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Table 1 {2, 2-zF-2-= bu—Fu-1,3-IHF
—vERVAE L &1t Table 2 1255 L7, Table | ©
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DINBA~DFUSHENHERBS bh, HEHENR
HBEOFNIRERE525L 5 Th D, £l B
DOFRBTA - 4 OB L bAER, iz
ol bR CRIZEAEEOE T2V, L L
No, Ro¥ -z REBEBYLUVRLZ VD
ThH NPF i3z A VBdohARW, 20k
RIS, FEHRLE LTOREGRIL, NPF o4
RICHEVRBLTARVWEIRBbh 3, Lo
T, HROBEACIX, FHHRL D b LSREHRE
OEBARENEEZOLS,

Table | DHBHH F-6~9 3Lk Table2 » F-
15~18 i3, p-baz ANV BRESREL KT SH
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Table 1+ The results of synthesis of nitropolyformal from 2-methyl-2-nitropropanediol
(0. 25mol) and paraformaldehyde under the variety of conditions
) . L Yield Conversion
Run number Solvent Catalyst (g) (%) Mol. wt.
F-1 Isopropy] ether 19.7 54. 2 1,120
F-2 Benzene l 17.9 49.3 920
F-3 1, 2-Dichloroethane P.T.S» 20.0 55. 1 980
F-4 Benzene+Toluene 3.9 _ _
(&) 70) .
F-5 Toluene 2.5 — -
F-6 conc. H,S0, trace - -
F - 7 l Benzene BF;'O (CzH;)z 2- 8 -_ -_
F-8 H;PO, 3.9 — —
F-9 P.P.AY trace —_ -
a) p-Toluenesulfonic acid b) Polyphosphoric acid
Table 2 The resulst of synthesis of nitropolyformal from 2-ethyl-2-nitropropanediol
(0. 25mol) and paraformaldehyde under the variety of conditions
Yield Convervion
Run number Solvent Catalyst (8) %) Mol. wt.
F-10 Isopropyl ether 27.3 69.0 680
F-11 Benzene l 23.8 59.7 1,170
F-12 IB, 2~Dichlq§0fthane P.T.S® 23.0 57.9
ol enzene- loluene _
F-13 (30) (70) trace —
F-14 Toluene trace — —
F-15 conc. H,S0, trace — —
F-16 1 Benzene BF;-0 (C,H;). 5.0 — —
F-17 I H,PO, 5.2 — -
F-18 P.P.A® 4.0 — —

a) p-Toluenesulfonic acid
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b) Polyphosbhoric acid
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~-O- Nitropolyformal prepared using 2-methyl
-2-nitropropanediol

-@- Nitropolyformal prepared using 2-ethyl
~2-nitropropanediol

Fig. 1 Prolongation of molecular weight by

heating under reduced pressure
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—O0—CH,—OH Hemiacetal hydroxyl
——CH;—CH,—O0OH Alcoholic hydroxyl
ERPoBENMEORDEE, Ph—rEORIEE
L, BEOHONBIZTATE FLOREERTL
LT3, thonBELEXFTHE, ERoFREL
OREEERNE, NPF ofikRLER7/ra—-18
KEBE LA NS, ¥ MBERET COSFRO
mit, RRELAETEFL=g R kA =~
MOBIVGRYTEF—-AVOERDOEEFILHBSH

TWd,
RAv—LORIGER L85 AT, 50
BEMiC D B AR MF LR & Table 3 IR L
e ¥ EEE=budFd—s, NPF 8XURR
hw—n b BRI & OBAtRE Fig. 2 IRLYX,
Table 3 & Fig. 2 56, KEOUREERKEL, »

100 0
80 420
2
ol Jw3
s 3
s 40 GOE
3 A lg
20 480
o f— : 100

60 120 180
Reaclien time (min)

o

-O- Nitropolyformal
~-@- Cyclic formal
-A- Reacted nitrodiol
Fig. 2 Conversion vs. reaction time for the
reaction of 2-ethyl-2-nitro-1, 3-propa-
nediol with paraformaldehyde in ben-
zene. Cat; p-toluenesulfonic acid

Table 3 The reaction of 2-cthyl-2-nitropropanediol (0.25mol) with paraformaldehyde in

the presence of p-tolucnesulfonic acid in benzenc

Reaction Water Lincar polyformal Conversion (%)
time formed Linear/Cycric
(min) (mlb) Yield (g) | Mol. wt. n Linear Cycric
10 1.3 8.4 990 5.22 21 8 2.6
20 2.2 13.2 1010 5.35 33 16 2.1
30 3.1 18. 1 1080 5.78 45 24 1.9
60 3.5 18.7 1120 6.03 47 31 1.5
90 4.1 22. 4 1160 6.28 56 35 1.6
180 4.4 23.8 1170 6. 34 60 38 1.6
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SPHRE Y kv — VERRIRHTH S L3bh
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Ad Y, BEEOMRRARREEDIZDIZEDL
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B O IRRRAN CRISETR2 TS, 2hi, R
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—C(CH)(NO;)—CH;— & 5 it —CH,—C(C.H;)
(NO)—CH,— %R+, K@ kT, HA g
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h3, Senkus? F=tuFwirTF—AFOrN
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ZEBRHALMTH B,
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3-21 KA —=NLERSDHER

FERIZINEMET CR M EE L THEMERL
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BIU 1, 120cm™ (HEORRAR, Thehkiak
BIUSIRz—-FAFEIZBEL, £h bt NPF ¢
CHEEFT L EMBT3b0THS5, ¥z, NPF
DIERTHE Table 4 ITRLE, HFRBLIUTE
Roriio e B8+, Table 4 ORHK
LHRERREESENR VW —EERLTWS LA S,

NPF of#ikmiiciL<, WHTe7rra—-AE
KRETHD D LML, = OHEE LRI
IR z2 2 bk & OFERME, KX (D IRFRLT
»35 NPF o sm¥Et+sb0Ths,

¥z, RHETHLIL 2HBIORRKRE V= — 1
G-7 A FN-5-= b r-1,3-UF %+ ) & Shipp 5
DOHFEILL VSR LERREV7 VOB A B & U

Table 4 Elemental analysis of nitropolyformals

Found (%) Caled (%)
Mol.
Product .
wt. | ¢ | H|{N| c |H|N
MNPF? | « 1150 38.43'6. 259. 66/ 40. 196.229. 63

ENPF»

«— 1170 43.25'6.5 8. 03 44. I9‘6. 8. 79

a) Nitropolyformal prepared using 2-methyl-2
-nitro-1, 3-propanediol

b) Nitropolyformal prepared using 2-ethyl)-2-
nitro-1, 3-propanediol

100,

Tronsmission %)

I 2 i A

[} 1
“0 %0 2 Wove mm'ogrlcm‘lf JIJ?

10 8 65

Fig. 3 IR spectrum of nitropolyformal
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12, = buadt—noEFRREERENZ L3,

ZhiFHOTRFR L HE+ 5. ZORETIRE
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LELOLND, Table 5 ITREATHBLESE, 2,2-
Y=bu-1,3-Faivdt—ix ,3-Fus Pt
— & D RiER g, ZORRTRMEOSE—1
D2oD=ba kb BHEDOCA—NAD2ODOKRLED
SEESROBER MR VRBELTWB XS ILBbh S,
DLEOBEENS, =buPh—r0Oy Ly AR
BiIs=tellit, v vEEHRELSTHS
ZENELHRTH D, HHLRY VY VERRRICE
i} 37 va—ORRIEDFCH LT REHER
BIaAOTEL e PRICTHREN B Z & 2B
LTW3O%, =kekz&bIt—1oBEaLH%4
ThneBELLID,

= bYA=t 2,4TDl LoJGiIcB T 5
[Catlo/kexp DTN I—NBI VA Y T +— FBEF
RIAE R L#EL % Table 6 3L Fig. 4 ic
"Lk, Fig. 4 ;e [Cat]o/kexp O F N a— )L RHE
KEERBO RS, —1 7 7 +— MAEECIIK
FLRWI L Rbh b, EHELIL 7ra— AN
IS8Rk +5 & L, [Catlo/kexp 7 Aa—Li8
B EOB L, SEERER L THMRIcS 5,
[Catlo/kexp Hi4 &7 +— F BEHAFEDOH G121,
ERRIBESBHTED L CIERRE LD, KB
ROJHICE, [Catdo/kexp BT a— VBEEKLEE
ERLAZ END, HiREREPNT TR R L
TWALEHEhDS, 2DE5IS, = baPt—no
BEL = buRold LRMeEERESE L VER

Table 5 Comparison of data of present work with those of other workers for the reaction
of nitro and other diol with diisocyanate

Diol Diisocyanate

—TReaction Expression in rate
Solvent| temp. Xpressio

°C) and values

Catalyst

HOCH,-C(C:H;)(NO;)-CH;0H }2’ +~Tolylene=

HOCH,-C(C;Hs).-CH,OH

iisocyanate [ylaceto- | Dioxane

e(lll)- Rate const. 9.57
cet-  |1,4- 25 | (I. equiv.”!

<1 ‘
nat sec~)xX 10 6.67

a HOCHz-C(CHS)(NOZ)—CHzOH Diphenylpethane- Tricthy- 1, '4_ 10 ?:rlg:;:f 86.9
| HOCH,-CH,-O-CH,-CH,0H diisocyanate | lamine Dioxane reaction 100
HOCH,-C(NO,),CH.OH 3, 3-Dinitropenta- Rate const. 1.06
methylenediiso- None | DMF 30 (l. equiv.~
HOCH,-CH,-CH,OH cyanate hr~1)x 10 11.00
a) Ref. 9 b) Ref. 11)
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Table 6 Fe(AA);-catalyzed reactions of 2-
ethyl-2-nitro-1, 3-propanediol with 2,
4-TDI in 1,4-dioxane at 35°C, Fe
(AA);; 1.25% 10~ mol

kexp X 10,
Rlxll?lmber (E((;)l.llglv].o) ([el:fl:l?] 3 @ eql::é::)
U-1 0. 0500 2,24
U-2 0.0714 1 1.56
U-3 0. 100 0. 100 1.42
U- 4 0. 143 J 0.98
U-5 0. 200 0.83
U-6 0. 0500 1.42
U-7 0.0714 1.56
U-8 0. 100 0. 100 1. 42
U-9 0. 143 1.51
uU-10 0. 200 1.50
w2
15
4
k3
gl.o
3
Sos
0 1 ] L

1 ]
0 005 [} ai1s 02
(OH]s or WCOVe  (equiv/t)

-O- [OH]y=variable, [NCQJ,=0. I equiv.
(const. )

-A- [NCOJp=variable, [OH],=0. 1 equiv.
(const. )

Fig. 4 Dependence of [Cat]o/kexp on the
initial concentration of alcohol or iso-
cyanat for Fe{AA)s-catalyzed reaction
of 2-ethyl-2-nitro-1, 3-propandiol with
2,4-TDI in dioxane at 35°C

OTN2— L ERREHETRTZ EBHLEM L 2D
e,

Oberth 5192 3, Fe(AA)s FETOY v v &
BBBRERDOLSILEXLTWS, 2L, HAA iy
EFATE P ETT.

Fe(AA); + ROH =
Fe(AA),(OR) + HAA (13)
Fe(AA):(OR) + ROH =
Fe(AA)(OR);H + HAA (14)
Fe(AA)(OR);H + RNCO —— :
R’NHCOOR + Fe(AA),(OR) (15)
HUD BXU () TRENTWEZL L, Fe(AA),
OFNa=Y) VARBBRLLTWS, FOERELT
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-O-@- Nitropolyformal prepared using 2-
methyl-2-nitropropanediol

-A-A- Nitropolyformal prepared using 2-
ethyl-2-nitropropanediol

Fig. 5 Conversion vs, reaction time for Fe
(AA)s-catalyzed reaction of nitropoly~
formal with 2,4-TDI in dioxane at
25 and 35°C
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Formalization and Urethane Formation of Nitrodiol

by K.Matsunaga and T.Yamashita

In order to prepare nitropolyformals, the reactions of 2-methyl and ethyl-1,3-
propanediol with parafomaldehyde have been carried out in organic solvent. The
reactions resulted in a competition between linear polyformal and cyclic formal. Of
the all catalysts tested for their effectiveness on the formation of linear polyfomal

p-toluenesulfonic acid was the most efficient catalyst.

When used isopropyl ether,

benzene or 1,2-dichloroecthane as a solvent, the formation ratios of linear polyformal

and cyclic formal were more than 1.0.

The resulting nitropolyformals were viscous

liquid, and ranging from 690 to 1560 of the number average molecular weight.
The ferric acetylacetonate-catalyzed reactions of 2-ethyl-2-nitro and 2,2-diethyl-
1,3-propanediol with 2,4-tolylenediisocyanate have been studied in 1,4-dioxane at

2%C.

hydroxyl group has a retarding effect on the rate of reaction.

It has been already reported by other workers that nitro group adjacent to

Our experimental

data, however, did not show such a tendency and thus it has been seemed that nitro
group for nitrodiol-diisocyanate reaction has a polar and steric effect on the urethane

formation.

Also, (Cat)/kexp was proportional to the initial concentration of diols,

and it has been suggested that the complex forming step between diol and catalyst is

in equilibrium,
behaviour to the ordinary alcohol.

From these results, it is apparent that nitrodiol shows a similar

(Department of Applied Chemistry, Faculty of Engineering, Toyo
University, Kawagoe, Saitama)
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