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(As plastic additives)
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Abstract

4-ox0-2, 6-dimethly-2, 6-diethylpiperidine (M) and its N-oxyl (¥}, the homologs of 4-ox0-2,2,6,
6-tetramethyl piperidine [ [) and its N-oxyl (] were synthesized in 17.99% yield from methylethylketone
and in 62% vield from ().

And some new compounds containing (1) and (I} were also synthesized. They are heterocyclic
azonitriles. (VI, KXJ.

Compound () has an unstable azo group and stable N-oxyl group in same molecule. and we synthesized
three phthalic diesters and three phthalic diamides containing N-oxyl.

Three phthalic diamides having piperidine were also synthesized.

All compounds were identified by spectroscopic methods and elemental analyses.
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&7 24
tetramethylpiperidine-N-oxyl, (1],

B APA F= A4§ 4-0x0-2,2,6,6-
(scheme 1 3Fz)
2 o]2] 3933l 4-0x0-2, 2, 6, 6-tetramethylpiperidine
(I)(o]3} piperidine &2 °}3h) S AFAA I& F
szt o) IAFEL Hgs] A} FHRH AEA
B A ERF At F40] HIARE ofF A
g FFELe] gt

(1)9 &4-e d3bgds ZA3MA oA &) &=
Yeolrtag F3he] §A4VEE el YA ¥z e
L} 9ozt 7 WHEA LS 20% AR we TF

< dehile 4 ol ek, 2t F2 (1)
«] P34 thge g EAEE 2 2 4,4, 6-pentamethyl-
2, 3,4, 5-tetrahydropyrimidine (3) 52 A& & <90
oo g2 (1)& F43s Wy 2y

(15 /A g2 frEA 7 2a*oFoglon o]d [{
<] 4-0x0-2, 6-dimethyl-2, 6-diethyl-piperidine-N-
oxyl (W] 42 (1)9 3§45} zZo] methylethyl-
ketone (o] & MEK = <3 o 238 £K% (M)& 4
sl Aeld + 9 Aoz 47 o 1z
8} gl

=g (13 (1% $°3te polymer v} Zepxe
237AY] §4 2 2§89 #IHAE o Bz
H ¥ glgoz 2 AdAE (N (119 54K
(D9 $4 o) zsedzdi0249 $4458
azonitrile @ phthalic diesters ¥ phthalic diamides 2]
T4 A Axsi

azonitrile®] &4, kinetics @ \EH] 9 $-&-& Ober-
verger? Sof 9jete] oln] e8] dEAglovt HFE
ol ihiEMel® Kigts FFEL I3 =Eh KE
HELPAEIEE Sl potassium persulfate®® s}
di-t-butylperoxide™ H-o] &4#x gl& Fo|th, =z
o}A 7= heterocycl'c azonitrile & 3P HAul glod o
< (e #4492 (K& &
f£A4olnz F3 % Z‘Z 7T AR Aol Ao

e H

% FoE =re

P E At [m: % o] LAAT azo K
o} A G N-oxyl ZE A= »l%_"__ A5 BRI =
3}3HE-0] = azonitrile 2} X—]ﬁg )] SRR

selZA o] o A= w AAle] kx| -1—9,1% iz R |
BABEGHFIEA e S8 2R 2L SHR B
= AartaE o] §% ety 2l BEHEAY o
o] o sld® <k g9 =taE s sFEol A phthalic
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oth 2 ARAE ArEd R zazdadd 24
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% 1kg s 33029 dgFEETE] Yoz E
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2. 97g, bp,75~83° F& 350g (& 40%, oFE7]
& o]3} A (A), bps, 83~105° ¥ 130 g (B), bpy
105~108° #¥ 120g (5% 13.6%) (C), bpx 108~
115° &5 32g, (D), bp, 115~120° 2 38g, (E),
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(A) o] o] A=z uldlz ALo] B& 37 (B
ol (C)F8o] Bel A=At = H 9z,

ZF 20~24 %9 T%
Aok = RFilE

ol A 0
| Me Me
Me >(\
NH
Me N
H Me Me
(4)

@) st 28 e 0z Bxse] et 2 4
ol A= o] & FA3A &
(A) 2 (B) #29 LR ¥ U V Spectra &= Fig. 1
‘%l 28 2tk Fig. 104 (A) #82 1,670cm™ 4]
>C=N$| 73 peak 7} bz (B) 4% B i
E9 >C=Npeak s} >C=02 & + 2+t p
1710cm“ °ﬂ eFHA UrEMs'- AEHALE ©]Fo] (B)
FEede =4z O)F2¢ THitz doe g5
)

Az U.V Spectraol A= (A) & (B)FEolA 242~
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Fig.1 The I.R Spetra of A fraction (—) and B fraction
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Fig. 2 U.V Spectro of A fraction (—) and B fraction (-+*)

243nm o] >C=N band 7} “eli=z (A)fFE& (3)
9+ 28z B)FE2 93 (1) EFEdde ¢
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AAEE (C)FEL cyclohexane o 2 AAAAF A

I MRS A9 = g4, LR, spectrum, n.m.r
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spectrum, 2 picrate F=#) (§ 187~189°C, 3%
A]© 188~189°C) 9 Atz Hrl (C)F8 (1)
ol ot

Td (A) B (B)FES ML ke At (1]
& (A2 7% % (B)GE 529 82 Q%x
47 LR.Spectra Ax}z X1 (C)fE3} 2943 (1)

fo (9

2—2. (Mol &

o] 33E % Hall®s Murayama®$]
ek (1)9 449 vimstd (M1 A4S
WAl £z ‘ﬁi} ‘5‘4 S8 ez mo} ‘H"’hﬂ

)

el o 2 fg}/z

f‘lr‘ o

< gEYolrtze] &3}
Az BAA S FAHE AL X F Az (1)
% 1kg 9
MEK ¢} ot 270 g
FA A 5 -Lﬂr
1097 FFA
EARSE 7t

139~150° ~ﬁ-ﬁ— 73g (B)

[I]—4 @‘3/‘]9} vlaste AR Fgo] Holx
= 9 Kk KKEHH <sggdos
Ae] o] AAH = Aoz FE2H,

(A)et B)F+£& LR 9 U.V spectra 2 A3 2
A (A)frEe (3)st ol 1,670em o] >C=N
peak ¢} 245nm o] F< band & JeEulz (B)GE&
1,710 cm™ off >C=0 peak ¢} 1,670cm™! o] >C=N—
peak 7} Ao velte Ao Bl (A)S (B) ¢
5 Fetel mRES . o] AFE bpy, 120~140°
8 1558, bpyy 140~145° 3 32g, bp,, 145~148°
i 25g 25 bpy 148~150° §327g 2 A2 o

=dl AH 349 dFelgrl, FEED AR 2
FA 2 (39 A8k o] functional peak B
band (Fig. 4 32)7} £93% X vehlzg (5)
% 2,4, 6-trimethyl-2, 4-diethyl-2, 3, 4, 5-tetrahydro-
pyrimidine Q17 o8 $Zol®r V3 £ §3o Fig

CH,
Me \N Me
Fe 2)(5:
(8)
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33 44 % 4 A= ¥ o] LR spectra o A
1,710 em™ o] >C=02 3} & 5 gl= & peakwt
etz U.V spectra ol Al 200nm o] Zol4 F
band = A @z AL (D® 1.218) = S o
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Fig. 3 The I.R Spectra of (il

Fig.4 U.V Spectra of (5) (—) and (M) (

2-2-1 (5)2%H (I g4

()9 o] Htd] ez ofe oz F4
He 6)F (0ez A4 & e $He 45+
Zol HZAAA (3)o] B gakel &3t (6) 7 obA

CH,

]
\c ~—CH,—C—CH,
SHy”

—E‘“ﬂﬁ“"” (6) =
o} 1 (I)e] A=A

gA 5= e F3 L AA [ Jol AARE
S d.;, 22k¢] MEK ¢}

H\l-%/q?% ﬂ% ”?T‘ J‘ 7:1 %‘ 1‘4 bon 145~148
85 95% <2 bpzo 148~152° 88 35 %2 2=
Aok, zEx o] FHEY €28, LRR UV

spectra % picrate salt &) §A 5%
EAolr] o] 49 4 AL
A A gt

533 H1IA K15 19734 28

FAANERS T4
=4 2L (M= =

2-3 Azonitrile 2] &*

2-3-1. Hydrazine nitrile (VI)3} (VIII) o] =t

Overberger™ 9] wlwl-& wia} g4stgch (Ve 4
S4olnR AL S5 QF9 ol il 8o F
SEHEE HEANIA WA A de HARDS
cyclohexane o 2 A sto] WAAAL J9x VY
e Rk B2 A2 HIEES ol 93y
ethanol & &3 71t Fgrh o] FA 3t Ao H
EREAE 80~90 % Ethanol 2 AAAAA €4 192~
193°8] A AR L LA

Fig. 59 L R. spectrac4 & 4 Q&=
[V} & piperidine >>NH$} hyehazine-NH-NH-7} 3280
% 3,310em™! of 4] doublet 2,240 cm™! o] —C==N'¢]
peak 7} “rERNE (MD®} ZA$=%= hydrazine NH g
3,310cm™19} —C=N peak 7} 2,240 cm™ o] e}t o

of FHYT FAHULL F & Ak

2-3-2, Azonitrile 2| 84

azonitrile - hydrazine nitrile & A3A A
Ay 2 KMnO, #:, NaNO, % 2 kA -l A g

vl o} 7ol

S

ugshde] FHAYG, o wE Seo]
A% vE Ao J1F wE:stoz iy gsgd
oA BEog A3tAA azonitrile (M) (K)= o

gt (M2 A7 (€ de Fedde _u_%ﬂ
€ A BEg] =l §H 220024009 ol 54
ARl delxlet, o] HFES LR spectra T EEH

o] B33 peak & el =2 80~90 %9 wlEl g
fof Fo] o] a3 (Amberlite IRA 410) 2 A g
Bled o3> AAL petroleum ether 2 A AAAA BE
9 (M& 36 %] &2 9ot o A4ae ALgs)
€ A deule] AAA L slojof Fog Fgo
dojgeh (K19 ZA9-& BEEE YA & g
v AA S FAYE o ga o2 KRB o]

et A Fakel BEe Agste] 9o AFL o
TR AAAAA FANAARE] A9}k Fig. 604
B & gE vk o] (MIJY A% (M)9 LR spectrum
o A 2] -NH-¢] doublet 7} 3,310 cm™ o] singlet = 1}
E}i} 32 hydrazine 2] 3, 280 cm™ 9] peak 7} ¢lof 1A 5}
(X)9 3§ -NH-%& vebd]= peak 7} ¢S 1o}A
hydrazine 717} 4tsl=] o] azo 2 HASS & F o
9l Fig. 79 U.V.spectrao] A= (VI)-& 340 nm o]
azo #:9 7z—=* band 7} YEFIA L ¥ olA azonitrile
o] FAHARNEE ¥ F UG+ (K19 A%

o] 588k z—=* band o overlap E¢jA Eqlo]

|
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2—4. Phthalic diester 9! diamide o] &tM

7} %-9] ester & amide ¢ §4 E Kinetics & ] F1}
2 g2 AASolt 2ot HBL 47 ester
amide &) A& 910 H2e] RS AFHGIR
o] 9] Kinetics 1} e.s.r spectroscopy & o] £33+ ¢ o
Zehagzdd $48 A9 BT + gt

zZEE 2 AgdAe (X), ¥ XIX)& 7=
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phthalicdiamide 6 %3} phthabic diester 3ZE& ¥4
3191

T4 gulAeg wyom = ortho, meta, para-ph-
thaloyl chloride of (X) (¥} =83 [XIX)2 2847
WA sA. A=29 =9 piperidine (f: X) sho] wur
T AR dAYo) EAQE Lo = benzene, chlo-
roform&-& AHg-3te] YA AAGL Zo) =0 alkali
= A= F49n (D} XIX) 9] Noxyl 33E
< 4 & pyridineo|1} triethylamine e ds4g &
el A BAY e Folxe oz A=z YA
AAL o Fsle] Rom #ate AAAEANE AAA
AA FAeG,  §4 38 phthalic diester % diamide
= LR Spectra 9} 9484 Aszry &l 3tg o,

Piperidine amide (X} (XI) 2 XIV) & astAA
biradical amide & (XV, XVI, XVIDE A4 g 76:"?“"1}
= Aslub-go) thbs] L8 <£4% biradical amide
£ 27l ey AdHo] eFHad A8l
(1) 4=} Zo] AP g d&F 4 314 monoradical
¥} biradical 9] £&l= AR} adsorption chtomato-
gram g wWE3td adAolge Ade & 4 g}
T4 9F H3ES Table 1] gl

B =

1) Acetone 22 HE{ (3),2,2, 4,4, 6-pentamethyl-
2,3, 4, 5-tetra-hydropyrimidine o} (I}, 4-0x0-2, 2, 6, 6-

Table 1. Synihesized Phthalic diesters and phthalic diomides

No. Phthaloyl Chloride piperidine -p(°C) yield (%) N content (calc’d/found)
Xu ortho pc X 250~251 73 12.66/12. 10
XIII meta pc X 284~286 56 12.66/12. 38
X1v para pc X 306~307 71 12.66/11. 91
XV ortho pc X 238~238.5 60 11.86/11. 49
XVI meta pc X 266~269 41 11.86/11.63
XVl para pc X 274~276 63 11.86/11. 86
XX ortho pc XIX 160~162 86 5.90/ 5.61
XXI1 meta pc XIX 156~158 66 5.90/ 5.55
XXII para pc XIX 211~213 77 5.980/ 5.41
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tetramethyl piperidine 2| &8¢

1-1) (D)2l &8

Hallos} 1l H59% @2k Amatgleh. 1ke o] ace-
tone 3} 330g 9 HAELEEF I FEYortEE 30
57 EFHANF A 34 pALE 1584 5947
FHAIZ 497 XA F AL WRkHE AEF
F8hed bpae~75° 3 97 g (11% oM E Z1F, ol tA
Z) bng 75~83° % 350g (40%) (A), bpay 83~
105° -2 130 g (14.89%) (B), bps 105~108°120g &
= (III) (13.6%) (C), bpg 108~115° §-# 32g (3.65
%) (D), bpy 115~120° 3% 38g (4.35%) (D) =3
(8.6%) At
C) 2 watstyd ZAA3Er] F4 cyclohexane
o2 AAAATE &3 35~36.5° (FHUAD 34~36°)
9] I“F,*J]E%%, g4~ petroleum ether 1} cyclohexane
o2 AAAA7H &4 58~59° (EHA® 59.5~60)
o WAZAg, ded AAE
2HE (1) #35E= LR spectrum 2 8
monohydrate ¢-& <k},

[1): LR spectrum {cm™);

2 AFE 755 S

LR 3 n.m.r spectra
8 (1)9

vNu3360 ve=e=1710.
1.24(12H), 2.2(4H)

(1)9 monohychate; I.R spectra (cm™) »on3600,
vNH3360, vc=o 1710

1-2) @) ez8H (1) #d

(A) 2 (B)f2-2 L. R spectrum o] A vc=y 1670 cm™!
3} U. V spectrum o] 4] 245 nm o] >C=N ¢] &< band
2 vedez (A) € B)FEL 4E ¢%+h
(3) & RO HES =tet At (A)RFRAA 47%,
(B) ¥l 52 %2 (1)& A4 LAt F49 4
de (1)9 €48 35~36.5 (FPA 34~36°) LR
spectra = AA AL (1) YA st

2) (I}, 4-ox0-2, 2,6, 6-tetramethyl piperidine-1-
oxyl e| ghy

Rozantsev g0l w2t 3t 9 FHA9 A
AL cyclohexane 0 2 AAFANA <& 70 %S FE=
9t} m.p. 36~37.5° (EAF® 36°)
€4 36~37.5°C
1. R spectrum (cm™!); vc=p 1700 »xu disappeaned (& 2)

n.m.r spectrum (ppm);

e.s.r spectrum; clean triplet Ay 14.5 G.
3) M.E.K 2 2¥ (5), 2 4,6-trimethyl 2, 4-diethyl-
2,3, 4, 5-tetrahydro pyrimidine & (I[), 4-ox0-2-6-

* 1. AEFERSY 9484 n.m.r 283 e.s.r spectra
= BEEETRERWERN
2. 4 2 6AL vnA,

2iEt23 HNA 15 1973d 28

G4 £4 2 FAYL

dimethyl-2-6-diethyl piperidine & ¥4

Hall¥eo] (1]& AEZ Hikdl &b w33 2ol
FAASL. = MEK 1kgol d3bzts 270g & stz
FEolaE 1097 FHANF 79 wAasl
A ARE SAEE BEERAT bp~ils? 3
280 g (33.4% MEK 7|2, o3k 42 bpy, 115~139°
3 172g(A) (78 20.5%) (bpa, 139 "50° -?r-‘é) 73g
(B) 8.7%) =3z B4 35gld 2%)% (A)
2 (B) fr-& Tt BREET 25 bra 120~145°
i (B)F 187g (22.3%) bpy 145~150° # (M)
52g (6.2%)F <3t

(5); I.R spectra(cm™); vc=n 1670, =xu 3310

U.V spectra (nm); AEQH 245
(II); LR spectrum {cm™); >¢=,1710, »xu 3310
A (%) AAA/EAA); 7.65/7.70

3-1) B=E BH (I)e &M

(5) 112g (0.64 mole),
90 g, MEK 43 g 23] & 11cc & ppdte] 70~75°C 2
S AF A 244 7 A3 THAA de 228 $4
g st Zho g FE Ptz G dsAs
BFE] 50% AT &9 oF 200 cc Z fnste] ether
2 Faetgrh 23 F4EF ether $E3E T3
o FEetaddz AzZANF F4E Rt bpy, 145
~152° % ()& 46% (6 & 7E) +&2 43

3-2) (IV], 4-0x0-2-4 dimethyl-2. 4-diethyl pipe-
ridine-1-0xyl 2] Ewg

(19 45 2 ez &4
FAA JAE 62%-:"8: A,

I.R spectrum (em™); vc=p 1710 vxo 1310

U.V spectrum (um); AEQH 235 (z-z%) 450 (n—=*)

Az (%) AR /EHA); 7.01/6.68

3-3 (M)e| picrate salt (V)¢ &

picric acid 16 g2 ¢ 20ml 8] ethanol o] ¥¢l 23}
g (M) 6g& st 80°ColA 5 ¥AE 2%
5 WAA7R 5349 AAel AEqeh o AAL
Falolsbsle] 2o ethanol 2 744 3te] 10.8 g (83
9%) 2] picrate salt & ¢ty 8A 147~148°C
I.R spectrum; vc=p 1700, »usno 1560, vxo 1350,

A& (%) (AL /EAR); 13.59/14.1

4) hydrazine nitrile (VI)2} (VIII)o| &R

4-1) (M9 4HEG Overberger”d] FHE:g ot &
Ak, & (1) 15.8g (0.1mole) 3+ hydrazine
sulfate 7g (0.05 mole) & &7 90 cc &
7} 52 200~250 ml flask of 4

-

> R

-

calcium chloride dihydrate

1|'°% bp10135N8°C

magnetic bar

2 57 sodium cyanide 5g,



(0. 1 mole) & 7}4}¥ stopper 2 94 3] 2=}, mulL
A7lw Fegee] ol o, o] AL ALdA <10
A 74E 27z < 10473 A% gatsid 449
AAL Folodsle Bo 7 o] 24P EL cyclohex-
ane 0 2 AZAAsS §H 79~80°C BAIA L 89 %
TEE E3rh

I.R spectrum (ecm™!) 1xp3310, 3280, ven2250

A2 (%) ARA/EAA) 23.31/22.76

4-2) (Vo] &R

4-1) 3 Ze WHo s AEEl d& ZAHEL 80
~90 % alcohol 2 AAAAA §4 191~192°C A4
o ZA4& 85%8 FEE 4t

I R spectrum; vyy 3310, vey 2250

AxFer (%) AEA/EAA); 15.46/16.17

4-3) (VII), (1, 1-azobis(2, 2, 6, 6-tetramethyl pipe-
ridine) nitrile) o] §4; 9 A Overberger”?] FHi:L
wre} A ste] d2 2 petroleum etherz =)
AAAA 3BY TE= WAL g

ZAE

£ 136~137° (dec)

I. R spectrum (em™); vng 3280, ven 2250,
U.V spectrum (nm); AEOH 350

AR (%) AAX/EAA); 23.44/22.90

4-4) (IX) (1,1’-azobis(2, 2, 6, 6-tetramethyl pipe-
ridine-1-oxyl) nitrile) 2] 48

(M) 7+ W oz gAY} A EL petrol-
eum ether 2 AAA, FHNAAH L 18%9 F&= o
et

€A 150~154 (dec);

I.R spectrum {cm™!); ven 2250 vny disappeared.

A (%) (AAA/EAA); 21.63/21.23

5 (X), 4-amino-2,2, 6, 6-tetramethyl piperidine
4 (XI), 4-amino-2,2, 6, 6-tetramethyl piperidine-
1-oxyl 2| 2tM

-1) (X3el &%

AAAG (1) 77.5g(0. 5 mole) & ¥4 methanol 250
mle] =0 £a4L ice bath 9ol A 5~10°C & §A 3+
wA gryolstaE zHAw 7R AT (43
A7t g) dxvolzst Lol8 I/ autoclaved]
FA3}A 7] Raney-Nickel & & 43 Y2 & 44 4
ity BRY TS FarkaE 2~3W A RAF F
Farteg 50 kg/em® 2 FAAAT 4T PSR
(2F 300 rpm) & FAAFHA FYo] ¢5dd 74X
(Z oHo] QA ZH 71R]) ubS AFZ(F 8A 7 &
2) ‘?—l‘% Fa2E AN MEAZY, HEEE 209

21

beaker o] %>] 5 autolcave & <F 100 ml 8] ¥4 MeOH

AL F EEEAE 709 Foldsn daF
9] #J9] MeOH & %‘-*rrﬁ]"’:]“u‘;} Yolx FEe
7] %warrs}oi bpy97~08° ¥ & H g}l Qg &
A, 54 62~66 g (80~85 %)

LR spectrum (em™) wnp 3330, 3410, onu 1600,
840 (broad)

5-2) (XI)e| &5

(1) &5 22 whgos [T =YAEL
cyclohexane o & AAAse] FAM ARL 8§ 77
% Tg= At

|3 144~145°C

I.R spectrum (cm™) vnn 3350 vno 1360

U.V spetrum (ym) iEQH 230 (x—=*) 450 (n—=¥)

6) Phthalic diester 9l diamide 2] &5

6—1) phthaloyl chloride 2| &5k

ortho phthaloyl chloride & &-& Kyride™9] FE:
o2 TA3 2 meta 28 5 para phthaloyl chlorided]
+ Rose'®9] wlyoz 4o

6—2) N, N’-bis-4- (2, 2, 6, 6-tetramethyl piperidyl)
phthalyl (XII}, -iso phthalyl {XIII), and -tere
phthalyl (XIV) amide 2] &8

Ferruti'?o] wb oz @4k, 4 2
Table 1 o] Ao},
I.R spectua (cm™) (X0); w».= 1142,

1600, 1580, 1480, 1015, 760

(X); v.=o 1660, 1630, ®lA&; 1590, 1410, 740,

[XIV); ve=g 1630, WIAIE; 1550, 1460, 740,

A& (%) ALA/EAA) M 12.66/12.10, M
12.66/12. 38 XIV; 12,66/11.91

6—3) N, N’-bis-4-(1-oxyl-2, 2, 6, 6-tetramethyl
piperidyl) phthalyl (XV), -isophthalyl [(XVI)
and-terephrthalyl (XVII) amide 2| &8

FoA g AMEstsGith & Ferruti'® 2t Rozan-
tsev'®e] Hikoz AUt Ferruti HiEE A&
&= 79 monoradical & v}k ¥ E ] 9l&o =z
active alumina & &322 AM&3lx chlorofom o]}
A Bl Et4E eluent 2 3} A chromatography o
g3te] EHg FAHAGE He A st HsbEoltt
isopropyl alcohol & AMAA AT F wHoz ¥4
% 3-8 24 2 LRspectra 7} o} Z A A= Ak
LR spectra (cm™) XVivc=, 1642, 1622 Wl aA13, 1600,

1580 1480, 760
XVI ve= 1658, 1630,

9.9
TET

1622, WA

wl A 1590, 1460, 740
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XVIL ve-, 1630, #AH; 1550, 1460, 740
Axgek(%) (AAR/E4H) XV; 11.86/11. 49, XVL;
11.86/11.63, XVII; 11.86/11.86

6—4) 0, 0’-bis-4 (1-0xyl-2, 2, 6, 6-tetramethyl pipe-
ridyl) phthalyl (XX), -isophthalyl (XXI) and-
terephthalyl (XXII] diester 2f &M

Rozantsev 392 §4% 49 MERYye
g+2-7} isopropyl-alcohol 2 AR AZ

LR spectra{em™) XX; vg-, 1740, 1720, =1A1H;

1590, 1460, 750

XXI ve-o 1723 w4135 1470, 740

XXII; vcae 1720 H1A S5 1470, 738
AxEE (%) (AR /E4%) XX; 5.90/5.67
XXI; 5.90/5.55 XXII; 5.90/5.41
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