Notes

sion layer was divided into 18 discrete sublayers for calcula-
tion. 2[(MV'*),1/[MV'*] value at each sublayer (donoted
as f) is related with Kp and total concentration of the redu-
ced species within the sublayer (Cg) by Eqs. (2) and (4);

MV * T+ 2[(MV *),]i=Ce; 4)

where j is independent of the overall thickness of propaga-
ting diffusion layer. We made working curves of Kp vs (2
MV *)]I/Z{[MV'*]] at bulk concentrations of MV~
(Figure 3) using a step-function-like concentration profile”
reflecting complementary error function for Cg;s within the
diffusing layer. The fractional concentrations of Cy, were
digital-simulated anes using a method of finite differences.”
Kp value was estimated from the simulated working cutrves
by matching the integrated concentration ratio of 2[(MV""),]
/IMV-+], ie, Z2LMV )11/ E{IMV *]);) with experimen.
tal results as in Figure 2 (048 and 0.27 for 1.0 and 0.5 mM
of MV?*, respectively). The Kp value was 660 M~! at 21°C
(it 380 M~! and lit” 620 M.

In conclusion, this work demonstrated that the chemical
equilibriuvm constant of the electrogenerated species can be
studied by long pathlength cell under the assumption of
semi-infinite linear diffusion. In the course of this work the
absorption spectrum of (MV'*), was confirmed. Some of the
dimer spectra reported earlier'™® are, we believe, the monomer-
dimer mixture spectra containing small amount of monomer.
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The information of SC-"*C coupling constants plays an im-
portant role in the structural determination of organic com-
pounds.! Although its application has been very limited in
the area of C enriched compounds due to its low natural
abundance, recent advances in high field NMR spurred the
use of carbon-carbon coupling constants in samples with na-
tural abundance? One of the useful applications of ®C-PC
coupling constant was reported by Krivdin and his co-work-
ers about the stereochemistry of oximes in which the differ-
ence in coupling constants between anti- and syn-orientation
carbon to the nitrogen lone pair electrons and oxime carbon
were larger than 7 Hz.® In the case of oximes, nuclear Over-
hauser effect (NOE) can also be applied for the stereochemi-
cal analysis.' However, when it has non-protonated group
in either side of the double bond, which could not be indu-
ced to use homonuctear NOE difference experiment, we are
faced with new difficulty to solve the configuration of the
compound. For N, N'-dicyanoquinone diimines,® Neidlein and
his co-workers used very insensitive and cumbersome heter-
onuclear “C['H}-NOE difference spectroscopy measurements
to elucidate the configuration since homonuclear NOE expe-
riment was not an applicable method. At this stage, we can
ask whether the probe of coupling constants for syn-and anti-
configuration of oxime is applicable to the other nitrogen
derivatives because the different subgtituents could alter the
hybridization to change the coupling constants.’

In this note, we report the coupling constants between
the imine carbon and substituent ¢-carbons as a representa-
tive of other nitrogen derivatives which have a large differen-
ce of electronegativity between substituents on nitrogen nuc-
leus in comparison with oxime.

Imines were prepared by stirring or refluxing the corres-
ponding ketones with amines in the presence of molecular
sieves (5A) in benzene according to the literature procedures.”’
The products were purified by either vacuum distillation or
recrystallization from ethanol prior to NMR experiments.
The products were mixture of the syn-and anti-compound
and the isomers were not separated. The ratios of syn-and
anti-isomer ranged from 3:7 to 1:9 which were determined
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Figure 1. The expanded partial 1D-INADEQUATE spectrum of
2-butanone phenylimine (2). Bruker AMX-500 spectrometer, 1.75
M in CDCl,. Relaxation delay 3s, 5700 scans. The data were acqui-
red with 16 K data points multiplied by exponential (LB=15) and
followed by zerofilling to give 0.7 Hz digital resolution.

Table 1. Representative imines and their *C coupling constants
(Jc-c) of syn-and anti-a-carbon.

Hac\c/c"e HyCul 0/02“5 HSC\.C/ #CaHy
381 |f 488, 39.2 || 480 388 472
: N : N : N
1 2 3
HiC _i-CyHy HaC _CHs HaC _CzHs
385 || 47.8 378 |} 479 37.8 )| 480

O

4 5 6
(C\/LCH:, (Cj\BC(CHa),

HyCw_ __-CaHs
378 |] 480
N 36.1 | 458 361 | 45.
i) N N
- (S é
7 8 9

by 'H NMR integration. The assignments of peaks were
accomplished by the combined use of 1D-and 2D NMR tech-
niques in the mixture. Then, the configurational assignments
were made based on the literature chemical shifts® and NOE
difference spectroscopy.

The 1D-INADEQUATE pulse sequence, 90°-t-180°-t-90°-
5-90°, provided by Bruker was used to measure 3C-BC coup-
ling constants? The 1.75-225 M solutions of imines in CDCl;
were used for 1D-INADEQUATE experiments. The represe-
ntative *C 1D-INADEQUATE spectrum of 2-butanone phen-
yiimine (2) is shown in Figure 1. The value of t, which
varied the amount of double quantum, was not optimized.
Thus, the t value used for all INADEQUATE experiments
was 6.25 ms (J=40 Hz). Although the singlet of carbon peak

Notes

did not completely disappear in the 1D-INADEQUATE
spectrum, most of the one hond couplings were shown on
the spectrum and the coupling constants were obtained dire-
ctly from the spectrum. All the imines studied were shown
in Table 1 with their coupling constants. As in the case
of oximes, the coupling constant of anti position carbon of
imines, which is syn-orientation to the nitrogen lone pair,
is always about 10 Hz larger than that of syn position carbon.
Thus, different substituent on nitrogen did not change the
trend in coupling constants between imino carbon and ¢-car-
bon nucleus of the substituent groups. Furthermore, the dif-
ferences of coupling constants between syn-and anti-a-carbon
in imines are larger than those of the oximes.

We hope that this method will replace the insensitive and
cumbersome heteronuclear NOE experiment for the stereo-
chemical investigation of imino derivatives which could not
be induced to use homonuclear NOE difference experiment.
On the hasis of this study, further studies in the area of
hydrazone or enamine will be explored to gét the additional
phenomena for the compounds containing nitrogen.

Experimental

General. Imine compounds were synthesized by stirring
ketone with amine in benzene according to the literature
procedures.’” About 40 g of molecular sieves (JANSSEN, 5A)
were added to the solution of ketone (0.07-0.09 mole) and
aromatic amine (0.08-0.09 mole) in 60 m/ of benzene. The
reaction mixture was stirred at room temperature until the
reaction was complete by GC analysis. The molecular sieves
were removed by filtration and the solvent was evaporated
under reduced pressure. Then the products were purified
by vacuum distillation. Compounds 8 and 9 were prepared
by refluxing ketone and benzylamine in benzene in the pre-
sence of molecular sieves for 24 h.

All spectra were recorded at 297 K by using Bruker AMX-
500 spectrometer operating at 500.13 MHz for proton and
125.76 MHz for carhon. IR spectra were recorded on a Bio-
digilab division FTS-80 FT/IR spectrophotometer. Mass spectra
were obtained on a Hewlett-Packard 5890 Series (I} GC/HP
5971 Mass Selective Detector System.

Acetone phenylimine (1). bp 48 T (2.0 torr) (lit? bp
65-66C (7 mm)); 'H NMR (CDCl) & 1.76 (s, 3H), 2.14 (s,
3H), 661-729 (m, SH)y: “C NMR (CDCl) § 2037, 2838
11941, 122.88, 128.67, 151.17, 168.92; MS m/z 133 (48), 118
(100), 77 (90); IR (neat) vc_n 1663 (cm™")

2-Butanone phenylimine (2). bp 63 C (1.4 torr); 'H
NMR (€DCL) & 119 @, 3H, J=75 Hz), 1.75 (s, 3H), 2.37
(g 2H, J=75 Hz), 666-7.30 (m, 5H); “C NMR (CDCly &
1039, 19.07, 3445, 119.34, 12275, 12868, 151.54, 17258, MS
m/z 147 (58), 132 (30), 118 (100), 77 (55); IR (meat) vc-p
1660 (cm™")

3-Methyl-2-butanone phenylimine (3). bp 67 T (16
torr); '"H NMR (CDCl) 8 116 {d, 6H, /=69 Hz), 170 (s
3H). 259 (m, 1H), 666-730 (m, SH); “C NMR (CDCl) §
16.85, 19.69, 3894, 119.11, 122,62, 128,65, 151.56, 175.86; MS
m/z 161 (14), 146 (12), 118 (100). 77 (56); IR (neat) v¢-n
1663 (cm™Y

4-Methyl-2-pentanone phenylimine (4). bp 83T (1.8
torr); 'H NMR (CDClL) & 101 (d, 6H, /=66 Hz), 174 (s,
3H), 2.10 (m, 1H), 2.27 (d, 2H, /=74 Hz), 6.64-7.29 (m, 5H);
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3C NMR (CDCly) & 1955, 22.36, 26,05, 5053, 119.30, 122.78,
128.70, 151,48, 171.20; MS m/z 175 (29), 160 (30), 132 (100},
118 (90), 77 (82); IR (neat) vc-n 1663 (cm™))

Acetone benzylimine (5). bp 68 T (1.5 torr); 'H NMR
(CDCls) 8 192 (s, 3H), 208 (s, 3H), 444 (s, 2H), 7.19-7.35
(m, 5H); BC NMR (CDCl;) & 1866, 2935 55.33, 12641,
127.70, 128.14, 140.24, 168.08; MS m/z 147 (16), 91 (100);
IR (neat) vc-y 1663 (cm™)

2-Butanone benzylimine (6). bp 81 C (15 torr); 'H
NMR (CDCl) & 1.14 (t, 3H, J=33 Hz), 1.89 (s, 3H), 2.30
(q, 2H, /=52 Hz), 448 (s, 2H), 7.19-7.33 (m, 5H); *C NMR
(CDCl) 8 1078, 17.22, 35.65. 54.90, 126.31, 127.53, 128.23,
14049, 17184 MS m/z 161 (20), 91 (100} IR (neat) vc-n
1663 (cm™h

2-Butanone m-tolylimine (7). bp 50 € (10 torr); 'H
NMR (CDCl) & 115 (t, 3H, J=75 Hz), 1.74 (s, 3H), 229
(s, 3H), 2.35 (q, 2H, J=7.5 Hz), 6.46-7.17 (m, 4H); *C NMR
(CDCly) & 1043, 19.06, 21.29, 34.46, 11635, 119.99, 123.50,
12852, 13842, 151.53, 172.36; MS m/z 161 (42), 146 (30),
132 (100), 91 (68); IR (neat) vc-n 1667 (cm™Y)

2.-Methylcyclohexanone benzylimine (8). bp 118 C (1.8
torr); 'H NMR (CDCly) & 1.13 (d, 3H, /=67 Hz), 1.30-268
(m, 9H), 459 (s, 2H), 7.18-745 (m, 5H); BC NMR (CDCly)
8 1712, 2445, 2745, 2806, 3587, 4200, 5328, 12597, 127.11,
127.95, 140.73, 176.13; MS m/z 201 (34), 186 (11), 91 (100):
IR (neat) vc=n 1659 (cm™)

2-tert-Butylcyclohexanone benzylimine (9). bp 131
T (20 torr); 'H NMR (CDClp) § 105 (s, 9H), 147-255 (m,
9H), 4.58 (s, 2H), 7.18-7.37 (m, SH); “C NMR (CDCly & 25.09,
2722, 2869, 2913, 2941, 3335 5395 57.14, 12614, 12758
12819, 14139, 17536: MS m/z 243 (4), 186 (28), 91 (100);
IR (neat) ve~x 1659 (cm™Y)
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Functional polymers of piezoelectric activity have long been
the subject of curiosity and have caused recent interest.
It is well known that crystalline polymers such as poly(viny-
lidene fluoride) with a large dipole moment exhibit the pie-
zoelectric effects. Amorphous polymers with a high concen-
tration of dipole moments also show piezoelectric properties
after poling, in case of the polymer of vinylidene cyanide
and vinyl acetate.? Poly(acrylonitrile) has high concentrations
of nitrile dipoles, but the helical structure of the polymer
chains causes the radiating dipoles to cancel each other?
In the case of poly(1-bicyclobutanecarbonitrile), the rigid ring
structure prevents helix formation resulting in high piezoele-
ctric activity.!

A potentially piezoelectric polymer must contain a large
concentration of dipoles and be able to withstand high volt-
ages without breakdown. These polymers have to be
film-forming and mechanically very strong. We have recently
proposed that three- or four-membered rings with several
cyano substituents held rigidly in alighnment will have large
dipole moments® and that these polymers are potentially pie-
zoelectric materials. We have previously prepared a series
of polymers containing 1,1,2,2-tetracyanocyclopropane,>7 1,1,
2-tricyano-2-carbomethoxycyclopropane® 1,2-dicyano-1,2-di-
carbomethoxycyclopropane units,”® but have not yet obtained
film-forming materials. In this work we investigated the poly
(ethyl vinyl ether) containing p-(2,2,3,3-tetracyanocyclopropyl)
phenoxy group. The present report describes the synthesis
and cationic polymerization of 2-[p-(2°,2,3',3'-tetracyanocyc-
lopropyl) phenoxy] ethyl vinyl ether 4.

2-lodoethyl vinyl ether 1 was prepared by the well known
halogen exchange reaction from 2-chloroethyl vinyl ether
and sodium iodide, and reacted with 4-hydroxybenaldehyde
to yield p-(2-vinyloxyethoxy) benzaldehyde 2.2 Compound
2 was condensed with malononitrile with a small amount
of piperidine to give p-(2-vinyloxyethoxy) benzylidenemalo-
nonitrile 3.° 2-[p(2',2',3’,3"-Tetracyanocyclopropyl} phenoxy]
ethyl vinyl ether 4 was synthesized in moderate yield by
cyclopropane formation from bromomalononitrile and 3 in
the presence of triethylamine, according to a variation of
the Wideqvist reaction.* The chemical structure of the com-
pounds was confirmed by 'H NMR (Figure la), IR spectra,
and elemental analyses.

2-[p-(2' 2’ 3' 3'-Tetracyanocyclopropyl)phenoxyJethyl vinyl
ether 4 was polymerized in solution at —60 C with boron
trifluoride etherate as cationic initiator to obtain the polymer
5. The polymerization results are summarized in Table 1.

Monomer 4 was quite reactive toward cationic initiator
and polymerized readily. The chemical structure of the poly-
mer 8 was confirmed by 'H NMR (Figure 1b), IR spectra



