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Abstract : Four kinds of new alkylenediaminoalkyl-bis—phosphonic acid derivatives with
alkylenediaminoalkyl functional groups in the molecule were synthesized and their smoke
density(Ds) were tested. These alkylenediaminoalkyl-bis—phosphonic acid derivatives were prepared
in yields(76-97.3%) by one step reaction of the phosphorus acid with amine and aldehyde. Smoke
density was measured by the method of ASTM E 662. The values of smoke density were obtained
from 234.7 to 437.9. The smoke density of compounds with two phosphonic acid structures were
increased more than that of compounds with one phosphonic acid structure. In addition, there was
correlation between the smoke density and the number of nitrogen atoms in amino group attached
to mono— or di—phosphonic acids group.
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Scheme 1. The structure of dialkylaminoalkyl

phosphonic acid and
bis—(dialkylaminoalkyl)  phosphinic
acid.
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Scheme 2. The structure of
alkylenediaminoalkyl—bis—phosphonic
acid derivatives.
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Formaldehyde(36~38%)=  Showa, HCl2
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2.2.1 N,N-dimethylethylenediaminomethyl
—bis—phosphonic acid(DMEDAP), 3]
]

250 mL 37 ToHE EdtAT0
formaldehyde 8.0 g(0.26 mol)& ¥1 mHsHA
A, A7} ZU71E o]-g-5}of
N,N-dimethylethylenediamine  0.705 g(0.008
moD< H7FAXItE I & ¢-HCl 1.0 g& 22
H,O 3.2 goll HsPO; 2.6 g(0.032 moD)S *
A7 EEol H7KeE v 120 CollA 3h ¥H§
AAA @oldl AlmE E2fste] DMEDAPE ¢
ATHTSE 97.3%).

2.2.2 Piperazinomethyl-bis—phosphonic
acid(PIPEABP), 49] ¥4

250 mL 37 SoHRE Eekade]
formaldehyde 8.0 g(0.26 moD<& Y1 7} Ztj
715 o]&38to] piperazine 0.69 g(0.008 mol)-&
A7M7 % -HCl 1.0 g& gtk HO 32 ¢
o HsPO; 2.6 g(0.032 moD)& o A7 &3&
of X7kt th& 120 CollA 3h BREAIAA doj
2 AgE EHste] PIPEARPE LAHEFEE
91.3%).
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2.2.3 Methylpiperazinomethyl-bis—phosphonic
acid(MPIPEABP), 59] 34
250  mL 33 FEHE E2kaad
formaldehyde 8.0 g(0.26 moD& ¥i, 7]
A7}y ZA7)1E o]838te]  2-methylpiperazine
0.793 g(0.008 mol= H7HAX1 & ¢-HCl 1.0 g
< Y=tk H,O 3.2 gofl HPO; 2.6 g(0.032
mol)& =o] A7) EtEe] 7kt o& 120 C
oAl 3h RESAIAA Lol A=mE ZEste
MPIPEABPE EATHESE 95.0%).

2.2.4 Methylpiperazinometyl—bis—
dimethylphosphate(MPIPEDMP), 69 &4

250 mL 3T o= - o= e |
formaldehyde 8.0 g(0.26 moD)& Y1l oj7]of| &
7t 2718 o]€5te] 2-methylpiperazine 0.793
g(0.008 moD2 A7 ¥ ¢-HCl 1.0 g& ¥
=t H,O 3.2 goll dimethylphosphite 3.52
(0.032 moh& o] 7] 2] H7Kt v
120 CollAl 3h RESAIAA Pold AlmE &
sto] MPIPEDMPE EUtHE5E 76.0%).
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Scheme 3. Snthesis of alklylenediaminoalkyl—bis—phosphonic acids and piperazinomethyl—

bis—phosphonic acid derivatives
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Table 1. Analytical and spectral data of alklylenediaminoalkyl—bis—phosphonic acids and
piperazinomethyl—bis—phosphonic acid derivatives

compound 'H NMR (ppm in D,0) FT-IR(cm™) (neat)
3 8§ 25 @, 6H), & 2.8 (m, 4H), P(O)-OH 2678, 2309, 1631, P-CH, 1466,
= 8 3.3 (m, 4H) P=0 1130
P(O)-OH 2697, 2324, 1632, P-CH, 1458,
4 & 2.9 (m, 8H), 6 3.4 (m, 4H) P=O 1140
s & 1.3 (m, 3H), 6 2.8 (m, 7H), P(O)-OH 2683, 2454, 1636, P~CH, 1460,
= 8 3.6 (m, 4H) P=0 1164
6 8 09 (, 3H), 6 2.8 (m, 7H),  P(O)-OH 2577, 2432, 1637, P-CH, 1448,
= 8 3.7 (m, 12H) P=0 1168, P-O-C 928
| N
| £e [ ‘ ”\.";r’ \, ‘/\‘,
Eg \:/\L
‘ ‘ . f/f
| . - oo e = o ma o

g 28 Wassnumber cm.1

Fig. 2. FT-IR Spectra of
Fig. 1. '"H FT-NMR Spectra of piperazinomethyl—bis—phosphonic acid, 4.
piperazinomethyl-bis—phosphonic acid, 4.
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H2OIEN-cH, cH,-N-d4Y > =) N
DIEN-CH,CHy-N-GOFH === H,C=NCH,CH,N=CH,
H R R H —2H,0 R R

a S .
+
HO-P-H  + H2c=1\{CHZCH21\?I=CH2 + HOP-OH — > HO-P-N-CHCHN-P-OH + 2H'

OH R R OH OHR R OH

Scheme 4. Reaction mechanism of alklylenediaminoalkyl bis—phosphonic acid from
alkylenediamine, aldehyde, and phosphorus acid.
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Table 2. Smoke density of alklylenediaminoalkyl bis—phosphonic acids and piperazinomethyl

bis—phosphonic acid derivatives

Com nd DEAP, DBDAP, DMEDAP, PIPEABP, MPIPEARP, MPIPEDMP,
ompou 1[10] 2[10] 3 4 5 6
Smoke

. 254.6 224.5 437.9 234,77 340.3 -
density
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Fig. 3. Smoke density of
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