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SEARCH # X % DISPLAY 7 4 —/L R
PR —HBLOEBT —SMRARER 7 A — /L RIEITAZY R7 (%) TRLTHD £

74— R %iéﬁ?i\ SEARCH Difﬁ%ﬁf
ARG L S GROWTH REGUL? AB, CLM, DETD,
M (/T1) (7213 /BI) S NAPHTHALENE? TI, TI.CA
CAS D% Rg S ?ASSAY?
&k (/AB)
7 L—2 (/CLM)
B OFEMI 2258 (DETD)
CLErsoyh HLE W
iz - /AB S (COBALT (S) CATALYST?) /AB | AB
S ?MODE?/AB
L a— NE& /AN S 1972:58620/AN AN
H i [ /AC S US/AC AND L1 Al
R @ /AD S OCT 4 1938/AD Al
S 19381004/AD
HEE 5 & /AP S US 1901-143434/AP AT
HEE @ /AY S 1942/AY AT
JL—2nhF /CLM S COBALT (S) SALT#/CLM CLM
CA 7 v ayv (CAS ¥—4#) /cC S 27/CC cC
(a—FBLOTFA ) W S HETEROCYCLIC/CC
WmlEE (CAS T —4#) /CT S ANTISTATIC AGENTS/CT CT, IT
& BL R AR /DT S UTILITY/DT DT
(Z—FBLOTFA ) (¥7=1x /10)
FEE4 /EXNAM S ADEE J?/EXNAM EXNAM
74—V FOAFTE /FA S CA INDEXING/FA FRENRND
(Z—=FBXU®TFAN) S 0S/FA
Ty AT AR /FS S GRANTED/FS FS
FHIFE (CAS & —4#) /1T S REACTION OF/IT IT
S 61849-32-9P/IT
E B sy &Y /1PC S G03C0001/1PC IPC
S G03C0001-89/1PC
S ENZYMES/IPC
EBRFrF o0, B A /IPC. ACD S 20060101/1PC. ACD IPC. TAB
PREEEF 0, ¥F—U— R /IPC. KW S ADVANCED/IPC. KW IPC. TAB
E B FraF 08, R /IPC. VER S 20070101/1PC. VER IPC. TAB
[E B Rr a0 81, 08 /IPCR S B01B0001-00/IPCR IPCR
g W /1IN S KRESS RALPH H?IN IN
(F721% /AU)
&, T /IN. CTY S ROCHESTER/IN. CTY IN, INA
LR /IN. CNY S JAPAN/IN. CNY IN, INA
&, M /IN. ST S NJ/IN. ST IN, INA
EHE, HEES @ /IN. Z1P S 44313/IN. ZIP IN, INA
(#E<)

1) CAS T— 2N ENTWVWAHLa—FTIE, ZDO7 44—V FTCAS T—XZHMBTEET.

2) BEHEE T H 5 WITHFAETIC L 2RBEN WTRERFHMRSK 7 + — /L N T,

3) SINEXbLrWEIF vy MEROELLTHRIHTE .

4) ZOT7 44— RTIX S) ERTZ2AXR—ZATRATIZ N TEET.

5) 2TO7 4=V RTEA U IA =T AERHTEET.

6) ZD7 4 —/V FTIX, KEFHFDHEOGHBRBNARETT. 22 LI07 40—V NIFBEMBHRZET +— v
RCTHEHVEFADT, BEEETEZERLZBRRIITEERA.
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SEARCH ¥ XU DISPLAY 7 4 —JL K

74—V R Siﬁ?i SEARCH 1] Dfﬁ?ﬁ
S (a—FBXIUOTFHR ) /LA S L1 AND EN/LA LA
EXEROITEH @ /LN. CNT S 1000-1500/LN. CNT LN. CNT
KE R 0 /NCL S 430529000 /NCL NCL
S 430/529. 000/NCL
S 430/NCL
S ZEOLITES+NT/NCL
KER M, Eom oY /NCLM S 423121000/NCLM NCLM
S 423/NCLM
S ZEOLITES+NT/NCLM
KEFFFFE, BloE oY /NCLS S 423206200/NCLS NCLS
S 423/NCLS
S ZEOLITES+NT/NCLS
FATHE O K E AT oE 9 /INCL S 264016000/ INCL INCL
S 264/INCL
S ZEOLITES+NT/INCL
K EEERYHE, RAITHEE O =45 69 /INCLM S 433173000/INCLM INCLM
S 433/INCLM
S ZEOLITES+NT/INCLM
K EE RS, AT E ¢9 /INCLS S 502064000/ INCLS INCLS
S 502/INCLS
S ZEOLITES+NT/INCLS
Z O OYLERIR (CAS 7 — &) /08 S 13:10008/0S 0S
HrEr R AL (Y /PA S AMERICAN CYANAMID/PA | PA
(E7=1% /CS)
Rear AT IE /PC S US/PC AND L2 PI
R B /PK S USA/PK PI
K% © /PN S US630001/PN PI
18 e ke EREE /PRC S JP/PRC PRAT
EoEETER @ /PRD S PRD>=MAR 24 1900 PRAT
S PRD>=19000324
B EE S © /PRN S GB1916-354203/PRN PRAT
o ARt /PRY S PRY>=1955 PRAT
¥rEr3iTH @ /PD S 19420311/PD PI
BEEF36ATAE @ /PY S PY<=1900 PI
CAS %8k%&E = (CAS T — %) /RN S 400-39-5/RN IT, RN
51 H 7 E /RPC S AR/RPC REP
SR 5 /RPN S US211975/RPN REP
CA BHEEE 7 3> (CAS F—%) W /SX S 1/CC, SX cC
S PHARMACOLOGY/CC, SX
fREEE (CAS T— &) /ST S POLYURETHANE?/ST ST
fEE W JT1 S FILM?/TI T1
S PMYCIN?/TI

1) CAS F—Z R ENTWVWHLa—RTIE, ZO7 4 —/L KT CAS T—HE2MBTEET.

2) BEHEE T H 5 WITHFAETIC L 2RBEN AT RERFFHMRSK 7 + — /L N T,

3) SINEXKbI I vz FMERXOELLTHRIHTE L.

4) ZOT7 44— RTIX S) ERTZ2AXR—ATRATIZ N TEET.

5) 2TO7 4=V RTEA U IA =T AERHTEET.

6) 27 4 —)L RTIX, KEFFODEOGHMRBOAFAETT. 25 LI07 4 —V RIFEERET + —v
RCTHEHVEFADT, BEEETEZERL-BRRIITEERA.

2008. 2



A —=/N—H—F 7 —)L

USPATOLD-4

VERERPNEGEND D FHITEEO 7 4 — 1V FEBRT D LI, A—R—P—F =z

— FZHMALET.

AR —F T 4 — L REFIHT AL, 70277 A NBLONYALTF 7 7 A4 LR HE
WEITTEET. A—N—Y—F 7 ¢ —)L FTIL EXPAND ZFIHTEEHEADT, HAxDT 4

—)L Ka— KT EXPAND L T<L7Z&0.

PP SR T RS SEARCH PISPLAT
HEEES 7S L—7 @ /APPS /AP, /PRN S US1964-50545/APPS AT, PRAI
FrrRATE 7 v —7 /PCS /PC, /RPC S US/PCS PI
g s —7 O /PATS /PN, /RPN S US630010/PATS PI

D SIN ERXHLWEF T MEROELL THRIMTE 7.

=T AT 4 — )L K

K EH:FF4y¥E  (/INCL, /INCLM, /INCLS, /NCL, /NCLM, /NCLM, /NCLS) 5 J ONEBSH:#F4 %
T4 =V RIZONWTIEAF U IFA Y —F AZFHTEET. WIPO [HEFRF5E (IPC) ~=
a7 VE 8 O ERH LB XOEIRHE LICHT 208BL0F ¥ v F U — NiX, /IPC, /IPCR
D7 44—/ FTHERTEET. LATOR (1-7 fR) OGFIFH O Y —F A THERTEET.
IPC % ¥E7E L C EXPAND X° SEARCH % EATT HFEIX, 74—/ Ra—RO®BAIZ, WMOKTFE
AJTLTLEE W, ] : /IPC2 (IPC & 2 MiDOBROEE) ¥ v F U — KFiL, IPC & 5, 6,

7, 8 IRIZOAZIGR SN TWVET.

g — K N A 7141
ALL + T O ERE E 264016000+ALL/INCL
E AOIN025-04+ALL/IPC
AUTO H & %38 (BT, SELF) E AOIN025-04/1PC REL=0N
HIE BIEsE (X To EALEEB X O LEE E 523523000+HIE/NCL
(BT, SELF, NT) E A01B0001-06+HIE/IPC
TI AN LTfEDREE2 RN LGE E 135+T1/NCLM
E A0O1B0001-04+TI/IPC
BT bAfrEE (BT, SELF) E 423206200+BT/NCLS
E 423206200+BT/NCLS
KT F—U— ¥ —24 @ (SELF, KT) E ZEOLITES+KT/NCL
NT TArFE (SELF, NT) E 264016000+NT/INCL
E AOIN0025-00+NT/IPC
NEXT WD 4y 8 E 135086000+NEXT15/INCL
E A01B0001-16+NEXT5/IPC
PREV Hi D53 ¥E E 523523000+PREV3/NCLS
E A01B0001-18+PREV5/IPC
BRO TR T A E 135019000+BR0O5/INCL
E A01B0003-14+BR0O3/IPC
RT B4R EE E A01B0001-16+RT/IPC

1) 74—/ FTiX, BB BEERELT (AUTOMATIC relationship) 1% OFF 1272 > CTWE 7.
SET RELATION ON (2§ % &, EXPAND L 7-f5H1%, BfR=— R L THLHIC AUTO OIRAEIZZ2 D £ 9.
2) ¥F—U— RZ—Al%, USPTO B#HNBE~=a 7 VO ERH LEB IR LEICHEYS LET.
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DIPLAY # X TY PRINT B

BIEDT A AT VLA AT T4 7Y MIXFTROEFBREXEBHICHAEDED Z LN
TEFET. EHoa— K%, “DL3 1-10 TI,AB” DWW “D L3 1-10 TI AB” DL IHITA
NR=ARH v TR > TLESW., 74—V FEIBESNEIEFTERINET.

RPN &< T _RTHOT7 f—/LRTb vy ¥ —Lb A T4 MERENE 2 £9. FHITSTR, HIT,
HITRN, HITSTR, KWIC, OCCERIERZE 9 =121, MiBFII A T4 MERERONIZZ > TW
D ENNETT.

= WEEL N A 161
AB Abstract e D 1-3 AB
AT (AP) O Application Information HA R S D49 Al
AN @ Accession Number L a— REH D AN
CcC (SX) Classification Code and Section | 0 = — Kk L OV H# D L3 CC 1-5
cross-reference (CAS data) 27 ar (CAS — %)
CLM Patent Claim Text 7 r— A D CLM L8
cT @ Controlled Term (CAS data) WRHEE (CAS T — %) D 4 CT
DETD Detailed Description 264 72 50 BH D 1-4 DETD
DT (TC) Document Type B R FESE D DT 2,6-10
EXNAM Examiner Name EBEE4L D EXNAM 4-8, 11
Fs @ File Segment Tr AT AR D FS
IN (AD) Inventor (includes INA) FEE (BRHEEFTZET) | D IN
IN. CA Inventor (CAS data) FEAE (CAS & —#) D IN.CA
INA ® Inventor Address b EREGN D L5 1-4 INA
INCLM @ Issue Main National Patent AT O K [E K404, D 2,5 INCLM
Classification Code Eo¥Ea— R
INCLS @ Issue Secondary National Patent | Z&4T M K [E 4354544, D L2 1-3 INCLS
Classification Code BlyHa— K
IPCR @ IPC, Reclassification E S8, B D L6 7 IPCR
IT Index Term (CAS data) R B|FE (CAS & — &) D 1,5,10 IT
LA ® Language = D LA
LN. CNT Line Count 2 DITE D LN.CNT
NCLM ©® Current Main National Patent HATOXKERHHF ESE=—F | D 1-2 NCLM
Classification Code
NCLS ©@ Current Secondary National HATO K EEZHFRISE=2— F | D 1-5 NCLS
Patent Classification Code
0S Other Source Chemical Abstracts | & O DU ELIR D 0S
(CAS & —#)
PA (CS) Patent Assignee LSS TPN D 1-3 PA
(includes PAA and PAT) (R 3P HFE NAE AT 2 & T9)
PA. CA Patent Assignee (CAS data) I HEE N (CAS T —X) D 1-3 PA.CA
PI (PN) @ Patent Information 1 D PI L8
PRAT Priority Information B S 1E ) D PRAI
(PRN) (1)
REP (RPN) Reference Patent Information 5| 5 3 1F W D 1-4 REP
RN @ CAS Registry Number (CAS data) CAS %&kFE = (CAS & — %) D RN 2,6-10
ST Supplementary Terms (CAS data) WEEE (CAS T — &) D ST
T1 @ Title (LN D 2,5 TI
TI.CA Title (CAS data) FERE (CAS & — &) D 2,5 TI.CA
(<)

D 7 74— FTIE, 8irED, HEES, BEREHEE DX SIN EATRRENES. £y bEAT
FoRTH L XITIX, KEIF 27 R T SET PATENT DERWENT & A AL EJ. SIN BRICET & XI121%
SET PATENT STN & AA L E9.

2) ZOEREROREITER TT.

3) HWAX LXK DOHRDRRTT.
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DISPLAY 3 X% PRINT B

USPATOLD-6

2k Y FEA | A A 771
ABS AB D L3 1-5 ABS
ALL @ AN, TI, 1IN, INA, PA, PI, AT, PRAI, DT, FS, REP, EXNAM, AB, D 3 ALL

DETD, CLM, INCL (INCLM, INCLS), NCL (NCLM, NCLS), IPC (IPCR)
APPS AT, PRAI D APPS
BIB AN, TI, IN, INA, PA, PI, AI, PRAI, DT, FS, EXNAM, LN.CNT D BIB
CAS 0S, CC, ST, IT D CAS 3 L2
CBIB EfER BIB = D CBIB
DALL @ U I B OALL B D 1-15 DALL
FP PI, TI, IN, INA, PA, AI, PRAI, IPC (IPCR), INCL (INCLM, D FP
INCLS), NCL (NCLM, NCLS), REP, EXNAM, AB
FPALL PI, TI, IN, INA, PA, AI, PRAI, IPC (IPCR), INCL (INCLM, D FPALL 6
INCLS), NCL (NCLM, NCLS), REP, EXNAM, AB, DETD, CLM
FPBIB PI, TI, IN, INA, PA, AI, PRAI, REP, EXNAM D FPBIB
FHITSTR BPICe v b L7z CAS BEESFRBLIOZDO R — L, D FHITSTR 2
F X2 NIBAA), CA R4, {bFEMEEX
HIT by N —LEELT 4 — VK D HIT
HITRN by hL7c CAS BEFEFBLTZEDOT XX MM D HITRN
HITSTR bty RL72 CAS BEFESBLIOZEDORr—/L, TF% R MBHA, D HITSTR 4
CA #hHl4, (bFHEX
1ABS 74—V RASTE A T ML ABS TBRG D 1-4 TABS
IALL O 74—V RESTE A T ML ALL B D TALL 2
IBIB @ 74—V RE&fTE A T v R BIB JEEK D IBIB 4-10
IMAX 74—V KA EA T R MAX B D IMAX 1
INCL @ FEATHE O K E 8 = — K (INCLM, INCLS) D 1,5 L4 INCL
IND INCL (INCLM, INCLS), NCL (NCLM, NCLS), IPC (IPCR), 0S, CC, D L2 IND 1-4
ST, IT
Ipc @ [EIBRAFRT 4388 (IPCR) D 1-4 L2 IPC
IPC. HIT @ | = N O R ES [ S S D 1 IPC.HIT
IPC. TAB @ | & — 7 WU E B E 45 dE D IPC. TAB
IPC. UNIQ @ | [EBsHE 8 (BB L) D 2 IPC.UNIQ
ISTD @ 74—V RE&fSTEA T R STD JEEK D ISTD 1,5
MAX © AN, TI, IN, PA, PI, AI, PRAI, DT, FS, REP, EXNAM, AB, DETD, CLM, D MAX L1 1
INCL (INCLM, INCLS), NCL (NCLM, NCLS), IPC (IPCR), 0S, CC,
ST, IT
NCL @ BATOKEFRFF 5% = — K (NCLM, NCLS) D 6,12 L1 NCL
PATS PI, REP D PATS 1-3
SBIB @ AN, TI, IN, PA, PI, AI, RLI, PRAI, DT, FS, LN.CNT D SBIB
SCAN &9 AN, TI, NCL (NCLM, NCLS), IPC (IPCR) D SCAN
(I FKSEL DT v LFER)
STD @ AN, TI, IN, PA, PI, AI, PRAI, DT, FS, LN.CNT, INCL (INCLM, INCLS), D STD 1, 8
NCL (NCLM, NCLS), IPC (IPCR) (F 74—/ 1)
TRTAL AN, TI, INCL (INCLM, INCLS), NCL (NCLM, NCLS), IPC (IPCR) D TRIAL
(FREE) @
KWIC bty M —LDOHI% 20 iE%FR (KeyWord-In—Context) D KWIC
occ @ By b= AOHBBEE 7 4 — /) R T LITFOR D oce

) F74—NFTIE, HiFrEs,

MR 5, B HREE ST SIN B TR RanET. Fvxo s bEAT

ForTH L XITIE, KA w7 T SET PATENT DERWENT & AA L E3. SIN BRICET & 21213,

SET PATENT STN & AL E.
2) ZOEREXRDOEEITEE T,
3) WAZLEKXDOHLDRRTT.

4) SCAN %,
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TIVTXANDT T T

a—HF—U TR b A 141 VAT KDINE

DISPLAY BROWSE => DISPLAY BROWSE NOVICE X TD NS (FILFE I\ )
ENTER (L1) OR L#:.
ENTER (DIS), ANSWER

NUMBERS, OR END:

D BRO => D BRO L1 EXPERT XD AT (E#EMIT)
A% 5 (s) 11-3 F 74+ —)L R (STD) TEHE 1-3 2 FR
. WDEEET 7 5 —/ FERTER
FIZEE & R 14 HIT B2 4 % HIT X TR
FrE KD 2 :TT CLM BHORZEZEEB LN L— A& ER
*FRIE R SkKWIC T 7 =)V b DOFRRERXE KVIC ITEE
(FEZ TR SN
n7 4 —)L R~ F3 3 74— RiETe
n7 4 —J)VR#EE~NRED :Bl 1 74—V KRS
e~ T FA E KRR :S GROWTH REGUL La— ROPTHONRT T 7IZHAT
GROWTH REGUL % k3%
'S EDNNT 7S5 72 TR UER
(GROWTH REGUL) % Fr32
%R TXFHN &2 MR | :S— ALKANOIC ACID La— ROFTRIDNRT Z T T~FEoT

ALKANOIC ACID % #i3R
:S- AID/NT 75 7 ~FR-o TR UERR
(ALKANOIC ACID) % K%
:END DISPLAY BROWSE % fig[&;
=> ENEIA=I A NN o

DISPLAY BROWSE# #& T 4 %

SELECT, ANALYZE & X T SORT 7 4 —/L K

SELECT =~ FiZ, EIZE Ly FOEELE 74— b L EAICEE S 25 LF 1.
ANALYZE =~ RiZ, BE&EEy FOIRELE 74—V b L-EACLE S 25 L £,
SORT ==y NiE, MEBERBRABELE 74—V ROT A7 7y NMEE 72 IZEBENEIZ I ~ 8 2
7.

(FYHEBEIZ Y, 4 LARA0nE0IF N TRREATHET)

ANV E 7 4 —/V K =— K | ANALYZE/SELECT " SORT
Dk AB v N
La— N&& AN Y N
HH A ] AC y v
B A AD v 2 v
HH JREL TS AT y 23,4 Y
HIRE R 7 AP y 2.9 v
HEEE 5 7 v—7 APPS y 235 N
H AR AY v 2 v
a5 (EWE) AU y © y
CABZvar (CAS ¥—4) cc Y Y

(#E<)

1) by bZ—AE % 5120%, HIT 2 M LU E9. 6 : SEL HIT TI.

2) SELECT HIT X T ANALYZE HIT 1ZZD 7 4 —/L RTIIfEHTE 8 A.
3) Xy MERTR#HE SR L OHEE 5% SELECT H D\ ME ANALYZE T 2B51%, H 52> U® SET PATENT DERWENT

EADLTEBEET

4) AP % SELECT & % \MZ ANALYZE L, /AP #ft5 L £ .
5) AP, PRN, RLN % SELECT & %\ 3% ANALYZE L, /APPS % ft5- L £
6) i L% —2AI2 /IN 25 LE.

2008. 2




USPATOLD-8

SELECT, ANALYZE & X1 SORT 7 1 —/L K

74—V K 7 4 —)b K=— | ANALYZE/SELECT " SORT
51 G CIT v 20 N
T L— A CLM Y N
AR iR (REFT HIRE AN Ccs y ® Y
e il 5l CT y ¥ N
& B O 3 722 B DETD y @ N
R R A DT Y Y
FEE 4 EXNAM Y Y
EERFEr 08, §XToa—R 1PC Y N
E B0, 7 RNV A R LU IPC. A y 1 N
EBS R0 8, BABEROT RN A K | IPC. AT y 10 N
L~
EEEREF D, a7 1~ IPC.C y 1 N
[E BP0, BRAGHO =T Lr IPC. CI y 1 N
EBSRF 08, IO B L O — 08 IPC.F y 1o N
EBRRrT 08, BB IPCR y 1 N
FH1FE (CAS F—4) IT y » N
bk IN Y Y
FEHE (CAS T —H) IN. CA Y Y
F LT INA N Y
EAFEER, W IN. CTY Y Y
FE AR, [H IN. CNY y Y
A AT, M IN. ST Y Y
U E (LT, BEES IN. ZIP y Y
KIEFETF 2, BITROESEB LV INCL Y Y
Bl =a— R
KEFRFF D, BITRHOESH = — R INCLM Y Y
KIEFEFF 28, BITRORISE=a— R INCLS Y N
ELi LA Y Y
B DT LN. CNT N Y
BATOKRERTFDE, E0EBIV NCL Y Y
o= — R
BATOKEFRTF D, FoH=a—FR NCLM Y Y
BT O KIER TR, Bl =a— R NCLS Y N
b b & — A0 H L 0CC N Y
Z DM DOULERIR (CAS 7 —4) 0S y N
Z DM DOILERIR, FrirE 5 OSPN y 21 N
FEFFHIE A PA Y Y
FrEF AN (CAS 7 — %) PA. CA Y Y

) by ME—AEF 22120, HIT 2 L £9. #l: SEL HIT TI.

2) SELECT HIT 3 X O ANALYZE HIT 13207 4 —/L RTIHMEATE 8 A.

) BrEEE, BITEZ NI r—va R EfETHEL, /RE 25 LET.
8) i L7=% —21z /PA 25 LE 7.

9) i L7=% —21z /BlL #ft5 L% 7.

10) HiH L7=&% — A /IPC Zft5 LET

11) #i L7=%—2a02 /PN 25 L £

2008. 2



SELECT, ANALYZE & X1 SORT 7 1 —/L K

USPATOLD-9

74—V K 7 4 —)b R=— K | ANALYZE/SELECT " SORT
K& s —7 PATS y 2310 Y
K ATE PC y ? Y
Frar s iTE 7 v —7 PCS y 212 Y
FrP AT H PD y ? Y
LEER PI y 2819 Y
LSl PK Y Y
Kt & PN y 29 Y
KPP AT AR PY y ? Y
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BACKGROUND OF THE INVENTION

Field of the Invention This invention relates to a method of using
ferrocene so as to take advantage of its unusual properties. Ferrocene
is dicyclopentadienyl iron, the nucleus of which has been noted for its
abilities to absorb ultraviolet radiation. This unusual property of
ferrocene has caused widespread interest in utilizing the material as
an additive in rubbery polymeric materials in order to stabilize these
materials against degradation of physical properties caused by
sunlight. In addition, the ferrocene nucleus is highly stable towards
gamma radiation. As a result of these stabilizing properties, there has
been much interest in the use of ferrocene and ferrocene compounds in
coatings for space vehicles to protect exposed surfaces

The use of ferrocene or ferrocene derivatives to achieve the objectives
outlined above has been hampered by the high volatility of ferrocene
and ferrocene derivatives. The result of this volatility is that when
ferrocene is incorporated as an additive to polymeric materials, the
high vapor pressure of the ferrocene causes the material to sublime out
of the polymeric matrix thereby rendering the ferrocene or ferrocene
derivative unavailable for stabilizing physical properties

Description of the Prior Art In general, the solution to the problem of
retaining ferrocene in a polymeric matrix has been to not add ferrocene
or ferrocene derivatives as additives, but rather to include the
ferrocene nucleus in the polymeric material so that it is chemically
bonded to the polymer chain and therefore cannot escape from the rubber
or plastic product. In the past, numerous efforts have been made to
find a monomer which can be polymerized, or copolymerized with a
comonomer, without destroying the special properties which the
comonomer would give to the final product. For instance, polymers of
butadiene have certain highly desirable properties such as elongation
and tensile strength. |f the ferrocene unit is attached to a monomer
which is used in a copolymerization of butadiene, it is possible that
the physical properties of polybutadiene would be significantly
impaired, unless the proper monomer is used. Thus, the use of the
proper ferrocene-containing monomer is very important in achieving the
desired properties

Several polymers and copolymers of ferrocene derivatives have been
prepared in the past. However, most of these polymers were either
brittle solids, or were relatively insoluble and difficult to handle

It is an object of the present invention to provide polymeric materials
which have ferrocene incorporated in the polymer chemically bonded to
the polymeric claim so that the disadvantages inherent in the use of
ferrocene as an additive may be overcome

USPATOLD-10
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It is a further object of this invention to provide liquid polymeric
materials which contain the ferrocene nucleus chemically bonded to the
polymer chain

Another object of this invention is to provide polymeric materials
which contain the ferrocene nucleus chemically bonded to the polymer
chain, which polymers are soluble in various solvents and therefore
easier to handle

These, and other objectives of the present invention, are achieved
through the use of |-ferrocenyl-I, 3Jbutadiene as a monomer and
comonomer with other polymerizable materials

These and other objectives will become more apparent to one skilled in
the art from the following detailed description and examples.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

One of the essential components of this invention is the
|-ferrocenyl|-1, 3-butadiene. This monomer is prepared by a two-step
reaction sequence, the first step of which involves a Grignard reaction
of allylmagnesium halide with ferrocene aldehyde. The reaction product
after hydrolysis is |-ferrocenyl-3-butene-I1-ol. This alcohol is then
dehydrated by stirring a benzene solution of the alcohol in the
presence of aluminum oxide

More particularly, a solution consisting of grams of ferrocene aldehyde
dissolved in ml. of benzene is added dropwise to a stirred solution of
213 grams of allylmagnesium bromide in 1200 ml. of ether under reflux
Refluxing and stirring are continued for two hours after the addition
is completed. The reaction mixture is then allowed to cool to room
temperature and is poured into ml. of a cold 10% solution of ammonium
chloride in water containing grams of sodium disulfate in order to
eliminate the impurities in the Grignard reagent. The mixture is then
filtered and the organic layer from the filtrate is evaporated yielding
219 grams of |-ferrocenyl|3-butene-I-ol.

This reaction product is stirred with 2.2 kg. of acidic aluminum oxide
(Ventron Acidic Alumina of Ventron Corporation) in 3.2 liters of
benzene for one hour to . dehydrate the alcohol. The aluminum oxide is
then removed by filtration and |-ferrocenyl-I, 3-butadiene, a red solid
is recovered by evaporation of the solvent

Polymers of |-ferrocenyl-I, 3-butadiene may be made by treating the
monomer with an appropriate catalyst with solvent. Copolymers of
|-ferrocenyl-1.S-Imtadiene with dienes may be made by treating a
mixture of the two monomers with an appropriate catalyst. Also
copolymers of |-ferrocenyl-I, 3-butadiene with esters of acrylic acid
may |ikewise be prepared by treatment of a mixture of . the monomers
with or without solvent with a suitable polymerization catalyst
Furthermore, copolymers of 1ferrocenyl-1, 3-butadiene with vinyl
ketones, vinyl ethers, and vinyl ferrocene may be made by treatment of
a mixture of the two monomers with or without solvent with a suitable
polymerization catalyst.

The following examples illustrate the preparation of the polymers and
copolymers of the present invention.

EXAMPLE |A polymer of 1-ferrocenyl-1, 3-butadiene was prepared by
dissolving the |-ferrocenyl-I, 3-butadiene in ethyl ether and then
adding a trace of sulfuric acid as the catalyst. Instantaneous
polymerization occurred at room temperature. The solvent was then
evaporated and the product purified by washing, leaving a brittle
yellow solid polymer of |-ferrocenyl-I, 3-butadiene which was soluble in
methylene chloride. That the polymer actually resulted was proven by
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(1) thin layer chromatography and (2) evacuation under high vacuum.
Thin layer chromatography (TLC) is performed by dissolving a sample of
the reaction product in a small amount of solvent in a test tube and
placing a small spot of the solution on the bottom of a TLC plate. The
plates used in this test were supplied by Brinkman Instruments Company
and are MN Silica—-gel S-HR/UV254 chromatographic plates, and the
solvent was a mixture of hexane and acetone. Monomeric molecules, such
as any unreacted (i.e. unpolymerized) |-ferrocenyl-I, 3-butadiene, are
carried up the chromatographic strip as a single spot moving slightly
behind the solvent front as it climbs the strip. When polymers are
present, these materials are moved much more slowly, and usually appear
as a continuous smear with a dark brown streak all the way from the
origin up to approximately half the distance to the solvent front
Since the polymer molecular weights are significantly higher than the
molecular weights of the monomers involved, the migration rates of the
polymers would be expected to be much lower, and therefore these
materials ”” would not be found as high on the chromatographic plate
In addition, since the polymeric products are generally mixtures of
molecules of different molecular weights the polymer appears as a
smear, or a streak, rather than as a single spot as in the case of the
monomer or simple low molecular weight compounds. The TLC plates were
developed by exposure to an iodine atmosphere. The brittle yellow solid
polymer of this example produced a chromatographic plate with a smear
which proved that the polymerization had occurred

Evacuation under high vacuum is performed by subjecting samples
recovered from the polymerization reaction mixtures to a vacuum of less
than one millimeter at a temperature of C. Under these conditions, the
lower molecular weight materials are sublimed and lost by evaporation
into the cold trap in the vacuum system. Anything which is not lost by
this process necessarily has a much higher molecular weight, and is
therefore polymeric. The polymer of this example acted as expected g
under the vacuum, thereby proving that polymerization occurred

The molecular weight of the resultant polymer was found to be 2, 737 by
vapor pressure osmometry

The iron content of the resultant polymer was found to g be 23.15%
which corresponds closely to the theoretical value of 23.3%.

EXAMPLE Il A polymer of I|-ferrocenyl-I, 3-butadiene was prepared by a
different process. The monomer was dissolved in methylene chloride and
cooled to =79 C. A trace amount of boron trifluoride etherate was added
and the mixture was stirred for approximately minutes. The catalyst was
destroyed by the addition of ammonium 6i chloride, whereupon the
polymeric product was obtained by filtering the mixture, evaporating
the solvents, dissolving the product in ethyl ether, and precipitating
it with methanol. The product was a brittle yellow solid polymer of
|-ferrocenyl-1, 3-butadiene which is soluble in methylene chloride and
ethyl ether. Evacuation under high vacuum and TLC as described in
Example | proved that a polymer actually formed

The polymer had an iron content of 22.48%, and a molecular weight of
2, 780.

EXAMPLE 111

In a third process for polymerizing |-ferrocenyl-1, 3butadiene grams of
the monomer, ml. water, 0.2 g. potassium persulfate, and 0.5 g. sodium
lauryl sulfate were combined and these ingredients were heated at C
for four hours. The polymeric product was precipitated by the addition
of a sodium chloride solution. The precipitate was dissolved in benzene
and reprecipitated with . methanol yielding a soluble yellow-orange
solid polymer of |-ferrocenyl-I, 3-butadiene, the existence of which was
proven by TLC and high vacuum evacuation as described in Example I.

USPATOLD-12



USPATOLD-13

MAX B CTHOER (ot =)

The poly-I-ferrocenyl-1,3 - butadiene of this Example had a molecular
weight of 2,814 and an iron content of 22.17%.

EXAMPLE IV A copolymer of |-ferrocenyl-I, 3-butadiene and isoprene was
prepared by adding grams of each of the monomers, 1.6 grams of
potassium persulfate, and 4. grams of sodium lauryl| sulfate to ml. of
water. The mixture was stirred and heated at C. for four hours. The
reaction mixture was allowed to cool and then was >r extracted with
benzene. A viscous (tar-like consistency) orange-red liquid polymer was
obtained by precipitation with methanol. Evacuation under high vacuum
and TLC as described in Example | proved that a copolymer formed.

The resultant copolymer had a molecular weight of 1,695

An analysis of the iron content of the copolymer showed 20.2% iron as
opposed to a homopolymer iron content of 23.3%. Therefore, the
resultant polymeric product was comprised of approximately 86%
1-ferrocenyl-I, 3-butadiene monomer and approximately 14% isoprene

EXAMPLE V A copolymer of |-ferrocenyl-I, 3-butadiene and butadiene was
formed in this example. Butadiene (120 grams), |-ferrocenyl-I, 3-
butadiene (40 grams), 4,4-azobis-(4cyanopentanoic acid) (13 grams), and
dioxane (320 ml.) were stirred at C. in a sealed bomb for four days

The g solvent was removed in a vacuum and the product was precipitated
from ethyl ether with methanol. The product was an orange-red liquid
copolymer the existence of which was again proven by TLG and high
vacuum evacuation, as described in Example I.

n The molecular weight of the resultant copolymer was 3, 200.

The chemical analysis of the copolymer showed 12.3% iron, a fact which
indicates that a copolymer composed of about weight percent
|-ferrocenyl|-1, 3-butadiene and g about weight percent butadiene was
formed.

EXAMPLE VI A copolymer of |-ferrocenyl-I, 3-butadiene and methyl
acrylate was prepared by stirring methyl acrylate (10 grams)
|-ferrocenyl-I, 3-butadiene (10 grams), 4,4-azobis-(4-cyanopentanoic
acid) (1.3 grams), and dioxane (80 ml.) under nitrogen for four days at
to C. The dark red liquid polymeric product was obtained by
precipitation from ether with methanol. TLC and high vacuum evacuation
showed the existence of the copolymer as was done in Example I.

EXAMPLE VIl _ A copolymer of |-ferrocenyl-I, 3-butadiene and methyl
vinyl ketone was formed by dissolving equal quantities of the two
monomers in a six-fold volume of hexane. A trace of sulfuric acid was
added to the mixture at 0 C. The reaction mixture was allowed to stand
.for five minutes and the solvent was evaporated yielding a red oily
copolymer > of [-ferrocenyl-I, 3-butadiene and methyl vinyl ketone

3,847, TLC and high vacuum evacuation showed the existence of the
copolymer, as described in Example I.

EXAMPLE VIII A copolymer of |-ferrocenyl-I, 3-butadiene and vinyl g
isobutyl ether was prepared. Equal amounts of 1-ferrocenyl-I, 3-
butadiene and vinyl isobutyl ether were dissolved in a six-fold volume
of hexane. A trace amount of sulfuric acid was added to the mixture at
0 C. The mixture was then allowed to stand for approximately five
minutes. The solvent was next evaporated yielding a viscous red
copolymer of 1 - ferrocenyl-I, 3-butadiene and vinyl isobutyl ether. TLC
and high vacuum evacuation showed the existence of the copolymer, as
described in Example I.
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EXAMPLE IX A copolymer of |-ferrocenyl-I, 3-butadiene and vinyl
ferrocene was prepared by heating grams of each of the monomers with
0.5 grams of potassium persulfate, grams of sodium lauryl sulf ate, and
ml. of water with 2 0.3 grams of acrylic acid at G. for three hours

The reaction mixture was precipitated, washed, dissolved in ether, and
reprecipitated with methyl alcohol, yielding a clear red-orange plastic
polymer. TLC and high vacuum evacuation showed the existence of the
copolymer as was described in Example |

The resultant copolymer had a molecular weight of 1,236

It is to be understood that the foregoing examples and description are
for the purposes of illustration only, and that various changes may be
made therein without departing from the spirit and scope of the
invention.

What is claimed is:

1. As a composition of matter, homopolymers of 1ferrocenyl-I, 3-
butadiene prepared by reacting 1-ferrocenyl-1, 3-butadiene with a
catalyst, in the presence of a solvent, at a temperature of from about
-79 to C., for a period of from about 1 minute to 4 hours

2. As a composition of matter, copolymers of 1-ferrocenyl-I, 3-butadiene
and a comonomer selected from the group consisting of dienes, acrylic
acid, vinyl ketones, vinyl ethers, and vinyl ferrocene, prepared by
reacting 1ferrocenyl-I, 3-butadiene and a comonomer with a catalyst, in
the presence of a solvent, at a temperature of from about 0 to C., for
a period of from about 5 minutes to 4 days

3. The copolymers of claim 2 wherein the diene is isoprene
4. The copolymer of claim 2 wherein the diene is butadiene

5. The copolymer of claim 2 wherein the ester of acrylic acid is methyl
acrylate.

6. The copolymer of claim 2 wherein the vinyl ketone is methyl vinyl
ketone.

7. The copolymer of claim 2 wherein the vinyl ether is vinyl isobutyl
ether.

8. The product produced by dissolving 1-ferrocenyl1, 3-butadiene in
ethyl ether, adding sulfuric acid at room temperature, subsequently
evaporating the ether, and purifying the product by washing

9. The product produced by dissolving 1-ferrocenyl |, 3jbutadiene in
methylene chloride, cooling the mixture to =79 C., adding boron
trifluoride etherate, stirring the mixture for minutes, adding ammonium
chloride, filtering the mixture, evaporating the methylene chloride
dissolving the product in ethyl ether, and precipitating it with
methanol.

10. The product produced by combining 1-ferrocenyl1, 3-butadiene, water
potassium persulfate, and sodium lauryl sulfate; heating these
ingredients at C. for four hours; precipitating the product by the
addition of sodium chloride; dissolving the precipitate in benzene; and
reprecipitating the product with methanol

11. The product produced by combining equal amounts of
|-ferrocenyl|-1, 3-butadiene and isoprene with potassium persulfate
sodium lauryl sulfate, and water; stirring the mixture; heating at C
for four hours; cooling the reaction mixture; and extracting the
product with benzene
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12. The product produced by combining butadiene, 1ferrocenyl-I, 3-
butadiene, 4,4-azobis-(4 - cyanopentanoic acid) and dioxane; stirring
at G. in a sealed bomb for four days; removing the solvent in a vacuum;
and precipitating the product from ethyl-ether with methanol.

13. The product produced by stirring methyl acrylate

|-ferrocenyl-I, 3-butadiene, 4, 4-azobis-(4-cyanopentanoic acid), and
dioxane under nitrogen for four days at to 70 C.; and precipitating the
polymeric product from, ether with methanol

14. The product produced by dissolving 1-ferrocenyl1, 3-butadiene and
methyl vinyl ketone in hexane; adding sulfuric acid to the mixture at 0
C.; allowing the mixture to stand for 5 minutes; evaporating the
solvent; and purifying the product by washing

15. The product produced by dissolving 1-ferrocenyl1, 3-butadiene and
vinyl isobutyl ether in hexane; adding sulfuric acid to the mixture at
0 C.; allowing the mixture to stand for 5 minutes; evaporating the
solvent to yield the product; and purifying the product by washing

16. The product produced by heating |-ferrocenyl-1, 3butadiene, vinyl
ferrocene, potassium persulfate, sodium lauryl sulfate, water, and
acrylic acid at C. for three hours; precipitating the mixture; washing
the product; dissolving the product in ether; and reprecipitating the
product with methyl alcohol.
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