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111 Preliminary experiments revealed that in the com

petitive reaction between benzonitrile and caprylonitrile 

with a limiting amount of the reagent a yield of 85% of 

benzaldehyde was formed and a 99% yield of capryloni

trile was recovered.
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9 m嚣?튼:es °f*xh《m naphthalenide (2), i.e. a strong base and a good electron donor were utilized for one pot synthesis: 
2-alkylthiobenzimidazoles were synthesized in excellent yields from the reactions of benzimidazoline-2-thione ⑴ with an 
equimolar amount of alkyl halides m the presence of 2. Cdntinueous addition of a different alkyl haldie without the isolation of 
찌ky?h、en잠mifazoles afforded l-alkyl-2-alkylthiobenzimidazoles having different alkyl goups at N and S atoms in ex- 
帶nt y；辭s・ :urt*툼:ddition of 2 to l-alkyl-2-alkylthiobenzimidazoles gave excellent yields of l-alkylbenzimidazoline-2- 
算匕晔V 2 in THF was added to a suspension of l-alkyl-2-alkylthiobenzimidazoles in THF, a bond cleavage between N 

[nd C of alkyl group as well as S and C of alkyl group occurred. This is in contrast to the observation in which only cleavage 
between S and C of alkyl group takes place in the homogeneous solution.

Introduction

It has been well known that a number of benzimidazoline- 

2-thione derivatives have significant biological activity such 

as fungicidal, virucidal, and antitumor activity.1 This 

stimulated us to study the development of new synthetic 

methods of benzimidazoline-2-thione derivatives.

Synthesis of l-alkyl-2-dlkylthiobenzimidazoles has been 

achieved by the several methods. The most widely used 

method consists of the reactions of 2-alkylthiobenzimidazoles 

with excessive amounts of alkyl halides. Thus formed 

Lalkyl-2-alkyh:hiobenzimidazolium halides were treated 

under basic conditions to give l-alkyl-2-alkylthiobenzi- 

midazoles in 80% yields.2 Similarly reactions of ben- 

zimidazoline-2-thione (1) with alkyl halides in saturated 

sodium bicarbonate solution of isopropanol afforded 

1,2너ialkylated compounds of 1 as minor products.3

Apart from these methods, there have been some reports 

for the 으ynthesis of 1,2-dialkylated compounds of 1 which ap

pear to be of limited usefulness.4

The characteristic of these methods lies in the two step 

proce동se응, ie, the formation of 2-aIkylthiobenzimidazoles, 

followed by a alkylations at N-l in aqueous alcohol to give 

low yields or the formation of l-alkyl-2-alkylthiobenzi- 

midazolium halides, followed by the removal of halogen acid 

using a base such as pyridine or potassium hydroxide.

We have developed one pot syntheses of l-alkyl-2-alk- 

ylthio-benzimidazoles with two different alkyl groups and 

l-alkylbenzimidazoline-2-thiones in dried THF using sodium 

naphthalenide (2) possessing two fundamental properties,
i.e,  a strong base and a good electron donor. '

Results and Discussion

It has been 아iown that dialkylations at both N and S 

atoms of 1 can be readily achieved in almost quantitative
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Table 1. Yields of LAlkyJ호
◎侦 2 * •咎 ◎구1SCH© , 欧 

H R
3 4

RX
Stirring time 

(h)
4(%)

CH3CH2I 1 a, 100

CH3CH2CH2I 1 b, 99

CH2 = CHCH2Br 1 c, 100

ch2 = chch2ch2i 3 d, 98

yields using 2 and excessive amounts of primary alkyl 

halides in THF,5 which appear to be by far superior to any 

other methods reported for the preparation of l-alkyl-2-alk- 
ylthiobenzimidazoles.2'4 Since 2 acts as a strong base,6 it is 

not surprising that 2 can be used in place of other base such 

as NaOH in aqueous solution.

By adding 2 in dry THF to 1 in dry THF, the green color 

of 2 disappears immediately. The addition was continued un

til pale green color persisted for few seconds. By this time an 

equimolar amount of benzyl bromide with 1 was added. Stirr

ing for 3 to 4h, followed by the addition of ethyl iodide afford

ed 88% yield of l-ethyl-2-benzylthiob은nzimidazole (4a) and 

5% of l-benzyl-2-benzylthiobenzimidazole (4, R = CH2Ph). 

When 2-benzylthiobenzimidazole was reacted with various 

alkyl halides in the presence of solid NaOH in THF, excellent 

yields of l-alkyl-2-benzylthiobenzimidazoles were obtained 

as shown in Table 1.
The reaction of 1 with 1,3-dibromopropane in the 

presence of solid NaOH in THF, followed by the treatment 

with 2 gave the compounds 5(61%), 6(16%), 7(2%), and 

8(7%), which were identified by the spectroscopic and mass 

spectral data.
The differentiation between 6 and 7 was based on the 

chemical shifts of benzylic and allylic protons of hydro

naphthyl moiety of 6 in which a broad signal due to 3H ap

peared at 52.15-3.00 ppm whereas three benzylic protons of 

hydronaphthyl moiety of 7 exhibited a broad signal at 5 

3.18-3.65 ppm. The ratio of 6 to 7 in the mixture, based on 

the NMR signals, was 8:1.

The vinyl protons of 6 exhibited a multiplet between 8 
5.63 and 6.54 ppm but those of 7 showed the corresponding 

peak between ^5.63 and 6.02 ppm. Other proton signal옹 of 6 
and 7 were unable to be distinguished from each other. The

"W 一 气으 （吒） 

mechanism of formations of these compounds can be ex

plained as shown in Scheme 1.

Independent synthesis of 9,5 hallowed by the treatment 

with 2 also gave 5, 6, and 7. Since it has been well known 

that anion radicals of aryl alkyl sulfides undergo a cleavage, 

yielding arylthiolates and alkyl radicals,7 the formation of 10 

from 9 is highly expected.

Compound 5 is believed to be formed by single electron 

transfer from 2 to 10, yielding a carbanion, followed by pro
tonations.5

Compounds 6 and 7 may be formed by a radical coupling 

between anion radicals 10 and 고 to give dianions (11), follow

ed by protonations. Trapping of radicals by 2 and the basici

ty of thus formed hydronaphthalene carbanion have been 

well documented.8

The formation of 8 suggests possible formation(s) of 12, 
and/or 13 as intermediate(s) because any of these is ex- 

to give 8 by the reaction with 2 (vide infra).

In order to synthesize compound 12, l,3-bis(ben- 

zimidazolythio)propane (14) was treated with 1,3-dibro- 

mopropane in the presence of NaOH in THF. However, it 

was unsuccessful to separate the reaction mixture by column 

chromatography and each fraction showed four spots on tic, 

exhibiting almost identical 'H NMR spectra with each other. 

Treatment of the reaction mixture with 2 as de옹cribed in the 

previous reaction gave a mixture from which 8 was isolated 

in 27% yield (based on 14). In addition, 20 mg of a mixture 

containing 5 in view of Ry value was separated.

The isolation of 8 indicates that 12 is indeed formed. The 

formation of 5 suggests the presence of 1,3-bis(N-bromopro- 

pylbenzimidazolylthio)propane(15) in the reaction mixture 

obtained from the reaction of 14 with 1,3-dibromopropane 

since bond cleavages between C-Br of bromopropyl group옹 

as well as sulfur-propyl groups by 2 are expected to occur 

readily according to the similar mechanism to the formation 

mechanism of 5 from 9.

When 1,4-dibromobutane was u옹ed in place of 1,3-dibro

mopropane, compound 16(53%), a mixture of 17 and 

18(22%), and a mixture of 19 and 20 were obtained. The 

first four compounds are analogues of the compounds, 5, 6, 
7, and 8, respectively.9

Scheme 1

11 6 7
16 17 18
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The proton NMR spectrum of a mixture of 17 and 18 
showed the same fashion as that of 6 and 7. That is, the ben- 

zylic 거nd allylic protons of 17 appeared at ^2.10-3.00 ppm 

whereas 하过ee benzylic protons of 18 exhibited a broad signal 

at ^3.18-3.58 ppm. The ratio of 17 to 18 in the mixture was 

calculated to be 8:1. The vinyl protons of 17 and 18 ap- 

peared at 8 5.67-6.59 and 5.67-6.03 ppm, respectively.

Compounds, 19 and 20, in the mixture were unable to be 

separated by column chromatography and showed almost 

identical NMR spectra. However, tic showed different Rf 

values, which were confirmed by those of the authentic 

samples. Pure compound 19 was obtained in 60% yield by 

the treatment of 호 1 with 2. This result suggests that 21 may 

be a strong candidate for a precursor of 19. However, the in

volvement of other intermediate such as analogue of 13 can

not be ruled out.

The formation of 1,8-bis(2 ^mercapto-1 ^-benzimidazoyl) 

octane (20), of which analogous compounds was not detected 

in 比。reaction with 1,3-dibromopropane, indicates the for- 

mation of an anion radical analogous to 10.
When one half moles of a, a ^-dibromo-p-xylene was 

reacted with one mole of 1 under the same conditions as in 

the previous reactions, 22 was isolated in 97% yield whereas 

when more than one mole of a ^a^dibromo-p-xylene was used, 

오3 리id 24 were isolated in 2% and 35% yields, respectively. 

The str기ctures of 23 and 호4 were identified based on 

NMR and mass spectral data.

Compounds 호조 and 24 are rather insoluble in THF. 

Suspension of 22 in THF was treated with 2 to give 1 along 

with 1,2-p-ditolylethane in 61% yield. By the same treat- 

ment as in 나le reaction with 22, compound 24, however, af- 

forded l-(p-tolylmethyl)benzimidazoline-2-thione (25) in 32% 

yield in addition of 1 and lf2-p-ditolylethane. No 26 was 

detected.

This result is in contrast to that obtained from the reac- 

tion with 으 1 where only bonds between S and C of alkyl 

group were cleaved and no 1 was isolated. The discrepancies 

in the resets between two reactions may be attributable to 

the marked difference in the solubilities of 21 and 24 where 

21. was soluble in THF and 24 seemingly insoluble. The 

validity as to the explanation mentioned above will be in

vestigated.

◎주7@用舟*5구涉 ◎가 ◎行
h h 矣 虫22 ⑰©

CH2Br CH2flr
23

Experimental Section

„ 呼孕平平；Benzimidazoline-2-thione (1), naphthalene, 

辭:alkyl hahdes and sodium were obtained from Aldrich- 

Ch：mi? Germany. Synthetic methods of 2-benzylthiobenzi- 

midazole (3), l-propylbenzimidazoline-2-thione (5) and 

l-butylbenzimidazoline-2-thione (16) were described 'in the 

preyous report? Sodium naphthalenide ⑵ was prepared ac- 

으rdi：g" the method described in the previous paper.5 

Tetrahydrofuran (THF) was dried over calcium hydride. Col- 

《黑，舟段써hy was performed using silica gel(Merck, 

《0-230 mesh, ASTM). >H NMR spectra were recorded on a 

賈:?n 理 360A NMR spectrometer using tetramethylsila- 

internal standard and solvents were specified in each 

쪊鷲. Mass spectra were obtained using a Hewlett packard 

59쩔 B mass spectrometer. Melting points were determined 

with a Fisher-Johns melting point apparatus and are uncor

rected.

TyPical Pmdure for the Preparation of l-alkyl-2< 
:次!삐어‘이Smidag心 from 1. To a stirred solution 

of 1(600 mg, 3.99 mmoles) in 20 ml of THF at room tem

perature under N2 atmosphere were added 2 until green 

coIor of 고 had persisted for ca. 10 sec, followed by the addi- 

耙으 benzyl bromide (769 mg, 4.50 mmoles) in 30 ml of 

T§F"r 4h. Then ethyl iodide (1,950 mg, 12.5 mmoles) was 

added to the solution, which was additionally stirred for 3 h 

Afte; the solvent was removed, the residue was chromato- 

grgpbed on silica gel column (2x20 cm). Elution with 

<140 ml) gave a mixture of naphthalene and 

1,4선ihydronaph比alene. Elution with chloroform (200 m/) 

gaveamixture (1,013 mg) of l-benzyl-2-benzylthiobenzimi- 

無ole (4, R = CH2Pht 71 mg, 0.21 mmoles, 5%) and 1-ethyl- 

2-benzylthiobenzimidazole (4a, 942 mg, 3.51 mmoles, 88%).

TyPical Procedure for the Preparation of l-alkyl-2- 
benzylthiobenzimidazoles from 3. To a stirred solution 

of 3(200 mg, 0.83 mm이es) in 10 ml of THF at room tem- 

p’ature were added solid NaOH(200 mg, 5 mmoles) and 

ethyl iodide (975 mg, 6.25 mmoles). After the mixture was 

stirred for Ih, the solv&it was evaporated and the residue 

was extracted with CHC13(4O m/). The CHC13 layer was dried 

over MgSOq and evaporation of CHC13 afforded 223 mg (0.83 

mmoles, 100%) of l-ethyl-2-benzylthiobenzimidazoIe (4a) - li- 
quid;NMR(CDC13) M.21(t, 3H, Me, J = 7 Hz), 3.91(q 

2H,(汨见 J = 7 Hz), 4.59(s, 2H, CH2S), 7.00-7 42(m 8H‘ 
ArH), 7.55778(m, 1H, = NArH); MS m/e 26齢* ''

Similarly, the following l-alkyl-2-benzylthiobenzimida- 

zoles were synthesized: l-propyl2benzyl나liobenzimida- 

zole(北)：Liquid; 1 h stirring, 99% yield;NMR(CDCL) 

$0.81(t, 3H, Me, J = 7 Hz), 1.3M.97(m, 2H, CH2), 3.84(t, 

2H，CH2N, J = 7 Hz), 4.59(s, 2H, CH2S), 7.00-7.45(m, 8H： 

ArH), 7.53-7.70(m, 1H, = NArH); MS m/e 282(M+).

l-Allyl-2-benzylthiob은nzimidazole (4c): liquid - lh Stir- 

ring, 100% yi이d; NMR(CDCQ 4.33460(m, 4H, CH2S, 

CF&N), 4.64-5.17(m, 2H = CH2), 5.30-5.98(m, 1H, -CH =)'

6.95- 7.40(m, 8H, ArH), 7.50-7.75(mt 1H, =NArH); MS m/e 

280(M+).

l-(3-Butenyl)-2-benzylthiobenzimidazole (4d)・ liquid - 3h 

stirring, 98% yield;NMR(CDC1J &2.31(q, 2H, CH?) 

J = 7 压)，3.89(t, 2H, CH2N, J = 7 Hz), 4.57(s, 2H, CH2S)' 

4.67-5.07(m, 2H, = CH) 5.25-5.95(m, 1H, -CH = )

6.96- 7.41(m, 8H, ArH), 7.52-7.95(m, 1H, = NArH); MS m/e 

294(M+).
24 25 26
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Reaction of 1 with 1,3-Di bromopropane, Followed by
2. To a mixture of 1(1,010 mg, 6.72 mmoles) and NaOH(lg) 

in 40 ml of THF at room temperature under N2 atmosphere 

was added 1,3-dibromopropane( 1,360 mg, 6.73 mmoles) in 

30 mZ of THF for 5 min, followed by stirring for lOh, by this 

time no spot corresponding to 1 was observed on tic. The 

mixture was treated with 2 and worked up as before.

Elution with M-hexane (200 ml) gave naphthalene. Elution 

with a mixture (70 ml) of w-hexane and ethyl acetate(3:l, v/v) 

gave 61 mg of unknown mixture. Eltuion next with a mix- 

ture(160 m/) of w-hexane and ethyl acetate(2:l, v/v) afforded 

l-propylbenzimidazoline-2-thione9(5, 794 mg, 4.13 mmoles, 

61%) and a mixture(389 mg, 1.21 mmoles, 18%) of 6(16%) 

and 7(2%). XH NMR(CDC13) of 6: ^1.17-2.15(br, 4H,

CH2CH2), 2.15-3-0(Xbr, 3H, 3.98-4.46(t, 2H,

CH2N), 5.63-6.54 (m, 2H, vinyl H), 6.77-7.45(m, 8H, ArH), 

12.14(s, 1H, NH); MS m!e 320(M+). NMR(CDC13) of 7: 

51.17-2.15(br, 4H, CH2CH2), 3.18-3.65(br, 3H, 

3.98-4.46(t, 2H, CH^), 5.63-0.02(m, 2H, vinyl H), 6.77- 

7.45(m, 8H, ArH), 12.14(s, 1H, NH). Elution next with 

the same solvent mixture (1:1, v/v, 110 mZ) gave 1(84 mg,

0.56 mmoles, 8%) and l,3-bis(2-mercaptobenzimidazolyl) 

propane (8, 85 mg, 0.25 mmoles, 7%) (vide infra).

Preparation of 1,3・ Bis (benzimidazolylthio) propane 
(14). To a stirred solution of 1,3-dibromopropane (2,753 mg, 

13.62 mmoles) in THF(150 ml) containing solid NaOH(2,000 

mg, 50 mmoles) was added 1(2,206 mg, 13.49 mmoles) for 10 

min. The mixture was stirred at room temperature over

night. Extractions of the reaction mixture with CHC13, 

followed by ethyl acetate afforded 9(1,977 mg, 10.39 

mmoles, 77%) and 14(228 mg, 0.67 mmoles, 5%): mp 

203.5-205°C (ethyl acetate);NMR(DMSO-d6-CDCl3, 1:3, 

v/v) ^1.95-2.6(Xm, 2H, CH2), 3.54(t, 4H, 2SCH2,J = 7 Hz), 

6.90-7.80(ni, 8H, ArH), 11.3(s, 2H, 2NH); MS m/e 340(M+).

Reaction of 14 with 1,3-Dibromopropane, Followed 
by 2. To a stirred solution of 14(113 mg, 0.33 mmoles) in 10 

ml of THF were added NaOH(100 mg, 2.5 mmoles) and 

1,3-dibromopropane(68 mg, 0.34 mmoles). The mixture was 

stirred at room temperature for 3 days and worked up as 

usual. Elutions were carried out successively by using a mix

ture of n-hexane and ethyl acetate(l: 1, v/v), the same solvent 

mixture (1:2, v/v), and ethyl acetate. Each fraction showed 

four spots on tic but NMR spectrum was almost identical 

with each other. Total weight of the residue after removal of 

the solvent was 73 mg. The mixture was dissolved in 20 m/ of 

THF followed by the addition of 2 until green color per

sisted. This reaction mixture was worked up as u. ial. Naph

thalene was removed by the elution vzith w-hexane. Next elu

tion with a mixtue of M-hexane and ethyl acetate (2:1, v/v, 25 

mZ) afforded 20 mg of a mixture, consisting of 5 as a major 

compound in view of Rvalue. Elution next with a mixture of 

n-hexane and ethyl acetate(l:2, v/v, 90 mZ) afforded 8(29 mg, 

0.09 mmoles, 27%): mp 277-280°C;NMR (CDC13 + 

DMSO-d6f 5:1, v/v) 52.00-2.80 (m, 2H, CH", 4.45(t, 4H, 

2NCH2, J = 7 Hz), 6.92-7.50(m, ,8H, ArH), 12.03(s, 2H, 

2NH); MS m/e 340(M+).

Reaction of 1 with 1,4-Dibromobutane, Followed by
2. To a stirred solution of 1(525 mg, 3.50 mmoles) in 40 mZ 

of THF were added solid NaOH(500 mg, 12.5 mmoles) and 

1,4서ibromobutane(798mg, 3.70 mmoles). After the mixture 

was stirred for 5h at room temperature under N2 at

mosphere, 2 was added and then the reaction mixture was 

wsked up as usual. Naphthalene was removed by elution 

with benzene. Elution next with chloroform(250 mO, followed 

by a mixture of w-hexane and ethyl acetate(l:l, v/v, 15 mZ) 

afforded l-butylbenzimidazoline-2-thione5,10 (16, 382 mg, 

1.85 mmoles, 53%) and a mixture(256 mg, 0.77 mmoles, 

22%) of 17 and 18.NMR(CDC1J of 17: 1.10-2.10(br(

it *H
6H, CH2CH2CH2), 2.10-3.00(br,3H 晋，>^i)，4・25(t, 2H,

NCH2, J = 7 Hz), 5.67-6.59(m, 2H, vinyl H), 6.80-7.35(m, 8H, 

ArH), 12.06(s, 1H, NH)；MS m/e 334(M+). NMRfCDCy 

of 18: ^1.10-2.10(br, 6H, CH2CH2CH^, 3.18-3.58 (br, 3Hf

), 4.25(t, 2H,NCH2,J = 7 Hz), 5.67-6.03(m,2H,vinyl

HH

H), 6.80-7.35(m, 8H, ArH), 12.06(s, 1H, NH). Continuous 

elution with the same solvent mixture(50 ml) gave a 

mixture(115 mg) of 1,8-bis[2 '-mercapto-1 ^benzimidazoyljoc- 

tane (20)5 and 1,4-bis[2 '-mercapto-1 Lbenzimidazoyl]butane 

(19) (vide infra).

Synthesis of 21. To a stirred solution of 1,4-dibromo- 

butane(2,875 mg, 13.31 mmoles) in THF(150 mZ) at room 

temperature was added solid NaOH(2,000 mg, 50 mmoles), 

followed by 아le addition of 1(2,000 mg, 13.32 mmoles) in 

THF (100 mZ) for 10 min. The mixture was stirred overnight 

and worked up as usual. Elution with a mixture (450 mZ) of 

M-hexane and ethyl acetate (1:1, v/v) afforded an unknown 

(97 mg) and 2,3,4,5-tetrahydro-1,3-thiazepino[3,2-a]ben- 

zimidazole5 (2,215 mg, 10.84 mmoles, 81%). Eluiton next 

with ethyl acetate(200 ml) afforded 21(205 mg, 0.50 mmoles, 

8%): mp 215.5-217°C(benzene); JH NMR(CDC13) & 

1.70-2.07(m, 8H, 2CH2CH2), 3.25-3.51(m, 4H, 2SCH2), 

3.85-4.20(m, 4H, 2NCH2), 7.10-7.35(m, 6H, ArH), 

7.48-7.77(m, 2H)； MS m/e 408(M+).

Reaction of 21 with 2. To a stirred solution of 21(102 
mg, 0.25 mmoles) in 10 m/ of THF at room temperature 

was added 오 under N2 atmosphere until green color per

sisted. The reaction mixture was worked up as before. 

Naphthalene was removed by the elution with n-hexane. Elu
tion with chloroform afforded 1,4-bis[2 '-mercapto-1 '-benzi- 

midazoyl] butant (19, 54 mg, 0.15 mmoles, 60%): mp 276- 

278°C; 'H NMR(CDCl3-DMSO-d6> 5:1, v/v)

4H, 2CH2), 4.23-4.56(m, 4H, 2NCHJ, 7.15-7.40(m, 8H, 

ArH), 12.5(s, 2H, NH); MS m/e 354(M+).

Reaction of 1 with a, a' -dibromo-p-xylene. (a) To a stir

red solution of 1(2,020 mg, 13.4 mmoles) in 50 ml of THF at 

room temperature was added solid NaOH(2,000 mg, 13.4 

mmoles), followed by the addition of a,aCdibromo-p-xylene 

(2,030 mg, 7.69 mmoles). The reaction mixture was worked 

up as before and 22(2,610 mg, 6.48 mmoles, 97%) was obtain

ed. mp 274-277 °C(aq. DMSO); 'H NMR (CDC13 + DMSO너& 

1:1, v/v) d、4.56(s, 4H, 2CHJ, 7.06-7.70(m, 12H, ArH), 

12.5(s, 2H, 2NH); MS m/e 402(M+).

(b) According to the same procedure as described in (a), 

1(2,030 mg, 13.5 mmoles) and NaOH(2,000 mg, 50 mmoles) 

in 50 ml of THF were reacted with a fa Ldibromo-p-xylene 

(3.830 mg, 14.5 mmoles) in 100 ml of THF. The reaction 

mixture was worked up as before. Elution with H-hexane, 
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followed by CH2C12 afforded unreacted a ,a-dibromo-p- 

xylene. Elution with a mixture of n-hexane and ethyl 

acetate(2:l, v/v, 85 mZ) gave an unknown compounddl mg). 

Elution with the same solvent mixture(l: 1, v/v, 60 mZ) gave 

졸3(112 mg, 0.15 mmoles, 2%); 】H NMR(CDC1J $ 4.45(s, 

4H), 4.64(s, 4H), 5.26(s, 4H, 2NCH0, 7.00-7.50(mt 18H,

H

ArH), 7.66-7.94(01, 2H, ); MS m/e(ReL int) 183(58.1,

+如厂〈0>-(汨2的，185(53.5, +CH2^O}CH2Br). Elution 

with the same solvent mixture (1:2, v/v, 100 mZ) gave 24 
(l,191mg, 2.36 mmoles, 35%): NMR(CDC13 + DMSO-d6, 

5：1, v/v) S 4.50(s, 4H, 2SCH,), 5.23(s, 4H, 2NCHa), 6.61

H H H H
(s, 4H,-S-C 宅〉C-S), 6.94(s, 4H, N-C厄〉C-N), 7.13-7.44 

HH

(m, 6H, ArH), 7.58-7.90(m, 2H, 2 汹由)；MS m/e 540 

(M)

Reaction of 22 with 2. Sodium naphthulenide (2) was 

added to a suspension of 22 (1,433 mg, 3.56 mmoles) in 30 ml 

of THF at room temperature under N2 atmosphere until 

green color of 2 persisted. The reaction mixture was quench

ed with water, followed by the extraction with ethyl acetate. 

After the solvent was evaporated, the residue was 

chromatographed. Elution with chloroform(130 mZ) afforded 

a mixture of naphthalene and 1,2-di-p-tolylethane11 (228 mg, 

1.08 mm이es, 61%). Elution with acetone(80 mZ) gave 1(869 

mg, 5.79 mm이es, 81%).

Reaction of 24 with 2. As in the reaction of 22, 2 was 

added to a suspension of 24(965 mg, 1.91 mmoles) in 30 mZ 

of THF. The reaction mixture was worked up as in the pre

vious reaction. Elution with M-hexane(150 mZ) gave a mixture 

of naphthalene and 1,2-di-p-tolyethane. Elution with a mix- 

ture(90 mZ) of w-hexane and ethyl acetate(3:l, v/v) gave 

l-(/>-tolylmethyl) benzimidazoline-2-thione(25, 155 mg, 0.61 

mmoles, 32%): mp 201-202 °C (ethyl acetate-n-hexane, 1:10, 

v/v);NMR(CDCl3-DMSO-d6t 3:1, v/v)驱.24(s, 3Hf Me), 

5.49(s, 2H, CH2), 6.88-7.34(m, 8H, ArH), 12.60(s, 1H, NH); 

MS mle 254(M*). Elution next with the same solvent mix- 

ture(2:l, v/v, 170 mZ) gave an unknown (157 m용) and 1(282 

mg, 1.88 mmoles, 49%).
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Topological Approach to the Rubber Elasticity of Polymer Networks
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Applying the topological theory of rubber elasticity which was suggested by K. Iwata to the newly devised body-centered 
cubic lattice model, the authors calculated the values of four tenns of the free energy to form polymer networks. Finding the 
projection matrix of the BCL model, and comparing this with the values of the simple cubic lattice (abbreviated to SCL here
after) model of K. Iwata, the authors obtained the stress versus strain curves and found that the curves are in good agreement 
with the experimental results of poly(dimethyl siloxane) networks.

Introduction ries. One is the phantom network theories (PNT)142 and the

other the topological ones (TNT)13"15. In the former, the 

Rubber elasticity theories are classified into two catego- stress of networks is regarded as coming from the entropic


