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GENERAL INTRODUCTION

The molecular structure determination by means of X-ray

diffraction has been established and likely has become a

routine work in thesg years. This afford us the x-ray

dj-ffraction as one of the most effective tools for the analysis

of the'reation systems of complicated compounds because the'

x-ray crystal structure analysis gives the three-dimensional '

exact structures of t,hese complex compQunds if they can be

crystallized.

Recently Okamoto et aL. have studied the asynmetric

selective polymerization of racemie o-methylbenzyl

methacrylate (l4Bl,tA) with Grignard reagent- (-) -sparteine as

initiator".t-s) rn this reaction, the (s)-MBMA molecules are

polymerized preferentially over the (,?) -antipodes, which is

proved by the high optical purity of the polyner produced and

the unreacted (R) -monomer (Scheme 1) .

CH3

,H3

'H2=R喘
07HPh
O CH3

(RS)― MBMA

RMgX-(-)-sParteine 〈CH2~Ch

toluene, -78'C
:

0=C
1

OCHPh
‐

:

CH3

poty((5)―MBMA)
6

(-)-spariei ne

Scheme 1.
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The reaction activity of the initiators for the asymmetric

selective polymerization of methacrytates is attained by

nodifying the environment of the Mg atom in Grignard reagents

with a chiral.bidentate ligand, (-)-sparteine. The detailed

studies on the mechanism of the enantiomer selection in this

reaction will probably give us useful informations for the

design of new catalyst systems for optical resolution. In this

thesis, the structural-chemical approach has been described in

order to elucidate the catalytic'reaction mechanism of the

asynmetric selective polymerization of methacrylates mainly

from two sides: One is concerned with the molecular structures

of initiators and the other concerned with that of methacrylate

monomers.

In Chapter I

reagent- (-) -sparteine derivative complexes have been determj.ned

by means of x-ray diffraction, and the structures d,etermined

have been compared in order to find correlation with thier

reactivity. Chapter II deals with the x-ray determination

and description of the molecular structures of

methacrylates with bulky ester suhstituents, and also deals

with discussions on the relationship between molecular

conformation and enantiomer selectivity. In chapter III,

based on the molecular structures of initiator complexes and of

methacrylates determined, discussions about the mechanism of

this aslzmmetric selective polymerization of racemic

methacryalte is described by referring and considering the

chemical evidences.

This thesis consists of three chapters.

molecular structures of initiators, Grignard
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CHAPTER I
The Molecular Structure of Grignard. Reagent-(-)-sparteine

Derivative Complexes

Introduction

In this chapter the X-ray structure determination of some

Grignard reagent- (-) -sparteine derivative complexes is

described, and the relationship between the molecular structure

and the reactivity of these molecules as the initiator for the

asymmetric selective polymerization of racemic o-methylbenzyl

methacrylate is discussed.

Brief History of Asymmetric Selective Polymerization

The usage of the Ziegler-Natta catatyst(1955) to obtain

isotactic polypropylene made an epoch in the polymer

chemistry. The specified polymerizations have been first

developed to control the tacticity of the polymer obtained by

using a metal salt or an organometallic compound as a catalyst

in polymerization reaction sybtem, which made much contribution

to the later development of the polymer chemistry and polymer

industry. The specified polymerization has widely developed

in the fields of stereospecific polymerization, stereoselective

polymerization, asymrnetric selective polymerization, and so

forth.

The asynmetric selectj-ve polymerization is a

pollzmerization that one enantiomer from a racemic mLxture of

monomers are polymerized preferentially over the antipode
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monomers by enantio-differentiating function of the chiral

initiators or catalyst added to the polymerization reaction

system. Optical resolution performed in these polymerizations,

is a kinetic resolution that utilized different ratios in

polymerization of enatiomers. These asymmetric selective

polymerizations in the early time are, for example' the

polynerization of c-olefins with

(+) -bis [ (5) -2-methylbutyll zinclTiCln catalyst initiated by Pirlo
A 4'let aL. (1963)"', and the polymerization of nethyloxirane with

E.trl.n-(+)-borneol initiator rePorted by Tsuruta et
' oL. Jg62l7) . But the optical purity obtained in these

polymerizations were not so high, and therefore these could ngf

be used as practical method for optical resolution. During

period from 1979 to 1980 several asymmetric selective

polymerizations of high selectivity were published; they are,

for exarnple, the polymerization of racemic methytthiirane with

(s) -2, 2'-dj.hydroxy-1,I' -binaphLyl/EtrZn initiator by Spassky af

aZ. (1981)8), the polymerization of o-methylbenzyl methacrylatq

with (,R) -2,2,-diamino-5, 6' -dimethylbiphenyl,/Grignard reagent by

Suda ef, aL. (L98L).

Among them, polymerization of racemic methacrylates with

Grignard reagent-(-)-sparteine initiator by Yuki, Okamoto ef,

-,. aL. has speciaDy high enatiomer selectivity with the optical

putity greater than 90*. surprisingly, the monomer in this

l polymerization react.ion system has a chiral center on the

1-site from the reaction site, although in the other asymmetr{c

selective polymerization system the monomer has a chiral

center on the o-position from the reaction site and aLl of

them indicated low enatiomer selectivity. Much interest about

the mechanism of the enantiomer selection promoted the present
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author to undertake the present study in order to obtain

informations to explain the whole behavior of the asymmetric

selective polymerization of methacrylates, which based on the 
-

molecular structures, determined by means of X-ray diffractionr

of some Grignard reagent- (-) -sParteine derivative complexes and

several racemic methacrylates with chiral carbon atom at

a-position of alcohol.

The Studies on Initiators of The Asymrnetric Selective

Polymerization of Racemj-c Methacrylates, Grignard

Reagent- (-) -Sparteine Derivative Complexes

The studies on the asymmetric selective polymerization of

racemic o-methylbenzyL methacrylate with Grignard

reagent- (-) -sparteine complexes has been begun by the discovery

of highly active initiators, c-HexMgCl- and

c-HexMgBr-(-)-sparteine. In these cases the initiator system

pol1'merizes pref erentially (^9) -monomers over (fr) -monomers in

toluene at -78oC, where the optical purity of the unreacted

monomer was more than 908 at about 558 yield of the

polymer (Scheme 2) .

Thereafter the studies on the catalyst system have been

widely developed in two directions: One is that the

pol1'merization reaction with the initiator systems of which

Grignard reagents were altered systematically against the

(-) -sparteine, and the other is that with the initiator system

of which (-) -sparteine derivatives were changed against a

Grignard reagent, EtMgBr(Scheme 2)- The results of

polymerization experiments by okamoto et aL. are given in Table

1.

Renarkable result of the former'series of experiments is
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Rl,lgX- (-)-sPartei ne ,H3

Toluene, -78oC

回
′ｏ
＝
・ｃ・‐喝

ｕ
ｎ
６

Ｃ

|   'H3

1

(RS)‐MBMA

p●ly[{S)‐ MBMA]

(-)-a-i sospartei ne ( 3 )

p'= g (Sp)
(-) -spartei ne ( 2a )

R'= Et

(-) -6-ethyt spartei ne (P )
R'= CHrPh (BzSP)

(+)-O-Uenzyl sPartei ne(2c )

Scheme 2.

Table l.

Pollmerization with Grignard reagen!- (-l -sparteine
and Grignard reagent- (-) -sparteine derivative systemg

(tolggne, -78"9) - ,_ -,,
Grignard Time Yield tclff"(o.P.) tcli-(o.P.) Tacticitv(8)
reagent hr t of pollmer ofmonomer I H S

―,― spar
EtMgBr     ■   41.4
t―PrMgBr   ■   31.7
1-BuMgBr   6   32.0
●―HexMgBr  2   51.8

"―
BuMgcl   ■   52.6
c―HexMgc■   4   48.1
t―BuMgc1  96    0.4
BzMgc■   123    0.6
PhMgBr   ■92    0
c―HexMg工  1■ 5   32.6
(―)―こ―iSOSparteine

(1)讐:呈:thyl::arteine
EtMgBr   264    0
(+)-6-behzylsparteine
EtMgBr   99.0  14.1

二102.2(82)
‐■0611(85)
-106.6(85)
-95.5(76)
-93.9(75)
―■0■ .3(31)
0(0)
-8712(70)

―
 ( 

―
)

-34。 7(.28)

・  ( ■ )

―   ( 
‐
)

-32.9(66)

+30.4
+20.7
+20.4
+43.8
+45.0
+40.5
0
+0.3

+6.9

94  5  ■

92  5  3

70 ■8 12

77 14  9

57.4
39。 4

39.0
82.7
84.8
75。 1
0
0.6

■3.1

り
製
輿
呵
碕
Ｄ
コ
側
「
勤
菫
ｐ

Ｏ

卿+6.2(■ 1.7)



(71

that, the initiators consist of a primary or secondary Grignard

reagent indicate high activity and selectlvity for the

asymmetric selective polymerization, however those with

tertiary or bulky Grignard reagents show no activity. On the

other hand, in the latter series of experiments resulted in that

the initiators which has (+)'6-belzylsparteine as a ligand has

Iow activity and selectivity, and those have

(-) -6-ethylsparteine and (-) -a-isosparteine as ligands show no

activity.
The systematic studies on the molecular structure of thesp

initiator complexes by X-ray structure determination, were

planed and carried out. However only four complexes' highly

active EtMgBr- (-) -sparteine (4a) 
' inactive

t-BuMgCl- (-) -sparteine (@) , inactive

EtMgBr- (-) -o-isospartei.ne (!) , and poorly selective

EtMgBr- (+) -6-benzylsparteine (7) could be crystallized suitably

for x-ray diffraction measurement because of the difficulty in

crystallization as mentioned below. In this chapter the

molecular structure of these four complexes and other related

complexes. which easily crystallized during the course of

crvstallization is described.

1.I. X-Ray Experiment and Structure Determination

Each complex was prepared in the manner that a solution of

the corresponding Grignard reagent was added to a (-) -sparteine

derivative in toluene at room temperature under dry

nitrogen(for (+)-6-benzyl-sparteine crystal itself, Scheme 3).



EtMgBr/ether +

t―BuMgc■/ether
EtMgBr/etner +

口tMgBr/ether 十

(8)

Preparation
(-) -sparteine/toluene r't'- 4a

+ (-) l"parteine,/toluene l't1-gg
(-) -c-isosparteine,/toluene r' t' -

(+)-5-benzylsparteine E't' - 7

５

一

Bv-products ^=r-5-: Schlenk equilibrium 2RMgX *
R= i-pr, X= Br, L= (-)-sparteine

R2Mg tt Mgx2

じ―PrMgBr― L(4b), (づ―Pr)2Mg― L′ and 半9Br2~1(lLユ )
R= t― Bu′ X= C■ ′ L= (― )― sparteine

t-1,MgC■ ―L(4■ )′  (t~Bu)2Mg― L′ and MgC12~L(里 )

R= Et′  X= Br′  L= (十 )-6-benzy■ sparteine

EtMgBr― L(■)′ Et2Mg― L′ and MgBr2~1(ユ 1)

Scheme 3.

Crystals used in X-ray experiment were obtained by

recrystallization from toluene under nitrogen, but in some

cases by-products 'expected from Schlenk equilibrium (mainly

dihalogeno t (-) -sparteine derivativelmagnesiun (II) complexes)

crystallized(Scheme 3). For example, only

dibromo [ (-) -sparteine]magnesuim (II) crysta]Iized when

ri-PrMgBr was used as Grignard reagent. This difficulty in the

crystallization of the target complexes linited the number of
crystals used in the X-ray experiment. In this chapter, the

molecular structures of MgCl Z- F) -sparteine (49') ,

MgBrr-(+)-5-benzylsparteine(7') were also described. The

molecular structure of (+)-6-benzylsparteine(2c) has also been

determined in order to know the conformation of un-coordinated

(-)-sparteine derivative ligands. Crystals of
(+)-5-benzylsparteine was recrystallized from methanol.
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X-ray Experiment

Crystals of the above-mentioned complexes (from 4a to 7')

are a1l sensitive to moisture in air, and they were all sealed

in glass capillary tubes under nitrogen. Each crystal was

mounted on a Riqaku automated, four:circle diffractometer.

Zirconium-filtered Mo(c radiation(l=0.7107 i) "t" used for 4a,

graphite monochromatized Mo(c radiation for 4a-7' , and nickel-

f,iltered Cu(a radiation(r=1.54f 8 .i) for Q, respectively.

Unit-cell dimensions of each crystal were determined by the

least-squares fit of 2o values of 25 high order, strong

reflections. Crystal data of each crystal are summarized in

Table 2.

Reflection intensities were rneasured by the 0-20 scan

technique. Backgrounds. were counted for 7.5 s at both ends of

a scan. Four standard reflections were measured after every

50 reflections (in the case of 4a after 27 tef]tections) , which

showed less than 58 fluctuations throughout the data collection

bxcept for 49'. For 4gl, the intensities of the four standard

reflections decreasedi as they did so uniformly with time, the

observed intensities were corrected linearly. Generally the

reflection profiles were not so sharp, and in some case only

the observed reflections were used for the structure

analysis. Usual Lp corrections were applied but corrections

for absorption and extinction were ignored. Conditions of the

intensity measurement were listed in Table 3.
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Structure Solution and Refinement

The structures of 4a, !r and 7 were solved by the heavy

atom method.. The Br atom was located by three-dimensional

Patterson function. Positions of the Ugf N, and C atoms were

determined by the subsequent Fourier synthesis. The structures

of .!9, 49' and 7' were solved by the heavy aton method with the

aid of the direct method WAI'TAN Ze9) ) . The positions of the

Br, Cl and Mg atoms were confirmed by three-dinensional

Patterson function. Positions of the N and C atoms were

determined in same manner. The structure of 2c was solved by

the direct method (MULTAN 781 .

The refinement of the structures were carried out by

block-diagonal least-squares procedure (HBL| vI0) ). The

function minimized \,vas Ez,, (gr2. Generally hydrogen atoms were

located and fixed at the calculated positions(c-H=l.Og ;,) wittr

equal isotropic temperature factors while non-hydrogen atoms

were refined anisotropically. At the final stage of the

refinement the anomalous dispersion of all the non-hydrogen

atoms were considered. Details of the refinenent and final .R

and R" values were sunmarized in Table 3. The final atomic

parameters of 4a, lgr 4g', !, L, Zr, and 2c are listed in

Tables 4,51 6,7t 81 9, and 10, respectively.

Atomic scattering factors and coefficients of anomalous

. 11)'dispersion-*' used were taken from International Tables for

X-Ray Crystallography, Vol. IV. A11 the computations were done

on an ACOS 700 or 900 computer at the Computation Center, and

an ACOS 700 or 900 computer at the Crystallographic Research

Center, Institute for Protein Research, Osaka University.
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Table 2.
Crystal Data

canpound (1s.) (1s) (lil (l) (Z) (7' ) (2c)

Formula C.,rHr.,NrMsBr C.,rHrrNrMSCl C.'UHtUNrMOCl, C'ttHr'tNtMSBr C24H37NZMgB, CZZH3ZNZMgBTt. CZZHTZNZ

cu Hg

F.tt. 367.7 351.3 329.6 367. 7 457.8 600.8 324.5

Crystal
orthorhombic 0rthorhombic 0rthorhombic Orthorhombic Orthorhombic Orthorhombic Orthorhombic

5ysf,em

Space p2.2.21 pzff,t pzf f1 Pzff 1 Pzf fl Pzf f\ Pzf ,t21 FGroup '-1-1-l '-l-I-l --l-l-l --l-l-l -lll ll, *

"iil 11.27s(z) zs.G8s(6) n.lB0(4) r0.646(4) 11.020(4) 16.6s4(3) l0.7lt(l)
o

biAl 14.il2(3) r0.030(2) 11.e57(4) 14.4e1(4) 23.660(r0) 1e.723(4) 2s.868(4)

"til u.746(2) 7.s42(21 12.s73(5) 1t.857(3) 8.666(6) 8.637(2) 6.s04(l )
oaylA"l l86e.s(s) 2046.3(7 ) r680.7(r0) t82s.t (s) 2260(2) 2836.8(e) r88s.t (4)

a.[scm-3l 1..31 1.14 1.30 1.34 1.35 '1.4.t 1.14

u(troro)[cm-l] 23.6 2.22 4.18 24.1 19.7 30.7

u(Cr:xa)[.r-l] 5.07



Table 3.

Stmary of Experimental Corldit10ns, Structure SolutiOn and Refinement

(1コL)
(虻 ) (り(」５

一(生) (■)
Coapound

Mo h ‖o κo Ho脆 Mo絶 Ho L Cu 血

RadiatiOn oraghite graphrte grapnlEe grdPtrrrt YrqPrr.rLE ilt-fllter
ionlif,"o*to" funbcnromator ionochronrator monochromator rDnochronator

graphl te graphite graph{tegraphi

crystal size[nn3] 0.50,0.50*0.3g Q.rtQxQ.lgxo.l8 0.20x0.18r0.50 0.55x0.38'0.30 0-68x0.33x0.25 0-13x0.25x0-50 0-38x0.25x0-23

Scan Technique e-20 o-ze o-20 o-ze o-2e 0-20 e-is

Scan Range aze['] 2-or0'7tane 2'4+0'7tano 2'4+o'7tano 2'4+o'7tane 2'4+o'7tano 2'4+0'7tano 2'o]0'3tane

Backgrounds Counttsl 7.5 7.5 t'5 7'5 l'5 7'5 l'5

scan speed(in 2e) 4"/min 4"/min 4"/nin 4"/rnin 4clmin 4"/min 4"/nin

ze*rfol 50-5 46'0 50'5 50'5 50'5 50'5 ll0

lltnrber of Reflections
l,leasured

0bserveda )

Used for Refinement
el

Solution llethod-'

Hydrpgen Atots.

Final R Valued)
for f{easured
Reflections

for 0bserved
Refl ecti ons

Final I Valueuol
tteighting Schene-'

b

Ho血
Zr‐ fll ter

1937

1272b)

1272

H.A.‖ .

not located

0.100

0.103

f)

1678 1753 l9l4
lr99b) 1347 l23s

1678 1347 1235

H.A.r.t. , 0.1,1. H.A.il., 0.1.1. H.A.l'i.

included included lncluded

0.206             ‐

0.098          0.091

0.124          0.104

0.074          0.169

0.078          0.188

2369 2942 l{&l
1445 t50l 1346b)

1445 - l50l l/${
H.A.il. H.A.ll., D.l{. 0.11.

not loc.ted not located reflned

_             ‐           0.059

0_118          0.055

0.126          0.092

（
Ｐ
Ｎ
）

0.03251
0.00231
0.02855

o.              0.06889
0.10124        0.00110

_f)          _f)        0.
_             _           0.01024
_              _           0.63654

a)

d)

e)

f)

|も |:::li:l::g:|さ

1li:!翼 isq:!‐ 91・ lil島l:::Iポ

|!11:liS::I三

rdlirielii¥||lilll:||・

The we19htl■ 9 schme● 3(02(F。 )+α。IF。 |・ 2

● 8 1 for all reflections used for the refinement_
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(4a). The c(I0) and C(17) atoms, and the C(15).atom which

was located by the subsequent Fourier synthesis' $tere refined

isotropically. Hydrogen atoms could not be located on the

difference Fourier map.

(!g and 1g'). The isotropic temperature factors B's were fixed

to r.s i2.
(5). The isotropic temperature factors B's were fixed to 4.0
o?
A-.

(1). The isotropic temperature factors of the C(1) atom was

fixed as B=4.57 X2 which was derived from the Wilson statistics

of structure amplitudes. The C(16) could be located on a

difference Fourier map and fixed at the position. The C(3)

atom was refined isotropically. Hydorgen atoms could not be

located on the difference Fourier maP.

(7'). Hydrogen atoms c.ould not be located on a difference

Fourier map.

(2c). Hydrogen atoms were located on a difference Fourier Inapr

which were refined isotropically. During the course of the

refinement four strong reflections (200 , 230 ' 031 and I50) '
which were considered largely affected by the extiction, were

excluded.
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Table 4, Fractional atomic positional pgrameters and
equivalent temperature factors Badr"I2) 6; 4e with
their estimated standard deviatidils in parentheses.

AtOm

Br 0。 4195(2)
0.3286(6)
0.206(2
0。 181(2
0.450(2
0.220(3
0.285(3
0.213(3
0.164(3
0.101(2

Beq(9F B)i12]

5.4
4。 0
4。 6
5,1
5。 4
7.0
6。 5
°
  8。 5
614
6.3
5。 0
5.8
7.1
4.8(5)
6.3
7.5
8.7
7.1
6.2
12.7(13)
4.2(5)

C(8
C(9
C(10
C(11
C(12
C(13
C(14
C(15
C(16
C(17

0。 090
-0.16■
…0。 041
-0.290
-0。 332
-0.336
-0.198
-0。 162
-0。 033
-0。 011
-0。 004
-0。 126
0。 100
0。 221

0.5669
0。 4081
0.403
0。 428
0.285
0。 447
0。 365
0。 277
0.261
0.346
0.333
0.4■ 8
0.505
0.520
0。 494
0。 508
0。 495
0。 399
0.388
0.296
0。 319

0。 049(2
-0。 024(2
0。 057(3
0.120(2
0.139(3
0。 080(3
0.167(3
0.218(3
0。 281(3
0.543(4
0。 131(2

-0。 0481
0̈。 0501

３

７

―

‘

２

２

３

２

３

３

３

３

２

３

３

２

３

３

３

２

２

４

２

(2)
(5)
2)
2)

2)
2)
2)

3)
2)

2)
2
2
2

2
2
2
3
3
2

3
2

Mg
N(1)
N(2
C(1
C(2
C(3
C(4
C(5
C(6
C(7

ａ
　
　
　
　
　
　
　
　
　
ａ

ａ

0.326(
0.319(
0.198(
-0。 080(
0.069(

a) Refined isotroPicallY.



Table 5. Fractional atomic positional pgrameters and
eguivalent temperature factof,s Bo-rsl2) of {g with
their estirnated standard deviatidils in parentheses.

(15)

Non-hydrogen atoms ref ined anisotropicallya)

AtOm Beq[Å2]

4.4
2.7
2.7
3.0
5。 0
4.5
4。 9

5。 3

3.7
3.5
3.3
4。 7
3.3
3。 8

3.1
4。 4

4.8
4.5
4.3
10.4
3.6
11。 0
8。 8

y

0。 0720
0。 0490
0。 2502
0。 0905
-0.1191
-0。 0317
-010534
0。 0665
0.1945
0。 2093
0.3374
0。 3553
0。 2412
0.1091
0。 2510
0。 3681
0.3759
0。 391■
0。 2664

X

0。 04219(■ 4)

Z

0。 0861ｌ

ｇ

ｌ

＜

―

―

＜

―

―

＜

Ｃ

Ｍ

Ｎ

Ｎ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

C
C
C
C
C
C
C
C
C
C
C
C
C

2
4
4

5
6
6

6

5
5
5
5

5
5
5
6

6
6
5
9

5
7
8

5)

6)

12
12
21
17
18
19
17
16
17
19
15
17
15
20
19
18
16
)

1
2

1
2
3
4
5
6

7
8
9

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)

0。 1037(
0。 1347(
0.0784(
0。 1570(

0.3000
0.3113
0。 5561
0.2685
0.6271
0.5246
0.5460
0。 4890
0.5822
0.5315
0.6599
0.6174
0.6602

，

＞

０

０

４

４

４

５

２

２

２

４

３

２

３

３

５

３

４

　

３

４

４

１

１

１

１

１

１

１

１

１

１

１

１

１

１

１

１

１

＞

１

，

＞

0。 0522
-0。 0009
,0.0345
・ 0。 0070
0。 0441
0。 074■
0.1187
0。 1567
0.1281
0.1780
0.2152
0.2377
0.193■
0.1563
0。 1599
0.0933
0.2118
0。 1320

-0.139(3
0.3472(
-0。 107(2
-0.242(2

0.4395(
0。 4197(
0.2402(
0.1188(
0。 1402(
0。 081(3
0.35■ 4(
0。 330(4
0。 339(3

16)
)

)



Table  5。   (continved)

b) Hydrogen atOm,・

AtOm        X

2a
2b
3a
3b
4a
4b
5a
5b
6)

H(7)
H(8a)
H(8b)
H(9)
H(10a)
H(10b)
H(11)
H(12a)
H(12b)

0.0439
0。 0772
0.0076
-0。 0209
■0。 0449
-0。 0695
0。 0003
-0.0316
0。 0340
0。 0463
0。 1045
0。 1373
0。 1917
0。 1180
0。 1540
0。 2010
0.2468
0.1946
0.2592
0.2636
0.2076
0。 1719
0。 1782
0。 1243
0。 1215
0。 1857
0.1745
0。 0608
0。 1082
0.2120
0。 2343
0.2288
0.1362
0。 0912
0。 1506

(■ 6)

y

-0。 017
-0。 118
-0。 068
-0.140
0。 076
0。 054
0。 190
0.279
0。 2171
0。 418
0。 346
0。 451
0.247
0。 109
0。 027
0.163
0。 357
0.459
0。 286
0。 460
0.396
0。 482
0。 178
0。 276
-0。 160
-0.221
-0.049
0.330
0。 447
-0.107
-0。 191
-0。 016
中0.243
-0.243
-0。 330

Z

0。 759
0.613
0。 393
0.572
0。 677
0。 473
0.355
0。 515
0。 714
0.535
0。 787
0.645
0.692
0。 792
0.636
0。 415
0。 508
0。 447
0.212
0。 230
-0。 009
0.146
0.109
0。 053
0。 033
0.053
0。 023
0.268
0.331
0。 466
0。 285
0。 284
0。 474
0。 307
0。 287

Ｈ

Ｈ

Ｈ

Ｈ

Ｈ

Ｈ

Ｈ

Ｈ

Ｈ

H(13a
H(13b
H(14a
H(14b
H(15a
15b
16a
16b
16c
17a
17b

H
H
H
H
H
H
H
H
H
H
H
H

18a)
18b)
18C)
19a)
19b)
19C)

* Isotropic temperature factors Bfs were fixed as 3.3 Å2。



(■ 7)

a) Non-hydrogen atons ref ined anisotropically

AヒOm

Table 6. Fractional atomic positional paraneters and
, equivalent temperature factors B.o'sl2) 6g lg' with

their estirnated standard deviatiotis in parentheses.

Ｃ．

Ｃ．

Ｍｇ
Щ

Щ

α
α

α

α

α

∝

∝

α

(1)
(2)

1)

2)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
17)

3)

3)
3)
7)
7)
9)
12)
12)
10)
9)
10)
12)
10)
10)
9)
10)
10)
11)
11)
9)

3)

3)
3)
7)
7)
10)
12)
12)
10)
9)

9)

9)

9)

10)
8)
10)
10)
11)
11)
10)

0。 2110(4)
0.1761(4)
o。 ■941(4)
0。 0535(7)
0.3045(7)
0。 4269(10)
0.4870(10)
0。 4951(12
0.3706(11
0。 3131(10
0.1912(10
0。 1487(11
0。 1321(10
01252■ (11
0.0296(10
-0。 0933(11
-0.1945(10

y

0.1164
0。 4379
0。 2655
0.2304
0.2883
0.3228
0.2277
0,1249
0。 0927
0.1923
0.1645
0.2595
0.3544
0.3816
0.3308
0.3261
. 0.3024
0.1950
0.1987
0.1354

Z

0。 0138
0。 0491
0。 1245
0。 2364
0。 2637
0。 2285
0.1643
0.2267
0.2696
0.3313
0.3825
0。 4476
0.3769
0。 3246
0.2979
0.3540
0.2780
0.2237
0。 1636
0.3016

Beq:Å2]

4.4
5。 0

2.4
2.0
2.5
3.1
4。 4

4.9
3.8
3.0
3.2
4.1
3.3
3.8
2.5
3.5
3.3
4.1
3.7
3.2

C
C
C
C
C
C
C

■0.1689(11)
-0。 0496(10)
0。 0889(10)



(_18)

Table 6. (continued)

b) Hydrogen atoms*

AtOm

H(2a)
H(2b)
H(3a)
H(3b)
H(4a)
H(4b)
H(5a)
H(5b)
H(6)
H(7)
H(8a)
H(8b)
H(9)
H(10a)
H(10b)
H(11)
H(12a)
H(12b)
13a
13b
14a
14b
15a
■5b
17a
17b

X

0。 4808
0。 4202
0.5759
0.4352
0.5557
0。 5289
0.3793
0.3134
0。 3720
0。 2085
012138
0。 0650
0。 1046
0.3145
0。 2393
0。 0255
-0.1095
-0。 0910
-0。 2778
-0。 2014
…0.1655
-0。 2399
-0.0322
-0。 0559
0。 1195
0。 0■ 19

y

O.3419
0.3966
0.2536
0.2117
0。 1375
0。 0583
0。 0219
0。 0698
0。 2104
0。 0907
0.2796
0.2383
0.4282
0.4055
0.4514
0。 3999
0。 4055
0.2612
0。 2964
0。 3689
0.1290
0.1774
0。 1174
0.2594
0。 0690
0。 1065

Z

0。 2975
0。 1794
0。 1414
0。 0934
0。 2924
0。 1771
0.3224
0。 2039
0。 3971
0◆ 4297
0.5081
0.4856
0.4201
0。 3861
0.2714
0.2428
0.3925
0.4137
0。 3211
0.2202
0。 2822
0。 1679
0.1296
0。 1002
0.2501
0。 3456

Ｈ

Ｈ

Ｈ

Ｈ

Ｈ

Ｈ

Ｈ

Ｈ

* Isotropic temperature factors Brs were fixed as 3.3 i2.



Tabte 7. Fractional atomic positional pErameters and
eguivalent temperature factors Bo-tsl2r of 5 with
their estimated standard deviatidEs in parentheses.

(19)

a) Non-hydrogen atoms refined anisotropically

AtOm X

0。 01848(17)
0。 0110(5)

Br
Mg
N(1
N(2
C(1
C(2
c(3
C(4
C(5
C(6
C(7
C(8
C(9
C(1
C(1
C(■
C(1
C(1
C(1
C(1
C(1

10
10
11
13
17
16
15
11
12

13
12
16
16
14
15
25
13

13)
12)

0.0549(13
0。 0235(18
-0。 0120(lo
0。 0966(16
…0.1341(14
-0。 1939〔 16
-0.3178(17

0。 0752(23)
-0。 0621(13)

-0.3002(16)
-012410(15)

-0.0437(12
-0.1173(12
-012086(13
-0.2362(10
-0。 1595(10
-0.1850(10
-0。 1097(12
-0.0250(11
0。 0035(11
-0。 0476(11
0。 0374(13
0。 0107(14
-0。 0722(12
-0。 1514(12
-0。 2166(15
-0。 2061(10)

0.0680
0。 2696
0.1921
0。 2542
0.3099
0.3894
0。 4530
0.5375
0。 4664
0。 3907
0。 4034
0.3437
0.2885
0.2173
0.2752
-0。 0211
0.3823

Peq[Å
2]

5.1
3.5
3.3
3。 6
3.4
4。 8
6.4
6.5
4.8
3.8
4。 ■
5.6
5.5
5。 0
4。 6
6。 4
6.8
5.2
5.2
11.0
4.2

0◆ 04953(11)
-0。 1001(3)
-0。 1246(3)
-0。 0749(8)
-0.2206(9)

0。 07701
0.1827(
0。 3221(
0.3167(

(14)
4)

-0.1161(10
0。 1490(11
-0。 0094(12
0.2708(13
0。 3221(16
0.3404(16
0.2223(14
0.1693(13

0)

1)
2)
3)
4)
5)
6)
7)



(20)

Table 7. (continued)

b) Hydrogen atoms*

AtOm X

0。 0068
-0。 1038
0.2763
0.3217
0.2575
0。 4114
0.3681
0.4134
0。 1531
0.2394
0。 2368
0.0788
0。 1037
-0。 0541
-0。 0295
0。 0648
0.1717
-0.1999
-0。 1301
-0。 2104
-0.3509
-0。 3868
-0.2420
-0。 3911
-0。 2289
-0。 3013
0。 0952
0。 0352
0。 1612
-0。 0375
-0.1333

H(la)
H(lb)
H(2a)
H(2b)
H(3a)
H(3b)
H(4a)
H(4b)
H(5a)
H(5b)
H(6)
H(7)
H(3a)
H(8b)
H(9)

H(11)

H(10a)
H(10b)

H(12a
H(12b
H(13a
H(13b
H(14a
日(14b
H(15a
H(15b
H(16a
H(16b
H(16c
H(17a
H(■7b

y

-0.2832
-0.2218
0。 0236
‐0.0423
-0。 1275
-0。 0947
-0。 2614
-0。 2010
-0.2515
-0.2977
-0。 1472
-0。 2493
-0.0948
-0。 1304
0。 0348
0。 0584
0。 0292
-0。 0693
0。 0629
0。 0912
0。 0672
‐0。 0036
-0。 0534
-0。 0937
-0。 2073
-0。 1743
-0。 1454
-0。 2502
-0。 2512
-0.2576
-0。 2339

Z

0。 1152
0.0347
0.2307
0。 3484
0.1230
0。 1587
0。 1948
0.3167
012460
0。 3591
0.4557
0。 4937
0.5903
0。 5904
0.5184
0。 3361
0。 4433
0。 4676
0。 2801
0。 4050
0.2370
0。 3530
0。 1464
0。 1867
0.2■ 59
0。 3430
-0。 0410
-0。 0940
0。 0025
0。 3203
0。 4375

* Isotropic temperature factors Bts were fixed as 4:o ム2。



(2■ )

Table 8. Fractional atonic positional- pqrameters and
equivalent temperature factors Bo-tsLzt of 7 with
their estimated standard deviatibils in parentheses.

AtOm X

0.3580

y

(4)  o.3635
2)   0.3805
3)   0。 3966
3)   0.3164
4)   0.4436
3)   0.2910
4)   0.2698
4)   0.2211
4)   0.2481
4)   0。 2722
3)   0。 2996
3)   0・ 3263
4)   0.3747
3)   0.3490
4)   0.4291
4)   0,4547
4)   0.5041
4)   0。 4710
4)   0。 4440
・0.4218

4)   0.3451
4)   0.2246
3)   0.1763
3)   0。 1737
4)   0.1274
4)   0。 0796
4)   0。 0803
4)   0。 1261

Z

-0。 0705
0.1038

Beq tA2l

８

７

　

　

＜

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

　

＞

３

９

２

８

６

５

０

３

７

６

２

４

０

１

５

０

７

５

３

３

６

８

６

９

８

４

０

５

５

４

３

２

４

３

４

５

３

３

３

４

６

２

５

４

４

５

４

５

５

４

２

３

４

５

５

３

１

ｒ

ｇ

‘

Ｂ

Ｍ

Ｎ

N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

17
18
19
20
21
22
23
24

1)

:la)

:lb)

:|

,|

:|

111

1:|
14)

0.536
01458
0.639
0.674
0。 714
0。 650
0。 549
0.483
0.567
0。 494
0.579
0.649
0。 712
0.560
0.509
0。 423
0。 312
0.359
0。 765
0.397
0.640
0.584
0.575
0.532
0.489
0。 490
0.542

2)
6)
11
11
16
13
14
16
16
16
(14
(14
(14
(13
(17
(13
(18
(16
(15

(16
(16
(14
(14
(15
(17
(16
(12

(6)
(15)
4)

3)
5)
5)

4)

6)
5)

4)

5)

6)

6)

4)

6)

6)

5)

6)
5)

::|め

0。 325
0.231
-0。 007
0.102
-0。 021
0。 056
0。 182
0。 308
0.442
0.567
0.467
0.334
0.420
0。 566
0.513
0.448
0。 287
-0.100
0。 401
0.373
0.459
0.621
0。 703
0.613
0。 456
0.373

6

5
4

5
5
6
6

5

ａ

ｂ

Ｃ

The isotropic tempearture factor was
Ref ined isotropically.
The positional paraneters vrere fixed

fixed as B=4。 67 ■2.



(22)

Table 9. Fractional atomic positional pgrameters and
equivalent temperature factors B^-tsI2t of 7' with
their estimated standard deviati6Hs in parefrtheses.

Br
Br
Mg
N(
N(

ALOm Z

-0.4109
-0。 8188
-0.5359
-0。 422
-0。 507
-0。 594
-0。 526
-0。 336
-0.269
-0.336

・ 0。 263-0.338
-0.513
-0。 594
…0.512
-0。 461
-0。 447
-0.342
-0.389
-0.259
-0。 328
-0.157
-Oel17
0。 027
0.132
0。 087
-0。 072
-0.102
-0。 045
0。 015
0。 072
0。 072
0。 010
-0。 053

Beq[12]

6。 7
7.2
3。 9

3。 3
3.0
5。 0

4。 8
3。 8
3。 7
3.8
2.6
3。 7
4.2
3.8
3。 3
5.4
4。 3
5.9
4.1
4.5
5.4
3。 1
3。 7
7.4
6。 4
6。 1
5。 8
11。 6
■1。 5
9。 1
■0:9
■2。 6
10。 4
6.4

１

２

て

１

　

１

２

２

３

４

５

６

７

８

９

X

0。 4524(3)
0。 3287(3)
0。 3250(7)

0。 1648
0。 1758
0。 1949
0。 141
0.282
0。 336
0。 351
0。 362
0。 308
0。 301
0.245
0。 237
0.211
0。 268
0。 139
0。 088
0。 016
0。 018
0。 071
0。 172
0。 371
0。 389
0。 382
0。 402
0。 433
0。 444
0.422
0。 023
0。 077
0。 069
0.124
0。■98
0.■ 99
0.139

(3)
(3)
(5)
2)
2)
2)

2)
2)
2)

＞

，

２

６

６

１

，

，

＞

＞

＜

‘

＜

３

３

５

４

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

10
11
12
13
14
15
17
18
19
20
21
22
23
24
25
26
27
28

2
2
2

2

2
2
2
2
2
2
2
2

2
2
2

2
2
2

3
3
3
3

3
4
2

4
4

4
3
4

4
4
4

5
4
6
5
4

5

4

4
5
5
5
5

6
6
6

6
7
5
5

29)
30)
31)

0.235(2
0.247(2
0。 289(2
0。 374(3
0.372(2
0.317(2
0。 238(2
0。 181(2
0.099(2
0。 118(2
0.174(2
0。 163(2
0。 093(2
0.136(2
0。 207(2
0.270(2
0.226(2
0。 188(3
0.161(2
0。 085(2
0。 055(3
0。 114(3
0。 189(3
0.218(3
-0.055(4
-0。 017(4
0。 060(3
0。 098(4
0。 059(4
-0。 006(3
-0。 057(3



(23)

a) Non-hydrogen atoms ref ined anisotropically

Atom

Table 10 . Fractional atonic positional- pErameters and
eguivalent temperature factors B^^'*tI of 2c with
their estimated standard deviati6Hs in pareEEheses.

N
N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

3

3
4
4

4
4
4

4
4
4
4
4
4
5

5
5
4

4

4

4

5
5

4

4

1

2
2
3

4

5
6

7
8
9
10)
11)
12)
13)
14)
15)
17)
18)
19)
20)
21)
22)
23)
24)

X

0.9110
0。 6163
0。 4936
0。 4005
0。 3965
0.5299
0.6218
0。 7575
0。 8493
0.8424
0。 7103
0。 8921
1。 0145
1。 0676
1。 0763
0。 9518
0。 7964
0.5837
0.5941
0.6943
0.7019
0.6103
0。 5101
0。 5009

y

0.4216(2)
0.3744(2)
0。 3781(2)
0。 4050(2)
0。 3785(2)
0。 3734(2)
0.3464(2)
0.3515(2)
0.3273(2)
0。 3592(2)
0。 3581(2)
0。 4150(2)
0.4246(2)
0.4777(2)
0。 4856(2)
0。 4740(2)
0。 4091(2)
0.2878(2)
0.2549(2)
0。 2214(2)
0.1902(2)
0.1923(2)
0.2246(2)
0。 2552(2)

Z

0。 0795
-0.1125
-0。 2008
-0。 0636
0。 1376
0。 2187
0。 0767
0。 1553
0。 0108
-0.1764
-0。 2558
-0。 ■343
-0。 2409
-0.1915
0。 0296
0。 1277
0.1882
0。 0541
0.2381
012642
0。 4323
0.5734
0.5475
0.3801

B:q〔 12]

3.9
3。 0
3.9
4.8
4.1
3.2
2.9
3。 0
3.5
3.4
3.5
3.5
4.4
6。 0
6。 0
5.1
3.7
3.2
3.0
3.7
4.3
4.4
4.1
3.7

，

，

，

＞

，

＞

＞

＞

＞

＞

＞

＞

＞

０

０

＞

＞

，

＞

＞

，

，

＞

，

６

５

６

８

７

６

６

６

６

６

６

７

８

１

１

９

６

６

６

７

７

７

７

７



(24)

Table 10. (continued)

b) Hydrogen atons

Aton x

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

2a
2b
3a
3b
4a
4b
5a
5b
7)

5)
4)

5)

8a)
8b)
9)

10a)
10b)
11)
12a)
12b)
13a)
13b)
14a)
14b)
15a)
15b)
17a)
17b)
18a)
18b)
20)
21)
22)
23)
24)

3.6(11
3。 3(11
2.7(10
2.3{10
3.5(11
3。 5(11
4。 7(13
4。 5(12
3.5(11

0.464
0。 497
0。 316
0。 427
0.353
0。 349
0。 527
0.562
0。 761
0.825
0。 938
0.898
0.706
0:691
0。 826
1◆ 002
1。 077
1。 005
1。 151
1。 ■03
1。 141(
0.887(
0。 957(
0。 722(
0.815(
0。 637(
0。 493(
0。 763(
0。 779(
0.618(
01445(
0。 420(

y

0。 34■ (
0。 401(
0。 405(
0。 442(
0.344(
0。 400(
0.353(
0。 409(
0。 333(
0.290(
0.328(
0。 345(
0。 385(
0。 322(
0。 441(
0。 422(
0。 398(
0.504(
0。 482(
01523(
0。 461(
0◆ 501(
0。 478(
0。 430(
0.419(
0。 271(
0.286(
0。 221(
0.166(
0.171(
0.226(
0。 278(

Z

-0.226(8
-0。 327(7
-0。 123(8
中01047(8
0。 122(8
0。 234(9
o.343(7
0.249(8
0.283 7)
…0.017
0。 067
・ 0。 282
-0。 368
‐0。 298
-0。 178
-0.390
-0.197
-0。 256
-0.264

sti2t
3.4(■ 1)
2.7(10)
3。 0(10)
3.3(11)
3。 0(10)
3。 8(11)
2。 9(lo)
2.7(10)
2。 0(9)
1。 8(9)
2.3(9)

4
5
5
4
5
4
4
4

6
7
8
8
7
7
9
8

8
8
8)

9)

8)
9)
3)

9)
9)

7)
7)

5)
5)
4)

4)
5)
5)

5)
6)
5)
5)

5)
6)
4)

5)
5)

4)

4)
4)
4)

5)
5)

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

0。 063
0。 087
0。 076
0.281
0。 139
0。 332
-0。 059
0。 003
0。 156

3.9(11
3.5(11
4。 6〔 13
2。 6(10
3。 9〔 12
3.5(11
2。 4(10
1.5(9)
3e2(11)
2。 5(10)
3.2(11)
3。 0(10)

0。 449(7)
0。 698(7)
0。 647(9)
0。 369(8)
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L.2. Results

Molecular Structqre

perspective views (\RTEP rrt3) \ of 2c, !u, !g, 49', 5, 7,

and 1i are depicted in FiEures 1, 2t 3, 41 5,6, and 7,

respectively. Bond lengths and bond angles in these compounds

are given in Figures 8, 9t 10, LL, 12, 13, and 14'

respectively. Compariso4 of the coordination geometry around

the l"tg atom is summarized in Table 1I.

It is known that (-) -sparteine derivative can take two

types of conformation: the "one-boat" fot*l4) for free

(:)-sparteine and the "all-chair" fot*I5) for that coordinated

to a metal(Scheme 4).

allttcha■ r

R = H′  Et ′ CH2Ph

Scheme 4.

It is confirmed that (+)-5-benzylsparteine(2c) takes a

one-boat forrn in free situation in crystal. It is also

observed in all the complexes in this study except for 5 that

(-) -sparteine derivative coordinate to the M9 atom of Grignard

reagent takes an all-chair form. Al1 the Mg atoms in these

complexes are tetrahedrally coordinated by the N atoms of

(-)-sparteine derivative, and the C atom of alkyl grouP and the

one-boat
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C(21)

C(20) c(22)

C(■9)
c(23)

c(■ 2)C(9) C(24)
C(■ 1

N(■ )

(15)  C(17)
N(2) c(2)
C(5)

c(4)

C(3)

Figure ■.  A pё rspective view(θ RrFP ェェ)Of 2c

(8)

C(7)

C(■ 0)

Figure 2.  A perspective view(OPrFP Iェ )of 4a
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i C(9)
C(1■ )´

C(4)
c(15)

c(■ 8)

C(■ )

Figure 3.  A perspec1lve View(ORrFP Iェ )Of 42

c(8)

C(10)

c(17)

Figure 4. A perspective view()RTEP II) of 49'



C(10)

C(17)

Figure 5。   A perspective view(θ PrFP ェェ)Of 5

c(4)

c(16)C(3)

Figure 6.  A perspecti● e view(ORrFP ェェ)Of 7
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c(26)

C(27)

(30)

C(29)

C(8)

C(13)

C(■ 5)

Br(2)

Figure 7.

Perspective views rcRfEP fI) of 7' and

(22)

C(23)

C(24)

crystalline toluene

C(12)

C(17)
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halogen atom. or

discussion these

(Scheme 5).

( 37)

two halogen atoms. In the

complexes are expressed as

following

the Scheme below

Scheme 5.

The remarkable difference between structures of these

complexes of Grignard reagents and (-) -sparteine derivatives

is the spatial arrangement of the alkyl and halogen ligands to

the sparteine skeleton through the t'lg atom. The Y ligand

(Scheme 5) is alkyl group in 4a(designated as "type A"),

whereas the Z ligand is alkyl group it 3g or 7 (designated as

"type B"). For 5 this classification can not be applied since

(-)-c-isosparteine ligand has C, synunetry.

The coordination geometry around the Mg atom is

distorted tetrahedral. As shown in Table 11, two Mg-N bond

lengths are equaltav. 2.f5 il, and the N-Mg-N angle is sharp

and solidt83.1-85.8o, av. 84.3"1. Regardless the geometrical

relation of the alkyl and halogen J-igands to the sparteine

skeleton mentioned before, the Y-Mg-N(2) angle is larger than

the Y-M9-N (1) , whereas the z-Mg-N (2) angle is smaller than the

z-l4g-N (1) . The Y-Mg-Z angle is slightly larger than the

R=H or CH2Ph



Comparison of

wit-h estirnated
a

(al Bond lengthslt/^l

Tab■ e ■■.

the coordination geometry around the Mg atom

standard deviations in parentheses

Complex  Mg―N(1)  M9-N(2)

{4a)    2.14(2)

(生) 2.171(12)

(量 )2.■ 50(9)

(5)     2.165(■ 3)

(7)    2.■ 3(4)

(7=)   2.08(3)

2.■ 6`3)

2.175(12)

2.16019)

2.195(13)

2.19(4)

21■ 7(3)

2.24(3)

2.332(7)

2.269(5)

2.224(15)

2.19(2)

2.506(■ 6) 2.34(5)

2.452`12)

2.482(9〕

2.50616)

2.473(■ 2,

2.279〈 6)

（
ω
∞
）

(b).Bond angles〔 1/・ 1

co口 p■ ex  N(■ )―M9-N(2) Y― Hg―N(■ ) Y― Mg‐N(2) Z―M9-N(■ ) 2-M9-N(2)     Y― Mg― z

(4a)

(4■ )

(4■ 1)

`5)
(7)

(71)

84.0(8)

83.9(5)

85.0(4)

83.9(5)

83.1(14)

85。 3(10)

1■■.4(■ 0)

100.8(4)

■08.0(3)

106.1(6)

104.9(■ ■)

106.7(3)

■29.6(■ 0)

■■7.4`4)

■23.3(3)

129.7(6)

126.7(11)

■3■ .1(8)

■00。 3く 6)

1■ 9。 5(6)

1■ 2.6く 3)

122.9く 4)

■21.1116)

1■ 4.■ (9)

■03.4(7)

■■6.2(6)

■05.8(3)

10■ .4(4)

■08.0115)

104.4(3)

1■ 5.■ (3)

■■4.7(5)

■■7.6(2)

112.■ (5)

1■■.4(■3)

1■ 2.■ (5〕
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tetrahedral 4ngle. The I"19-C bond lengths in four complexes are

equal I2.Lg(z)-2.34(5), av. 2.25 il within the range of error.

Crystal Structure

The packing of molecules in crystaL of 2c, 4a, 49, 4q',

2, 7, and 7' are drawn in Figures 15, 16, 17, 18, 19,20, and

2L. The dineric association of molecules, observed in the

crystal structures of Grignard reagents, [EtMgBr, Et3NJ216) and
1?\

[EtMgBr, (i,-Pr)2o72'" is not observed. The molecular packing

in crystals of 2c and ? is determined py the van der Waals

contacts between carbon atom of the benzyl group in one

molecule to those of sparteine skeleton in other molecule,

while that in crystals of 4a, !g, 49' and 5 is determined by

the contacts between the sparteine skeletons: It the crystal

of 7t the Mg complexes are loosely bound by crystalline toluene

molecules by van der Waals forces.

1.3. Discussion

In the Grignard reagent- (-) -sparteine derivative system

species, which can be considered to have initiator activity

are RMgX- (-) -sparteine and R2M9- (-) -sparteine that are

expected from Schlenk equilibr:iurn(scheme 6) .

2RM9X-L (A,B) i R2I'19-L + I'tgx2-L

L = (-) -sparteine derivative

Scheme 5.

The results of the polymerization experiments indicated

that R2Mg-L(L=(-)-sparteine) has no activity. The RMqX-L

\
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Figutte 15.  The crystal structure of 2c(ORrFP Iェ )

Figure 16.  The crystal structure of 4a(OPrFP ェェ)
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Figure 17.  The crysta■  struOture Of 4■ (ORrFP ェェ)

1■ )Figure 18. The crystal structure of 49'()RTEP
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Figure 19.  The crysta■  structure of 5(θPrFP II)

Figure 20.  The Crysta■  structure of 7(OPrFP Iェ )
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Figure 2■ .  The crystal structure Of 7.(θ RrEP ェェ)

Table 12.

Complex ( 4a) ( 19.)

R= H or CH2Ph

Crystal
Aa) o
Bb) X

solutionc)
A Mojor minor
B minor l'lOJ Of

Activity high no

Ｘ

Ｏ

Ｘ

Ｏ

-X
o

no Poor

ａ

ｂ

ｃ

Type A: Y = alkyl group, Z = halogen atom.
Type B: Y = halogen atom, Z = alkyl grouP.
In toluene-d8(lH and l3C NMR).
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species are divided into two groups, type A and B as mentioned

above. In Table 12 given are existence of two types in

crystal and that in solution which were delected by lH .rrd I3c

NMR spectra of complexes in toluene-dg' and the asymmetric

selective polymerization activity

The conplex 7 which takes type B structure in solution and

in crystal has low activity whereas the complex 4a which takes

type A predominantly in solution and crystal has high activity.

Therefore, the RMgX-L in type A is considered to be active fornl

The other reason is considered for low reactivit'y of complex

lg which has type A in solution, and complex I which can not be

divided into two types.

The kinetic studies of the polymerization reaction of MBI'IA

suggested that the polymerization proceeds in a coordination

mechanism. The initial sLage of the polymerization is

considered to be coordination of the carbonyJ- oxygen of a

monomer (MBMA) to the Mg atom of a Grignard reagent-

(-) -sparteine complex(Scheme 7) .

Therefore' the complexes which has a sufficient space to

access the monomer to the Mg atom in its neighborhood can only

initiate the polymerization. The space-filling nodels

@zuroL9) ) of complexes 4a, L, lg and 5, which are drawn in

Figures 22, 23r 24 and 25, respectively, show the spatial r9on1

around the Mg atorn (viewed directions of these rnodels are from

the Mg atom down to the C(8) atom).

In catalytically active EtMgBr-(-)-sParteine(4a), the Et

group coordinates to the Mg atom at ttre spatially less opened

C(7)-side(Y=Et) whereas the bulky Br ligand at the more opened

C(9)-side. The Et group is not so large. The Mg atom,

therefore, has a sufficient space to accommodate the MBI'IA in



lt
l-l

'*Et

_,/c1o,"
o
\

-, c.-H
Ph' il"

Scheme 7.

_́´ ,1111____1

Figure 22.  The space― fil■ ing ■odql of 4a(PLυ T9)
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Figure 23.  The space― fil■ ing model of ュ(PLυrθ )

Figure 24. The space-filling model of @@LUT)\
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Figure 25. The space-filling rnodel of 5(PLUTol

its neighborhood. In the poorly active

EtMgBr-(+)-5-benzytsparteine(z), the Et ligand coordinates to

the Mg atom at the more opened c(9)-sicle of the cavity but the

benzyl group substituted on the C (6) atom' pushes the six-

membered ring(N (2r, c(21 , c(3), c(4), c(5) and c(5) atoms)

toward the Mg atom. The spatial room around the Mg atom'

therefore, is less opened than 4a. In the inactive f,-BuMgcl-

(--) -sparteine (lg) , the bulky t-Bu ligand covers the Mg atom'

This limits the spatial room around the Mg atom and may lead

to the inactivity of this complex. In EtMgBr-

(-)-o-isosparteine(5), the cavity of (-)-o-isosparteine is

less opened than that of (-)-sParteine. The t"lg atom

coordinates deep in the cavity covered with Et and Br ligands,

which leads to inactivity of this complex too.



Tab■e 13.

Structure and reactivity of RMgx_(― )‐ sparteine derivative complexes

Compl ex (4a) (生 ) (」 (■ )

l,lolecular structure

Space-filling model

Solid ball and
spoke model

Substrate-accomodat i on
in the neighborhood of
Hg aton

Reactivity for the
enantiomer selective
polymerization of
(8s)-HBl,lA(Ref . Tab. 'l )

（
一
∞
）

No０

　

　

　

・　

　

０

Ｎ

　

　

　

　

　

Ｎ

Sma'l'l

Poor

Sufficiently
laige

Good No
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・

ｈ

　

３

ｔ

　

ｌ
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1.4. Conclusion

The structure of initiator complexes and reactivity for

asymmetric seLective polymerization are surnmarized in Table

At first, it can be concluded that the pollmerization

4ctivity relates with the free space around the Mg atom in

complexes. Secondly, the enantiomer selectivity is high in

complexes of type A(the lower ligand in the Figure is alkyl

group) and low in complexes of type B (the upper ligand in the

Figure is alkyl group).
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CHAPTER Iエ

The Moleculatt Structure of Methacry■ ates with Bu■ ky Ester

substituents

Introduction

In this chapter, the X-ray structure deterrnination of

several methacrylates with bulky ester substituents is

described because the molecular structure of these

methacrylate monomers is also one of the important factors

that effects the high setectivity of this asynmetric

selective polymerization.

The Asymmetric Selective Polymerization of Various

s-Substituted Benzyl Metltacrylates r^tith Active Grign3rd

Reagent- (-) -Sparteine Complexes

The influence of substituents of a-substituted benzyl

methacrylates on the enantiomer selectivity of these monomers

by active Grignard reagent-(-)-sparteine complexes, has been

investigated in order to elucidate the mechanism of the

enantiomer selection. A part of the results summarized in
I g'l

Table L4-'' .

It is demonstrated that the asymmetric selective

polymerization of racemic methacrylates with Grignard

reagent-(-)-sParteine catalyst ln toluene at -78oC can be

treated as a copolymerization of I and 5 mononers (Scheme 8).

In this Scheme PC-S- and PC-R- are polymer chains which

have (5)- and (fi)-monomer units at the growing terminals,
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Table 14.

E,antiOmer selectiv■ ty ratlo3′  rs and rR
in the polymerization of methaorylate monOmers with

Grignard reagent― (―)― sparteine in toluene at ■78・ c

fr"
Clt2=g 

f r
COOCRx

H

Racemic lilonomer

RMgx― (― )― SParteine
■CH2~91■

 ly

′

H3

C00CRx
:

H

(5)―  Or (R)― P。 lymer

(-) -sparteine

Monomer         R       R
____                    X          y

RMgx 2●

R
rs

MBMA

じ―pBMA

t―BBMA

DPEMA-1,2

TrB2MA

Ph

Ph

,=Bu

Ph

CPh5

33.7

50

く1

45

1>

0.27

0.09

■)

0。 45

く1

Мe

t― Pr

Ph

CH2P'

Ph

c-HexMgCl

c-Hexl.lgBr
d-HexMgBr

EtMgBr

EtMgBr

Abbreviations8 MBMA, (PS)― α
「
methylbenzyl methacrylate, う―PBMA,

(RS)― o― isOpropylbё nzyl meth●crylate, t― BBMAr (PS)― o― t― buty■benzyl
methacrylate, DPEMA― ■′2′  (25)-1,2-diphenylethyl methacrylate,
TrBZMA′  (RS)-1′ 2′ 2′ 2-tetraphenylethyl methacrylate

た
ss

Kss   

〕_s c+s キ  Pc_s c+PC‐ S c・ + s _~ P(

た
SR

κ
SR   ,～
s c+R キ  PC‐ R C+Pё‐s~c+ 十 R 

―
 P(

s =lll. PctR C+S Illi. Pc_s c+PC‐ R~C+ +

R I===l PC― R CiR .7~二 二 P9~R C+PC～ R~C+ +

Scheme 8.
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respectively. And c+ is the counter ion,

tMgx-(-)-sparteinel+. Values of enantiomer selectivity ratios,

r, (=krrJ(rs/ksnrsn) and r,*(=k**x**//cnsxns), mean that enantiomer

selection depends on the configuration of ester group of the

growing end. In case of racemic o-methylbenzyl methacrylate

( (8S) -I'IBMA) , the ,5 end polymerizes preferentially S monomer

over fi monomer by a factor 33.7 and the R end also prefers 5

monomer only about fourfold. Therefore' this monomer belongs to

" (5) -selected monomer". On the other hand in case of racemic

o-t-butylbenzyl methacrylate('-BBMA), the S end polymerizes

preferentially .9 monomer over ,9 monomer and B end also prefers

B nonomer. Therefore this monomer belongs to "(B)-selected

monmer". Of examples listed in Table 14 only t-BBMA is the

(8)-selected monomer. This reason will be discuss later

(Chapter III).

From the results above it recognized that either the

structure of monomer molecules and that of growing end units

take an important role in enantiomer selection mechanisrn. In

this chapter the general features of the molecular structure

and conformation of methacrylates are discussed from the

results of the X-ray structure determination of several

cr-substituted benzyl methacrylates

The Methac lates Used for the X-Ra Structure Determination

Of the methacrylates used in the asymrnetric selective

polymerization with Grignard reagent- (-)-sparteine, no nonomer

was suitable for x-ray measurement at the beginning of the

present study because these monomers have low melting points

and sublimes easily even if they could be crystallized. The

present study first was started to deterrnine the molecular
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structure of some achiral methacrylates which could be

crystallized.

cK2oR
\\ ll
,c-c,, Ph R R

/ \ \,,cH" o-1 R

I
Ph

H (DPMMA)

Me (DPEMA-I r 1)

Ph (Trl4A)

t"(
c-

/
cHz

ChMA

Scheme 9.

These. shown in Scheme 9, are diphenylnethyl

methacrylate (DPMI4A) , I , l-diphenylethyl methacrylate (DPEMA-I , I ) ,

and triphenylmethyl methacrylate (Trlt{A) .

Some novel, chiral methacrylates, which are found abl-e to

be crystallized and the polymerization of these monomers have

been studied. They are 1,2-diphenylethyl

methacrylate (DPEMA-L,21 , c-t-butylbenzyl methacrylate ( 

'-BBMA) 
,

L ,2 ,2, 2-tetraphenylethyl methacrylate (TrBzMA) , and

( 2s, 3R) - (+) -4-dimethylarnino-1, 2-diphenyl-3-methyl-2-butyl

methacrylate(ChMA, Scheme 9), aII of which have a chiral carbon

atom at the o-position of alcohol part. This chapter describes

the molecular structures of these seven methacrylates

determined by means of X-ray diffraction.

2.L. X-Ray Experiment and Structure Determination

Crystals of DPMI4A, DPEMA-I,2, and ChMA were respectively

obtained from their hexane solution by slow cooling. The

crystal of /-BBMA was obtained from a hexane solution by slow

／

Ｈ
３

Ｃ
ta",
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evaporation. crystals of TrMA and TrBzl4A were recrystallized

from a benzene solution. The DPEMA-IrJ- crystals were

crystallized from petroleun ether solution by slow
:

evaporation.

X-Rav Experiment

Crystals of DPEMA-I,1 and f-BBMA sublime easily, and they

were sealed in glass capillary tubes. Each crystal was mounteQ

on a Rigaku automated, four-circle diffractometer. Nicket-

filtered CuI(a radiation(I=1.5418 i) t"" used for DPMMA,

DPEMA-I,2, 
'-BBMA, 

TrBzMA, and ChMA. Graphite

monochromatized Mo/(o radiation(l=0.7107 i) t"" used for

DPEMA-I,1 and Trl,tA. Unit-cell dimensions of each crystal were

determined by the least-squares fit using 20 values of 25 high

order, strong reflections. Crystal data of each compound is

listed in Table 15.

Reflection intensities were measured by the e-20 
.scan

technique, where backgrounds were counted at both ends. Four

standard reflections were measured after every 60

reflections. They showed less than 28 deterioration throughout

the data colLection except for DPEIiIA-1,I and DPEMA-I'2. For

DPEMA-Ir1 they remained approximately constant. for about half a

day, but suddenly fell down to about 508 of the lnitial values.

Af,ter that they fell so gradually, as if they were constant,

that the intensities collected under this condition were used

for the subsequent structure solution. For DPEUA-I,2 four

standard reflections decreased by about 158 at the end of

measurement because the effect of sublimation has been

underestimated before the experiment and crystal was not sealed

in g].ass capil_lary: as the decrease did so uniformly with time,
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a linear correction factor was app■ ied.  Usual Lp correctiOns

were applied but corrections for absorption and extinction

were ignored.  Conditions of the ■ntens■ ty measurement are

■isted in Table 16.

Structure Solution and Refinement

The structures of all methacrylates were solved by the

direct method (MULTAN 7420) for DpMMA, and MITLTAN 78 for other

six compounds). Positions of the o, N and c atoms was located

on an E-map. Hydrogen atoms were located on the difference

Fourier rnap. The refinements of the structures were carried

out by the block-diagonal least-squares procedure (HBLS Vl ;

where the function minimized being zulntz) - In general,

non-hydrogen atoms were refined anisotropically whereas

hydrogen atoms isotropically. conditions of the refinement

and final I and ,?, values are given in Table 16' The final

atomic parameters of DPMMA' DPEMA-I,I, TrMA, DPEMA-l,2, 
'-BBMA,

TrBzMA, and ChMA are listed in Tables 17, 18, L9,20, 2L, 22,

and 23, resPectivelY.

Atomic scattering factors used were taken from

International Tables for X-Ray Crystatlography, Vol' IV' Atl

the computations were done on an Acos 700 or 900 cornputer at

the crystallographic Research center, Institute for Protein

.Research, Osaka UniversitY.

(DPMMA). During the course of the refinement five strong

reflections(602, 110, 3ll, TL?, and 5L2), which stere considered

largely affected by the extinction, were excluded'

(DPEMA-I,1). Hydrogen atoms were fixed at the calculated

positions with equal isotropic thermal parameters(8=4.4g i2t

derived from the wilson statistics. During the course of the
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Crysta■ data

Compound DPEMA‐ 1,1 DPEMA-1,2 t‐BBMA Tr3zMA

Fo口mula

F.″ .

Crystal
System

Space
Croup

α[A]   |

ゎ[A]     .

●[A]

・
[・ ]

β[° ]

|[° ]

yE13]

Z

pc[9Cm:::

●(MoXc)[th・
1]

●(Cばo)[cm‐
1]

C17H1602

252.3

monocllnic

α /●

29.177(2)

6.017(1)

16.110(1)

96.840(5)

2808.0(3)

8

1.194

6.21

C18H1802

266.3

monoclinic

P21/α

91666(6)

19。 94(2)

8:132(6)

104.49(7)

1517(2)

4

1。 166

1.17

0.81

'23H2002
328.4

mo■ ocliniC

P21/"

17.349(3)

9。 487(2)

11.254(2)

102.30(2)

1809.8(5)

4

1.205

1.19

0.82

C18H1802

266.3

monocl inic

c2/ο

33.341(3)

5.916(1)

15.911(2)

106.42(1)

3010.5(5)

8

1.175

6.04

C15H2002

232.3

■onocllnlc

P21/●

6.028(1)

31.009(3)

15.207(1)

96.780(3)

2822.5(4)

8

1.093

5.67

C30H2602・

0.5C6H6

457.6

tricll■ lc

PT

9。 271(2)

33。 965(4)

9。 167(2)

90。 26(2)

118.80(2)

88.03(2)

2527.8(7)

4

1.202

1.22

5。 79

C23H2902‖

351.5

monocl lnic

P21

12.482(1)

9。 184(1)

9.246(1)

93.49(1)

1057.8(2) .

2

1.104

1.11

5.51

（
い
０
）



 ́Table 16.

s― ry of Experimental COndlt10ns. Structure S● lution and Refinenent

0日‖‖A          DP04A‐ 1,l      TnHA DPE‖A‐ 1,2 3‐ 30MA Tr32HA ChHA
Co@ound

Radlation

ilt'rber of Reflections
llcrsured
ouserveoa)

Used for Refinsnnt
Solution llcthod

Hydr.ogen Atos
Final n Yalued)

for ll€asured
Reflections

for 0bserved
Refl ecti ons

Final f V.lueI clg€ighting Scheoe-'
4
b
ct

2674           3193           1900

1265b)   2272b)   1103b)
1264           2272           1100

- 78      - 78      - 78
incloded       refined        refined

山
百 器::lFtttgr嵩 :llltttor‖書1lter  i害1l ter  田「“

lter i害1lter

crystal size[nm3] 0.20,0.20x0.40 0.30x0.38x0.63 0.25x0.50x0.63 0.20x0.20x0.1q Q.llxo.l2x0.50 0.43x0-25x0-13 0.25x0-30x0.38

sc.n Technique e-2e e-20 e-20 0-29 0-2s 0-26 O-25

Scan Range o2e["] A.O]O.3tano 2.O]0.7tano 2.Or0.7tane 2.0]0.3tano 2.O]0.3tano 2-0]0-3tan0 2-Or0-3tane

Eackgrounds Counttsl 7.5 3-25 1.5 7 '5 7 '5 3'25 7'5

Scan Speed(in 2e) 4olmin 4"/min 4"/min 4"/rnin 4"/min 4clnin 4"l'lin

ze*r["J I l0 50 50 l'l O 110 I l0 ltO

1773

1565

1768

- 74
refined

01071

0.060

0.091

3012

2208

2206

- 78
rtfinedC〕

6329           1416

5229           1387

6329         1416

認□
"78  -J78

refined        refined

（
ｕ
ヽ
）

0.133         0.079         0.059

0.06443        -f)
0.00154     ‐
0.27604        ‐

0。            ‐
f)

0.00182        ‐

0.171

0.175

0.056

0.073

0.113

01118

0.081

0。 112

0.08650
0.00011
0。 16543

0.054

0.072

0.

0.001“
O123314

0_057

0.086

0.

0.00571
2.01781

a) lrol'o- b) lr l:3a(ro). c) The hydrogen rtcns attached to the methlcryl group of nnl. 2 vcrc etcludad.

d) The bloct-dlagonal leatt:squares procedures(tBt6 V) Was used tor the raflnenent.

e) The rclghtlng scherE &, ' toz(to) * o. lpol + a. lrol2l-1 for llol>0, and r.r. o for lrol'0.
fl t . I for all reflectlont uied for the reflnenrnt.
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a) Non-hydrogen atoms refined anisotropically

Table 17. Fractional atomic positiona|rParaneters and
equivalent temperature factors Bo^rsr2' of DPMMA with
tlieir estimated standard deviatidils in parentheses'

AtOm

0。 58723( 0。 5651(

z     BeqIÅ2]

0.2664(2)  4。 8
0。 3026(2)   6.2
0。 3071(2)  4。 2
0。 3571(2)   4.5
0.3668(3)  6。 4
0.3933(3)   6。 7
0。 2220(2)  4。 3
0.1450(2)  3.9
0。 1385(2)  4。 8.
0。 0660(2)  5。 5
-0。 0001(2)  5。 7
0.0068(2)  6。 2
0。 0782(2)   5。 ■
0。 2809(2)  4。 2
0。 2891(3)   5。 9
013426(3)  7.5
0.3878(3)   7。 7
0。 3796(3)   6.9
0。 3258(2)   5。 4

z s tizl

０
０
０
０
０
０
０
０
０
０
０
ｍ
は
”
“
碑
い
“
田

０

０

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

0.57659
0.56703
0。 53135
0。 52634
0。 50303
0.62579
0.62414
0.60345
0。 60332
0.62488
0.64623
0.64601
0.66992
0。 70163
0.74253
0。 75122
0.72014
0。 67915

0。 2130
0。 4052
0.4952
0。 7132
0.3281
0。 5003
0。 6437
0。 8485
0。 9762
0.8952
0.6936
0.5648
0。 5242
0。 3521
0.3776
0.5672
0。 7374
0。 7163

7)
9)
10)
10)
13)
13)
10)
9)
10)
12)
12)
12)
11)
10)
12)
■2)

13)
14)
12)

４

４

５

６

６

７

５

５

６

６

６

７

６

５

６

８

８

７

６

b) Hydrogen atoms

AtOm

(

(

(

(

(

(

(

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

3a)
3b)
4a)
4b)
4c)
5)
7)
3)
9)

10)
11)
13)
14)
15)
16)
17)

15)
17)
12)
14)
18)
9)
18)
14)

X

0.4952
015434
0。 4764
0.4902
0.5205
0。 6230
0.5834
0。 5810

0。 394
0。 344
0.411
0。 340
0。 432
0.208
0.177
0。 061
-0。 058
-0。 031
0.085
0。 258
0。 350
0。 428
0。 408
0。 324

11。 4(
13。 ■(
3。 4(
10。 5(
13。 1(
5.2(
13。 7
9。 9

10。 9
11。 1
7.1
7.3
9。 2

11。 0
19。 2
17.8

“
０
０
「
”
”
”
η
η
η
０
０
η
鋤
η
０

ｙ

　

６７

０ ８

９９

０１

５４

４ ２

９４

２３

００

３ ５

０ ６

・ ８

３ ３

８．

７ ８

３ ７

７

８

３

２

２

３

８

１

０

６

４

２

２

５

８

８

０

０

０

０

０

０

０

１

１

０

０

０

０

０

０

０

３

３

３

３

４

２

４

３

３

３

２

２

３

３

３

３

13)
15)
10)
12)
15)
7)
16)
1■ )

12)
13)
8)
9)
■0)
■2)

11)
9)

0。 6207
0。 6585
0。 6632
0.6933
0。 7632(13
0。 7841(15
0。 7278(13
0.6557(12

14
15
11
11
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a) Non-hydrogen atoms refined anisotropically

AtOm

T]:iiVii::: ::::i:::ir:::l:::::::::::]:I:::i:::i:ili::ё

s.

Z

0
0
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

b)

1)

2)
1)
2)

3)
4)
5)

6)
7)
8)

9)
10
11
■2

13
14
15
16
17
18

5)

6)
9)
9)
11)
11)
8)
8)
9)
9)

9)
8)
9)

(7)
(8)
(8)
(■ 0)

(■ 0)

(8)
(9)

Beq[Å2]

6.3
8.2
7.5
7.9
12.5
10.1
5。 6

5。 9

6。 1
7.0
8.2
8。 7
6。 9

4。 1

6。 0
7.3
7.7
7.6
4.9
6.3

0.3969(11)
0。 4180(13)
0。 464(2
0。 618(2
0。 694(3
0.666(2
0.247(2
0:213(2
0.085(2
0。 049(2
0.132(2
0.256(2)
01296(2)
0.248(2)
01143(2)
01150(2)
0。 249(3)
0。 348(2)
0.343(2)
0.153(2)

y

O。 4184
0.3076
0。 3617
0。 3822
0。 3289
0。 4497
0。 4104
0.4869
0。 4984
0。 5646
0.6177
0。 6060
0.5420
0。 3721
0.3196
0.2867
0.2968
0。 3484
0。 3813
0。 3918

-0。 284
-0.328
-0.312
-0.329
-0.371
-0.297
-0.261
-0.232
-0.180
-0.156
-0。 167
-0.216
-0.247
-0。 114
-0。 125
0。 032
0。 187
0。■91
0。 040
,0。 440

２

２

３

３

５

４

３

３

３

３

４

４

３

２

３

３

３

３

２

３

AtOm

Hydrogen atoms

X      ‐  y

O.654     0。 282
0。 795     0.336
0.687     0.460
0.593     0。 483
0。 758     0。 458
0.022     0。 459
-0。 046     0。 574
0.104     0。 665
0。 317     01646
0.389     0.535
0。 069     0。 308
0。 074   1  0。 251
0.249     0.267
0。 423     0.361
0.420     0。 417
0。 051     0.385
0。 189     0。 349
0。 158     0.429

Z

-0`385
-0。 385
‐0.1_69
-0.357
-0.331
-0.■ 60
・ 0。 128
-0。 140
-0.233
-0。 284
-0。 237
0.031
0。 290
0.305
0。 043
-0.440
-0◆ 484
-0.525

B's were

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

3a)
3b)
4a)
4b)
4c)
7)
8)
9)

10)
11)
13)
14)
15)
16)
17)
18a)
18b)
18c)

* Isotropic temperature factor fixed as 4.8e i2 .



Table 19. Fractional atomic positionp].parameters and
equivalent temperature factors Bo-ts", of TrMA with
their estimated standard deviatiEils in parentheses.

a) Non-hydrogen atoms refined anisotropically
AtOm

b) Hydrogen atoms

Aton x

X

0.■ 1040(10)
0。 20838(12)
0.1659(2)
0.1666(2)

y

0。 292
0。 137
-0ざ 044
0.019
-0。 048
0.368
0。 596
0.795
0。 761
0。 529
0.007
=0。 110
0。 015
0.256
0。 377
0。 407
0.369
0。 20■
0。 071
0.106

0。 ■973(2)
0。 3401(2)
0。 2404(3)
0。 1457(3)
0。 1950(4)
0。 0093(4)
0。 2776(3)
0.4290(3
0。 4501(3

。540(
。625(

-0.2979
-0。 3302
-0。 3581
-0。 4646
‐0。 5500
-0.4701
-0。 1941
-0.2368
-0.32■ 0
-0。 3676
-0。 3302
-0.2477
-0。 2015
-0。 1627
-0.1910
0̈。 1590
-0。 0971
-0。 0664
-0。 0987
-0。 0849
0。 0221
0.1258
0。■234
0。 0190
-0。 0846

z      Beqi121

(60)

0
0
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

2

2
3
3
3
4
3
3
3
4
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

1
2
1
2

3
4
5
6
7
8
9
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)

２

３

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

¨
　

二

　

¨
　

一
　

¨
　

一
　

一
　

¨
　

二

　

一
　

一
　

一
　

¨
　

　

　

　

　

一

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

２

０

７

２

０

３

１

９

５

７

５

４

７

１

４

４

９

２

５

７

４

３

０

３

７

５

３

６

１

３

７

４

６

５

２

１

１

２

２

２

２

２

２

１

０

１

０

０

０

１

１

０

０

１

１

０

１

２

３

３

２

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

，
　

中
　

］
　

　

　

　

　

〕

¨
　

二

o。 2037(
0。 1283(
0。 0951(

3。 49
5。 30
3.80
4。 36
6。 04
6.53
3.08
3。 23
4。 57
5.68
5。 29
4。 87
4。 00
3。 30
4.39
5。 39
5.99
5.82
4。 62
3。 28
4.42
5。 31
5。 69
5.20
4。 07

0。 0740
010041
-0。 0170
0。 0310
0。 1010
0。 1226
0。 0235
0。 0080
-0。 0558
-0。 1037
-0。 0885
-0。 0252(
0。 1641(
0。 1635(
o.2228(
0.2819(
0。 2824(
0。 2237(

015830(4
0。 6969(3
0.6774(3
0.5438(3
0。 2021(3
0。 061o(3
-0。 0066(4
0.0651(4
0.2036(4
0。 2733(4
0。 2613(3
0。 3349(3
0.3136(4
0.2165(4
0。 1436(4
0。 1634(3

s rli2 t

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

3a)
3b)
4a)
4b)
4c)
7)
8)
9)

10)
11)
■3)
14)
15)
16)
17)
19)
20)
21)
22)
23)

4)

4)

4)
4)
4)

4)
4)
4)
4)

4)
4)
4)

4)
4)
4)
4)
4)

4)
4)1
4)

.548
。469
。398
.352
.429
.364
.222
。141
.236
.182
.074
.021
。076
.024
。202

4。 7
4。 5

4.8
4。 9
5。 0

4。 1
4。 3
4.1
4。 2
4。 1
4.2
4.5
4.8
4.6
4。 1
3.8
4。 4
4。 5
4.4
4。 0

８

８

８

８

９

８

８

８

８

８

８

８

８

８

８

７

８

８

８

７

３

３

３

４

３

３

３

３

３

３

３

３

３

３

３

３

３

３

３

３

.199(
L016(
。162(
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a) Non-hydrogen atorns refined anisotropically

T]:liI:l:I: ::i:i:::ir:[:l:::::::::::]:I:::]1::i:itille:.

AtOm y

0.203
■0.159
0。 030
0。 104
0.322
‐0。 074
0。 154
0.299
0.245
0。 398
0.348
0。 150
-0.004
0.042
0。 219
0。 429
0.482
0.339
0。 131
0。 071

Z

0。 ■440
0.1610
0。 1460
0。 1251
0.1163
0.1188
0。 1705
0。 1047
0。 1161
0.1569
0.1673
0.1343
0。 0950
0。 0849
0.2653
0.2981
0。 3861
0。 4426
0.4076
0.3198

Beq[Å :]

618
6.8
5。 0
4.9
8.7
7.1
5.3
5.5
5.3
5。 9

6.8
6.1
6.4
6。 3

5.3
5。 7

6.3
7.0
7。 4

5。 9

sti2t

■
・η
η
幼
詢
０
勁
Ｏ
η
助
”
１０
１．
１２
・３
・４
・５
・６
・７
・８

０

０

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

　

り

X

0。 9109(3
0.9293(3
0.9368(4
0。 9757(4
0。 9830(5
1。 0049(5
0.8726(4
0.8383(4
0.7955(4
0。 7760(4
0。 7364(4
0。 7159(4
o17352(4
0。 7750(4
0.8801(4
0。 8976(4
0.9o46(4
0.8927(4
0.8748(4
018686(4

６

６

７

８

１

９

８

８

７

８

９

８

８

８

８

８

８

９

９

８

４

４

３

４

４

４

３

３

４

３

４

４

４

４

３

４

４

３

６

７

５

５

６

６

３

４

６

４

６

７

６

６

４

６

６

４

３

３

２

２

２

３

２

２

３

２

３

３

２

３

２

３

２

２

４

４

４

４

４

４

３

３

４

３

４

４

４

４

３

４

４

３

２

２

３

２

３

３

３

３

３

３

３

３

３

３

２

３

３

３

３

３

，

＞

＞

＞

２

＞

―

Hydrogen atoms

AtOm y

O.44
0.37
-0.01
-0。 16
-0。 17
-0102
0125
0。 48
0。 55
0◆ 46
0。 09
-0.14
-0。 05
0.53
0.62
0。 38
0。 03
-0.08

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

3a)
3b)
4a)
4b)
4c)
5)
6a)
6b)
8)
9)

7)
8)
7)

7)
7)
7)

6)

6
8

7
7
8
7
7
7
7
7
6

10
11
■2
14
15
16

0。 964(
1。 009(
1。 034(
0。 993(
1:011(
0.862(
0.839(
0。 846(
0.792
0。 721
0.687
0。 721
0.788
0。 905
0.919
0。 897
0。 866
0.855

0.124(
0。 105(
0。 118(
0◆ 068
0.172
0。 162
0。 041
0。 116
0。 184
0.206
0.143
0。 074
0.045
0.259
0。 410
0.507
0。 452
0。 292

(17
(18
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２

２

２

２

３

３

２

２

２

３

３

３

２

２

３

２

２

１

２

１

２

３

４

５

６

７

８

９

１

１

１

１

１

１

０

０

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

0)

1)
2)
3)
4)
5)

10)

2:)
1:)
2:)
3')
4:)
5:)
6:)
7:)
81)
9')
100)
11・ )

12')
■3:)
14:)
151)

0。 0874
0。 1009
0.0860
0。 0636
0。 0592
0。 0481
0.1111
0.1562
0。■630
0.2043
0。 2385
0。 2325
0。 1909
0。 0844
0.0403
0。 1072
0。 0768

0。 2658
0。 3250
0。 3314
0。 4107
0.4827
0。 4119
0。 1861
0.1948
0.2335
0。 2398
0。 2087
0.1710
0。 1635
0。 1065
0。 1095
0。 0224
0。 1089

5。 7
6.6
4。 7
5。 2
3.1
7.3
4。 6
4。 9

6。 1
7.6
8.3
7.8
6.1
5。 0

7。 5
6.3
6.3

5。 0
9。 9
5。 3

5。 6
7。 6
7.7
4.3
4。 4
5。 5
7。 2
8。 2
7。 8

6.■

4.8
7。 3

6。 5
6。 6

6)
7)
10)
10)
12)
12)
9)
10)
11)
12)
14)
13)
11)
10)
12)
1■ )

10)

３

３

４

４

５

５

４

４

４

５

５

５

４

４

５

４

５

MOLECULE 2

0
0
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

0。 5500(6)
0。 2400(3)
0。 4257(10)
0。 5310(11)
0。 3996(12)
0.7523(11)
0。 4707(9)
0.5715(9)
0.7894(■ 0)
0.8786(12)
0.7471(14)
0。 5321(13)
0。 44■ 1(11)
0.5290(9)
0。 4121(12)
0.4423(11)
0。 7793(11)

３

３

４

４

５

５

４

４

４

５

５

５

４

４

５

４

４

２

２

２

２

３

３

２

２

２

３

３

２

２

２

２

３

３

Table 2L. Eractional atomic positionql,paraneters and
equivalent temperature factors BFd'rl"' of I-BBMA l'tith
their estimated standard deviatibils in parentheses.

ref ined anisotropicallY

-0。 0875(
-0。 4375(
-0.2589(
-0.2029(
0。 0086(
-0.3837(
-0。 1199(
-0。 0285
0。 ■705
0.248■
0。 1359
-0。 0642
-0.1438
-0。 0138
-0。 1353
-0。 0515
0。 2366

a) Non― hydrogen atoms

AtOm          X

MOLECULE l

y

0。 3693
0。 3448
0。 3491
0。 3329
0。 3365
0.3122
0。 3827
0.3482
0.3263
0。 2946
0。 2852
0。 3064
0。 3372
0.4.279
0。 4592
0。 4436
0。 4278

0。■565
0.1345
0。 1093
0。 0229
0。 0013
-0。 0363
0.2455
0。 3096
0。 2983
0。 3589
0。 4297
0.4399
0.3794
0.2606
0.1915
0。 3531
0。 2527

" B"n t;i2 t
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Table 21.  (continued)

b) Hydrogen atom0

AtOm         X

MOLECULE l

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

3)
3)
2)

2)
3)
2)
2)
2)
3)

3)
2)
3)
3)

3)
2)

3)
2)
2)
2)

2)

2

2
2
3
2
2
3
2
2
2
3
2
2
2
2

4
5
4
4

5
3
4

4
5

5
5
5
5
5
4

5

4
4
4

4

3

4
4
5

4
4
5
4
4
4
5
4
4
4
4

3a)
3b)
4a)
4b)
4c)
5)

7)
8)
9)

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)

03025(1■ )
0.125(11)
-0。 343(11)
-0。 451(11)
-0。 493(■ 4)
-0.299(3)
01238(10)
0.396(11)
0。 193(12)
-0。 135(11)
0̈。 291(11)
-0.079(11)
-0.100(1■

)

-0.299(13)
0。 0■ 1(10)
-0。 222(11)
0。 009(10)
0.257(10)
0.309(1■ )
0.324(10)

y

0。 327
0.348
0。 302
0。 292
0。 336
0.385
0.330
0.277
0.262
0.303
0.354
0。 490
0.449
0.458
0。 473
0.445
0.425
0.416
0.458
0.407

Z

‐0。 063
0.048
-0.101
-0。 004
-0。 059
0。 250
0.238
0。 350
0。 473
0。 499
0.382
0.205
0.130
0.189
0.369
0。 363
0.406
0。 191
0.269
0.299

B[121

２

２

２

２

３

２

２

２

３

２

２

２

２

３

２

２

２

２

２

２

７

８

７

６

１

２

６

７

９

７

７

８

７

０

５

８

６

５

７

６

１

　

　

　

　

　

　

　

　

　

　

１

MOLECULE 2

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

4

6
5
8

7
7
7
6
7
5
7
7
7
5
5

2

2

2
2

2

2
2
2
2
2
2
2
2
2
2

51)
7.)
8。 )

9・ )

10')
11:)
12.)
131)
14:)
■5')
16:)
17.)
18:)
19:)
20:)

0.288
0.886
■。031
0.800
0.423
0.270
0。 238
0。 460
0。 443
0。 284
01510
0。 465
0.872
0。 834
0.812

0.115
0.137
0.210
0.267
0.257
0。 186
0.042
01027
0。 022
0。 112
0.136
0.087
0.104
0。 061
0。 060

0.■ 80
0.261
0.270
0.216
0。 146
0.137
0.101
0。 168
0。 052
0。 012
0。 019
-0.035
0。 105
0.166
0。 052

9)

10)
10)
12)
10)
11)
11)
10)
11)
9)
11)
11)
11)
9)
9)



Table 22. Fractional atomic positlonql^,paramet,ers and
eguivalen! temperature factors Bon'st"' of frBzMA with
estimated standard deviations in'Barentheses.

X

0。 5713
0.5548
0。 6356
0。 8151
0。 8961
0。 8955
0。 3975
0。 3830
0.2470
012341
0。 3559
0。 4912
0。 5045
0.3300
0。 1402
0。 0570
-0。 1134
中0.2053
‐0。 1272
0。 0444
01356■
0。 3486
0。 3687
0。 3935
0.3962
0.3785
0。 42■ 4
0.3688
0。 4587
0。 6013
0。 6576
0。 5689

(64)

y

O。 38540
0。 43370
0。 41384
0。 41715
0。 44446
0。 39199
0.37794
0.34544
0.34518
0.31607
0.28737
0.28708
0.31605
0。 3.6788
0。 36480
0。 33777
0。 33591
0。 36129
0。 38971
0。 39170
0。 40222
0。 39481
0.42502
0。 46302
0。 47082
0。 44075
0.32985
0.29244
0.25866
0.26■ 41
0.29795
0。 33167

a) Non-hydrogen atoms of MOLECULE I refined anisotropicalJ.y

Atom

1) 5)

6)
8)
8)

10)
11)
8)

8)
9)
11)
10)
10)
9)

7)
8)
9)

10)
10)
10)
9
8
8
9
9
9
8
8
8
8
9
9
8

3。 2
4.3
3.2
3。 7
5。 1
5。 9
3。 0
3。 4
4。 6
5.7
5.4
5.2
4.2
2.9
3。 1
4.1
4。 9
4.6
4。 5
4。 0
3:0
3。 7
4。 2

4.6
4.7
3。 8
3.1
3.9
4。 7
5.1
4.7
3.8

z a"n ti2l
０

０

Ｃ

Ｃ

2
1
2

3
4
5
6
7
8

9

2)

3)

3)
4)

4)

5)
3)

3)
4)

5)
4
4
4

3

3

4
4

4

２

３

４

４

４

４

３

４

４

５

５

４

４

３

３

４

４

４

４

４

３

４

４

４

４

４

３

４

４

５

４

４

0。 1717
0.3320
0。 2874
0。 3499
0。 4723
0。 2840
0。 1075
0。 2134
0。 2393
0.3364
0。 4110
0。 3873
0。 2874
-0。 0815
-0。 1653
-0.2890
-0。 3663
-0。 3247
-0。 2084
-0.1299
-0.1760
-0。 3298
-0。 4200
-0。 3602
-0.2118
-0。 1197
-0。 0894
-0。 0771
-0。 0772
-0。 0875
-0。 0934
‐0。 0943

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C(

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

4)

4)

3)
4)

4)
4)
4)

4)
3)

4)

4)

4)

4)

4)

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ



Table 22. (continued)

b) Non-hydrogen atoms of

AtOm          X

MOLECULE 2 refined anisotropically
y z n.o ti2l

1;)
21)
11)
23)
31)
4:)
5:)
61)
7:)
81)
91)
10:)
11')

12')
13')
141)
15')
16')
17:)
18。 )
19')
20')
21:)
22:)
23')
24:)
25:)
26')
27')
281)
29')
300)

0.9204
0。 9374
0.8562
0.6787
0。 5968
0.5991
1。 0933
■。1068
1.2366
■.2517
1。 1371
1。 0073
0.9920
1。 1609
■.3503
■。4310
1.6012
1。 6947
1。 6■ 86
1.4480
1。 1356(

(65)

0。 11502
0。 06636
0。 08603
0。 08170
0。 05507
0。 1062■
0。 12294
0.15568
0.15469
0.18458
0.21568
0。 21687
0。 18689
0.13257
0。 13637
0.16200
0。 16511
0。 14239
0.11545
0。 11236
0。 09778
0。 10462
0.074■ 6
0。 03600
0。 02835
0。 05918
0。 ■7000
0.20774
0.24084
0。 23744
0.20043
0.16732

0。 6062
0。 7796
0.6556
0.5396
0.5814
0.3920
0。 7117
0。 8297
0。 9921
1.1020
1。 0507
0.8905
0。 7800
0.5871
0.6882
0.6360
0。 7242
0.8649
0。 9■ 40
0.325‐ 2

0.4684
0.3184
0.2096
0。 2504
0。 4016
0.5096
0.4904
0.5482
0.4672
0.3280
0.2707
0。 3499

0
0
C
C
C
C
C
C
C
C(
C(
C(
C(
C(
C(

5)
6)
8)
8)
10)
11)
8)
8)
10)
12)
12)
10)
9)
7)

8)
8)

9)

10)
11)
9
7
8
9
9
9
8
8
8
9

3.3
4.5
3.2
3。 7
5.3
5.9
3。 1
3。 6

5.1
7。 0
7。 1
6.1
4.7
3。 0
3.2
4。 0

4。 8

5。 1
5。 4

4。 4

3。 0
3.9
4.5
4.8
4.7
3。 8
3.2
3.8
4.9
5。 7

5。 1
3.9

３

３

４

４

５

５

３

４

４

５

５

５

４

３

４

４

４

５

４

４

３

４

４

４

４

４

４

４

４

５

４

４

２

３

４

４

４

４

３

４

５

５

６

５

４

３

３

４

４

４

４

４

３

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

1.1351(4)
1.1175(4)
1。 1037(4)
1。 1091(4)
1。 1245(4)
1。 0664(4)
1.1193(4)
1。 0224(5)
0.8704(5)
0。 8■ 51(4)
0。 9126(4)

10)
(9)
(8)
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Table 22. (continued)

c) Non-hydrogen atoms of the

Atom x Y

benzene refined aniSOtr9p19,1lV

Beqli2]

8。 1
7.7
8。 3

7.3
7。 6
7.0

C(31)     0。 6574(5)
C(32)     0.6236(6)
C(33)     0。 4646(6)
C(34)     0.1588(5)
C(35)     0。 0367(6)
C(36)   -0。 1241(5)

d) hydrogen atoms of

Atom         X

-0。 00212(14)
0。 01497(13)
0。 01719(14)
0。 49741(13)
0。 48342(13)
0。 48580(12)

MOLECULE l

７

５

６

６

５

６

９

９

８

９

４

４

７

１

３

４

９

２

２

４

１

２

４

２

０

１

１

１

１

０

０

０

０

０

０

０

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

4

5
4
4

4
4

4

4
4

4
4
4

4

4
4
4
4
4
4
3

3a)
3b)
4a)
4b)
4c)
5)
7)
8)
9)

11)
11)
11)
14)
15)
7)

9)
10)
10)
9
9
8

9
9
9
9
9
9
9
9

5)
5)
5)

6)

7)
3)

10
11
14
15
16
■7

■8
20
21
22
23
24
26
27
28
29
30

0.839
1。 008
1。 021
0.845
0.870
0。 341
0。 157
0。 131
0.342
0。 584
0。 611
0.122
・ 0。 169
・ 0。 327
-0。 197
0。 094
0。 326
0。 363
0。 412
0。 414
0.373
0.264
0.415
0。 665
0。 766
0。 615

y

0。 4598
0。 4461
0.3962
0。 3973
0。 3612
0。 4046
0.3684
0。 3143
0◆ 2653
0。 2636
0。 3162
0。 3190
0。 3146
0。 3595
0。 4105
0。 4157
0。 3684
0。 4181
0。 4852
0。 4999
0。 4494
0。 2892
0。 2324
0。 2359
0。 3012
0。 3592

Z

0.518
0。 517
0。 339
0.157
0.283
0。 121
0。 183
0。 35■
0。 478
0。 440
0。 267
-0.329
-0。 454
-0。 378
-0。 179
-0。 051
-0。 376
-0。 527
-0。 425
-0.166
-01013
-0。 065
中01071
-0.089
-0。 098
-0。 097

BIÅ
21

5。 2(9)
5,7(10)
5。 7(10)
9。 6(14)
10。 1(14)
1.3(
3。 9
4.9
4.2
4。 0
2。 9
2。 4

3。 8

3。 1

3。 8

3.1
3。 7
2。 9
3。 3

3.8
4.3
3.2
4.2
3。 9
3.8
1.5

６

８

９

８

８

７

６

８

７

８

７

８

７

７

８

８

７

８

８

８

６

５

５

５

６

６

３

４

５

４

４

４

４

４

４

４

４

４

４

４

４

４

４

(4)
(4)
(4)
(3)

10)
9)

10)
9)
9)
8)



Table 22。   (COntinued)

e) Hydrogen atOms of

AtOm         X

(67)

MOLECULE 2

y

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

9
9

9
1
1

6
8
1

1
8
7
7
7
8
9
7
6
1
8
8
7
7
7
9
9
7

3al)
3bl)
4al)
4bl)
4c')
51)
7.)
8')
9:)
10')
11;)
14:)
151)
16')
17:)
18:)
20')
21')
22')
231)
24:)
26.)

0.471
0。 647
0.622
1.153
1。 320
1。 346
1。 152
0。 923
0。 893
1.367
1。 659
1.815
1。 685
1。 400
1。 145
1。 112
1.092
1。 099
1.130
1.233
1.064
0.803
0.705

0。 0406
0。 0523
0。 1016
o。 1008
0.1354
0。 0970
0◆ 1300
0。 1854
0.2399
0。 2409

4.7
4。 7
5。 2
8。 0
7。 3

1.9
4.6
7.0
6。 9
4.4
2.9
3。 1
3。 3
4.3
5。 3
2.9
2.3
5。 7
3。 9
3.7
3。 5
2,7
3.4
5。 7
4.9
2.7

0。 659(4)
01482(4)

(5
(5

10)
10)
10)
12)
12)
8)
10)
12)
12)
10)
8)
9)
9)
10)
10)
9)
8)
10)
9)
9)
9)

8)
9)
11)
10)
8)

Z

0.688(4
0.509(4
0。 317(5
0。 317(6
0。 409(6
0。 780(4
1。 032(4
1。 222(5
1.135(5
0。 846(4
0。 658(4
0.532(4
0。 685(4
0。 927(4
1。 014(5
0。 864(4
0。 287(4
0。 103(5
0.170(4
0.432(4
0。 621(4
0。 658(4
0。 5■ 2(4
0。 274(5
0。.170(5
0。 302(4

mo■ ecule

Z

O。 044(6)
0.249(5)
0。 203(5)
0。 214(5)
0.259(5)
0。 045(5)

sti2t
，

，

＞

２

１

＞

＞

１

■

＞

，

，

＞

＞

，

＞

＞

０

0.87■ (4

X

0.771(5)
0。 719(5)
0。 439(5)
0.271(5)
0。 055(5)
-0.216(5)

0。 1880(
0,1787
0。 1860
0.1478
0。 0957
0。 0898
0.1328
0。 0788
0.0128
-0,0009
0。 0516
0。 2114
0.2683
0.2627
0。 1966
0。 1413

y

-0。 0031(13)
0。 0273(11)
0。 0321(12)
0.4976(11)
0。 4725(12)
0。 4751(11)

7。 5(12)
6.4(10)
7。 3(11)
6。 6(11)
7。 1(1■ )
6。 8(11)

5)
6)
5)

4)
4)
5)

5)
4
4
4
4

4

5
4
4

5
4

4
4

4
4(27')

(28:)
(291)
(301)

f) Hydrogen atoms of the benzene

AtOm

H(31)
H(32)
H(33)
H(34)
H(35)
H(36)

B[Å
2
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７

４

４

４

５

６

６

５

４

４

５

６

６

５

５

４

４

８

９

５

，

＞

＞

，

＞

＞

＞

＞

＞

＞

―

＞

，

＞

，

＞

＞

４

＞

５

５

６

６

６

７

６

５

５

６

６

７

７

６

５

６

８

１

・
６

0
0
N
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

14
15
16
17
18
19
20
21
22
(23

Tabte 23, Fractional atomic positionql,parameters and
equivalent temperature factors Bai"rtsJ-z'I of ChMA with
their estimated standard deviatidils in parentheses.

a〕 Non-hydrogen atoms refined anisotropically

ALOm          X

(1
(2
(1
(1
2
3
4

5
6
7
8
9
10)
11)
12)
13)

0。 2091(2)
0。 3240(3)
0。 0203(3)
0.2421(4)
0。 1606(5)
0。 0608(6)
0。 19■ 4(6)
0。 2772(3)
0。 2973(3)
0.2248(3
0。 2396(4
0.3323(5
0。 4039(4
0.3871(4
0。 3843(3
0。 3738(3
0.3712(4
0.3629(4
0。 3575(4)
0。 3633(4)
0。 3707(4)
0.2065(3)
0。 0969(3)
…0。 0671(5)
-0。 0260(7)
0.2602(4)

0。 3280
0。 4384
0。 0285
0.4371
0.5577
0.5373
0。 6879
0.2001
0.1206
0。 1289
0。 0518
-0。 0334
-0。 0427
0。 0334
0。 2501
0。 3496
0.4995
0。 5912
0.5340
0。 3857
0.2956
0。 1097
0。 0729
-0。 0575
0。 1613
-0。 03■ 8

4)
4)
7)
5)

6)
10)
7)

Z

0。 6993
0。 5537
0。 8649
0。 6158
0。 6064
0。 6617
0。 5379
0.7293
0。 5883
0。 4706
0。 3420
0。 3372
0。 4510
0。 5767
0。 8105
0。 9378
0.9206
1。 0397
1。 1757
1。 1975
1.0773
0。 8305
0。 7595
0。 7997
0。 9322
0。 8866

3)
3)
4)
4)

5)
10)

BLq[12]

4。 2

5.6
6.9
4。 6
6。 3
10.5
8.5
4。 0
4。 2
4。 8
5.6
6.6
6。 9

5。 7
4.5
4。 4
6.0
7.5
6。 5
6。 6
5.5
4.5
4.9
8.2
12.7
6.1



Table 23. (continued)

b) Hydrogen atoms

y

O。 440(
0.623(
0.686(
0。 724(
0。 756(

(69)

8
9
8
7
7
6
6
7

7
6
5
5
7
8

8
7

6

6
6
6

7
8
7
9

9
8
7
6
6

s ri2lAtom

H(3a)
3b)
4a)
4b)
4c)
7)
8)
9)

10)
11)
12a)
12b)
14)
15)
16)
17)
18)
19)
20a)
20b)
2■ a)
21b)
21C)
22a)
22b)

X

0。 041
0。 006
0。 191
0.260
0。 130
0.156
0。 180
0。 344
0。 474
0。 446
0。 434
0.425
0.384
0.360
0.346
0。 363

0。 196
0。 061
-0。 089
0̈。 112
0。 026
0.303
0.175
0.542
0。 701
0。 603
0.343
0。 196
0。 179
-0。 011
0,。 166
-0。 095
-0。 155
■0。 003
0。 145
0.225
0。 230
-01097
-0。 022
■0.102

Z

0`720(7)
0.657(6)
06423(6)
0。 567(5)
0.573(5)
0.472(5)
0.258(5)
0.245(6)
0.448(5)
0.664(4)
0.736(4)
0.840(4)
0。 823(5)
1。 025(6)
11265(6)
■.296(5)
1。 093(5)
0.918(5)
0。 687(5)
0。 701(5)
0.870(6)
0。 755(6)
0。 721(5)
1。 003(6)
0.851(7)
0。 975(6)
0.950(6)
0.935(5)
0。 808(5)

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

5
5

5

5
4

4
4
5
4

3
3

4

4
4
5
4

6.2
6.5
613
4.8
5。 0

3.5
4.0
5。 1
4.3
3.0
2.2
2.6
4.2
5.4
5.8
4.8
3.8
3.5
3.9
3。 4

4.7
5.5
4.4
617
7。 3
6。 1
4.7
4.0
4。 0

14
14
14
11
12
10
10
12
11
9)
8)

8)

10
10
10
11
12
11
14
15
14
11
10
10

11)
12)
13)
11)
10)0。 378 4

0.195(4
0。 103(4
0。 068(4
-0.126(4

(22o)
(23a)
(23b)
(23C)

0̈。 039(4
-0.112(4
-0。 084(5
-0。 073(6
0゛ 02■ (5
0。 2■ 4(4
0。 329(4
0。 272(4
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refinement one strong reflection(020), which was considered

largely affected by the extj-nction, were excluded.

(DPEMA-I,2). Three reflections(600, f14r dDd 004), which were

considered to be affected by extinction, were excluded at the

final stage of the refinement.

(f-BBMA). Two molecutes are contained in an asyrnmetric

unit. The hydrogen atorns attached to the methacryl group of

MOLECULE 2 could not be located because there was ambiguity

about the conformation of two double bonds, C=C and C=O in t[e

methacryl group. Two reflections (040 and 002) , which were

considered to be affected by extinction were excluded from the

refinement.

(TrBzMA). Two molecules and two halves of the benzene

molecule (each benzene molecule lies on a symmetry center) are

contained in an asvmmetric unit.

2.2. Results and Discussion

Molecular Structure

Molecular structures with the numbering scheme of atoms

in DPMl"tA, DPEMA-1rI, TrMA, DPEMA-I,2, t-BBl4A, TTBzMA' and

ChMA(oR?EP II) are depicted in Figures 26, 27,28,29,30, 31,

and 32, respectively. Selected bond lengths and bond angles of

DPMMA, DPEMA-1rI, TrMA, DPEMA-l'2, 
'-BBMA, 

TrBzMA, and ChMA are

Iisted in Tables 24, 25,26,27,28,29, and 30, respectively.

Selected least-squares planes and dihedral angles between

the planes of these monomers are also listed in Tables 31, 32'

33, 34, 35, 36, and 37, respectivelY.

One of the interest on the structure of nethacrylate
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二ヽR

Cρ -5ρ

( 71)

conformation about the C (1)-.c (2) and

Four possible structures are shown in Scheme
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／
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Ｒ
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Scheme 10.
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H(4c)

Figure 26.  The molecular structure Of DPMMA(ORrFP Iェ )
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Ｎ
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Figure 27. The molecular structure of DPttMA-1′ ■(OPrFP ェェ)
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(3a)
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H(4c)
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E`3) （
一
ω
）

c(r)o(ll
ヨ(4b)

II(■ 3〕

C(13,
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Figure 28. The molecular structure of TrI"lA ()Rf EP Tl)
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c t4)C(1)

C(7)
(6) H(17)

4‐H{8)

c(17)
(4c)

C(5)

H(6b)
C(16)

c(14) H(16)

H(14) C(15)

H(15)H(3a)

Figure 29.  The molecular structure of DPEMA― ■′2(θPrFP ェェ)

The molecules of present study have an antipeniplanar-

eynperipLanar (ap- sp) or a synperiplanaz,- synpeni,planar (sp - spl

structure. For example in DPMMA, which has an qp-Bp structure,

the conformation of the c(2)=c(3) and C(I)=o(2) double bonds

about the C(1)-c(2) bond is ap while that of the C(1)=o(2)

double and the o(f)-c(5j bonds about the C(1)-o(f) bond is sp.

On the other hand similar achiral nonomers, DPEMA-I,I, and {rt'lA

with more bulky ester substituents than DPIUMA' have the sp-sp

structure where the conformation about the C(1)-C(2) bond is sp.

In the series of chiral monomers the DPEMA-I,2 molecule

and one molecule in an aslanmetric unit of t-BBl4A have the ap-sp

structure. But second molecule of t-BBl4A possibly has two

forms t ap-6p and ep-ep structures, disordered in a unit-cellt

because bond lengths of the C(2)-C(3) tf .431(f0) il and tfre
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121)
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H(19)
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H(10・ )

C(9・ )

Hく 9')

H(3')

(b)

Figure 30. The molecular structures of f-BBMA molecules,

(a) molecule l, (b) molecule 2()RrEp LT)
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Figure 31. The molecular

(a) molecule
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Figure 31. (continued)
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Figure 32.  The molecu■ ar struCture Of chMA(OPrFP ェェ)
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Table 24. Bond lengths tll and bond angles [o ] of DPMMA
with estimated standard deviations in parentheses

a) Bond lengths

０

０

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

　

ｂ

　

Ｃ

Ｏ

Ｃ

Ｃ

Ｏ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

1)―C(1)
2)―C(1)
2)―c(3)
5)―C(6)
6)―C(7)
7)=C(8).
9)―C(■ 0)
12)‐ C(13)
13)=C(14)
15)‐C(16)

Bond angles

-0(1)― C
―C(1)― C
―C(2)― C
―C(2)― C
―C(5)― C
―C(6)― C
―C(6)― C
―C(8)― C

1.■ 94
1。 332
1。 507
1.371
1.398
1.362
1.385
1.394

1.340( 1)―c(5)
1)―C(2)
2),C(4)
5)―C(12)
6)―C(11)
8)―C(9)
10)‐ C(11)
12)― C(17)
14)― C(15)
16)― C(17)

1.456
1。 492
1.466
1.5■ 2
1.399
1。 388
1.387
1。 373
1。 361
1.397

123
124
115
107
113
117
121
119
119
120
119
119
120

4

4
5

4
5
5
6
5
6
7

0
C
C
C
C
C
C
C
C
C

4)
5)
5)

4)
5)
5)

6)
5)
7)
6)1.364(

３

３

３

４

３

３

３

４

４

３

３

５

４

１

１

１

３

１

５

７

７

９

５

１

１

１

―C(10)― C

3)―C(14)―
5)―c(16)―

5)
2)

3)
4)
12)
7)
11)
9)

(11)
(13)
C(17)
C(15)
C(17)

■17.3
112.3
121。 0

123.6
108.4
123.3
118。 9
119。 4

121.2
■19。 9
119。 5
120。 9
120。 1

０

０

Ｃ

Ｏ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

1
2

1
1
6
5
6
8

6
5
1

―C(1
・ C(1
-C(2
-C(5
-C(5
-C(6
-C(7
-C(9
―C(11)― C(10)
―C(12)― C(17)
)=C(13)― C(14)

３

３

３

３

３

３

３

４

４

３

４

５

４

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

二

一

一

¨

¨

二

2)
2)

4)

6)
12)
1■ )

8)
10)

1
6

4

5
8
8
0
7
8
6
3

9
2

)―C(12)― C
3)― C(12)―

14)― C(15)―C(16)
12)― C(17)―C(16)
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Table 25. Bond lengthstil and bond anglesIo] of DpEMA-]rJ
with estimated standard deviations in parentheses'

a) Bond lengths
０

０

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

■)―C(1)
2)―C(1)
2)―C(3)
5)=C(6)
5)―C(■ 8)
6)―C(11)
8)―C(9)
10)― C(11)
12)― C(17)
14)― C(15)
16)― C(17)

b) Bond angles

1.35(3
1。 16(3
■.38(5
1。 59(3
1.55(3
1.39(3
1。 35(4
1。 37(4
1。 37(3
1。 40(4
1.38(3

1)―C(5)
■)―C(2)
2)―C(4)
5)―C(12)
6)―C(7)
7)―C(3)
9)―C(10)
12)― C(13)
13)― C(14)
15)― C(16)

0
C
C
C
C
C
C
C
C
C

0
0
C
O
O
C
C
C
C
C
C
C
C
C

3
4
4

3
3
3

4
3
3
4

1652
■.58
■.43
■.42
1.42
1.39
■.38
1。 45
1.42
1.40

C
O
C
C
O
C
C
C
C
C
C
C
C
C
C

2

2
2
3
3

2
2

2
2

1
1
2
5
5
5

6

6
8

1

3
3
3

2
2
2
2
2
3
3
2
2
3

2

1)=0(1)―C(5)
1)―C(1),C(2)
1)―C(2)―C(3)
3)―C(2)―C(4)
1)―C(5)―C(12)
6)― C(5)―C(12)
12)=C(5)― C(18)
5)―C(6)―C(11)
6)‐ C(7),C(8)
3)―C(9)― C(10)
6)―C(11)― C(10)
5)―C(12)― C(17)
12)― C(13)― C(■ 4)
14)― C(15)… C(16)
12)― C(17)― C(16)

116(2)
107(2)
1■ 3(3)
127(3)
111(2)
111(2)

1)―C
2)―C
l)―C
l)―C
l)―C
6)― C
5)―C
7)―C
7)―C
9)…C
5)―C
13)― C

128
125
120
99
105
106
115
118
124
■2■
■19
■17
128
■17

2)
2)

4)

6)
18)
18)
7)

11)
123
127
117
1■ 8
122
124
114
116
128

Ｏ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

¨

一

二

二

一

二

(9)

ュ3)― C
■5)― C

12
(1
(1
(1

)―C(11)
)―C(13)
2)― C(17)
4)―C(15)
6)―C(17)
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Table 26.  Bond lengthsIAl and bOnd angles[`]。 f TrMA
w■ th estimated standard dev■ ati ons ■n parenth● Ses

a) Bond lengthS

0(1)―C(1)
0(2)―C(1)
C(2)―C(3)
C(5)―C(6)
C(5)―C(18)
C(6)…c(11)
C(8)―C(9)
C(10)― C(11)
C(12)― C(17)
C(14)■ C(15)
C(16)… C(17)
C(18)― C(23)
C(20)― C(21)
C(22)― C(23)

1.353
1.198
1.351
1:533
1.530
1.383
1.374
1.391
1.396
1.373
1.396
1.389
■.384
1.388

1.464
1.500
1.450
1.539
11386
1.384
1.376
1.384
1◆ 393
1.370
1.394
1.395
1.365

3
4

5
4

4

5
5
4
5

6
4

5
5

124.8
125。 0
119.2
108。 0

110。 2
116.1
117.8
118。 3
120。 4
120.2
121.5
1■ 8。 4
120.0
120.5
119。 7
118。 4

119。 8
121.2

４

４

５

４

４

４

５

５

４

５

５

４

５

５

，

0(1)―C(5)
C(1)―C(2)
C(2)―C(4)
C(5)―C(12)
C(6)―C(7)
C(7)―C(8)
C(9)―C(10)
C(12)― C(13)
C(13)― C(14)
C(15)― C(16)
C(18)― C(19)
C(19)― C(20)
C(2■ )―C(22)

0(1)― C
O(2)―C
C(1)― C
O(1)―C
O(1)― C
C(6)― C
C(5)― C
C(7)― C
C(7)― C
C(9)― C
C(5)― C

1)-0(2)
1)―C(2)
2)―C(4)
5)― C(6)
5)―C(18)
5)―C(18)
6)―C(7)
6)―C(11)
8)TC(9)

b)

C(
0(
C(
C(
0(
C(
C
C
C
C
C
C
C
C
C
C
C
C
C

2
3
3

3

2
2
2
3
3
4

3
3
3
4
3
3

3
4
3

Bond angles

l)-0(1)―C(5)
1)― C(1)― C(2)
1)― C(2)― C(3)
3)―C(2)― C(4)
1)― C(5)― C(12)
6)―C(5)― C(12)
12)― C(5)― C(18)
5)=C(6)―C(11)
6)―C(7)― C(3)
8)―C(9)― C(10)
6)―C(11)― C(10)
5)―C(12)― C(17)
12)― C(13)― C(14)
14)・ C(15)― C(16)
12)― C(17)― C(16)
5)―C(18)― c(23)
18)― C(19)― C(20)
20)― C(21)― C(22)
18)‐ C(23)― C(22)

120.
110.
116.
124.
.103.
110。
107.
123.
120。

119.
120。
120。
120.
119。
120.
121.
120.
■19.
120。

7
3

5
3

5
9
4

8
9

4

7
0

9

9

1
6

7
6

3

C(13)… C

10)― C(11)
12)― C(13)
(12)―C(17)
(14)―C(15)
(16)―C(17)
18)― C(19)
(18)―C(23)
(20)―C(21)
(22)―C(23)

Ｃ

Ｃ

Ｉ

Ｃ

Ｃ

Ｃ

一
　

一

Ｃ

一
　

一
　

¨

＞

＞

¨

＞

＞

，

３

５

，

９

９

１

１

１

５

１

１

２

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

３

３

３

２

２

２

３

３

４

３

３

３

４

４

３

３

３

３
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Table 27. Bond }engthsti,l and bond anglestol of DpEMA-r12
with estimated standard deviations in parentheses

a) Bond tengths

1。 33(
1。■9(

，

，

２

８

６

８

１

１

＞

＞

＞

２

０

１

１

１

１

１

１

３

６

７

１

１

＜

‘

＜

―

＜

＜

＜

‘

＜

―

＜

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

¨

一

¨

中

二

¨
　

一

一

二

＞

，

＞

＞

＞

＞

卜

，

，

＞

＞

１

３

５

７

１

２

２

５

６

７

９

１

１

１

１

０

０

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

b)

1。 33
1。 57
1.52
1.40
1。 38
1.41
1.36
1.37
1.40

3
2
3

2
2
2
2
2
2

2

2

0
C
C
C
C
C
C
C
I C
C

1)―C(5)         1.48(2
1)―C(2)         1.49(2
2)―C(4)          1。 46{2
5)― C(■ 3)         ■651(2
7)― C(8)         1。 38(2
8)…C(9)          1。 41(2
10)― C(11)        1。 36(2
13)― C(14)        1.41(2
14)― C(15)        1。 39(2
16)― C(17)        1.41(3

Bond angles

C(1)-0
0(1)―C
C(1)― C
C(3)― C
O(1)―C
C(5)―C
C(6)― C
C(7)=C
C(9)― C
C(7)=C
C(5)― C
C(13)― C
C(15)― C
C(13)― C

1)―C(5)
1)―C(2)
2)―C(3)
2)―C(4)
5)―C(13)
6)―C(7)
7)― C(12)
8)…C(9)
10)― C(11)
12)― C(11)
13)― C(18)
(14)― C(15)
(16)― C(17)
(■ 8)―C(17)

116。 7(10
111.7(11
120.3(13
123。 4(13
108。 8(10
109。 6(10
121.3(11
119。 8(12
119。 6(13
120.4(12
118.4(11
120。 2(12
116。 6(14
118。 8(12

1)―C(1)-0
2)―C(1)― C
l)― C(2)― C
l)― C(5)― C
6)―C(5)― C
6)―C(7)― C
8)―C(7)― C
8)―C(9)二 C
10)― C(11)―
5)―C(13)― C
14)― C(13)―
14)… C(15)‐
16)― C(17)―

123.6(
124。 6(
116.2(
103。 1(

0
0
C
O
C
C
C
C
C
C
C
C
C

2)

2)

4)

6)

13)
8)

12)
10)
C(12)
(14)
C(18)
C(16)
C(18)

114.3
119.9
118。 8
12019
120.5
121。 9
119。 7
121。 7
122。 9(

12
12
11
10
10
11
12
11
13
11
12
13
14
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Table 28.  3ond lengths[Å l and bond angles[・ ]of t,BBMA
with estimated stendard deviations in parontheses

a) BOnd lengths

O(1)―C(1)          1・ 342(7)    0(1)―C(5)          1.451(7)
0(1:)―C(1')        1.318(7)  1  0(11)― C(5t)        1.449(7)

0(2)―C(1)         10193(7)    C(1)― C(2)         1。 481(8)
0(21)― C(■ ')        1.205(9)     C(1')― C(2・ )        1.469(9)

C(2)'―C(3)          1.359(10)    C(2)― C(4)    . ‐   1.475(10)
C(21)― C(31)        1.431(10)    C(2')― C(41)        1.416(10)

C(5)―C(6)          1.506(8)     C(5)― C(12)         1.546(8)
C(5')― C(6')        1.525(3)     C(5')― C(12')       1.542(8)

C(6)―C(7)          1.407(9)     C(6)― C(11)         1.379(9)
C(6;)― C(7.)        1.391(3)     C(6;)― C(11:)       1.384(9)

C(7)=C(8)          1.390(10)   C(8)― C(9)          1.369(11)
C(73)_c(8!)        1.386(10)   C(8')― C(9')        1.376(11)

C(9)・C(10)         1・ 398(11)   C(10)―C(11)        1.373(10)
C(9:)― C(10')       11367(12)    C(10')‐ C(11:)      1.402(1■ )

C(12)― C(13)        1.550(10)  . C(12)― C(14)        1.530(9)
C(121)―C(131)      1.541(9)     C(12')■ C(14:)      1.501(9)

C(12)● C(15)        1。 528(9)
C(12・ )―C(15:)      1◆ 523(9)



(34)

Table 28.  (eontinued)

b) BOnd angles

C(1)-0(1)―C(5)
C(■・)-0(1'〕 ―C(51)

0(1)―C(1)―C(2)
0(■ :)― C(1:)― C(2:)

C(1)―C(2)…C(3)
C(11)… C(20)― C(3')

C(3)― C(2)―C(4)
C(3')― C(2')― C(4・ )

0(1)―C(5)―C(12)
0(1])― C(5。 )―C(121)

C(5)― C(6)―C(7)
C(5')― C(6.)― C(7')

C(7)― C(6)―C(11)
C(7')― C(6.)― C(111)

C(7)― C(3)―C(9)
C(7.)― C(8:)‐ C(90)

C(9)― C(10)― C(11)
C(9')=C(10'),C(■ 1:)

C(5)―C(12)― C(13)
C(51)=C(12・ )―C(13')

C(5)―C(12)― C(15)
C(51)― C(12')―C(15')

C(13)― C(12)― C(15)
C(13')=C(121)― C(151)

116。 9(5)
119。 3(5)

113。 0(5)
1■ 4。 1(5)

120。 3(6)
■■6.6(6)

122。 3(6)
124。 3(7)｀

107.5(5)
107.5(5)

121。 1(5)
121.5(5)

119。 2(6)
119。 8(6)

120.8(7)
119。 0(7)

1■ 9.3(7)
120。 2(7)

108。 2(5)
107。 8(5)

112。 5(5)
112.4(5)

109。 8(5)
108.6(5)

0(1)―C(1)-0(2)
0(■ 0)■ C(11)-0(2')

0(2)―C(1)―C(2)
0(21)― C(1')‐ C(21)

C(1)―C(2)― C(4)
C(10)― C(23)… c(4・ )

0(1)―C(5)― C(6)
0(1')― C(5。 )―C(6')

C(6)―C(5)― C(12)
C(60)… C(51)― C(■ 21)

C(5)―C(6),C(11)
C(51)― C(6。 )―C(113)

C(6)―C(7)― C(8)
C(6:)― C(7')― C(31)

C(8)…C(9)― C(10)
C(81)=C(9:)― C(103)

C(6)¨C(11)― C(10)
C(61)― C(111)― C(10])

C(5)―C(12)― C(14)
C(50)― C(12')― C(141)

C(13)― C(12)― C(14)
C(131)―C(121)― C(14')

C(14)― C(12)― C(■ 5)
C(141)―C(123)_c(15')

６

６

　

６

６

　

６

６

　

５

５

　

５

５

　

６

５

　

６

６

　

８

８

　

７

６

　

５

５

　

５

５

　

５

５

２

１

　
　
８

８

　
　
３

１

　
　
７

７

　
　
７

８

　
　
７

７

　
　
１

６

　
　
１

２

　
　
４

１

　
　
７

１

　
　
４

２

　
　
２

７

３

２

　

３

３

　

７

９

　

８

７

　

５

５

　

９

８

　

９

０

　

０

１

　

１

９

　

８

９

　

８

９

　

９

９

２

２

　

２

２

　

１

■

　

０

０

　

１

１

　

１

１

　

１

２

　

２

２

　

２

１

　

０

０

　

０

０

　

０

０

１

１

　

１

１

　

１

１

　

１

１

　

■

１

　

１

１

　

１

１

　

１

１

　

１

１

　

１

■

　

１

１

　

１

１
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Table 29. Bond tengthsti,l and bond anglesIo] of TTBZMA
with estimated standard deviations in parentheses

a) Bond lengths

0(1)― C(■ )
0(1')― C(11)

0(2)―C(1)
0(20)― C(11)

C(2)■C(3)
C(2:)― C(3!)

C(5)―C(6)
C(5・ )―C(6:)

C(6)―C(7)
C(61)― C(7')

C(7)―C(8)
C(7')― C(81)

C(9)―C(10)
C(9')― C(10:)

C(12)― C(13)
C(120)■C(13')

C(12)― C(25)
C(123)_c(251)

C(13)― C(18)
C(13.)―C(18')

C(15)… C(16)
C(151)…C(16')

C(17)― C(18)
C(171)― C(■ 8')

C(19)・ C(24)
C(191)―C(24')

C(21)― C(22)
C(2■ 1)―C(22:)

1。 354(4)
1。 354(4)

1.201(4)
1.205(4)

1.382(5)
1。 368(5)

1。 525(4)
1.514(5)

11391(5)
1.392(5)

1。 379(6)
1.389(6)

1.371(6)
1.379(7)

1.551(4)
11551(4)

1。 541(4)
1。 535(4)

1.395(5)
1.388(5)

1。 369(5)
1.377(6)

1:399(5)
1.395(5)

1。 390(5)
1。 387(5)

1。 383(5)
1。 378(5)

0(■ )…C(5)
0(■ '),C(51)

0(1)―C(2)
C(1:)― C(2')

C(2)―C(4)
C(2:)― C(4・ )

C(5)― C(12)
C(5:)― C(121)

C(6)―C(11)
C(61)― C(11・ )

C(8)―C(9)
C(8:)― C(9:)

C(10)― C(11)
C(101)―C(11:)

C(12)― C(19)
C(12.)―C(19:)

C(13)― C(14)
C(13・ )―C(14')

C(14)― C(15)
C(14:)―C(15')

C(16)― C(17)
C(16')―C(17:)

C(19)― C(20)
C(19')―C(201)

C(20)― C(21)
C(20・ )―C(211)

C(22)― C(23)
C(22')―C(23')

■.456(4)
1.453(4)

1。 484(5)
■。480(5)

1.427(6)
■.440(5)

1.573(4)
1.584(4)

1.385(5)
11387(5)

■。371(6)
1.383(7)

1.396(5)
li395(6)

1.549(4)
1.549(4)

1.386(5)
1.394(5)

1.389(5)
1.39■ (5)

1.374(5)
1.376(6)

1.400(5)
1.393(5)

1.393(5)
1.392(5)

1.373(5)
1.388(6)



Table 29.  (continued)

(86)

1。 392(5)
1。 401(5)

1.393(5)
1.392(5)

1.376(6)
1.380(6)

11384(5)
1.384(5)

1。 350(8) I
l.359(3)
1。 380(7)

116.9(3)
117。 5(3)

111.3(3)
112。 0(3)

117。 4(3)
117。 7(3)

123.4(4)
123。 1(4)

105。 5(2)
105。 2(3)

120.1(3)
119.7(3)

118。 6(3)
118。 8(4)

120。 7(4)
12011(5)

119e9(4)
120.1(4)

C(23)― C(24)
C(231)―C(24・ )

C(25)― C(30)
C(25.)―C(30。 )

C(27)― C(28)
C(27:)―C(280)

C(29)― C(30)
C(29')―C(301)

C(31)― C(32)
C(33),C(31:)
C(35)― C(36)

b) BOnd angles

C(1)…0(1)― C(5)
C(1:)-0(1')― C(5')

0(1)―C(1)―C(2)
0(11)―C(11)― C(2')

C(1)―C(2)― C(3)
C(1:)― C(21)― C(31)

C(3)二C(2)― C(4)
C(3')― C(2')― C(41)

0(1)―C(5)― C(12)
0(1:)― C(51)― C(12:)

C(5)―C(6)― C(7)
C(5')― C(6:)― C(7:)

C(7)―C(6)― C(11)
C(7:)― C(6・ )―C(111)

C(7)―C(8)― C(9)
C(7])― C(8。 )―C(91)

C(9)―C(10)― C(11)
C(9')…C(10')―C(11')

C(25)― C(26)
C(25。 )―C(261)

C(26)― C(27)
C(26:)―C(27:)

C(28)=C(29)
C(28')―C(29')

1.401(5)
1.397(5)

1。 395(5)
1.385(5)

11374(6)
1。 378(6)

C(32)― C(33)
C(34)― C(35)
C(36)― C(34:)

1.368(8)
1。 357(7)
1.352(7)

0(1)― C(1)-0(2)       123.1(3)
0(11)― C(1')-0(2:)    122.7(3)

0(2)― C(1)―C(2)       125。 0(3)
0(2:)―C(1')―C(21)    125.3(3)

C(1)― C(2)―C(4)       119.2(3)
C(1:)― C(2:)― C(4')    119。 2(3)

0(1)― C(5)―C(6)       108:4(3)
0(1:)―C(5])― C(6。 )    108。 8(3)

C(6)― C(5)―C(12)      115.2(3)
C(6.)― C(5')… C(12・ )   115。 2(3)

C(5)― C(6)―C(11)      121。 3(3)
C(51)― C(6:)―C(11')   121。 5(3)

C(6)― C(7)―C(3)       120.3(4)
C(61)― C(7:)―C(8.)    120。 6(4)

C(8)― C(9)―C(10)      120。 0(4)
C(8.)― C(91)…C(101)   119。 9(5)

C(6)― C(11)― C(11)     120.5(3)
C(6:)― C(11:)― C(101) 121.5(4)
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Table 29.  (continued)

C(5)―C(12)―C(13) 108。 9(3)
C(5')― C(■ 2:)― C(13:) 108。 8(3)

C(5)― C(12)―C(25) 107。 5(3)
C(5:)― C(121)― C(25')  106.5(3)

C(13)― C(12)― C(25)    1■ 4.1(3)
C(13:)二C(12:)― C(251) 114・ 5(3)

C(12)― C(■ 3)=C(14)1   121.8(3)
C(12:)―C(■ 3:)―C(14:)120.3(3)

C(14)― C(■ 3)―C(18)    116.9(3)
C(14:)―C(13:)―C(18=) 117.0(3)

C(14)― C(15)― C(16)    121.0(4)
C(14:)―C(15:)―C(16.)12o.6(4)

C(16)― C(■ 7)―C(18)    120・ 2(4)
C(161)―C(171)―C(18:) 120。 0(4)

C(12)― C(19)― C(20)    1■ 8。 9(3)
C(■ 21)― C(19:)―C(20:) 1■ 9。 4(3)
C(20)― C(21)=C(22)    120.4(3)
C(20:)―C(21・ )―C(221) 120。 2(4)

C(22)― C(23)=C(24)    120.6(4)
C(22')―C(23:)― C(24') 120.4(4)

C(12)― C(25)― C(26)    121.9(3)
C(12:)―C(25:)―C(26.) 122.4(3)

C(26)― C(25)=C(30)    117.4(3)
C(26:)―C(25')―C(300)117.1(3)

C(26)― C(27)― C(28)    120。 9(4)
C(261)―C(27:)―C(28:) 120。 8(4)

C(28)… C(29)― C(30)    120。 3(4)
C(28.)― C(29:)―C(30')120。 2(4)

C(31)― C(32)― C(33)   1■ 9.5(5)
C(331)―C(31),C(32)   120.7(5)
C(35)― C(36)‐ C(34・ )   1■ 9。 6(5)

C(5)― C(■ 2)―C(19)
C(5')― C(120)―C(19:)

C(13)―C(12)― C(19)
C(13')―C(121)―C(19:)

C(19)― C(12)― C(25)
C(19')… C(12:)― C(25')

C(12)― C(13)― C(18)
C(12.)― C(13:)― C(18')

C(13)― C(14)― C(15)
C(13')― C(14')― C(15')

C(15)― C(16)― C(17)
C(15')―C(16')―C(17:)

C(13)― C(18)― C(17)
C(13:)―C(180)―C(17')

C(12)― C(19)― C(24)
C(123)_c(19')― C(24')
C(21)― C(22)― C(23)
C(2■ 1)―C(22:)=C(23:)

C(19)― C(24)=C(23)
C(19:)=C(24')― C(23')

C(12)― C(25)― C(30)
C(12:)― C(25:)― C(30')

c(25)― C(26)― C(27)
C(251)― C(261)― C(27')

C(27)― C(28)― C(29)
C(27')― C(28:)― C(29')

C(25)― C(30)― C(29)
C(251)― C(30:)― C(29')

C(32)― C(33)― C(311)
C(34)― C(35)=C(36)
C(361)― C(34)―C(35)

■11.0(3)
110。 9(3)

104。 3(3)
■04。 8(3)

■11.1(3)
111.3(3)

121。 0(3)
122。 0(3)

121.4(3)
121.2(4)

119。 1(4)
■19。 2(4)

121。 3(3)
121.8(3)

■23。 2(3)
122.7(3)
119。 4(4)
119。 2(4)

121.0(3)
120.8(3)

120.5(3)
120。 0(3)

120。 4(3)
120.9(3)

119.4(4)
119.0(4)

121.7(3)
12■ 。8(3)

119。 8(6)
119。 9(5)
120。 5(5)
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Table 30. Bond lengthstil and bond angles[o] of ChMA
wlth estimated standard deviations in parentheses

a) Bond lengt,hs

0
0
C
C
C
C
C
C
C
C
C
C
N
N

1)―C(1)
2)―C(1)
2)―C(3)
5)―C(6)
5)―C(19)
6)―C(11)
8)―C(9)
10)― C(11)
13)― C(14)
14)― C(15)
16)― c(17)
19)― C(20)
1)―C(20)
■)―C(22)

1.345(5)
1.202(6)
■.387(■ 0)
1。 528(6)
le563(6)
1。 388(7)
1。 399(8)
1.383(9)
1.386(7)  ヽ
1。 395(8)
1.378(9)
1.518(7)
1。 464(8)
1.501(14)

120。 8
1■ 0。 7
1■ 9。 9
123.5
108。 9
1■■.7
111。 5
121。 ■
121.8
121。 5
121。 4
121。 1
1■ 7.4
120。 2
1■ 8.4
1■ 2・ 7
lo8。 7
109。 5
112.5

0(1)―C(5)
C(1)―C(2)
C(2)―C(4)
C(5)…C(12)
C(6)―C(7)
C(7)…C(8)
C(9)―C(10)
C(12)― C(13)
C(13)― C(18)
C(15)― C(16)
c(17)― C(18)
C(19)― C(23)
N(1)― C(21)

1。 466(5)
1。 503(7)
1.417(9)
1.562(6)
1.375(7)
1。 406(7)
1.341(9)
1.502(7)
1◆ 384(7)
1。 368(9)
1.393(9)
1。 537(7)
1。 448(9)

b)

Ｃ

Ｏ

Bond ang■ es

l)=0(1)―C(5)
1)…C(1)―C(2)
1)―C(2)―C(3)
3)―C(2)―C(4)
1)―C(5)―C(■ 2)
6)―C(5)―C(12)
12)― C(5)― C(19)
5)=C(6)―C(11)
6)―C(7)―C(8)
8)―C(9)―C(■ 0)
6)―C(1■ )―C(10)
12)― C(13)― C(14)
14)― C(13)― C(18)
14)― C(15)― C(16)
16)― C(17)中 C(18)
5)―C(19)― C(20)
20)― C(19)― C(23)
20)― N(1)―C(22)
1)―C(20)― C(19)

Ｃ

Ｃ

Ｏ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｎ

4)
4)

6)
6)

4)

4)

4)
5)
4)

3)
4)
4)
5)
5)
6)
4)
5)
5)
6)
5)
4)

5)
7)

１

２

１

１

１

６

５

７

７

９

５

１

４

４

５

５

６

５

５

５

６

６

４

４

７

５

０

０

Ｃ

０

０

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

―C(1
-C(1
-C(2
-C{5
-C(5
-C(5
-C(6
-C(6
-C(8
…C(10
-C(12
)―C(1
)―C(1
)―C(1
)―C(1
-C(19
)―N(1
)IN(1

1■ 0。 2

101。 4
112。 6
■21。 0
117。 8
117。 4
120.0
116。 3
■21。 4
120。 8
■20。 6
122。 5
■13。 6
112。 4
■08。 4

=0(2)
―C(2)
―C(4)
=C(6)
―C(19)
―C(19)
―C(7)
―C(11)
―C(9)
)=C(11)
)― C(13)
3)― C(18)
4)―C(15)
6)―C(17)
8)―C(■ 7)
)― C(23)
)― C(21)
)― C(22)

125。 4(
123。 9(
1■ 6。 5(

13
15
13
5)

20
2■
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Table 31. I,eAst-squares planes, deviations of atoms from
the planeslAl and dihedral angles between the planes['J
of DP!4MA.

(The planes are defined in terms of Cartesian coordinates [A]
by AX+By+CZ=D, where the X and Y axes are parallel to the*a
and b,axes, respectively' and the Z axis is parallel to c^1

Plane l:
A′  B′  C′
0(1)
=0。 095(2)

Plane 28
A′  B′  C′
C(1)
-0。 000(2)

Plane 31
A′  B′ C′
0(■ )
-0.001(1)

Plane 4:
A′  B′ C7

Plane 58  C(6)′
A′  B′ CP D[Å〕=
C(6)       C(7)
=0。 005(3)  0。 00

′

一一　
ヽ
′
ス
０

，

　
　
２

０

１

１

‘

　

・

＜

λ

０

０

０

１Ｄ

１

′

一一　
ヽ
リ
ス
Ｕ

＞

　

　

２

０

１

１

＜

　

・

′
さ

Ａ

Ｃ

Ｏ

Ｃ

ｉＤ

ｄｎ

　

　

，

ａ

　

　

ｌ

′
　
　
　
■
■

１

　
　
　
０

７

＞

０

，

８

２

　
　
ｏ

２

７

＜

０

′
、

ｏ
Ｃ

一

Ｃ

Ｏ

月
ｕ
　
′

ｎ

う
ι
　

　

，ヽ

ａ

６

　

３

０

　

１

′
■

　

３

１

０

１

０

Ｃ

′

Ｃ

Ｏ

７
′
，
′

＞

０

　
　
　
，

２

６

　
　
　
１

０

０

　

１

′
　
一̈
　
ヽ
′

Ｕ^
）

＞

　

　

　

２

　

　

・

１

１

１

０

１

Å

０

一

０

１Ｄ

0(2), C(1)′  C(2)′  C(3)′  and C(4)
0,5865「  0。 0322. 0.8093r and ■3.4026
C(1)     C(2)     C(3)     C(4)|

3(2)   0。 009(3)   0.007(3)   0.079(2)   -0。 082(2)

C(2). C(3)′  and C(4)
0.5656′  -0.0279′  0.8242′  and 13。 0044
C(3)    C(4)

(3)   -0。 000(1) -00000(1)

13.8169

Dll:)二  :1::63]n:。 fl:き , 0。 8218′  and 13.。 0976

(3)

′
　
　
ヽ
′
■
，

＞

〓

３

０

２

　

１

０

１

１

１

●

ｆ
さ

ら

Ｃ

Ｏ

Ｃ

ＩＤ

６

Ｃ

　

３

ｅ
　
′
ヽ
１
３

ｎ

Ｂ

２

０

ａ

　

■

０

■
■
　
′
′
、
　
ｏ

Ｐ

Ａ

Ｃ

Ｏ

C(7)″  C(8)′  C(9)′  C(10)′  and C(11)
0.8139′  0。 4328′  0.3877′  and 17.1756
C(8)       C(9)       C(10)      C(11)

7(3)   -01001(3)  -0。 007(3)  0。 008(3)   -0。 002(3)

C(13)′  C(14)′  C(15)′  C(16)′  and C(17)
-0.5423′  -0.3830. 0。 7478P and -8.1566
C(14)      C(15)      C(16)      C(17)
-0。 007(4) 0。 007(4)   0。 000(3)   -0。 003(3)

Dihedral angles:
between planes 2 and 3: 8.3(2)
between planes 3 and 4: 6.1(3)
between planes 1 and 5: 36.4(2)
between planes I and 6z 74.0(21
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Table 32. teqst-squares planesr deviations of atoms from
the planestAl and dihedral angles between the planesIo]
of DPEMA-I11.

(The planes are defined in terns of Cartesian coordinates[A]
by AX+BY+CZ=D, where the X and Y axes are parallel to the.a
aira U axese respectively, and the zraxis i3 parallel to c*y

ila:: き: Dll:)二
0(1)     0(2)
-0。 017(5)  0.02

il・ :: :I Ьll:)二
C(1)     C(2)
0。 002(6)   -0。 0

Plane 38
A′  B′  C′
0(1)
-0.002(3)

0(2). C(■ )″  C(2)′  C(3)′  and C(4)
0。 1092′  -0。 1554′  0。 9818′  and …2.9914
C(1)       C(2)       C(3)       C(4)

0(3)   0。 02(3)    -0。 0■ (2)   -0。 08(3)   0。 07(2)

C(2)′  C(3)′  and C(4)
0.1357′  -0.2110′ 1 0。 9680′  and -3.2068
C(3)    C(4)

■(2)   0。 00(2)  0。 00(1)

and C(2)0(2)′  C(1)′
              and _2.86290.1106′  -0.1382′  019842′
C(2)C(1)

3(5)  0.01(3)   -0。 004(6)

0(1)′  and c(5)
′ and 2.5675-0。 1296′  0。 1124′  -0.9852

０

′

一一　
ヽ
′

ハ
Ｖ

＞

　

　

２

　

●

ｌ

ｌ

１

０

＜

１

０

¨

０

１Ｄ

′

一一
　
　
　
　
′

一一　
ヽ
，
１
０
〉

＞

　

　

　

　

＞

　

　

７

　

●

ｌ

１

　
　
６

！

＜

０

１

Ａ

　

Ｉ

Ａ

Ｃ

一

Ｃ

ｉ

　

Ｃ

Ｉ

Ｄ

　

　

　

Ｄ

４

Ｃ

　

５

Ｃ

　

＞２

ｅ

　
ｌ
　
　
　
ｅ

　
′
　
　
′
、

ｎ

Ｂ

　

ｎ

Ｂ

，

１

ａ

　

　

　

ａ
　
　
６
ス
Ｕ

Ｐ．
Ａ′
　
Ｐ．
Ａ′α
Ｏ．

C(7), C(8)′  C(9), C(10)P and C(11)
-0。 2590′  0。 0895′  -0.9617P and l.9637
C(8)     C(9)     C(10)    C(11)

2(2)   0.02(2)   -0。 02(2)   0。 00(2)    -0。 00(2)

A:]:: :l pll:2と
′
0:`::l; f∫ :::68:(1:|,3:`16ょ Ad l:.:`:;)

C(12)      C(13)      C(14)      C(15)      C(16)      C(17)
-0。 01(1)   0。 01(2)    -0。 01(2)   0。 01(2)    -0。 01(2)   0。 01(2)

Dihedral angles:
between planes 2 and 38  5(2)
between planes 3 and 48  2(2)
between planes l and 5:  9.5(7)
between planes l and 61 87.1(7)
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Tatl: :fineき
ilitI::u:I::d::in::61::V::[l::: :ie :1習 ie[19T

of TrMA.
(:!:A:l:::::ユ

::si::::::I;IXiii::I::,::ii::i:l:::::::::::::ll

Plane 18  0(1)1 0(2). C(■ )′  0(2)′  C(3). and C(4)
A′  B′  C′  D[ユ]= 二〇〇6815′  0.4926′  -0。 5412″ and O.7186
o(1)       0(2)       C(■ )       C(2)       C(3)       C(4)
0.184(2)   -0。 168(2)  -0。 011(3)  ‐0。 002(3)  01158(2)   -0。 162(2)

Plane 2:  C(1)′  C(2)′  C(3)′  and C(4)
A′  B′  C′  D[Å ]= -0。 76887 004103′  =0.4905, and -0。 0055
c(1)     C(2)     C(3)     C(4)
-0。 000(2)  0。 000(3)   -0。 900(1)  -0。 000(1)

Plane 38  0(1)1 0(2)′  C(1)′  and C(2)
A′  B′  C′  DIÅ ]= -0・ 5640′  0。 5879′  …0。 5o00′  and l・ 5168
o(1)     0(2) C(1)     C(2)
0。 000(1)   0。 000(1)   -0・ 000(3)  0。 000(1)

１１６０
¨

５

＞

１

５

４

＜

５

Ｃ

　

・

ｄｎ

　

′

ａ

７
′
′
０

，

５

１

　

・

０

一

′
　
〓

１

‥

ｒ
Ｂ
Ａ

Ｃ

ＩＤ

４

Ｃ

ｅ

　

′

ｎ

Ｂ

ａ■■
　
　
′

Ｐ

Ａ

Plane 58  C(6)′  C(7)′  C(8). C(9)′  C(10)′
A′  B, C′  DIÅ]=-0。 6428′  0。 1699′  0。 7469′
C(6)     C(7) C(8) C(9)

and l.5405

and C(11)
and -2.4500
C(10) C(11)

-0.007(3)

C(17)
-0。 002(3)

C(23)
0。 008(3)

0。 007(2)  -0。 000(3) -0.007(3)  0。 008(3)   -0。 001(3)

:la:: 8: Dll:2L′…:|:]:ム′
C`l:):7:(1:166:`l。 よida117:i17)

0。 007(2)  -0。 007(3)  0。 001(3)   0。 005(3)   -0.004(1)

il「::&Dll:8Lt:1::発 ′,1:°
′ C囲 ″ C囲 ′ and Cの
).7182′  0.2960′  and -3.9691

C(12) C(13) C(14) C(15) C(16)

C(18) C(19) C(20) C(2■ ) C(22)
-0.009(2) 0.006(3) -0.002(3) 0.001(3) -0.004(3)

Dihedral angles:
between planes 2 and 3: 16.4(21
between planes 3 and 4: 3.5(2)
between planes I and 5: 83.2(I)
between planes I and 6z 27.4(Il
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Tatl: ffム
nelilit:員:u:I::d::in::61::V::[1::: :ie :ftti::19T

Of DPEMA-1′ 2.
(The planes are defined in terms of Cartesian coOrdinates[Å ]

:xdA七
十
:I:::三 :こ sp::[:v:I『′ al:dtI:a,e:x]::i:al::lilei°‐:h:・]

:la:: きI Dll:)二 81:|`8'(:li3:1:)6。 :`:l; :1: :|::28
0(1)       0(2)       C(1)       C(2)       C(3)       C(4)
-0.032(5)  0。 025(5)   o。 009(12)  0。 002(10)  0。 095(■ 4)  ‐0。 058(10)

ila:; る; Dll:)二  g`:169:13と 6。 07:5'(1き .9738′  and -7.9960
C(1)     C(2)     C(3)     C(4)
-0。 004(4)  0。 011(10) -0。 010(9) -0。 005(5)

'lane 38  0(1), 0(2). C(1)′
 and C(2)

A′  B′  C′  D:A]= o。 1664′  0。 1596′  0。 9731″  and 7.2775
0(1)       0(2)       C(1)       C(2)
-0。 001(3)  -0。 002(3)  0。 008(11)  -0。 002(3)

'ila:: :I Dll:)二
 91:ち ,9:ld_:1:ち 05, ,0。 9481′  and -9。 1629

Plane 58  C(7)′  C(8)′  C(9)″  C(10). C(11)′  and C(12)
A′  B′  Cr D[Å ]= 0。 1838′  -0。 4373. 0。 8803′ and 5.7070
C(7)      C(8)      C(9)      C(10)     C(11)     C(■ 2)
-0。 003(9)  -0。 005(9)  0。 015(11)  -0。 014(10) 0。 005(10)  0。 003(10)

ila:: 8: Dll:3と
′
_:1::l者′ `::I`1,(1:l,2:1:7:Ad l:5:1::)

C(■ 3)      C(14)      C(15)      C(16)      C(17)      C(18)
-0。 005(9)0。 015(9)-Oo010(10)0・ 008(11)0。 006(11)-0。 004(?)

Dihedral angles:
between planes 2 and 38  5。 0(7)
between p■ anes 3 and 48  5。 2(10)
between planes l and 58 33.8(5)
bet"een planes l and 68 71。 4(4)
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Tatl: ::ine:[iit:i:u31::d::in:16.::V::[i::: :iealittie:19T
of t― BBMA.
(The planes are dё fined in terms 6f cartesian coordiAtttesIA]

. :ILA:す :I:::=:こ sじ::[:v:I『′lai:dtle :e:x::ei:a:::lilel° t:,:キ]
a) MOL口 CULE l

Plane 18  0(1)′  0(2)′  C(■ )′  C(2)′  C(3)′  and C(4)
A′  B′  C′  D[Å ]= 0・ 2327′  -0。 8739′  0.4269′  and -9.1660
0(1)       0(2)       C(1)       C(2)       C(3)       C(4)
-0。 020(2)  0。 020(2)   0。 003(6)   -0.001(5)  0。 067(6)   -0。 052(5)

:i];: i: Dlll:: il:t;9:|:|:8i::′

C!||:87P ald -9。
2,7,   ‐

0。 002(2)   -0.006(5)  0。 004(4)   0。 003(3)

Plane 38  0(1)′  0(2)′  C(■ )′  and C(2)
A′  BP C′  D[Å ]= =0。 2495′  0。 86807 ~004293′  and 9.1268
0(1)       0(2)       C(■ )      C(2)
0。 000(1)   0。 000(2)  -0。 001(5)  0。 001(2)

ila:: :: Dll:)1 9`:li4:ldO:`:も 17 ~003558P and 9。 4912

:la:: :: ollf)二  :1:き 49,(:l:9:;:)6.:彗 ::|′ ai:19:り ::l
C(6)       C(7)       C(3)      C(9)       C(10)      C(11)
o。 011(4).  -0。 002(5) -0。 012(6)  0。 016(6)   0。 002(6)   -0。 013(5)

Dihedral angュ es:i betwee, planes 2 and 31  3.8(3)
bet"eё n planes 3 and 48  5。 7(5)
between planes l and 5, 74.7(3)
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Table 35。   (continued)

b) MOLECULE 2

ila::ぎ
:Щ
ttIP6.堅 :辞
′
0%:易 ::鰭 :)i,C』:P4.;::3Cに

'I

O(1')    0(2:)    C(13)    c(2.)   :C(3:)    c(41)
-0。 0■ 1(2)  0.018(4)   0。 016(6)   0。 001(6)   =0。 035(5)  0。 032(6)

ila:: る|:D[1lll)6.:1::|′ 0:`::な : 8:,7:::・よn: 4.:2o5
C(1')    C(2・ )    C(3')    C(41)
0。 000(2)   -0.002(6)  0。 001(3)  0。 001(3)

ila:: :13D[Rl・ 1)10:`::な :Cl:|き :9:ld_:1::17. :nd 4.7511
0(1')      0(2:)      C(1:)      C(20)
0300■ (1)   0。 004(3)   -0。 010(6)  0。 003(2)

P■ane 4'3  C(1:). 0(11)′  and c(5:)
A′  B″  C′  D[A]= -004063′  -0。 8256′  -0。 3916′  and -4.9612

計
a:::13Щ
則?10駆盤::胤焼′%%発 0:堵lPi。 ]3'6α

nll

C(61)      C(71)      C(81)      C(9')      C(100)    C(11・ )

‐0。 002(4)0.005(5)-0。 005(5)0.001(7)00003(6)-0。 000(5〕

Dihedral angles:
betWeen planes 2' and 318  2。 4(3)
between planes 3' and 4::  4。 9(5)
between planes l: and 518 74。 6(2)
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3iil:sifi al:a::五::::ie:A:l::'i:ti:と
::::::::li::::!:::[::lil民(The planes are defined in tern

:IdA慧
+:I:::・

:こ sp::[:↓ ::『′ al:dtle ,e:x]:ei:al:::ilel° t:h:,]
a) MOLECULE l

Dll:)二  :1:き :8:(:l:6:`:)10:`:|: :1: :1:を 12
0(2)       C(1)       C(2)       C(3)  .
0。 007(2)   0.002(3)   0。 007(3)   -0。 023(3)

ila:: :: Dll:)二  21:ち 61:1316::;:7:(:1706:′  and _8。 9560
c(1)       C(2)       C(3)      C(4)
0。 001(1)   -00005(3)  0。 002(2)  0。 004(2)

Plane 18
A′  B′ C′
0(1)
‐0。 006(1)

Plane 38
A′  B′ C′
0(1)
-0。 000(1)

Plane 53
ユ′ B′ C′
C(6)
,0。 002(2)

C(4)
0。 021(4)

Plane 43  C(1)′  0(■ )′  and c(5)
A′  B′  Cr D〔 Å]= -0.1491′  -0.6715′  0。 7259′ and -8.5408
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0(2)′  C(1)′  and C(2)
-0。 2047′  -0.6607. 0。 7222′  and -8.6821
C(1)       C(2)

00(1)  0。 001(3)   -0。 000(1)

C(7). C(8)′  C(9). C(10), and C(11)
-0.1185′  -0。 5819′  -0。 8046′  and …8.5719
c(8)      C(9)       C(10)      C(11)

03(3)  0。 008(3)   -0。 003(3)  -0。 004(3)  0。 005(3)

′ C(14)′  C(15), C(16)′  C(17)″  and C(■ 8)
-0。 3280′  -0.6240′  0。 7092′  and -9。 4863
C(15) C(16) C(17)

-0。 008(3)
C(18)
-0。 017(3)

ila:: こ: Dll:9:′ _:|::ち 1′  `:l)を 1,(1:117:::3:id l:.:1:;)
C(19)      C(20)      C(21)     C(22)      C(23)      C(24)
-0.010(2) 0。 011(3)   -0。 001(3)  -0.010(3)  0.010(3)   0。 004(3)

(3) …0。 006(3)  01020(3)

Dihedral angles:
between planes 2 and 3: 1.4
between planes 3 and 4: 3.3
between planes I and 5: 80.5
between planes I and 5: 7.4
between planes I and 7z 73,7
between planes I and 8: 46.9
between planes 6 and 7: 80.6
between planes 6 and 8: 47 .9
between planes 7 and 81 59.7

C(28)′ C(29)′  Ond C(30)
0.9984″  and -0。 0854
C(28)      C(29)      C(30)
・ 0。 017(3)  0。 007(3)   0。 009(3)

2)
2)

2)

1)
1)
1)
2)
2)

2)
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Table 36。   (COntinued)

b) MOLECULE 2

ila::ぎ
:DttIP6.賢

:;|■ :拷晃6″ Cl::島 4:1311占 2,11:1:り
0(1・ )      0(2')      C(■ 1)      C(21)      C(31)      C(4')
-0。 0■ 5(1)  0。 0■ 7(2)   0.002(3)   0。 011(3)   -0。 061(3)  -0.050(3)

ila:::a8D高・■0%;;:;:愕 :L′
a8乳
:`:|)and 21"8

C(1:) C(2') C(3:) C(4')
0。 003(1)   -0。 010(3)  0。 005(2) 0.005(2)

ila:: :|:D[1111)10?1:::iC`::を :9in:.:」 ::l and 2.0856
0(■ ') 0(21) C(1:) C(2!)
-0。 000(1)  -0。 001(1)  0。 002(3)   -0。 001(1)

Plane 4::  C(1:), 0(11)′  and C(5.)
A・  B′  C′  D[Å ] = 0.5393′  -0.6720. …015076′  and -1.91o3

Plane 5::  C(6')′  C(71)′  C(8.)′  C(9:)P C(10')′  and c(111)
A′  Br C′  D[ユ ]= -0。 8104′  -0.5034′  0.2990′  Ond …6.2071
C(61) C(7') C(8:) C(9:) C(101) C(11')

C(13:) C(14') C(15;) C(16]) C(17') C(180)

-0。 002(2)  0◆ 002(3)   0。 001(1)   -0。 003(4) 0。 001(4)   0。 002(3)

ilali&:D高
11';:481封・嶋。発鵠|)10%:銘 |′aT聴 lれら:dCは

r)

…0。 022(2)  0。 018(3)   0。 008(3)   -0。 023(3) 0。 006(3)   0。 018(3)

計
ar a8D高 11九

.:`銘 |)6.[髪 :|)10%駕 ;|′ a1121況 68::dCυ
″)

C(191) C(20:)     C(21') C(22:) C(23') C(24')
0。 010(2)   -00013(3)  0。 002(3)   0。 010(3)   -0。 009(3)  -0。 005(3)

Plane 3':  c(25')′  C(261)′  C(27:), C(28.)′  C(291)′  and C(30')
A′  B′  C′ D[A]= ―o。 8105″  -0。 0304′  -0.5849′  and -402908
C(251)     C(261)     C(27.)     C(28・ )     C(291)     C(30')
=03002(2)  0。 005(3)   -0。 003(3)  -0。 007(3) 0。 009(3)   …0.004(3)

Dihedral angles:
between planes 2' and 3r:. 3.A(Z
between planes 3rand 4': f.6(3
between planes 1r and 5r: 76.4(2
between planes 1r and 5r: 7.4(I
between planes 1r and 7r: 72.3(l
between planes 1r and 8r: 45.2(2
between planes 6r and 7r: 79.4(2
between planes 6r and 8r: 49.8(2
between planes 7r and 8 | : 63.f ( 2
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Table 36.  (cOntinued)

C) BenZene mo■ ecu■ e      ‐

lla:i t: Dll11と
′
_:1::き :′

Cl::き
,8:13::l`j:13:1:′ .8::7:1'31)

C(31)     C(32)     C(33)     c(311)    C(321)    C(331)
-0。 001(5)  0。 001(4)   -0。 001(4)  0。 001(5)   -0,001(4)  0.o01(4)

ila:: :: Dll:4と
′
_:1:316.C`::362'(:::ち 66'(:il)i518;`:(361)  |

C(34)    C(35)    C(36)    C(34')   C(351)   C(36。 )

=0。
003(4)  0。 004(4)   -0。 003(3)  0。 003(3)   -01004(4)  0。 003(4)

Tatl: :Iム
n:::量iti::u31::d::in::61::V::ti::: :ie :1lRe:19T

of ChMA.
|(The planes are definё d in terms of Cartesian こ00rdinatesIÅ 〕

:xdA七
十
:I:::=:こ sp::[:v:〕 ;′  ai:dtle 」

e:xl:ei:al:::ileilt:h:+1  
‐

ila:: き: Dll:)1 91::63:1116.:1:): :`:li3;ldal`417.3820
0(1)    0(2)     C(1)    C(2)     C(3)     C(4)
―
o。 025(2)0。 034(2)-0。 002(4)-0。 0■ 3(5)0。 191(8)=01144∫ o)

ila:: :: Dllll二  :1:き

`9,(:|`5::: :1:き

36′  and 7。 2628
C(1)       C(2)       C(3)     C(4)
"0。 001(1)  00004(5)  ,0。 003(4)-0。 002(3)

ila:; :: Dll:)二  2`:li7:ll16.1::0,(1と .7987′  and -7.3866
0(1)       0(2)       C(■ )       C(2)
0。 001(1)   0。 003(2)   -0。 009(4)  0。 004(2)

ila:: :: Dll:)二  :1:)67]n8。 :」 ::′  0。 0104′  and 7。 4186

ilali 3: `1lf)二  '∫:li9'1816.:∫ :); :1::)6′  :ld l::)302
C(6)       C(7)       C(3)       C(9)       C(10)      C(11)
-0。 001(3)  -0。 003(4)  0。 004(4)   -0。 003(4)  -0。 001(5)  0。 003(4)

ila::&Dll:3と、:捲 ;ぢ夕′
Cl::lゎ

;l161′
CttP and cは鋤

″ ‐0.■ 171r and -5。 2647
C(13)      C(■ 4)      C(15)      C(16)      C(17)      C(18)
0。 009(3)  -0。 008(4)  -0.003(4)   0。 015(5)  中0。 010(5)  -0。 004(4)

Dihedral angles:
bet"een planes 2 and 38  9.2(2)                           ‐

between pla● es 3 and 4:  3。 0(4)
between planes l and 58 75。 3(2)
between 1lanes ■ and 68 59。 1(2)
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C(2)-C(4) tl.4f5(fO) il are equal within the range of

error. Two molecules of TrBzl,lA with nore bulky ester

substituents have the sp-ep structure but the molecule of ChMA

with rather bulky ester substituents has the ap-ep structure.

Generally the conformation about the C(1)-o(I) bond is sp but

there is no rule to define the conformation about the C(f)-C(2)

bond. Bulky ester substituents have much influence on the

former conformation by steric repulsion between the methacryl

group. and the substituents while probably they are not

effective for the control'of the latter conformation. The

results of electron diffraction stodies2l-23) and the molecular

polarizability measurement24l of methyl nethacrylate suggested

Llne ap-sp structure but NMR "trrdi."25'26) 
of molecular

complexes between methyl methacrylate and Lewis acids supported

the sp-sp structure. The conformational analysis by lanthanide

induced shifts of methac ryLales2T '281 led to a conc'Iusion that

both ap-sp and Bp-sp structures probably exist in solution.

The molecules of pqesent stu{y have the planar methacryl

residues. The methacryl residues (plane I or I | ) , have

comparatively poor planarity (especially in TrMA) , can be

divided into two highly planar portions, planes 2(or 2t) and

3(or 3').

The structural parameters of these methacrylate molecules

are sunmarized in Table 3I.

The C-C and C-O bond lengths of the corresponding bonds

have similar values and the corresponding bond angles have also

similar values except for the disordered molecule of

t-BBMA. The C-C, C-O, and C:H bond lengths not listed in Table

3l are respectively equal to the sums of the covalent radii

within the expeimental errors. The dihedral angles between



Table 3■ .

StruCture of methacryl moieties of varlous methacrylates

TrBzMA
Conrpound DPEMA-1,l TrMA DPEMA,1,2

Mol. l    Mol. 2

8ond lenguls[A]

C(1)―C(2)
C(2)=C(3)
C(2)―C(4)
C(1)-0(1)
C(1)=0(2)
0(1)― C(5)

3ond angles[° ]

７

７

９

５

６

５

３

７

７

５

２

６

５０

”

４‐

３４

２０

４６

２

３

２

２

２

２

９

３

６

３

９

８

６

６

．７

５

６

６

５

６

１

３

１

８

１

３

６

９

４

４

３

２

９

６

６

６

５

６

６

５

４

３

３

０

８

２

９

０

７

２

３

３

３

６

３

０

３

１

２

２

０

３

２

４

７

６

６

７

０

６

３

１

４

３

６

６

５

６

４

４

４

４

９

５

５

７

９

４

８

９

６

３

０

３

５

０

３

３

３

２

３

３

２

３

０

７

７

５

８

６

１

２

２

０

２

２

１

３

４

４

１

２

２

５

Ｃ

Ｃ

Ｃ

０

０

０

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｏ

Ｃ

Ｃ

Ｃ

Ｃ

Ｃ

Ｏ

Ｃ

翼 :81:麗 囲
.340(4)1.35(3)
J94(4)1.16(3)
.456(5)1.52(3)

1.500(4)
1.351(5)
1.450(5)
1,353(4)
1.198(4)
1.464(3)

.481(8)

.359(10)

.475(10)

.342(7)

.193(7)
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４
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．
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．
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．
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４
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４５６
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．
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●

　

●

　

一

　

●

　

●

　

０

　

　

　

１

１

２

１

２

２

１

＞

０

０

＞

＞

―

９

１

１

７

９

７

９

１

６

８

５

９

６

３

１

１

０

４

４

４

４

３

２

４1.451(7)

121.0(3)
115。 4(3)
123.6(4)
112.3(3)
124.6(3)
123.1(3)
117.3(3)

116.5(3)
119.2(3)
124.3(3)
110.3(3)
125.0(3)
124.8(3)
12017(2)

SP~SP

2.4(3)
4.8(5)
74.6(2)

響
‐SPb)

1.4(2)
3.3(2)
80.5(2)

SP~SP

3.4(2)
1.6(2)
76.4(2〕

（
０
０
）

Dihedral angles[']
between plunesu)

II and III
III and IV
IandV

Conforma t i on

8.3(2)   5(2)
6。 1(3)   2(2)
74.6(2) 87.1(7)

αp―sp     sP― sP αp‐sP α′
~SP SP~SP     aP,sP

２

０

３

９

３

５

８

７

７

１

０

＞

０

０

４

５

６

１

１

　

　

８

plane I: 0(2),0(l), C(1), C(2), C(3) and C(4); .Plane II: C(l), C(2), C(3) and C(4); Plane III: q(l)'
oizjl cirl-i^o'ciili'pian" tri:"0(i), c(l) and C(s)i Plane V: Planes of the plgl.yl glgups on the C(5)
aioms which have the smallest torsion angle referred to the C(]) atom about the 0(1)-C(5) bond(As for mol. 2

of I-BBMA and TrBzl.1A the atom numbering scheme 0(l'),0(2'), C(l'), C(2'), C(3'),..... is used instead).
There js the possibility of the disorder about the conformation of two double bonds.
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the methacryl planes and the planes of benzene rings nearest to

them have similar values.

The Molecula{ Conforrnation about the o(1)-C(5) Bond

As mentioned above, the methacryl grouP has the planar

structure. The possible conformations of a methacrylate

molecule, therefore' are four types as illustrated in Figure

33, considering rotation around,the o(1)-c(5) bond. This

figure shows the molecular model viewed from the C (5) (or C (5') )

atom down to the o(I) (or o(1')), where the most bulky

substituents is R' the second R' and the smallest R3. Among

these conformations the most probable one was considered to be
).g\(a) according to the Prelog rule'

The possible conforrnations
moLecules

Ｒ∬

＼

Ｒ‐

「
‐‐‐‐‐‐‐‐，‐‐‐‐」中」脚“

Ｉ

　

　

　

　

ｌ

一

・
Ъ

‐ Ｃ Ｈ

２

，
一

α

(b) ld)
Ａ
剛――――
日

Figure 33. of the methacrylape
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Figures 34 and 35 show the actual molecule viewed frOm the

C(5)(or C(5。 ))atO面  dOWn to the o(■ )(Or o(1:))with tOrsiOn

angle, of ester substituents abOut the O(1)― C(5)bond referred

to the o(1)=C(■ )bOnd.  The m61ecules depicted in Figure 34

DPMMA

C(

90,543)

0(2)― αl)-O11)― C(5)

(R)― t― BBMA l

O12),C(1)-0(1)― C(5)

(R)¨ TrBZMA l

O12)

C(:)

2α2

(R)―DPEMA-1:2

146,1(3】

6=5(4ド

5,3(3)

2)

:)

2駅21

Ci3)

C(2)

α2)‐ C(1)-0(1)‐ Ct5)

(R)―t―BBMA 2

0(2')― C(1')-O11')― C6° )

(R)“丁rBzMA 2

O12・ )1lC(3・ )

Cll・ )

C(2・》

5,9(9ソ

91。 9(3ア

144■ (3ア vz,z$fYlttt
Ph3C Ph3C

0(2)‐ C(1)-O11)― C(5)     ‐3.3(41   0(2')‐ C(1`)‐ 0(1=)‐ C(5り      ‐1,3(4ド

Figure 34. The actual conformation of rnethacrylate
molecules about the O(1)-C(5) bond which have
the hydrogen atom on the C (5) atom

劉 2独
9.∝ 3ア

記,x139H5r
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DPEMA-1.1

Ph
o(2)-c0 )-ofi )-c(s)

TrMA

Ph
o(2)-cfl )-oil)-c(51 3.5(2I3(4メ

ChMA

C(3)
C(2)

61.5(5r
PhH2C

,73.3(4】 C(4)

C(HXCH3)(CH2N(CH3)2)

0(2)― C(1)‐ 0(1)‐ C(5) 3,9(7I

Figure 35. The actual conformation of methacrylate
molecules about the O(1)-C(5) bond which have
no hydrogen atom on the C(5) atom

which have the hydrogen atom on the C(5) atom, have

conformations like (d). on the other hand the molecules drawn

in Figure 35, which have.no hydrogen on the C(5) btom, have

conformations like (a). The lanthanide induced shift stu.dy

of methacrylates with the hydrogen atom on the C(5) atom(see
. tolFigure 341'"' indicated that the conformation with the hydrogen

atom closest to the carbonyl oxygen(O(2) or O(2')) is also

the most probable one in solution (in toluene-dr) .

Crystal Packings

56.7(3r

q2)
C(1)

61,7(5,

The packings of methacrylate molecules in crystal are shown
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in Figures 36, 37,38, 39. 4Q,41 and 42, respectively. In

general, the packinq of the molecules seems to be determi-ned

by van der Waals forces between the methacryl group and the

vicinal one. The packing of the molecules of f-BBMA is fairly

loose. It may cause the disorder discussed before. In the

crystal of TTBZMA the benzene molecules, which lie on a

symmetry center, work as the adhesion that combines ldyers of

TTBZMA molecules.

Figure 36. The crystal structure of DPMMA (ORIEP Il)
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Figure 37.  The crysta■  structure of DPEMA-1′ ■(OPrFP ェェ)

Figure 38:  The crystal structure of TttMA(OPrFP Iェ )
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Figure 39.  The crystal struCture of DPEMA-1′ 2(θPrFP Iェ )

Figure 40.  ThO crystal structure Of t― BBMA(OPrFP II)



（
Ｐ
Ｏ
い
）

Figure 4■ .

The crysta■ structure of TrB2MA(ORrZP

Figure
ervsta] structure

42.

of ChMA(OFrFPエエ) エエ)
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Table 32.                  ‐

Summary of the conformatiOn Of methacrylates
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先
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(d) (a)

Compound C(1)―C(2) C(1),0(1) 0(1)― C(5)

DPMМA
DPEMA二 1.1
TrMA
DPEMA,1′ 2
t―BBMA(112)
TrBzMA(1′ 2)
ChMA

αP
S′

8P
α′
α′jα P・
8P,8P
αP

8P
SP
3′

8P
8P
8P
8P

(d)
(a)
(a)
(d)
(d)
(d)
(a)

2.3. Conclusion

The structural features of methacrylate molecules are

summarized in Table 32.

The methacryl groups have a planar structure: some

molecules have the ap-sp structure and others have the sp-sp

structurie. As Lo the conformation about the O(1)-C(5) bond

the methacrylate molecules which bear no hydrogen atom on the

C(5) atom have conformation like (a), while the nethacrylates

with one hydrogen atom on the C(5), which were used in the study

of the asymmetric selective polymerization with Grignard

reagent-(-)-sparteine complexes, have conformation like (d).
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CHAPTER Iエエ

The Asyntlnetr■c Se■ective Polymer■ zation of Racem■ c

Methacr,■ateO with Aё tiVe Grignard Reagent_(_)― SPattteine

Der■vative Comp■ exes.

Introduction

In this chapter the whole bellavior about the asymmetric

selective polymerization of racemic methacrylates with

catalytically active Grignard reagent- (-) -sparteine derivative

complexes, especiatly the enant,iorqer selection mechanism is

discussed on the basis of the molecular structures of the

initiators discussed in Chapter I and that of the monorners

mentioned in Chapter II.

In Chapter I, the molecular structures of the initiators

are described and discussed. In catalytically active

EIMEBT-(-)-sparteine(4a), the Et grouP coordinates to the Mg

atom at the spatially less opened side(C(7)-side) of the

cavity of a sparteine skeleton, and this type of structure

is classified as "type A". On the other hand, in less active

EtMgBr-(.+)-6-benzylsparteine(7) , the Et group coordinates to

the Mg atom at the spatially more opened side(C(9)-side) of the

cavity of the sparteine skeleton, and this is named as "type F'!.

This polynerization is considered to Proceed in a coordination

mechanism. In the initiation the Mg atom needs a sufficient

room to accommodate the methacrylate monomer in its

neighborhood in order !o reveal the initiation activity.

However, f,-BuMgCI-(-)-sparteine(@), with a bulky f,-Bu group
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and EtMgBr-(-)-d-isosparteine(5) which has a Ligand skeleton
with }ess opened cavity than (-)-sparteine, do not have a
sufficient space in neighborhood of the Mg aton. Actually
they do not have initiation activity.

rn chapter rr, the molecular structure of a-substituted
benzyl methacrylates is described and discussed. Thb

rnethacryl group in each monomer has planar structure. The

conformation about the bond between this methacryl group and

the c-carbon atom of the benzyl group(the O(I)-C(5) or
O(l')-C(5') bond) is exarnined. The methacrylates with no

hydrogen atom on the o-carbon(C(5) or C(5')) atom have

conformations in which the largest substituents lies on the
farthest position from a carbonyl oxygen(O(2) or O(2')) as

expected by the Prelog rule. whereas the methacrylates with
one hydrogen on the a-carbon atom have conformations in which

the smaLlest substituent,s, the hydrogen atom lies closest to
the carbonyl oxygen. For example, Figure 43 shows space-

filling models (PLUIO', of such methacrylates(DpEMA-I,2 and

f-BBMA), where two large substituents situate on either sides
of the methacrylate plane apart from the carbonyl oxygen(O(2))

3.1. The l4echanism of the Asymmetri-c selective polymerization

The Mechanism of the Asymmetric Selective polymerizat.ion

As nentioned above, it is considered that.the present

asynmetric selective polymerization proceeds in a coordinated,
anionic polymerization mechanism: the monomer always

coordinates to an active center of the initiator before being

attacked and incorporated into a polymer chain end since the
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H'\/'cH3
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Figure 43. The space-filling models of
and t_BBl,tA (right) (pLuro,

DPEMA-1,2 (left)

(5)― DPEMA‐ 1,2

Scheme ll.
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rate of the polymerization is independent of the monomer

concentration(Scheme 11) .

According to this mechanism, in the initial stage of the

poI1'merization the monomer coordinates through its carbonyl

oxygen to the Mg atom in the complexes, and then its C=C double

bond is attacked by a carbanion of the complex.. In this stage

the nost favorable direction of monomer access is the one as

drawn in Scheme lt for active complex 4a of type A, where the

bulky alcohol part is placed at the remote position from the Br

atom and the steric repulsion between the substituents of this

part and sparteine skeleton seems to be minimized. On the

other hand, for complex 7 of type B which has a reversed

spatial arrangement between Grignard reagent and sparteine

skeleton, the most favorable direction j-s the one from right-

top to the central Mg atom j.n Scheme 11. However in this case

the steric repulsion between the substituents and sparteine

skeleton seems to be larger. As for the structure of monomer,

the monomer can coordinate to the Mg atom easily becatrse the

smallest hydrogen atom of the substituents of a-carbon is

situated at the closest position to the carbonyl oxygen. From

the information obtained in Chapter II, c, o-dimethylbenzyl

methacrylate has two methyl groups on both sides of the

carbonyl oxygen. Actually this monomer showed no reactivity in

the copolymerization with (FS) -MBMA by active Grignard

reagent-(-)-sparteine. This means that the spatial room

around the carbonyl oxygens of monomers have much influence on

their reactivity.
In the second stage, the growing end is formed. The

growing end has a tertiary carbon atom as t-BuMgCl-

(-) -sparteine (!g) . The complex .jg that has the four-
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coordinate Mg atom indicates no reactivity. The monomer,

according to the mechanism nentioned above, always coordinates

to the active center. Therefore, the active center has the Mg

atom which is. coordinated by at l-east five ligands (or six

ligands): in five-coordinate structure, l-igands are tvto N

atoms of (-)-sparteine, halogen atom, the growing end, and t[e

carbonyl oxygen of a monomer(in six-coordinate structure, the

growing end works as bidentate where the carbonyl oxygen of

the first monomer unit also coordinates to the Mg atom). The

most probable five-coordinate structure is depicted in Scheme

L2.

CHr
-----/--:_

CHr:C-\

/c\o"
0
\

n;--'l -H
Ry

Scheme 12.

In the active center produced from the type A complex, the

Br atom that coordinates at the more oPened side of sparteine

skeleton is probably able to shift in order to offer the

growing end and the monomer a sufficient space to coordinate.
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On the contrary, in the active center formed from the type

B complex, it is diffcult for the Br atom at less opened side

of sparteine skeleton to move, and thus the active center is

forced to have a four-coordi.nate structure. This probably

makes the type B complex poorly reactive-

Enantiomer Selection of Methacrylates

The models to explain the mechanism of (5)- and (F)-

enantioner selection postulated from the reeults described

above are illustrated in Figures 44 and 45, respectively.

The first example is a (S)-selected nonomer,

DPEMA-I,2(Figure 44). This monomer has a hydrogen atom, a

phenyl group and a benzyl grouP on a carbon of chiral center'

(f). The initiator molecule before reaction is drawn.

(2). The initiation of the polymerization is drawn. The

monomer, which coordinates to the initiator. is then attacked

by the anion to form an active center. In this case

favorable direction of the monomer to be accessed, as drawn in

the Figure is examined and postulated by using the sPace-

filling models.

(3). The first propagation step of the polymerization is

given. This space-filling model of the active center is built

up cin the basis of the information from the molecular structure

determined; the structure of the monomer is assumed the same

structure as determined by the X-ray analysis. In the growing

end, the ester part is cut from the methacrylate and the sp3

hybridization is postulated for the anionic carbon. All the

J-igands are drawn to be coordinated to the Mg atom in the

manner to minimize the steric repuJ-sion between the ligands.

The steric hindrance of the Br atom, the growing end, and
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F.igure 44. The postulated mechanism of enantiomer selection for DPEI"IA-f '2
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the sparteine are avoided effectively when the monomer

approaches to the active center in such direstion as shown in

the Figure. As for the monomer it is favorable to bear the

substituents on the chiral carbon which are repulsed more

weakly by the bulky growing end; thus (S)-monomer is more

favorable to coordinate the active center in DPEMA-Ir2.

(4). The second propagation step of the polymerization is

showed. In this Figure, the first and the second monomers are

incorporated into the polymer chain and the third monomer

coordinates to the active center. The polymerization probably

proceeds in the same manner at the beginning of the reaction.

The elongating polymer chain needs a space to accommodate

itself. The active center produced from the type A complex

has a sufficient sPace to accommodate the polymer chain around

the sparteine skeleton.' This polymer chain serves as the

block to limit the direction of the monomer to be accessed.

The second example is a. (B)-selected monomer,

t-BBMA(Figure 45). This monomer has a hydrogen atom, a phenyl

group and a t-Bu group on the chiral carbon.

(f). The initiator before reaction.

(21. The initiation step of the polymerization'

(3). The first propagation steP of the polymerization'

(4). The second propagation step of the polymerization'

In the steps (2) , (3), and (4) , the f-BBMA monomer is

considered able to coordinate the active center favorably when

the f,-Bu. group is placed at the most remote Position from the

growing end, because the steric repulsion between the reactive

center and the t-Bu group is larger than that between the

reactive center and the phenyl group. Therefore, in this

catalyst system (.R)'monomers of t-BBMA are polymerized
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Figure 45. The postulated mechanism of enantiomer selection for t-BBIi[A
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preferentially. Thus the direction of enantiomer selection of

the methacrylates is considered to be judged from the

di-fference of the bulkiness to the reaction center of two

substituents which Locate on either sides of the methacryl

plane.

The third example is TTBzMA which has a hydrogen atom' a

phenyl .group and a triphenylnethyl group(Figure 45). Judging

from the selection rule mentioned above (5) -enantiomers nay be

polymerized preferentially because in the (S) -monomer the bul-ky

triphenylmethyt group can be placed at- the remote position from

the reactive center. Actually the (S)-enantiomers are

polymerized preferentially over the (a)-ant,ipodes.

Figure 46.  The space― filling mode1 6f (5)― TrBzMA(Ptt υrO)



(■ 18)

3.2. Conclusion

From the kinetic studies on this asymmetric selective

polymerization the coordinated anionic polymerization mechanism

is adopted as the most probable one. According to this

mechanism the polymerization reaction proceeds as follows:
I

1) The initiation. A methacrylate., that coordinates to the

initiator, is then attacked by a carbon atom of the initiator

to form the growing end.

2l The enantiomer selection in the propagation. In

coordination of the monomer to the active center produced in

1), one enantiomer is selected by the difference in the steric

repulsion between the monomer and the active center.

3) The propagation. The second rnonomer, that coordinated

to active center in 2), is then attacked by the growinq

end. Immediately the third monomer coordinates to the active

center and the structure of the active center is always

maintained in the same manner in subsequent Propagation steps.

The active center derived from the complex of type A is

considered able to have a five-coordinate Mg atom, while the

active center from the complex of type B has probably four-

coordinate .structure. This may cause large difference in

catalytic activity between two tyPe complexes.

. The molecular structure of c-monosubstituted benzyl

methacrylate is considered to be favorable to coordinate to the

Mg atom in the initiator or the active center because the

smallest hydrogen atom is placed at the closest position to a

carbonyl oxygen. The enantiomer selected is considered to be
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the one of which the largest ester substituent is placed at

the most remote position from the growing end.

This successful design of reaction system is attained by

the modification of Grignard reagent environment with

(-) -sparteine ligand which effectively controls the direction

of the substrate access. It is also one of the important

factors of this success to select a-monosubstituted benzyl

methacrylate as the monomer.
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