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19299 Staudinger” 7} oxirane] F@HS S TPy AR AFEA H
7ol nEa shdte] FEH EE o|FA Howl, 1A Levene”d Reboul”
T —!—ﬂ“* deH 2 g 3y o= Fe FHWITS LNEs

Bigot & ab initio B8 < A48 ethylene oxide?] 2e]dZFukgo] o3}

ojgAer A4 AAE LET v k. ¥ ab initio ¥E-E AL AT
ol vF o= A, ¥A 3EY H Lol ool 27 wWFe o]a¥ FA
5 #E3s7] AT s d9AEHYA AL By Eol A A3 dFsiAE
19759 Dewar”’ S 984 MINDO/3 (Modified intermediate neglect of
differential overlap)g o]l A=l gl ol 34, geometry A4 T2 ¥
o wi$ FEANE AFAHRE HEHYeY, 1-F4H HAAE FAEA A&
heteroatoms 7H2l 813HE9] 7oA FalH o] A7 9}

1977 Dewar$t Thiel” o) olsi4 £/08 MNDO (Modified neglect of
differential overlap)¥¥ & vlFf AR dhdde] 7|03 a3E HAS AP
F e Aol F77 "oy, EA AEFF A5 Bz AL 1Ry FF
A 2F 3 T Aldde AFH2E AHE Hgldh

v MNDOWE L F2F2FEA 53] 49 39 313189 g4 ¥ {}‘Hi}
vz Alxtel A oFH & el gl MNDOS el AHdsle 7] &2 Pl
F7HH 22 Gaussian 45 H7hstd <HH & B4 el vEE Ausin Model
HAM 1" o]c}.

Tetrahydrofuran (THI)S AV Ewsle] vejdgde F3tulZox A AchA o] 3}3)

£

- 163 -



IR IR e L (2048

N

F& 29 tertiary oxonium °]&<Q Sx 2 FiFpUFLE AW 4, 13-
dioxolane (DOL)®] FFib-3-el A g wl7tFel &4 g2 DOL °] 37t
7] Ao} 22 tertiary oxonium °]&°] A3 carbenium o] X2 HEFH Sy
1 7S & At

=3 2-pentyl-1,3,5-trioxepane (2-Pe-TOP) o W§ AZvjiste] Fihik-gol
A AREA FEFA a-FaUAe 27 pre-alkoxycarbenium o] & 3
7122 A9l 2-Pe-TOP ©] 37}=7] Aol pre-alkoxycarbenium 0] &2
AED Sy 2 dstdFA Sy 1 skl FoRe) Aol FalshAl B2 Hgc”

THF $} 2-Pe-TOP F34H-8-2] AAGA A= oxonium ©] &3 carbenium
o] &9 3839 FEs OE Ao Pt THFS 2-Pe-TOP 34712
SFA S JARAY F A ¢ vhiFe Aol A% w54 HIkn =
0.14, r; = 3.8 °]8id}.

F AL2E EFF DOL F 2-Pe-TOP & FFIE3olA AAGA 9 #H3F
2 AFA o] gAY wRANE FAHel dEFHALn, WAL W T 1
= 0.27, 12 = 226 Y& BAHE" 2-Pe-TOP BFA o) g A&usie] &
d FIH3olA AAIA gFe (DF 2ol pre-alkoxycarbenium °] &9 F
W7z 2] o Ayt et Fol S 1 A Sy 2 W FLE AR
ol 32

®
K === CH
—
== ~_T (1)
® R

IR & dFAE ALE Y, F RS sk e 5,7 L e
THF, DOL, 1,3,5- trioxepane(TOP), 2-Pe-TOP 59| <alo] F3 ub-gA4 v
2 P ug S-S FHE7] fstd HAEAQ EAAEA PP MINDO/S,
MNDO, ¥ AM 1 §22 4732z P}

B o Foja AAE AMPAC =219 33l MINDO/3, MNDO, AM 1 &
¢] RHF (Restricted Hartree-Fock) Wi & AH$3tgdx, 5,7 233iE U THF,
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DOL, TOP 2 2-Pe-TOP 5& chairform ¢} 43t X H¥ ZF4E AH§3)
don, zt hAel wkgbAle] 33EFQl oxonium °] €3 carbenium o] Foil
dAANE TF2F 2 chairform 5 A3 +2 & o] £3l AAks .

Fukgol A AAAde FEL SADDLE routine & AHSste] A4sig e,
A5 3223 olagEF FEESLS Scheme 1 3 e}

- L,

1 2
Tetrahydrofurane(THF) 1,3-dioxolane(DOL)
1 3 1 5 3
2 PE

1,3,5-trioxepane(TOP) 2-pentyl-l,3,5-trioxepane(2-Pe-TOP)

Protonated cyclic acetal compounds

HY 1 2
e,)g
H°,2:5 H 1Y 3
PE

Scheme 1
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F(species) 22 oxonium °]&3# 48 carbenium °]&9] FXeof e} b
7ty Fol dekAe], A7 -3 {E] 7 dFaje] AT SF4 DA
3, 218719 JHA Fef &, ring strain L FAAEEH] AU ETH Fol ¥
el & 4%e &

Y Y Y
R R R R
NN 2oy aand de=on
Y I (3)
R

R R R R
@ \ slow @
AVAVAVAV YO yana SNAVAVAVAY :?H
(8)
R R

DOL} 2-Pe-TOP 59 F¥HS vistdEFE A3dANA ¢4 (2),3) &
o2 E=3o] Hooyg® Mg sh THFF THFY A5 (2) A Sy 2 #7h
Zo] Al uiw AL E Fi) TII DOL & (DAY Sy 1 vFlYFeE A
FEE AN

E3] 2-Pe-TOPS A%+ 98 carbenium °] &9 F%a o 23 <A s}
(WRGE 5)49) Sx 1 FhIFel F28 Aoz &Rg”
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ol2] gt ¥k mFHI S-S FH e fdd AMPAC Z 213 RHE-MINDO/3.
MNDO % AM 1 o] &% o] 83t AAtstsd o

7 A W wAEAHA MINDO/S, MNDO 2 AM 1 o 9% 3
Table 1 ° 23l

tle

Table 1. Formal charges of cyclic acetals by MINDO/3, MNDO
and AM 1 methods

|
Cyclic MINDO/3 \NDO Wl

|
! | ]
acetals 0, C,  Csu 0, C, Ca 0, C. Co |

THF -0.439 0.386 0.006/-0.328 0.156 -0.051-0.283 -0.023 -0.186

DOL -0.489 0.664 0.322-0.363 0.310 0.126}-0.303 0.110 -0.042

TOP -0.499 0.698 0.541|-0.377 0.341 0.184|-0.286 0.088 -0.019

-0.506 0.723 0.5531-0.385 0.324 0.196/-0.284 0.115 -0.019

s
-
®
—
o
)

Fae FAGA Advjstel BN AoH Ud 4E4ES AP 29
A 4Ae Yaae] SRRt 245 AWA 4ol st
A sht

Al =,
Table 1 °1l ] B olAte] AtxE TIF <4 DOL, TOP, 2-Pe-TOP7}
29 SRyt s 2dgd & F Ak

3 d714e IR 2 NMR'" 59 972 wad &
% deka) uje] Abxzr SAEe] =7 wd s, A
Aste] £HE 2-Pe-TOP > TOP > DOL > THF o|u], A
[«]

=g 7t Aol WA Hod BE DALY WAH FH BaUAe)
FAE £A4E 2-Pe-TOP > TOP > DOL > THF o]2=E wk-EA 5 o]d u|d
o

o] = HSAB(Hard and Soft. Acid and Busc)qﬂlz?/] hard-hard 3 wk-go] ]

i w AstzA wbdeln, Table 2 & ZF &FAM EAANEFF NG LS
2 soft-soft ¥ WA ALTF 2ANZol A HFHE AFE 4 s
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Table 2. Encrgy level(eV) of HOMO and LUMO for cyclic
acclals by MINDO/3, MNDO and AM 1 methods

Cyclic MINDO/3 MNDO AM 1

acetals HOMO LIMO HOMO LUMO HOMO LUMO

THF -10.1567 | 1.500 |-10.774 | 3.098 (-10.187 | 3.113

DOL -10.303 | 0.146 |-10.934 | 2.794 ([-10.373 | 2.422

TOP -10.201 | 0.197 |(-11.256 | 3.367 |-10.664 | 2.128

2-Pe-TOP | -9.686 | 0.964 |[-11.218 | 3.068 |-10.418 | 2.364

o] AA AFALE deMe] HOMO (Highest Occupied Molecular
Orbital) 93 =]7} 245 FAAAM LUMO (Lowest Unoccupied Molecular
Orbital) ezt B35 2-Eo] FF Aoln, ALZAF 2-Pe-TOPS HOMO °f
A7k ¥ 33E JehlldZ, TOP ¢ DOL 52 #FA3 dvA24 5 ey
}.

¥ Klopman F2 #2719 W34S ¥ EAA E(molecular orbital)$t o
A7 d& A7 FHE 9 A7) ovix d3lE A A93H A 5d S
E3ale A AZase cyclic ether ¥ acetal A9 FFHLE AP
7} ¥3le] @& ring strain AR (AG)IE FTYT A= Ty, o]2A¥LH
THEARE A}ER AAY] 98F3FA TS LT (6)A 2= Jepdic

2
Q oo . Q Lo 2(C uomo .C vuno)

——== (6)

+

AE =
ER Enomo - Erum

ARG AR dEFe 2 ubFFAe A3 Fo wiH2, EATS AT
2 F FAL AYAIENS AF(AE; = Eyowo - Erevo)el ¥l#E sy, w54 4
AANE9 coefficient(C) & matrix element ¢ 9 HE(B)e] =7]e) w3k},
AEdde] wtgALe £ A5 dvx 2 AE 7F &4 E, matrix element = &
F% wbgAol AAd. wkSEAe Aste] A o4 FukeE AszxH
(charge controlled reaction)e]s], Al 53te] ¥ 84 Fox AE7} wixz® %
W= AES &3/ 4584 AA AE7F S-S F93 = energy gap &3
Sola, ¥ AES AO cocfficient 7} & Wl matrix element 7} W34S 3

Jo ez b op
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Table 3 & 4 3Hprotonated)® cyclic acetals 3¢Eol A3 AAgEEold.

Table 3. Formal charges of oxonium ion for protonated cyclic
acetals by MINDO/3, MNDO and AM 1 methods

Protonated MINDO/3 MNDO AM 1
cyclic
acetals 0, C, Cs 0, C, Cs 0, C. Cs
THF -0.293 0.345 0.008}-0.156 0.164 -0.050|-0.108 -0.023 -0.209
DOL -0.324 0.636 0.307(-0.185 0.351 0.140(-0.157 0.117 -0.063
|
TOP E-0.357 0.695 0.404|-0.211 0.384 0.172]-0.169 0.201 -0.050
|
2-Pe-TOP 5-0.377 0.684 0.412/-0.216 0.397 0.181(-0.171 0.211 -0.048

Table 4. Energy level(eV) of HOMO and LUMO for protonated
cyclic acetals by MINDO/3, MNDO and AM 1 methods.

Protonated MINDO/3 MNDO aM 1
cyclic
acetals HOMO LIMO HOMO LIMO HOMO LUMO
THF -16.378 | -5.530 |-17.205 | -4.577 |-16.350 | -5.176
DOL -16.036 | -5.832 [-16.634 | -4.954 |-16.773 5.494
TOP -14.907 | -5.889 |-15.888 | -4.866 |-15.726 | -4.871
2-Pe-TOP |-14.577 | -5.267 |-15.835 -4.705 [-15.884 | -4.625
- 1
7} w2 sEulel AtA WUAte] SAsiyl =4, 29 G2(C) LA "Il %9
o2 FHIA LD 53 27 ol AXE EFFT DOL, TOP,
2-Pe-TOP 5°] THF Xt} Atz 9z} ajojo) 291 ek xpe] <kA sl =A
eldel. o] 3I3tE Sl ¥A Heled wE EAAE AuzEH A4EHE=
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Table 48} %<},

CEFFS HAdA BA3Y nYsgE Gt v e G5ty Az
A 2 sFES] LUMO dvz]e} A8 3ol HOMO ojvz] Ape)e] zH4
o) 8382 Table 4914 3§59 LUMO AYx7l G55 wrgMo] 24
AL 2 dagd. S35 FPNS FAe) Sy 2 v ZEez A" FA3 cyclic

oxonium °o| el WFH 7 FHAL w ofFojx HolFHosE HAstH
oxonium °] 28] LUMO <7} ¥&4F dbde] 728 Aoln, daae b

& FAHEA 29 + dd.

Table 5. Formal charges of

d-oxycarbenium ion for opening

acetals by MINDO/3 , MNDO and AM 1 methods

Protonated MINDO/3 MNDO M1
acetal
formals 0 C 0 C 0 C
THF -0.247 | 0.648 | -0.157 | 0.521 -0.283 | 0.281
DOL -0.245 | 0.644 -0.148 | 0.463 -0.062 0.265
TOP -0.251 | 0.720 ~0.146 | 0.488 -0. 061 0.275
2-Pe-TOP | -0.304 | 0.716 L -0.153 | 0.446 -0.095 0.298

Table 6. Energy level(eV) of HOMO for opening carbenium ion
acetal formals by MINDO/3 , MNDO and AM 1 methods.

Protonated MINDO/3 MNDO AM 1
acetal
formals HOMO LIAMO HOMO LUMO HOMO LIMO
THF -15.865 | -5.407 |-14.717 | -8.391 |-14.923 | -7.986
i
DOL f-15'402 -5.740 -15.529 i -6.994 -15.968 | -6.442
|
_ | |
TOP -13.744 i -5.372 1-13.967 | -7.104 |-14.468 | -6.770
2-Pe-TOP (-13.648 | -4.965 |-14.019 iL-G.SGS -13.792 | -6.431
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% Gl 43

1)

318tE 2 cyelic oxonium °1 &3 A% carbenium °] 9]
d32" #ddsggen, 425 I/ THF, DOL. TOP
2-Pe-TOP ol tﬂf"} carbenium °] 23 wEFA AL P &9 A=
Table 5 ¢ 2w, 2sgEe 293 carbenium o289 FXo AT ¥
Haz 5ol oA E3] 2-Pe-TOP 2 pentyl 7] U-]--{:”": carbenium °]&¢]
A7t M-S F AL Ast 2 FAMNE Uz EHe dFE F HLE o5
Table 3 o] wb-354 &4 A9} Table 5 ¢ & 42 Ast bWl A carbenium
ion el A3t 2A vebdE € F don, ol A carbenium ion 3} ©F
Aqzre] A7H g3yt F AR ogddd.

Table 4 8 Table 6 o< ¥bg2Ale] F 31&F9 cyelic oxonium ©] &3
A8 carbenium °]&9] EAAEEAN AAF 232 Heg A dFage xA=}
9} oxonium °] &3 A3 carbenium °]& 2to}e] A F(frontier orbital)de] o
vzl 298 veld lojd, wbsdtAlel A F 3 Fe] g x99 5L
geka o] HOMO, LUMO eilv#] Beh 84 depxon, £3 LUMO ovi#7t o
ozl B2 <hefFaje] HOMO olvix|gl €Astg AAAA 33Fe] LUMO oY
Z| Apole] Az zgo] FETe B Ect
AAAA 2] T #3FEe] oxonium °]& 7} carbenium o] ZAte]e] A Fol ] u]
o) 4= carbenium €2 LUMO oy zE < wolxlz, HOMO vz =
Tolxlnzg Ml A} FEAELE (6)Ae] o7 A o] Bl AF
o4 & gl Azt dFAITe) A S A w2 e dod AY
A9 Hl(reactivity ratio, 1/r)8} A =84, AAZE 43 vz
TE odFe°] 7hEsid.

Table 24,6 ¢ FANE A FoA4 DOL o <FA g &4 533
oxonium °]l& L carbenium o] & Abole] A Fouviz] AL FES Fig.lol XA
st #FA3g #3EQ oxonium ©l €3 carbenium o] HAHAA AL
S8k Jetb e, carbenium °] o)A = oxonium o] Xk zke]l HOMO
vz 7} F7Eg Wb, LUMO oy x& 6% delxl22 dFHd AN ste] #
£l % #Fe¥E R Fd

Fig. 2 ¢ Fig. 3 IAE TOP & 2-Pe-TOP ¢ AAHA A w54 DOL
o] A3} 33tFe] EAF FAstd oo, 313F9 oxonium °] &3} carbenium
o] & AAAM EAS ety AAGA A GFA et B3 3o
AEAEE AAAA S4E& F3HEA vl o, TOP & 2-Pe-TOP o Hbg-A4
< HAAH vy £ dodd & AFFY dvz] Ee A= carbenium o] o]
oxonium °]2X} AAAA o] F}= HL & 4 9k

wW
N

L

olr

¥ oX
flo

o

3
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flo
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foA

(L2 o ol R
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L
—_— =7.0
ey -10 r—
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-16 |- \‘-F'i— -15.5
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L AD werr,

Fig. 1. Frontier orbital interaction between cationic species and 1,3-dioxolane(DOL)

eV =

H 0\/%‘%»42

Fig. 2. Frontier orbital interaction hetween cationic species and 1,3,5-trioxepane(TOP).
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Fig. 3. Frontier orbital interaction between cationic species and 2-pentyl-1,3,5-
trioxepane(2-Pe-TOP).

KCal/mole

—-10

2.0 24 . 28 3.2 3.6 4.0 4.4 4.8

r (c-o formation angstroms), A
Fig. 4. Reaction coordinate for cationic 1,3,5-trioxepane oxonium ion and 1,3-dioxolane
in SNZ mechanism. The energy minimum association complex the distance between
the protonated 1,3,5-trioxepane oxonium ion and 1,3-dioxolane is donates complex.
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!
|
0
O
g A \%Hz-——-Q
-5 L
KCal/mole
—10 |
| IV PR DN ST TS P B

2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8
r (c—o formation angstroms), A
Fig. 5. Reaction coordinate for cationic 1,3,5-trioxepane ring open carbenium ion and 1,3-
dioxolane in }\1 mechanism. The energy minimum association complex the distance

belween the protonated 1,3,5-trioXepane open carbenium ion and 1,3-dioxolane is
donates complex.

Fig. 494 FA3tg TOP 9 33%F4 cyclic oxonium °]&°] <3 DOL
o] FAE w C-0 Aol I3 AejAuos= C-0 AFAZoI7t 3.1A 22 &E
S FAT o 71 AT FHd S E9EG. 4 Fig. 5 A<= 2gdd TOP
o] 3859l A8 carbenium o] &el IAA A DOL 37t F7t wgdwel A
ojdelel = C-O Z§Z o7} 24A AW 713 AAFSDE ¢ F Aotk o] C-0O
Aol EAUe C-0 2320l 1.43A K 70 Zelolu, oxonium °]-&e
A7 28 3we) C-0 A2Zol 3.1A R . ARAdAe] 3135 dF
A DOL ¢ ZAgZoloA = carbenium °l€#°] oxonium o] IS B
of Ft.

v. 3

ri

1. 2% obHg IgEe] 3¢ weAde "AdM 482 shd G 429
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3.

2 A 279 v, ARAGA A= DA A 29 LA}
dH3t =7le] wlAEE=d, o] hard-hard ¥ AEF ZFH wbgold,
soft-soft 3 ¥k$& oxonium °l€ L carbenium o} IRz 3t
LUMO ey =]7} ©-& &5 wb-gAo] 43t}

cheFA 7he] FRMbSAA L S 4 9219 Ast 2 A FevAE whEA S ¢
23 £ glded, wgA 949 THF < DOL, THF < 2-Pe-TOP,
DOL < 2-Pe-TOP & dt-SA & o|22 o3 AR Ax APgZHags) & o
AgE & F ddd

22y o EF FEY TS L AAAANA 3}etEe FEF ) o
g ke FEE= AM | 5 Z23%e) SADDLE routine & A$3to oz
7} A3 C-0 2gAolE +8 & e, TOP 9 33352 oxonium
o] 2] DOLe] Z¥ & u C-0O ZAjZeol+ 3.1A °]X, carbenium °]-&el
DOLe] Z3E o2 C-0 am, o]+ 2.8A o]}

=y
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A study on the polymerization mechanism of

cyclic acetals

Chung, Man-tae
Depx. of Dental Hygiene
RKwangmu Health College

> Abstract <

The cationic  polymerization  of  cyclic  acetals  was  investigated
theoretically using the semiempirical MINDO/3. MNDO. and AM 1 methods.

The nucleophilicity and basicity of cyclic acetals can be explained by the
negative charge on oxygen atom of cyclic acetals.

The reactivity of propagation in the polymerization of cyclic acetals can
be represented by the positive charge on C» atom and the low LUMO
cnergy of active species of cyclic acetals.

The reactivity of 2-pentyl-1.3,5-trioxepane(2-Pe-TOP) of cyclic oxonium
and opening carbenium ion form was computational stability of favoring
the carbenium ion.

Owing to the rapid cquilibrium of these cation forms and the redction
coordinate based on calculation that the chain growth Sy 1 mechanism was

al least as fast as that for Sy 2 mechanism.

- 177 -



