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The present invention provides methods of making low energy polymerizable monomers and resins for
use in making dielectric materials. The methods comprise deprotecting or deacylating an organic alkali
cleavable protecting group containing addition polymerizable, amine containing aromatic monomer or

oligoaromatic phenol resin containing an organic alkali cleavable protecting group, such as a Cyto
Coalkanoyl group, preferably, an acyl group, by hydrolyzing to remove the protecting group in organic alkali
in a polar solvent containing an excess of alkali Cto Cyalkoxide and form a hydroxyl functional monomer

or resin, followed by; reacting via nucleophilic substitution the resulting hydroxyl functional monomer or
resin with an alpha-halide (a-halide) or strong acid conjugate leaving group containing arylcyclobutene
compound in a polar solvent, to yield a product an arylcyclobutene-containing addition polymerizable or

amine containing aromatic monomer or oligoaromatic phenol resin having an ether linkage from the
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cyclobutene ring to an aromatic group of the addition polymerizable aromatic monomer, aromatic amine or

oligoaromatic phenol.
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[ 350887 447% ] METHODS OF MAKING STABLE AND THERMALLY
POLYMERIZABLE VINYL, AMINO OR OLIGOMERIC PHENOXY

BENZOCYCLOBUTENE MONOMERS WITH IMPROVED CURING KINETICS
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[0009] RIZEFASFIAE e 2 HREIlR a2 A LT ERE
AR PReE B R BR (BT A L FEER B RE RN S HYTT IR ERRG - FEE B RETT RIE =K
RAEABREESTHRIEEEA 2 £ 10 [#55HREENR 2 LIGEERR -
Fy ~ BB B T Ry - HEA B A alE -

[0010] fERN - FEMHAR PR BCARRIEI B L FEE B RE A IR & BT R
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[0031]) 4UASCRTA - fosh " EHE , B RE b B it AR A3 A
Y2 R IR GV R EGE &) 2 5T B 2R T7E - Blahnpi s
e o T AlENE ) RERESIE R TR b Z R e -

[0032] SOASCRTA - st " ASTM {458 & 5B R & E H ASTM
EFEM:4H%% ( ASTM International, West Conshohocken, PA)  HHRR#) -

[0033] IASCRTAL - flasd DSC 20 Zonimit EEVA (AfE(EH Q2000TM
DSC # 3 FhZE N4 RET R~ TA Instruments( TA Instruments, New Castle, DE ) )
ENFEEYIEH RGBTk  (ER BN HE L Tzero™gn# B AR (TA
instruments ) H7. 2 ST EEEVREN LRGP (<Smg) #{T DSC - & RE R
FASHRAE —IE A DSCittdr - HES{& LA 10°C/ o8 2 3R DSC 5 RT JI#E
300C -

[0034] sASCFTA - flosE " {E22E ) BiEREEUESEM 27T

[0035] dOACRTH - BRRAWREER - fiosd "5 3¢ ME T BiE
OP-N-SESi[FF -

[0036] “IASCRTH - figsE " NMR | fAfefziidiic BAEis 5 £ 100 mg
LR REERE 0.7 ml STRAEZ{5( Acros Organics » ZEERTR tH B 7 32( Thermo Fisher
Scientific ) - UCZZLE (Pittsburg ) » PA 2 —8(4y ) sKHE|E » A1BLE 600 MHz
% 28( Bruker BioSpin Corporation, Billerica, MA )& 500 MHz {%£3( Varian, Inc, Palo
Alto, CA) FIEREE -

[0037] WIASCRTH - flasd T EEY) ) (RfEResiE — S E LG & ZHH

BE11E > £ 20 HEHRIAS)
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[0051]) @fEHy > AU 2 HARMERMEGY)  sBEUEMAIIGEREE
BCB ZHifeiH &) - Ho Al Gy ABE RV T BCB IR » 40 R 1R « B
2 By T-(4- LIGEZE ) 50 BER(4.2.01/(-1(6),2,4- =) - A S ERefie ft It

) SRR Z RS % BCB
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[0052] RIEASIHZBEGHGY)  BEA—S S (E577 8 & URER &L —
M IR GRS AT AR | G2 HAE A~ — ST R R &
WSS _BRE ~ M (WEFRE) —EE M AT Ip SR ERe 2 AT &
HERSVEH A IR S SR 26 =8 » AR oy EINE
A%~ BN E—TEEC TR SR = ERSA—TH B S A B VU A Y &

[0053]) EERSHEVIEANREMIINGEGEITEGY) SRR 2
140C 2R T  FriSR G R A OISR - @R &kt > Halfe
60°C £ 140°C TEZEEEHE - 2184 140°C £ 220°C THRENE

B15H £ 20 HEHRAE)
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[0054]
BH - BRARAE LU NI ERR GBI s oA A
FrIESINERE - RAFTARE S K0 (21-23C) BRTABRTT B R RSRER
(-760 mm Hg =%, 101 kPa) -
[0055] @& N AR 7 HAER® - (BAEEFI PRI T EMR
BCB @ FIHEE T M
DMF @ AR
THF : VUSRI A
V6ol : EEEMATIFHE - 22-EREC-HENEKE (CAS It
2589-57-3 » HA Y FHFHMEEE (Wako Chemical, Japan) ) -
[0056] EEECED) 1 @ LIGEAEAIEE TG Blm « A2 T EavE R+ -
T IR ATR  AEFSMGIER] (Grignard reagent ) T TSR (LA 8 2 HE5E
PRTRE 2 B - LURERP K LIGETS A BCB - \

N\ 74 {

MgBr ~—

/

| PEPPST L P x
B ————
PHE. |

I Th F
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[0057) 48508 (210mg) ~ (LS (29 mg » 60%EI5T B ) FIRiITHpE
PERILA 100 mi £bf o » 35 ASHEIRAS FUB A BLZE F FLOTRLIEEE 4 /NI « BF 0
SREIBNA BrBCB (750mg) 12 THF (20ml) i - S Bt o LB
FESET -SSR 30 98 WAIE R TR ER BIA S 2R

BN (1g) ~ PAPEPPSIHPr (1,3-%8(2,6- BN ELAHEOIRIE-2- 50 8 (3-Ft
FI6HE + # 20 (GRS
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BEEL) “ZAESEAD > CAS 5% : 905459-27-0) fE{EH| (190 mg > 5 EH% ) F1 THF
(15 ml) 2 100 ml rbf ot » H FBIBRRIREE - 4 30 s#RE oY)/ E - Hix
=i MEFE 12h - REESPIIMAZEH/K (100ml) Z5mRR4 > HEZBR L
s (3 x 100 ml) ZEHY - & HF 2 AP HER/K (100 ml) FOREZENEAEE - H0E
HAFEZEJURYE - R IR & R B 2RI P EY (203
mg > EXR 18% ) o IHNMR (500 MHz,Z{}-d) 6 7.49 (d,J =8.1 Hz, 2H), 7.44 - 7.26
(m, 6H), 6.84 (dd, J =17.7, 10.8 Hz, 1H), 5.86 (d, J = 17.7 Hz, 1H), 5.35 (d, J = 10.8
Hz, 1 H), 4.86 -4.75 (m, 1 H), 3.85(dd, J=13.9,5.7Hz, 1 H), 3.22 (dd, ] =13.9, 2.7
Hz, 1 H) - FT{SEERS.2 DSC Brih (b)) i AR{E R 165°C - iR EAR R 10
C/min -

[0058]) hilffE s FEEFRIERAR « BN » SOMEIZH EA Bt o 281 - BEAg
Z B EIRIE Ry AT HEZHY

[0059) &P 2 ° ZIGESREEAFHIR T MG 2Bk - AEICRARUE G
(Teflon™ZE 5 » B FEIHEMEF (Dupont, Wilmington ) , DE) Z&{fi 28 TJiR+
.2 250 ml ZSHEJREMT > aE sl (1.38 g> 1 eq) BERERIK (6.83 g)
e & AEER PEBIIA &-LREEELE (480 1eq) > HIAKREED
EREEE - BITIIAGKELS (6.82 g0 2eq) » HRNARIAT 1/1NFF  BERAC
A A2 BEas - AR 1R IR T I (4.06 2> leq) 22 /IA DMF (41 ml)
B o ZREREERINENE 70°C HEREIRAAR © [[EFIIAK (50ml) MLEE
ZBs (50 ml) - REZKMERERYIA ZBEZFE (100 ml) ZEHPUR » FHbREZ SENE
R (1x100ml) ~ FE{E#/KZER (1% 100 ml) FIEE/K (2 x 100 ml) ZEHLEGF
LAY - AR BRI - R HAE EZE TR - BRIE 8 aERIR
ZEY) (336g > EE68%) - I5ELE54-60C - 1H NMR (600 MHz, Z{}-d) 6 7.39

(d,J=8.6 Hz, 2H), 7.34 (td, J =7.3, 1.5 Hiz, 1 H), 7.31 - 7.24 (m, 2H), 7.21 - 7.18 (m,
BITH - 4520 HEHRHEE)
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1H), 6.98 (d,J=8.6 Hz, 2H), 6.69 (dd, J = 17.6, 10.9 Hz, 1H), 5.70 (dd, J =4.3, 1.9 Hz,
1H), 5.64 (dd, J=17.6, 0.9 Hz, 1H), 5.15 (dd, J = 10.9, 0.9 Hz, 1H), 3.73 (dd, J = 14.2,
4.3 Hz, 1H),3.31 (d,J=14.2 Hz, IH) - 13C NMR (151 MHz,Z{}-d) 0 157.79, 144.62,
142.57,136.20, 130.87, 129.93, 127.50, 127.43, 123.48, 123.04, 115.06, 111.80, 74.28,
39.45 - PEPIZEREL - BATRERREEZER > HER 184C ZHHE
Z FARREEIRE

[0060] EB 3 LIGHEFRERAFHIR T I B« mEEC A BT (300
rpm) ~ BEINIRNRSFAIEVES 2 3L =S ERR T IIA LER R AR LG
DMF - i ZFRFATR LB EREOE 15 7088 - AR SIESSRIZAEKE T - K
TEERREES 15C o REHEEIF HEE T 25K (NaOMe/MeOH ) #Ef 22 57 HE
AR 4E 60 1R I AEIR - BB (= TR 21C) » EIRIN5E
i - BRER B A EAL AR - % 1-BrBCB ~ DMF & AR L BHER G
& (TEMPO - 2,2,6,6-POHHECIRNE 1-58E5L - CAS 2564-83-2 > 25 mg ) #Efle
[ fgas iR 30 7382 - Bbr/Ka HIEINEE < RERGYIINEVE 70C (BCE
AL HAREH 70T ) - BFESY) HAEH NMR (d6 DMSO =k d6 NEH) 15 -
HAE 18 h {8581k » IR EEmE HIRZE £ — B - (i EEs <42 35C » /&I
A 450 ml 7K HARH 10 77 -

[0061] FEESYHERE 2R TRFRFF - HALIA 6000 ml BEREE S H.
B — & RARYIERE - PRUEEDKE HETT NMR DSR2 2 ek
A -

[0062] AR HAEEZEFRE - Ho W EVER 4 (FREmT - B
£ RT T4 3 RAFEZEFEER 10 AR ©

[0063] EZbREVIREMGMMENRE 586.02 g > HlERER S 96% - & UPLC

ZEER 99% - TR ERE 4- L0GERE A BCB 2SR NMR SEEEEL EAitE ]
BIRE + # 20 EH(HHAHE)
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2 o2 FEEYIMETCED -

[0064] ELEZEW4:4-pr AR EA BCB 2 Bl i A 1IRHE 2 250
ml rbf AN AREERF (1g° leq) ~ THF (15ml) 1 KOtBu (1.23g> 1.2eq) -
EEEYHEE R NMEFE 1 /N - K2 BCB (1.68 g 1eq) /I A THF (15ml) H -
s FAEY) HEEHAE =0/ MEHE 12h - ZAMEI0AK (100ml) - fEH A (3
x 100ml) HARMFZEREY) - FE0F 2 AN g - B A EZEH
el o R ABE Al (9:1) {E AR REHEEGYERYIEEN - 53]
EFREHIRZEY) (892 mg - 46% ) -

[0065] 1H NMR (500 MHz, Z{%5-d)  7.32 (dt, J = 6.6, 43 Hz, 1 H), 7.28 -

i

NAs

N

7.23 (m, 2H), 7.18 (d,J = 7.4 Hz, 1H), 6.86 (d, ] =9.0 Hz, 2H), 6.69 (d, ] = 9.0 Hz, 2H),
5.59(dd,J=4.3,2.1 Hz, 1 H), 3.66 (dd, ] = 14.1, 4.3 Hz, 1 H), 3.46 (br s, 2H), 3.28 (d,
J =14.1 Hz, 1H) - 13C NMR (126 MHz,Z{/j-d) o 151.04, 145.18, 142.64, 140.49,
129.73, 127.29, 123.47, 123.00, 116.48, 116.36, 74.89, 39.47 - DSC FE T i BB B
FEE 179°C » fRfi#% Ky 10°C/min o

[0066] TTLAFZERE G 2 R 225 TR AR AR IET BRI aaY e =

FELUTEY) -
BO | SAAMRTRE REEY EE EY

\lfo Oj]/ y )
: [ POVEE
7 = # AN
]

/:/
N\

<
i

B19F - £ 20 H(EHRIAE)
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[0067] 1.79%%-2,2- " EEEQ-IHNE)-4,1-n0 755 — Z8Hs © 2.7,7-(NE
-2,2- T EEEQQ-FRIN A4, 1-0n R EE (R A (R [4.2.01 /- 1,3,5- = )%) 3. 4
3,5-ZLHEARER  4.7-3,5- AP EAREE) EIR[4.2.0/(-1(6),2.4- =5 - 5.2
B% 3,3'- IBN A1, 1B A -4.4-Fg  6.7,7'-((3,3- IH N A1, 1B A A ]-4.4-
TUEEE(E ) EE(HEER(4.2.01/-1(6),.2,4-=1F) ©

[0068] E{ 8+ LIGERFAFRIR | MR LG LY Bl © R
KO (477 g) MABERRAFHER TG (113 g) FhimATEEZ IR
FRAEZ EZ Max™ 100 ml ZRER S (AHmEL T 2 HBHrE1-15A]% (Mettler
Toledo, Columbia ) , MD ) F1Ei V601™ 5 |27 (70 mg ) —FEAAEF THF (3.98 g)
e KRR P BRI 30 78 » AEIIEAVE 60°C ZNERRE R - R FTSRiH
A THE (20 ml) FikE - ZAM&00 B HEE (250 ml) 1 #8808 AAERZETEZ
KRR - FEIHLEY) (423 g EFRT2%) © Mn36.6k » Mw 79.1k  FEHZRIF
HEZEVE (DSC » TA Instruments Q2000 - 45417 Z= N4 FHTEE 2 TA Instruments )
LL2~5~ 10 %0 20°C/min ZFHREFRF AR EYIE(EB IR - Kissinger Ji7AH]
FAHETE 24.2 keal/mol 7 FAIR H{LAE - [ERZE &1 ( TA Instruments Q5000 )
FERRGE TeHERMEEN: - K RERFEEYHELER TCGA B HEL 10T
/min 2 AT 400C -

[0069] FTSILEY)L TGATE 300C 230 5% L EEIBKE -

B20H - £ 20 H(EHRAE)
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[ 350887 447% ] METHODS OF MAKING STABLE AND THERMALLY
POLYMERIZABLE VINYL, AMINO OR OLIGOMERIC PHENOXY

BENZOCYCLOBUTENE MONOMERS WITH IMPROVED CURING KINETICS

(]

A SRR LR A RE TR S RS elAE < 77k - 4 S E A Atel e B
MR - BRI SR AR T W ORE R L TR G SRS R
B ESH AR T R CRER (BB C £ Colifik: ~ mEEmRE: ) XRE S5 ERD
FEtotHERR Pred sl iR (L - M ABENRTE C £ C BRI RMIEH
B AR T KB LI Rz R A PRGOS R ERE R B fa oK B © BTk
FEMRZEERTS A ERE RS S oK R (a-K &R ) BGRE L ITHE
EEZTTHR T b eSS T R E - RIS ATTER TG L A IR
GHTTRER « SRR EZIR | IRIREZ TR T RER LT REE
Mt~ S R R Ae B (RS T R eiAs 7 R BURTETTHRE ) -

(53]

The present invention provides methods of making low energy polymerizable
monomers and resins for use in making dielectric materials. The methods comprise
deprotecting or deacylating an organic alkali cleavable protecting group containing

addition polymerizable, amine containing aromatic monomer or oligoaromatic phenol

FIH - 42 HEWARE
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resin containing an organic alkali cleavable protecting group, such as a C; to Cy
alkanoyl group, preferably, an acyl group, by hydrolyzing to remove the protecting
group in organic alkali in a polar solvent containing an excess of alkali C; to C;
alkoxide and form a hydroxyl functional monomer or resin, followed by; reacting via
nucleophilic substitution the resulting hydroxyl functional monomer or resin with an
alpha-halide (a-halide) or strong acid conjugate leaving group containing
arylcyclobutene compound in a polar solvent, to yield a product an
arylcyclobutene-containing addition polymerizable or amine containing aromatic
monomer or oligoaromatic phenol resin having an ether linkage from the cyclobutene
ring to an aromatic group of the addition polymerizable aromatic monomer, aromatic

amine or oligoaromatic phenol.
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