.: (1)~(2)~(3)~

Table 1. Cl8D1irw of 'IC ~_~I ... b die ftri~ ~7~ car..- for UP ~ by - ..~ 01
wat8' iD . DMSO-de

Stnx:tm8of
Methy~carbcXt

-NH~...HH-

SIIift (PPD>

1.73
1.75
1.~

,. ~ fA 1..
-

41.11..

4I.a

o~
.s..s
45.57

48.11

47.18
41.32
47.73-=--~.-NCCR.-)- - 91~~ 52.531 53.. 1..

-- II.." 52." - 51 1.t1
~.21 53." St.. 1.17

-NR~.oR - I1.M 84.15 84.. 1.41
a..' 84.15 ..1f 1.41
84.D ".28 , 1.27 -

-NR(CR.-)~ 8.8 . 70.. no'- 2.11
..31 71.11 n.u 2.18

-N-cH,-o-CB,-NB- 67.51 8.8- e.. 1..C=O - - 157.'" 158.. 1St.. 2.-
- 157.8 - 1..07 2..

1...' - 111.3C 2.11
Ho-cH.-oH 82.8 a... D.. 1..~ -

., ~I mift8... c~~~.t.s be .k~_,;:-~~ _;W.5 ~ M ~ ~ ~ tb8 dit:-~
of .-~~~-~I ~ --- dM8 f.. ~ .. ""
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~jc;alliljft8 haft been 0'-rYed ~ for the
~-:.;::~ cartxx» of UF am MF re8i-. The UF
re8n (UI2) was diluted to two levels of c~tion.
20 and 50%. with water. Fiaure 1 shoft OM of the

examples for spectral chan8iDI by the ~ of
water in a DMso-d. ~lution. The down. field Ibift8

of the corTelPOndiJlC siIna1a are rKOIDizahIe. Tbe8e
rea1ltB are sunmarized in Table 1. The ~ ten.
deIM:i. aJao w~ ot.I'Ved for the NMR SIIeCtra of
MF re8iD (MI3) and MUF cfXOr.-:lei"-.1 resin (MI3-
U) . The sample for NMR ~tB bad been
prepared either by dilutiJII the water ~lutio.- of the

re8II8 with DMso-d. aI' br di8)lviDa the :.-~.=
re8iI8 1rith tM .u. ~1Ymt. The ~a':E ot ItrOII8
intennolecular hYdro.- boDd8 can be conSdered
~W~I the proto-. of the re8II8 aM DMso-d.
beca.. the ~Ivent i8 OM ot the ItrOfI8 dipolar
aprotic ~Ivmts. The val.. ot down. field shifts fal'
the carboM ot methyleJe linkalel W8e 1.56 to 1.75
for -NH~H.-NH- and 1.85 to 1.91 for -NH~H1-N
(CH.-)-. AM thO8 tor the carboI8 of methylol
~ were 1.21 to 1.45 for -NH~H1OH. and 2.10 to
2.11 tal' -N(CH1-)~H.oH. Furthermore. remark.

able down.fieId Ibift8 br 2.38-2.76 W8e ~0IDized t«

Table 2. laC 0IeIDica11bifta of methy.. carboM for UF re8D. MF r8iD, aIKi MUF c'""--=-"-=-~1 reIim in
DMso-d. aoJutioaa.

-NH~H.oH

65.71--

-NH(CH.-)~H.oH

69.50
-NH~H.-O-CH.-NH- 67.52 67.22

67.56 67.63
67.68 ..23 67.79

68..
-N(CH.-~.-o-cH.-N- 74.10 - -

74.50 ... 75.0
~--NH-cHaOCH. - - -

-N(CH.-)-OCH.cH. . 77.8 - -
- 77.8

157.61
158.90
160.42

~-o 157.:M
157.69
158.58

166.33
167.18
167.24
167.41

Triazine ~

CH,OH ~.2Z= Note: ".aI8rk (-) _tt.t~W8W_cl8r.



~ carbonyl carbo.- of ura re8d.-. ~ down-

field mifts due to the addition of .at« We'e consid-

ered to be derived from the brakiJW hydrOl81 bond8

~--.~ the solVent aDd the protons of the r8iDI.

According to tbeee rSIlta. the chemical abifta of all

methyl~ carbons We'e determined .. shown in

Table 2 by meaaJriJI8 the DM5O-d. solution free

from water.

3.2 Aui,aI 01 ~ ~ liIIq. of

MUF ,-.
Fi81Jre 21bowa 'IC-NMR ~ of UF. MF aDd

MUF -- which wae synt~zed withll(: enricbed

formaldehyde. It is noted that the ~ of the

silD&1s due to methyl carboI8 01' methanol aM methyl

ethers 8ft a1moIt De8liIible in each IPICtrUm. beca~

the enriched fonnaJdebyde comaa only a snall

amount of methanol. Expalxied ~ for the ~

rB~ an compared in the "'.I..-ic field ~~ .
and 57.5 ~ in Fla. 3, ~ the IiIDaJ8 dI8 to car.
boI8 of methylene 1inka.- appear. The 8anaJ8
which a~ in this magnetic field already W8W
aBIDed to methylene carbons of -NH~H.-NH-, in
which both of the adj~t ~ ~ an .:c...
dary beca.. bavina hydrO8ell atoma. 1-11 Flirt'-".

more, the IPlittilV of the siln8l8 would be deriv81
from the effc of the albltitutiOD at the delta-

position, that is ~tution to aD amino &roUP on the
odw .. of the ~ reIidae.

The ~~ 8bift8 of the 1ianal8 that a~ in
this reajon al8o an 8JrDmarized for the three rBDa as
8IoWD in Table z. There an aood ~tiOl8 of

methylene cari)oIW '.:It;.. w~ the UF and MF re8i.-.
The Iarae clO8i 8anals at 45.33 and 45.45 ~ and
the 8Dal1 ~ at 46.17 ~ in the ~ of the UF
reIiD a~ ~tely from a broad IiInal at 47.04
~ in the ~ of the of MF re8n.

It is omOl8 from y... 3 aIMi Table 2 that the sigDa!
at 46.27 PIXD in the MUF r8n aPI8R RParately
from ~ of UF and MF re8i-. Furthennore, a

...
rll.2. Compari.xl of 'ac-NMR ~ amoaa MF

(MI3). UP (U!2). aIKi MUF 003-U) r8I8
in the m8IJIetjc fieida of 40 to .. ~

-' , , . . ,.Y.. .Y.. ...
F"ta.3. CompariDI of 18(:-NMR ~ ~ MF

003). UP rom... MUP (MI3-U) r-..
in the m8lll8tic fielck of 4S to 57.5 ~
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atiCKI in the ~ work to preveIIt fnD the
Ielf -condel8tion of lira r8due1, aM it i8 noted aim
that reactiviti. of metbylol Irous- could be deter.
mined by the 'ac labelinl method.
3.4 R~ 0/ lac mric'- ~l..-;.. ad

.,. (M13-U)
The reaction of a metbylolmelamine mixture (that

i.. synth.i.!~ with i~tope formakiebyde of a molar
ratio of F/M=3.0> aIMI lira waa invSipted. The

'ac-NMR ~ of the cocondell8d prod1x:t are
Ihown at the bottom of Fip. 1 aM 2. In thi8 racUCKI
the miXture of metbylo'---1.",;~ initiaUy waa
SYDtbe8ized. arMt tb81 lira waa reacted under almo8t
the DeUtra1 cCMxiitiCKI of pH 6.5. Al~ methylola.
tiOD of ~ took place with a 8D81l amo.mt of u.
formaJdebyde r81Jainiq in fir-. ace. the neutral
cCMxiitiCKI ~ can esd'* the formatiCKI of meth-
ylene liDk818 ~w~ ~ re8id&-. ~ore. the
two sipaJa at 45.45 aIMI 45.57 p.-a can be --1IIeIi to
the carbOI8 due to the cc-:.::_~~~ metby~ lin-
k ". 88D8I8 at abCMlt 68 p.-a can be --II18II
alely to the carbo8 due to the .Jf-c.:: ~~

diIDetby~ ed8' link..- bet.~ triuiM riIII8 by
~ with the ~ of ~Iami~ r8a. It
.. i8 ~ that tI» inteI8ty of the 8ID&1 -
to the formati~ of diD8tb:yts. ed8' link..-
bet.~ triuiM rinp waa""" T18efor-. the
~CKI of the metbylollJ'oap of -1.",'- with ID8

will be - to the formatiOD of both cocor~
~"'Iinka.-" well .. .af-c~==! metb.

,... li~~
3.5 ~ 0/ lac -"'"W --'*,10 ...

~-- (MI3-FUF}
TI. 'It-NMR. ~ of tt. re8Cti~ proGKt

(MI3-FUF) is 810-- in FI&." In thi8 reaction the 'It
l.I..Iq .. perf~ CKI the mixu.. .. methylol-
l1l8I8""- - ~ - otI.- b8IMI. dimetbyIolUI8 ...
not 8Did*. 1"-"'",a, aely the Ii8DaJa due to tI»
~CKI of II.chylol ~ of metbylol.-l."';- caD

be r8CO8IIi 8ed TI. 8caaJ8 due to tt. carbom ..
:-::-::---"-c::-~~ methy'" liak... aDd tJI8 .u.

c.-:_~-~:; metby~ link~ .. mei-""- can be
~ at 46.23 aIMI 46.- PIa. 1~ge1y. ".

metbyte. carbOI8 of -N(CH.-)~.-NH-. wI8e
~ ~~ DitI'OI8a ia t8tiary. 18ft tt. 88I8l at
5L92 ~ ... tIM8 - to dial8thJl8Ie ed8' Iin.
k..- 01 -&.~- pft tJI8 ~ 8pal at 6LW

couple of 8cnaJa a~ at 45.85 and 45.72 PIXD in
the MUF rSD cannot be o'-rved in the UF and MF
reIina. Therefore. it is cocx11xled that tbe8 tbr8
signals at 46.27. 45.85, and 45.72 PIXft are due to tbe
carbona of the coconderl8d methyl~ link...
betw.. urea re8idue and triuiM riII8. 8a8c cocoa-
denaed methyl~ carbona. whidl have two adj8C8lt
~ondary nitrOleD atoma, bet... \Ilea r8idue and

triazine riII8 can be ..8eIIted .. follows:

Triazine ril18-NH-gJ..-NH-O>-NH. [X].
Triazine rinc- N H -gJ.. - N H -0>- N H -cH. -

[Y].-
Triazine ri~NH-gJ..-NH-O>-N(CH.-). [Z].

The delta.~ti~ of u. ~~~ ~ CD be
altered cxsIy in u. .4~ \Ilea r8dae ia u. ~.
ture of the coc~ methylene llnka.-. T1Ier.
fore. only three ~ are cc.8d-.I f« ~
denaed methyl.- cari)c.- haYiD8 two ~OIxIary
adjacmt nib'Olell atoaa 8-=8.. the MUF cocoa-
deI8d -- .. .,ud8 -t b, IactiII8 I.- with
l1IeIhylol..-l__i- wbida .. ~ UIx8" u.
molar ratio of F/M=3/1. the fMmatioo of StnEtIn
[Z] ia c -:~~ ~.ukeI7. 'n. ~~ of
can... of the deJta-po8ti~ to tt. di~~ carbOD
will ca.. the doWDofieid 8ilt by 0.3 ~ -.. Aa.

r8Ilt. tM 8ID8I8 at 45.72 - ..8 ~ « MtJi'
c;"-: -::':_~~.;K;.-! r88 8feiy 8ft f« die carbC8
of StnXbn [X]. aIMI ~ at ~ ~ ,... StnM:bn

[V].
It CD be cOIx:hIC8I ~t d»- «o.&~ 01 u.

.:: .::-:: .::.:_--~ri~ ia ~ D« ,." by ~ 01
~- ~I 8ft8. tRIt .. bJ that of -.a S-u.. 18
to.:co..~-~~ carbG.-. A8tou.~
d8-s ~ ~ ~ of -NB~H..-O-
CH.-NH-, it ~~ .. ...~.. die ~
papel' that ita carboa 8ID81 ~ at die .~_-:I

Ibifts bet.- tb.- of 8f-- .:.:-ct.:--=-~ di.-by...
ether Ii ,,~...a. UP' ... UP r-.. u

3.3 R8I:M ~~ /or ., ,~,...;;M;; ... ~.
8M

The maiD fOC18 00 die f<8m88i8 (If iX..x~tiC8
~ .. &tJa « ~ tM fonDati.- « . ~c.-.
.-II methyl8le UDk8Ie i8 ~ by tM 18di~ of .
methylol pvup of -a__i- -'* an amiDO ~ ~
\Ilea or by that of a rlI8hFlol PO-. of ... with ..
amiDO IJOUP of It 8MIW a. ~ that the
neutral conditi~ ... 8DpIo,.I f« aU of tM ~
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Fie. 5. 'IC-NMR ~~ of the reactant (UI2-
M2) of IlC - ~~ medIJIoiura aM
dimetby!nl_I__i- uzm. aeutnJ cocxti.
tiOl8.

Note: The 8ID8J8 CM aJMt D an the ... u in Fla.
4.

Note

'IC - NMR ~tr Im1 of the I'88ct8nt (MI3-

FUF) of 'IC enricbed metbylol-&81ni- dimeth,ylol1D'a UIXIeI' neutral coIIditiOl8.

The SID8l CM is due to the C«Ci;:-~~~1

methylene carbons and the SID8l D is due to

the dimetbyl8le etII8'.

methyieDe .. dimetb,... etJ8' carbona for
1.-0.- are ~-' at 46.. .. 88.37 ~
wbD will be ~ fnJID tile racti~ of llC emf.
cb8I fCJnDaId8J,de r8D8i1li-W iD tI. of DJetb.
yioIaticm 01. ~ wid!, ImJaheI8I cBmetbyiol_I-n--
"'1ipaI ~tt8'D In tI. mAIDetic field ',)IO..'WM! ..
am 50 PIa: «..~-~-~ to a 8Ietby~ IfDka&e is
quite .¥&-;... fnJID ~ of UP r-.. The 8ID&8
at 45.53, 45.8. - &24 ~ eafeIy can be 88iIJIed to

tI. ~ of coco=--"'=-~ methylene link..- It
bu ~ kMWD aim dlat ~Iolmelamine has a

~ of ~ amiIM) ~ IlaviJw wick
rkr ~ of ID8thyIoi ~ .. amiDo ~.
A8 a.-lt; kcaa be coacI.W dlat ilJI8thrr_1 ~
of ,.. I8du8 .. ~ with tbe IXtm.f 8miM
~ of ~ ' , to f~ coc;::_".w-~

m8tbJtIIIe ~~
.1. 7 ~ ~ . ~ 0/ ::- ---==-- -= .d .-

IPiIi l'C """'.f'"v;-~~ (.4IIUU5)

".. of. ~ 1IC ~
formaJdebyde ... re8cted Imder tile saD» I8Itrai

".. NO ~ID of tI. ~ II'" iD

F1I.&.TI8De1dn1coadidoaalmwiDd8iytM-..
maticm of 81-:: ._~~- ~ -*hy~ ~ b8tw-
\D'8 ~ l ~ d» 8IIJaJ8 at 46.. 45.1& ~ -eiJ ~ .~ to tt. ~ of tM

c.::.: -~=-~~-c::;::-~ ~ ~~ 'n. -- af tM~ - to bcMb "'-::-~'= :.J: ~~ 8Id

P.-D. wbich iJx:1ude both self. aDd !!:-:.::_"= ;:.~ --

UBkaa-.
8-=8- ~ ~ ~,.s maw 88D8I8 -

to diJDethyIeIIe etb8' lI"k.~ it C88 be ~h~

~ tM formatioa of ~ -- Imk..- ~
tt. faction \mds' I8ItnI COIxIiti~ In ~ ~ of
tM IYDd-. of MI3. MD-U. aDd ~PUF. aD tM
~Iar rati~ ... cOl88Dt at F 1M = 3.1. ~ ~
ytolatim of a.nI-- .-.By ~ . wt8
di.nbutim of many kiI8 t:4 ~,loI."'-._I.~.

Furthennore, this molar ratio will re81Ja ia . ~ of ~ry aIDi8~ (-~H-aI.oH)..

small ~ of terti8r? aa*M) ~. (~.!!(CHa
OH).>. uMi . 8D8II ~ .. ~..ot aa8DO
grous- (-NH.). 1'!. .-=--=--=~--=,_to "f~

tim of ~y",; iiDk..- is -- ~ .. pi.- wftb
tM reaction of tt. iileCti7'a- ~ witb * .. ~~~
amiDO ~ rad.- thaD';!be: _t.i'f48:=,' ...
grOUIa T" eIorw.;' f~ ~ ..-di71.-: Ii-.
kaaee wu m 8ow that the f.-u.ticm of ~7~
ether link..- .w~ methrtoI ~ wiD IXW98i1
aYe' thO8 of methyieM IiDtaI-.
3.6 R.cDo. .. lac .;;;.-;-': ~J ~

~~~ (UI2-M2) ~
F"1ImW 5 IbOW8 the ~ of tbe prodIxt (UD-

M2) fn8 'ac earid* methriol18a aDd .:I-.bi'~.
meiamiDe The IiIIIaI8 d8 to tM ~:: -:::=-~===-~
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yl~ linkaae will be expected by the method iD wbich

methylolmelamine is reacted 1rith ID'ea itaelf or meth-

ylolureu bavina primary amino ~ The otb8'

method to introdtM:e cocOlxlel18ed methyl~ 1inka8e8

can be con8dered as the re8Ctioa of methylol ~

of ID'ea 1rith amino lI'oupe of me1ami~

As to the carbona of metbyl~ linkaae, the signaJa

obeerved at SO-55 ppm in the spectra are derived from

the methylene carbona of -N-gf,.-N(CH.-)- in

which OM adjacent nitl'O8eD atom is tertiary. How.

evw, prea. anal~ &mODI the three re8iJW can not

be attajJ81 fully at the ~t time. Further invelti.

ptiGO 00 thi8 ma8Detic field will be made by cbana-

m. the synthetic cOlxiitioaw of the re8J-.

.. . ,- ,.. . . . . -'~.. .. n .. .. .. .. .. .. .. .....

Acj,.QMI~ This reR8rcb was performed
Ulldm'the Re8e8rcb ACI-~t No. 19-92-100 betw~
the IJ8:ibde of A8ricultaral ...s For8tI'y F.n8i-.
iD8. Univ.-ty of Taakuba aDd the Soutbern For-.
~.--'~ Station. USDA, For-. Service.

Fig. 6. IIC-NMR spectrum of the reactant of urea.
melamine, aM IIC em'iched formaldehyde
with the molar ratio of F/M/U=5/1/1 ~
neutral conditiOlW (MnnS).

Note: The sipaIa CM and D are the au. as in Fi8.
..

BBFBRBN CD

dimethylene ether are o~ at 46.70 aDd 68.35
PIXO. respectively. It is noted that the spectnIID in
Fit. 6 cloeely reMlDbla to that of YII- .. the spectnIID
of which WM obtam.l from tt. racti~ of 'IC SJri.
cbed methylolmela=1M .m dimetbylol-. How-
ever, the broad 88D8l at 68.35 ma, be attn'blted to
the carboM of the cocor-"=-~ dimethyieae ether
lintaae .. well .. to tiI(8 of 8If~-:::,-~:-~~

dimethy.. edI« ~~
It is CCXIcluded that the .&1-::: ~--:-~=-~ by dimeth-

yl- ether of mechyloh..-l.-- ~ ~ tt.
Ieif. aIMi co-coc.w.tioa bJ IlietbJIene Ifftk..-
uIxier' the coaditioa I8d in d8 ~ work.
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