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Study on Structure -Activity Relationship of Stabilizers for Plastics

Stabilizer Against Copper-Catalyzed Deterioration of Polypropylene

NS
Toshio Yoshikawa

Abstract N-acyl-derivatives of salicyloylhydrazine,isophthalic dihydrazide,and naphthalene-2,6-dicarboxylic
dihydrazide were added to polypropylene together with an antioxidant and copper powder. The copper-deactivating
activity of these N-acyl hydrazides were evaluated by measuring t the life-time of the polypropylene. N-acyl groups
having from 2 to 20 acyl carbons were introduced to the hydrazides and the optimum carbon number to give the

longest life time of polypropylene were determined.
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propionate]-methane( 5 54 :Irganox1010) D H7 8K 2 BR{ L Bh L- A1l
(BAFIKIEHCrE Antioxidant)e U CZ D EEHEAL.
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221 1, 3—benzenedicarboxylic acid bis(2—alkanoyl)
hydrazide(Fig.1(b))
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FREEK 100ml ZAN%, LIt TEE, wfl, =% /—
IV 20ml ZNNA THBSEDRL , (EMAAT RS SSA TRE ELZee
JRLT=.

B) I TINERTY 10mmol Z DMALOml &EV7 5ml (128
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7. BER ORIBRD ST (A B A TH 5.
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2:2-2 2, 6—Naphthalenedicarboxylic acid bis(2—

alkanoyl) hydrazide(Fig.1(c))
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IKFIERS T (80%)46g(0.75mo) R UNAF /— /1 300ml ZIRA
L9 20 ReEHIIBRERRL 7o nEHE, HTHHAaT8EL , DMA
100mlZ ANz T 130°CITAMEAL THRL, IEHANTHRG R
A )=V CHRE LT
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HL TV VRWEE (RO B R RLTERE)
XSO 100ml ZA0Z TRt ATHIS B 7.

223 N-Alkanoyl-N’~(4-methoxycarbonylbenzoyl)

hydrazine(Fig.1(d))
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2[EREE B LI L ORRIGD DMT 2 3RRELUT-. &
19.41g(62.5%), m.p. (DSC £~2)202.16°C

(B) N-alkanoyl-N’ - (4-methoxycarbonylbenzoylhydrazine
terephthalic acid monomethylhydrazide 10mmol %2 DMA20ml,
BV 10ml THEEL, KIRTREPL T 10CLATICR D200
1R 10mmol ¢ DMA(10mIFRRA-# FL7-. 2R THI3
RHRHEREL CROES Y, AREINZ Cidaa TS, TeEE:
L, BRAY )— VEIIAY ) — VKR IO ERERE L
7=

22+4 N-Alkanoyl-N’ —(4—carboxybenzoyDhydrazine(Fig.1(e))
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Fig. 2 An example of DSC chart giving the transition
point and melting point of a hydrazide
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Fig. 3 Differential scanning calorimetry of a PP
composition containing a diacylhydrazine
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31 1, 3—Benzenedicarboxylic acid bis(2—alkanoyl)
hydrazide(Fig.1())
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Fig. 4 Thermal properties of hydrazides of group(b)
decomp.:decomposition temperature
m.p.:melting point
trans.:transition point

IFRICEDT AT ZA LD ERNEE T RNED R RE R

LT = a mp. + b Tc + C

ZZT a=047 b=2.08 C=-329
758, ZOEBFDFHFEHER2 13091 THS.

—RBIROZRN I B B L SRERS VO R
DFHBIARENEBIT OV TR PIZRBW Rl BT
AU PP DAL L CREES I SREDA LRGSR AS PP HRICEEE
LTSN ST RIIMIC 7= o CHRERS LRI FE 35
TebbBons. Ee, FaEFREERICEST PP 0FEL 741
UL TEELIZELEZBNS.  —F, groupb)DERS
DNEDGRA A IEBR R TR IR 2 R QB EbE
ABND. TIT PP A ERIAZ IR AT ZER T OR &
MU EDTAT ZA L ELTREREEDED T Fig 8IRL
7z. [ TERDT 9days | DKL PP (28GR LR 15

& E58 FR154, No.5, Mar., 2003

128 60
127 }__ < Tec+ LT - 50
126
i -1 40
125
B w
7 g
N 124+ - 30
s L 1K
123
I - 20
122 b
i - 10
121 -
120 -4 B IRV ATIN NSINN NS MRS SN TR R 0
0 2 4 6 8 10 12 14 16 18 20
‘n
Fig. 5 Tc/LT Response plot for hydrazides of group(b)
Te:crystallixation temprature of PP
LT:Life time of PP
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Fig. 6 Tc/m.p. Response plot for hydrazides of group(b)
m.p.:melting point of hydrazid

DHEFIMLTz Blank2 DHFHTHY, ELLBSPPOELTDE
DBIopB. ZORFIT groupb)DER TR EEAHIIT 2 LEREDRA I
PHRDSFHEESI, TATEALBEESNBZL, Tz, REHnD
DIROERTURIEEEELS LR BN L0 07D,



FSRF v PSRRI DR LIE Y B AR 5

70

60

50

40

30

20

Lifetime Calculated(days)

10

LIRLIN B L L L L L B L B N

) JL AP ST S WA S
10 20 30 40 50 60

Lifetime Observed(days)

o

Fig. 7 Multivariant analysis for LT of group(b) hydrazides

with Tc and m.p. as independent variables
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Fig. 8 Stabilization effect of group(b) hydrazides under the
presence and absense of copper powder

9days:Life time of PP containing antioxidant and copper
65days:Life time of PP containing antioxidant

[RII_E D I65days | DKFEHIPPIZ R LB LEFID A& NN% 1=
blankl DIFEETRT. ZOBEEITIERSIIFELRV. Zhuck
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RO TE BRI ERD N2 En3on 5.

3:2 2, 6—Naphthalenedicarboxylic acid bis(2—
alkanoyl) hydrazide(Fig.1(c))
Table2 (ZZD7 N—TDIVEWMDERGERE R - Fig. 9i%

n yield m.p. t.p. d.p.
%) © (C) (C)
2 83.8 259.25 - 288.60
3 79.7 245.07 - 293.06
4 93.4 244.46 - 297.73
5 76.2 233.70 - 297.16
6 66.7 229.63 - 300.03
7 84.7 228.38  202.56  302.12
8 75.8 224.47 188.67  300.10
9 83.9 217.36 189.41 296.76
10 58.9 215.65 199.75  296.62
11 85.7 210.47 191.84  296.10
12 91.0 208.06 189.43  295.09
13 71.3 203.43 181.16  298.12
14 78.5 200.57 175.78  297.40
15 71.9 196.01 166.10  275.29
16 88.9 193.76 160.98  285.38
17 81.7 190.58 165.89  222.78
18 89.8 190.67 161.68  284.13
19 20.1 180.19 143.51 284.00

Table 1 Synthesis and properties of 1,3-benzenedicarbo-
xylic acid bis(2-alkanoyl)hydrazide(Fig.1(b))
n:carbon number of alkanoyl substitutuent
m.p.:melting point
t.p.: transition point
d.p.:decomposition point

BHIERIC W TREEE D BRE Y. 207 N —7 ThRlR
PISNT RS (BB — ) DMBERS Tz, B RRIE 400°C LA L
ThoTz.

Fig. 10i3Fig. 8LFERIZERHAAIIMUISFE LIRILZ2 VG
BDREETKTTBTATEZA LDVRR AR, 8
DI AT T2 (65days) LR BEER TR OFR
IMZ LD TIATZALDHENL, n=10 (n-decanoyl FHER) [THE
KIEARSND. ZHUKL TR TSN FHET D56 D)7
NI — D2EFHY, SHERALEERIC DWW TR REREICR T
BUARVANTA T EALERIL DD 0D3G. ZOT ay Nehh
SRS AEVER (Te) &b TRULIZB D ASFig. 11CThH5. ks
Nl R BRI 2{BRTAE T DL AR A MR TRV,
ZDIN—T DERERS IV ER DRI AN EF LARIEA S B 2
LB, ZDZ 43 Fig 12(TcELTORARK) CHEs C& 5. =
DA DOEHBHRERYL 0.766 Th-orz.
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Fig. 9 Thermal properties for hydrazides of group (c)
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Fig. 10 Stabilization effect for hydrazides of group(c) under
the presence and absense of copper powder
9days: Life time of PP containing antioxidant and copper
65days: Life time of PP containing antioxidant
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n

© 0 1 O O = W D

e e e o
CO 3 O = DN = O

Yield
%
20.8
33.7
46.2
52.8
71.3
63.6
72.1
64.9
73.8
85.6
62.9
58.0
60.4
49.8
64.4

m.p.
(C)
301.03
314.05
304.77
307.97
309.91
304.07
303.90
300.44
299.28
298.21
298.78
292.49
283.99
273.29
284.11

t.p.
(C)
233.92
268.10

270.15
228.73
194.43
183.50
124.67
163.32
151.90
146.03
141.54
135.50

Table 2 Synthesis and properties of di-alkanoyl

subustituted naphthalene-2,6- dicarboxylic acid

dihydrazid e(Fig.1(b))
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Fig. 11 Te/n and LT/n response plots for hydrazides

of group (c)

LT(days)



Fig. 12 Tc-LT Scatter diagram for hydrazides of group (c)
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(d) -COOMe Type

yield
®)

69.7
60.8
62.5
80.9
66.8
86.9
82.8
85.9
79.6
74.9
78.7
66.9
81.1
59.0
79.6
76.7
83.0
67.9

m.p.

(0

212.89
192.40
186.98
169.94
159.55
166.29
155.46
155.02
156.17
155.07
154.71
154.65
153.26
150.11
151.53
146.93
148.49
144.52

(e) -COOH Type

yield m.p.
% (C)
92.2 278.88
66.2 274.67
87.5 268.76
87.6 262.44
89.9 262.76
94.2 259.05
89.9 257.57
93.8 255.51
82.3 259.18
82.6 257.80
79.9 254.88
91.4 253.14
27.2 252.71
83.7 248.23
91.1 248.1

Table 3 Synthesis and properties of N-alkanoyl-

N’~(4-methoxy- carbonylbenzoyl) hydrazine (Fig.1 (

d),COOMe type), and N-alkanoyl-N’-(4-carboxy-

benzoyl) hydrazine (Fig.1(e),COOH type)

130

33 N-Alkanoyl-N’ <(4-methoxycarbonylbenzoyl)
hydrazine(Fig.1(d))

Table3 (2207 N—FDILAMDERGERERLT=Fig. 13iC
DI N—F DA TELTDT VA ANV EREEN 5
VAR ARBRE R, T2 CHE B SNADIX T RTH SRR
DIRFHITH L THREIROIRE 2L THS.

AR BOTOTL72VEBER TN HEE (Fig. 1(a)) TiXTe
DOHTILLTH BT BV AR AT oy MNiSEERE 2
LIe3ZDRECIITeD I EDHEN RIS, ZOXS72858 K
DUARR AR RENAFERIC OV TR CERR L. Zos/ L
— T DACEPRILTORERHEAMEL, SERSLLVERMENZLh%0
5.

34 N-Alkanoy-N’~(4-carboxybenzoyDhydrazine(Fig.1(e))

3. 3DALEHDONKSFEG CHY, FRMEE—COOHZEAL -
T RERE R A E RN SES N AL E IR LI-b D ThD. Fig.l
ATRUIZEDTLTIX Fig 13DBE LB R EL THBZ L85
DRESEANER (Tc) DSEHRRDKAESTEZ TOBZE DB,

3:5 INTULERIERSUNR (Fig. 1(0)i1EhY)
W R O (LG SRR AR R Db DA Z RIS,
FDID, FL—MERERFOERZUN RIS Th O HigIELE
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—f#%=X: (R—CONHNHCO~—CH,—COO™ ), Ca
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Fig. 13 Tc-n and LT-n response plot for hydrazides of
group (d)
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Fig. 14 Tc-nand LT-n response plots for hydrazides of
group (e)

ZGRLT-. Table 4 3 hb0iEd (R-COEEL) LREm. p.
BIXOPPITIRIMUIZ G & ORERILEETe, FA 77 A LLTERLT-.

TNLD LA ETFARENCRURITEL, F, PP OTcRELL LR
L CRYPPICKH DR AR T K&V Z&Ds b olz. Ll
7205, SRAERAIEZNR LTIIFEFITIEL, FAE DERZ PR Chlankl
DfE (9days) IOBENNZ &) 0T, IWOTREDLEMN I8 oTn
T2 PPICHT DB LR T U2 PP O8R4 % NG
P ToDIC TR L2 o T S B,

RCO— Group m. p. Tc LT
C) C) *(days)

acetyl : 360.7 127.3 . 80
phenylacetyl 313.1 125.5 8.0
hydrocinnamoyl 3198 128.1 10

lauroyl 311.6 130.4 4.0
stearoyl 151.5 124.7 5.0
benzoyl 334.8 127.7 7.0
4-methoxybenzoyl 334.2 1271 6.0
4~tert-butylbenzoyl 310.0 123.5 10.0
4~phenylbenzoyl 360.8 129.5 5.0
4-nitrobenzoyl 333.4 124.4 7.0

salicyloyl 293,2 134.6 18.0
cinnamoy! 1119 126.4 6.0
isonicotinoyl 320.8 123.8 5.0
B —naphthoyl 314.4 130.5 4.0
4~hydroxybenzoyl 2978 126.2 4.0

Table 4 Properties of calcium salts of N-Acyl-N’-
(4-carboxybenzoyl)hydrazines(Fig. 1(5)
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3. 6 N-Alkanoyl-N’ —salicyloylhydrazines(Fig.1(g))

Table5IZZ DI A—T DERZUROERFERE R, 20
N—TFDERZURIEB ATBES N ol ZBDERS
DRIV F N EER > QDT BEERFIEFILL CoMRE: X
L—MEAILL TOMRER fRE R D LS. ZOREDERFUR
DTcLLTOV AR A% Fig. 151K, TeldRE st
LU CHRIINE R TRV D085 Te ERZNRIHMEL, ERIMPPORS &
{BIREE (120°C) 1V METHD. SERH LR (LT) ICBL TR
L= AIBRAES In=10fHMZH B LMD B, Fiz, n=4Dk
RIURDPEEITTe, LTEBITHENL THEZE0HS. n=4D
BAEROTIZOBDOER TR OFIER, LR RESERE
PERNHRIEL QU VRN 2R T HDEBbIS.

130 30
< Tc
128 F LT
- 25
126
© &
N .| o
124
- 15
122 +
120 | | | | | | { | | 10

0 2 4 6 8 10 12 14 16 18 20
n

Fig. 15 Tc-n and LT-n response plots for
Hydrazides of group(g)

4. R
BRSO CIET L 7 2N BE R T URHEARFig 1@) oV VT
JVT1 7 AVEDSEER (RS0 H3EBHIEMER (LT) LRz
FA (To) (oG- 2 BRSO BRILTCRER, Wi LbICRSREI TR
STHEIRORRE R 28, Ee TeLT ROERTVRORR mp.
DOZEIEBTEEL QOBZEE RN, SEIDETN—TIZ
DUNTTNBD AL
(1) ZN—T ) AV 7 Z NG
SEBRIRODEFE TREZ2V VB3 Te, LT,m.p. EIOAEBI A .
Te, LT LI R DD B DDA RE
(2) I A—T(): F7FV L ThIVRERE
Te & LT 1 Z5EEE1 0L 5FRMTBREA R 3.
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n Yield m.p.
®) )
4 60.8 177.10
5 65.7 159.38
6 63.2 172.41
7 79.5 162.82
8 85.3 162.08
9 87.3 155.72
10 88.2 153.88
11 69.4 153.69
12 89.8 151.36
14 90.1 145.25
16 90.0 140.63
18 85.9 -

Table 5 Synthesis and properties of N-alkanoyl
N’-salicyloylhydrazines (Fig.1(g))

Tc & LT i3 AREOMBIEE > T 5.
B UBS I ERE R ER T ORI ETS. .

(8) IN—T (D) TLIENVBE/ERTURHER (= ATV

L)
TSR DIEEN DT DN REN DT DOHESLT
\ZI3FRE RS IUTY VRV .

@) Tn—7F(e) TV IVBE JERTIRHER (LR

2t

TelZBAL THSERRORRE ISR 7228, ZZ TIELTIZERE
BRROFFEDBIESND. (3), (A NV—TDERFURIIL
TOHEXHEDMEN oD ERERS IEFIEL T L —7 0%
DITHD.

(5) IN—TF(f) :FLIHNVBEE JERSURTHEL (Ca 1h)
ZZTHRT NI /AN L CESHEIAIEE D A Tl EER
EEEOSLOLRELE. IV MEL > TONB bR

1EES, Fe Te bmRRESEERSRE N2 oh o7,

LsL7aAss, LT IR ZEepvboh o7z,
6) ZN—7(g) :FVFNESHEL
Te IXEHRRDRHEE R QOB LT 1Z 2 TIR R 2 - T
WBTeDZ DG EIIFEN I EROB E MDA L B DL
ZBID. N=4 DS RAEERSEBIL QOB Z DD
BRI YF NI LB UL IR ERL T B B,

HEE
AR DWW TKARIZ DT TR ER =720 TV VD Maureen
G.Chan K (AT&T, Bell Laboratories) {2 V=L E4.
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