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Table 1. P이ymerization of Phenylacetylene by MoC15-HCsCCH2 
OH Catalyst System®

Experi­
ment 

number

Catalyst system* 
(m이 e ratio)

Polymer M이ecular
yield，

(%)
weight- 

(Mw)

1 MoC15 34 6850
2 MoC15-HC=CCH2OH (1:1) 43 6580
3 MoC1s-HC=CCH2OH (1:3) 54 7030
4 MoC15-HC=CCH2OH (1: 5) 58 7200
5 MoCk-EtAJCtHCl^CCHzOH (1:2:4) 33 6840
6 Mo(OEt)5-HC=CCH2OH (1:4) trace —
7 WCk 0 84 10800
8 WCk-HCsCCH2OH (1:4) 8 3160

0 Polymerized in chlorobenzene at 60笔 for 24 h; [monomerl 
= 1.0 M, [monomer]/[ catalyst] = 50.Mixture of catalyst and co­
catalyst was aged at 20t? for 15 min before u와e. 'Methan이・ins(8 
lu비e polymer. Measured by GPC-150C of waters using the cali­
bration curves for polystyrene standard.

were carried out under dry nitrogen atmosphere in chloro­
benzene at 60t, Emonomerl=1.0 M, monomer to catalyst 
mole ratio (M/C)=50, for 24 h.

Table 1 요hows the results for the polymerization of phenyl­
acetylene by MoC15 activated by HC^CCH2OH. In most ca­
ses, HC 三 CCH2OH activated M0CI5 for the polymerization 
of phenylacetylene by M0CI5. As the mole ratio of HC=CCH2 
OH to M0CI5 was increased, the polymer yield was increased, 
and then over [HC=CCH2OH]/[MoC15] = 5 the polymer 
yi이d was decreased. When EtAlCL, a typical cocatalyst for the 
polymerization of acetylene derivatives by M0CI5 and WC1&* 
was used, the catalytic activity was decreased. Fully substi­
tuted molybdenum ethoxide, Mo(OEt)5r showed no catalytic 
activity even when HC^CCHaOH was used as a cocatalyst. 
When HC^CCHzOH was used as a cocatalyst in the WCk- 
catalyzed polymerization of phenylacetylene, the polymer 
yield was notably decreased than the polymer yield (84%) 
obtained by WCU alone. It can be deduced that the oxygen 
atom of HC=CCH2OH deactivate WCU The deactivation 
phenomena of WCk by the oxygen atom-containing acetylene 
monomers was also observed in the polymerization of pro- 
pi이ic acid,13 dipropargyl ether,14 and dipropargyl sulfone.15

The average molecular weight (Mw)s of poly(phenylacety- 
lene) prepared by MoCZ-HC즈CCH2OH catalyst system were 
similar to that of poly(phenylacetylene) obtained by M0CI5 
alone. These molecular weights were somewhat lower than 
that (Mw= 10800) of poly(phenylacetylene) prepared by WCk 
alone under the same reaction conditions.

The initial purple color of M0CI5 cataly마 solution was di­
sappeared as soon as the HC 三 CCH2OH solution was inject­
ed. The resulting poly(phenylacetylene) prepared by M0CI5- 
HC=CCH2OH was yellow and light-brown colored pow­
der.

The elemental analyses agreed well with the calcuMted 
value (。的 MoC15-HCsCCH2OH (1:5) catalyzed poly(PA), 
calcd for (GH。，,: C, 94.08%; H, 5.92%. Found: C, 93.21%; 
H, 5.83%).

The NMR ('H・ and UC-), IR, UV-visible spectral data were 
similar to those of poly(phenylacetylene) obtained by M0CI5 

and MoCl5-«-Bu4Sn.16_ 18 The higher catalytic activity of M0CI5- 
HC三CCH2OH catalyst system was deduced that the partially 
substituted molybdenum compounds by HC=CCH2OH are 
active species though the mechanism is not fully understood.

Further works for the polymerization mechanism and the 
effect of 2-propyn-l-ol homologues are in progress.
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Among various approaches to the preparation of primary
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Table 1. Formation of p-amino esters (1) and p-lactams (2) by 
the Reformatsky Reactions on 7V-alkylidenebenzenesulfenamides

R R1 R2 R3 Products, yields (%)

Ph H H Et la 20, 2a 25
H Me Et lb 33, 2b 34

Me Me . Et 1c 34, 2c 35
H H f-Bu Id 52
H Vinyl Et le 20

Me H H Et If 20
Et H H Et 1g 23

amines, alkylation of imines is probably the most direct one.1 
Some imines such as N-alkoxycarbonylimines2 and N-ben- 
zyloxyimines3 have been employed for the synthesis of P- 
amino acids in recent years. However, some imines, such 
as 2V-trimethylsilylimines have been reported to yield p-lac- 
tames exclusively when they are reacted with lithium enola­
tes.4 Recently, we have examined several reactions of metal 
enolates with sulfenimines to develop a method producing 
P-amino esters in high yields. During this study, we have 
found that addition of Reformatsky reagents to A^-alkylidene- 
benzenesulfenamides5 gives rise to p-amino esters (1) and/or 
to unexpected P-lactams (2) as shown in Scheme 1, and we 
wish to report the results in this paper.

As shown in Table 1, the reaction of the Reformatsky rea­
gents formed from simple ethyl 2-bromoacetate or its deriva­
tives of 7V-alkylidenebenzenesulfenamides yields P-amino es­
ters (1) with unexpected p-lactam compounds (2). The 
experiment has been typically carried out as exemplified for 
the first entry in Table 1. A solution of ethyl 2-bromoacetate 
(4.0 mmol) in dry benzene (20 ml) was refluxed with a piece 
of sandpapered zinc-foil and a crystal of iodine. Then, N-ben- 
zylidenebenzenesulfenamide (3.0 mmol) was added and the 
mixture was refluxed at 80t further for 1 hr. The mixture 
was then cooled, washed with 20% ammonium hydroxide, 
dried over MgSO4, and concentrated under reduced pres­
sure. The residue was distilled under vacuum to obtain an 
oil. It was chromatographed over silica gel to obtain a 伊 

amino ester IR (neat): 1735, 3350 cm-1; 】H-NMR (CDCI3): 
5 1.33 (t, J=7 Hz, 5H, CH3+NH2), 2.80 (d, J=7 Hz, 2H)t 
4.20 (q, J= 7 Hz, 2H), 7.68 (s, 5H) ppm] in 20% yield, a 
p-lactam [코电 IR (neat): 1740, 1760 cm-1, 'H・NMR (CDCI3): 
8 1.19 (t, J=7 Hz, 3H), 2.60 (dd, J=16.2 and 6.7 Hz, 1H, 
CH-COOEt), 2.79 어d,/=14,7 and 2.7 Hz, 1H, P-lactam C3- 
H), 3.12 어d,/=16.2 and 8.8 Hz, 1H, CH・COOEt), 3.25 (dd, 
J= 14.7 and 53 Hz, 1H, p-lactam C3-H), 4.10 (q, J=7 Hz, 
2H), 4.40 (dd, J= 2.7 and 5.3 Hz, 1H, p-lactam C4-H), 5.03

PhCH-NSPh 
Zn/PhH

BrCH2CO2Et __

A丿丄+
3

PhCH-CHCO2Et

XL

Ph
2a
Scheme 2.

(dd, /=8.8 and 6.7 Hz, 1H), 7.29 (br s, 10H) ppm; 13C-NMR 
(CDC13); 8 14.03, 3793, 46.19, 54.77, 54.93, 60.67, 126.75(2C), 
127.57(20, 127.94, 128.28, 128.45, 128.64(20, 12871(20, 
138.35, 138.95, 167.27, 170.42 ppm; M+ m/z 323 (electron 
impact MS)] in 25% yield, and ethyl cinnamate in 14% yield. 
Reflux of the ^-benzylidenebenzenesulfenamide with /-butyl 
bromoacetate in the presence of Zn yieled a P-amino ester 
in 52% yield exclusively. Reformatsky reactions of ethyl Y- 
bromocrotonate with A^-benzylidenebenzenesulfenamide or 
ethyl 2-bromoacetate with A^-ethylidene- or 7V-propylidenebe- 
nzenesulfenamide yieled only P-amino esters in low yields. 
The P-lactam compound seems to be the product of Michael 
addition of the P-lactam 3 formed first to ethyl cinnamate 
which might be formed from the p-amino ester with loss 
of ammonia. More ethyl cinnamate was isolated when the 
reaction mixture refluxed for a longer time (45% yield after 
12 hr reflux). Similar elimination of water from the product 
formed from the reaction of acetophenone with ethyl 2-bro­
moacetate in the presence of Zn was reported in the litera­
ture.6

When 2V-benzylidenebenzenesulfenamide was reacted with 
Z-butyl lithioacetate, /-butyl 3-phenyl-3-phenylthioaminopro- 
panoate (4) was isolated in 17% yield only, and with its cupr- 
가e, /-butyl 2-phenylthioacetate (5) was obtained in 93% yield. 
Cuprate seems to prefer nucleophilic attack on the sulfur 
atom of the sulfenimine.

NHSPh
丿I -CO-Bu-t

Ph、/ PhSCH2CO2Bu-t

4
Figure 1.
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The pKa value of an acid is the most important parameter 
for the interpretation of pH-dependent physico-chemical pro­
perties of chemical species. Variety of methods have been 
used for determination of pKa. Luminescence method is a 
very sensitive tool for chemical analysis of luminescent mo­
lecules. However, this method is rarely used for the determi­
nation of pKa, as the pKa of an excited state is usually re­
markably different from that of ground state? In this com­
munication, we present a novel method for determination 
of pKa based on luminescence quenching results.

l・Alkyl・4,4'-bipyridinium (RBPY) ions undergo the follow­
ing acid-base equilibria.

- -------- - + h+

acidic form basic form

The acidic form of RBPY is chemically similar to l,l'-dial- 
ky 1-4,4*-bipyridinium (viologen) compounds which are widely 
used as electron relays in chemical2 and photo-sensitized 
reduction3 of substrates, and as active materials in electro- 
chromic displays.4 The basic form is a substituted pyridinium 
and is considered as a coenzyme NAD+ analog.5 Because 
of these interesting characters, the pH-dependent electroche­
mical6-8 and spectroscopic7-9 behaviors of the compound옹 

as well as their ability as electron carriers in redox reactions10,11 
have been investigated.

Eour l-alkyM^'-bipyridinium (RBPY: R=methyl (Ci), n- 
octyl(C8), m-dodecyl (Ci2), benzyl (Bn)) salts were prepared 
by reacting 4,4'・bipyridine with corresponding alkyl halides 
as described in ref 10. Solution media were 0.10 M HC1, 
0.01 M NaOH+0.09 M NaCl, or 0.01 M Na2HP04+0.07 M 
NaCl. By appropriate mixing of these solutions, we obtain­
ed solutions of desired pH. The maximum change of ionic 
strength between pH 1 and 10 was less than 10%. Quen­
ching of tris(2,2/-bipyridine)ruthenium(II), Ru(bpy)32+, lumi­
nescence by RBPY was studied by steady-state luminescence

Table 1. Stem-Volmer Constant (A™) for Luminescence Quen­
ching of Ru(bpy)32+ by 1-Alkyl-4,4'-bipyridinium (RBPY) Ions and 
pKa Values of the RBPY in Aqueous Solutions of Ionic Strength 
0.10 M at 25.0t

Compounds -
K詡 沮

pH 2.0 pH 8.0 SDS-free 10 mM SDS

CiBPY 355 108 3.42 (3.60) 4.50
C8BPY 400 135 3.65 4.96
c12bpy 590 245 3.61 4.62
BnBPY 490 401 3.51 4.38

a Reported value from UV spectroscopic method.9

measurement at 25fc in aqueous media. At a given pH, the 
quenching data gave good linearity following Stem-Volmer 
equation (Eq.⑴)，indicating dynamic nature of the queching 
reaction.

Z〃= l+KMRBPY] ⑴

Io and I are luminescence intensities in the absence and 
presence of the quencher, respectively. The KSv values ob­
tained 즈t pH 2 and 8 are summarized in Table 1: RBPY 
are present mostly as acidic forms at pH 2 and basic forms 
at pH 8 (note that pKa values are about 3.5 from Table 1).

The quenching reactions are transfer of electron from 
photo-excited Ru(bpy)32+ to the quenchers.1011 The KSv values 
of the acidic forms are very similar to those of corresponding 
methyl alkyl viologens12 and much greater than those of basic 
forms, though reactions with acidic forms are less favorable 
when one considers only electrostatic effect. Thus, our result 
reflects clearly facile reduction of the protonated (acidic) 
form of RBPY: the reduction potential of the protonated 
RBPY is ca. 一 0.7 V (vs. SCE) and similar to that of dialkyl 
viologen, whereas that of basic form is about —1.0 V.6,7

Because of the intrinsic difference in quenching efficiency 
between the acidic and basic forms of RBPY, the lumines­
cence titration of a solution containing Ru(bpy)32+ and RBPY 
shows spectral change similar to that observed in spectro­
scopic titration of a dye. In Figure lt we present absorption 
spectra of RBPY and luminescence spectra of Ru(bpy)32+ in 
the presence of RBPY taken at pH 1 and 10. The relative 
change in emission intensity produced by lowering pH to 
1 from 10 is much greater than the corresponding change 
in absorbance: exception to this is absorption at 人＞290 nm, 
which is tail absorption region. The relative changes in abso­
rbance of RBPY solution and luminescence intensity of a 
solution of Ru(bpy)32+ and RBPY with pH are displayed 
in Figure 2. Good agreement between the absorbance and 
luminescence titration data is indicative of that the spectral 
changes arise from acid-base eqilibria of RBPY. The pKa va­
lues of the quenchers were obtained from the titration data 
by using the relationship, pH = pKa + log[AZ/(AZW(« — AZ)]: 
the kAbs can be substituted for AZ for absorbance data. 
The results are given in Table 1.

We also determined pKa of RBPY in the presence of 10 
mM sodium dodecylsulfate (SDS) and the results are includ­
ed in Table 1. The pKa value in the SDS micellar solution 
is about 1 pH unit higher than that in SDS-free solution. 
This is a typical result observed when the acid is bound


