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FAIT A : DITiIICLiTHICN 	N') T:I: 	LATIcL. TC TH )ITILItM CA:ICNS 

The aromatic five-membered dithiole ring system exists in two 

isomeric forms, the.e being the 1 92.(I) and 1 9 ..dithiolium (11) cations. 

Such cations are-resonance hybrids of the following canonical structures. 

	

S—S 5—S 	S—S 	S—S 

	

UNIII 

(Ia) 	 (Ib) 	 (IC) 	 (Id) 

(,) 
C S 

S> 

(Ila) 	 ('H) 	 (lIc) 

lince it is known' that by utilising the 3d orbitals in bonding, 

sulphur can expand its cuter shell to hold more than the octet, other 

canonical structures should also be considered, where either or both of 

the hetero atoms accommodates ten electrons in its outer shell. This 

possibility would allow the forms shown below to be considered as 

possible contributors to the resonance hybrids. 

(1c) 	 (II) 	 (Ig) 

GCS> 	
C'5 

	

 
(lid) 	(lie) 	 HIf) 	 (Hg) 
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Thionee derived from theee parent nuclei are designated 

1, 2.-dithiole..3..thion.a (III) and 1 9  3-dithiol.e-2-thionea (IV) and these 

may be regarded as potentially aromatic in character since they may 

give rise to charge separated structures through polariaatim of the 

thiocarbonyl  

(III) 	 (lila) 	(II -1b) 	(iilc) 

C,  S~—  
(IV) 	 (IVa) 

	
(IVb) 

As with the dithiolium salts, by involving d-orbital resonance, 

further structures for theee dithiolethioxe ua.y be considered and their 

participation is suggested by measurements of the C-S bond lengths in a 

dithio].ethione2 . If no resonance stabilisation occurred in thee. 

compounds, (III) would tend to react as an a, -uneaturat.d thicne while 

(IV) would show olefinic reactivity. 

ith alkyl esters of inorganic acids, these dithiolethions 

give rise to salts which may be regarded as alkylthiodithiolium salts 

(V)1 (VI), the caticns having the folling contributing structures. 

63 

k7S  ( \>—sR  C5 

G)  

I S  >= 5 
R 

(Va) 	 (VU) 	 (Via) 	 (VIb) 
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Considering the concept ol isosterism3 , which allows replacement 

of -CHCff- by -S-, these dithiole ring syate..s my be considered as 

having been derived from seven membered ring systems by two successive 

such replacements, the dithiolethionea arising from thiotropone and 

thiopyran-thiosies, while the parent dithiolium cations would arise from .•: 	1cfl.. 

OU or 	 (>= 

Lhe canonical ruc 	invoivin .)d orbita.Ls in bonding are 

similarly isoeteric if the replacements are looked upon as a substitution 

of Sa for -CH-'CH. 

Consideration of these ideas indicates that the nuclei of such 

dithiole ring systems should be susceptible to nucleophilic but not to 

electrophilic attack. Ca the basis of the various canonical farms shown 

previously, nucleophilic attack on the dithioliuin nucleus would be expected 

to take place in the 3-position of the 1,2-dithiolium cation and in the 

2-position of the 1 9 3-dithiolium cation. The same conclusions result from 

calculations, in;olving the use of the simple K.O./L.C.A.O* method k,  which 

also show that free radical attack would be expected at the same positions. 

If the highly improbable electrophilic attack took place at all, it would 

do so at the least electropositive position of the rings, the 4-position 

in both types of cation. 
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Further electron-donating eubetituente on the ring would be 

expected to stabilise the system since, on the basis of the resonance 

theory, this would lead to an increase in the number of structures 

contributing to the resonance hybrid, whereas electron-attracting 

subetituente would be expected to decrease the stability at the ring. 

495-Dimethyl..1 9 2-dithjole-3-thjone (VII) was the first member 

of the series to be isolated5  but the 

	

S-5 	 ructure remained in doubt for many years. 

CH 	
e structure (VIII) was originally 

C 	 ;is material, although 

	

3 	 - 

Y, who obtained it while 
(Vii) 

investisatin: rubbc; 	 c.e  
CM3 	 Ct1 

Cfl—CH—CHCHS 	
; ...a 

(viii) 
	

(ix) 

it to be -.methylthiophen-2 95-dithio3. (L). In 1951 9  however, the 

structure (VII) was established 7. 

Many methods are known for the preparation of I ,2-dithiole.--. 

thionse and these were reviewed in 19658. Three important methods, from 

the point of view of this thenia, are as follows :- 

i) 5-rhenyl-I ,2-dithiole..3-thione 

5.-Phenyl-1,2-dithiole-3-one (x; X u 0) is obtained in good 

yield through the reaction of sulphur with boiling ethyl cinninte9 ' 

(XI). The ketone is sulphurieed readily to the thione (X; x a S) by 

reaction with phosphorus pentaaulphide 10. The reverse transformation 

of thicne to ketone is achieved by treating a solution of the thione 



H 

	 1• 

-P 6 A X̀-11-  X 
(XI) 
	

(x) 

with mercuric acetate 11 . 

4..phenyl_1, 2-.dithjo].e-,I...thjone 

4..Phenyl-1, 2-dithio1,-..thi 	(XII) is obtained when a mixture 

1' o cumen, iu1 ".' 	1;Trr1ci n 	tr:: 't 1' icr 17 	r'. 

CH 3  

cH 4  65 

C. H3 

+ BHS 

Ph 
(XII) 

4-,5-Benzo-1,2-dithjole_3_ hi one 

The method of 1CLing8berg is used for the preparation of 1+,5.. 

benzo-192-dithiol....,thjone (XIII); 292 1 u.dithjodjb,ojc acid and 

idine. 

(XIII) 

CYCLO.-ADDITION 2 CTION OF DIT!ICI £:ICN AND iLATD COMICUNDS 

Ruisgen classifies cyclo-addition reactions according to the 

number of new 0 -bonde formed or according to the size of the ring which 

is formed. The most frequent case i where two reactants unite to form 

the cyclic compound, creating two ne 1 (T -onda at the expense of two 

it -bonds. 



M. 
A cyclo-addition of the type 3 + 2 —> 5 leading to an uncharged 

5--membered ring cannot occur with octet stabilised reactants which have no 

formal charges. Father, a 1,5.-dipole, ab-c, must be defined such that 

atom 'a' possesses an electron sextet, i.e. an incomplete valence shell 

combined with a positive formal charge and that atom 'c', the negatively 

charged centre, has an unshared electron pair. Combinations of such a 

193-dipole with a multiple bond system d-e, termed the dipolarophile, is 

referred to as a 1 9 3--dipolar cyclo-addition, The two components coalesce 

by means of a cyclic electron displacement with extinction of the formal 

charges to give a five-membered ring. The dipolarophile may be any double 

or triie bond. 

/b 

	

\CI 	/ 

LUi. _LUI 	tj 	;I1 	3i 	 uon, 1L.roen or 

oxygen atom are not stable. The foregoing daaiiation would therefore 

acquire the physical significance of a more resonance contributor if the 

1,3-dipole were capable of isolation. Stabilisation is possible if an 

unsh :ed pair of electrons at atom 'b' can relieve the electron deficiency 

at centre 'a' by formation of an additional bond. In the new mesomeric 

formula in which 'b' now has the positive charge, all the centres have 

completely filled valence shells. Such systems are designated as 1 9 3... 

dipoles with internal octet stabilisation. 

.. 0 
a=6—c. 	 ab 

— 

c.. 
09 

.. 

> a=b_c- 	 or  



C 07  C N,5  

c02cw3  
I 

COrwi 

(xvu) 

CO2 CM3 

CQJCI'
s 

CO2 C- 46 

(xvi) 
C.OQC¼ 

5C4EME i 

6 	CO2CN3 

Ca') 
p 

CO2  CM3  

cop'3  
S .. . .. .5..... 
I; ( 

'Toe  



Since polarisation of the exocyclic double bond in the 

dithiolathionee can lead to a charged aromatic ring system, (III) (IV), 

Easton 1  attempted to induce them to undergo cycliaation reactions with 

dipolarophiles. Two dipolarophill c reagents were used in this work, 

(1) dimethyl acotylenedicarboxylate (XIV) and ..........•..yne (XV). 

ItCQC'CCCO9H3 	 I 

(xiv) 	 (xv) 

i) .,'eaction with cety].enic Compounds 

a) Dixaethyl acetylenedicarboxylate 

In the initial reaction, 49-benzo-1,2-dithiole...thjon.e (XIII) 

was used. The thione was dissolved in benzene and an squimolecu.lar 

quantity of dixaethyl acetylenedicarboxylate was added. The product was 

identified as the di-adduct (XVI) which was thought to be formed by 1 1 4. 

addition to a highly reactive rono- iduct (;IVII). 	wo possible mechaniami 

were suggested to account for the formation ciT the :ono-rdduct [ chee 1, 

route () and (b)j . 	,outo () lo n tuc ta.e process in which eloctro- 

..hilic.ttac l.'y 	 ter :tt t 	e ectron rich exocyclic sulphur 

atom is followed by intramolecular nucleophilic dieplacement of the 2 

sulphur atom. Alternatively, the two stages might be concerted, the 

reaction proceeding via a cyclic transition stage such as that shown in 

the scheme (route b). 

hen the reaction was repeated using methanol as solvent, the 

same di-adduct (XVI) was isolated. This result supports the concept 

of a concerted addition because methanol would be expected to interfere 



CO2C"43 

7541( coo2c 113 

(xix)  

CCH5 

I -'r 	'CCW3 

'CCI45  

(xvtiô 

(a) R x H:, R2:Ph 

Cb) R 1 r. P,R2 -H 

Cc) R 1 	at.; R:C.4 

Cd) R/R : 

Ce) R%/R I — ckQ)- 

() R l  : H i R2 a Pt, 

(b) R 1 :Pt",, R 2 :14 

Cr.) R1  r. at.; R=CW3  

Cd) 
R A ---ccw2)i- 

(a) 

 

—(cw2)— 



in the two-stags process by proton transfer to the anionic site of 

the intermediate dipolar ion. 

heny1-1 9 2-ditbjol...3..thjce (XII) reacted with dimsthyl 

acetylenedicarboxy[ate to give a red oil (which decomposed an standing), 

the ultraviolet and n.m.r. spectra of which were suggestive of a di.. 

adduct (XVIIIa). 

The isomeric 5..phenyl-I, 2-dithjo1.-3-thj 	(X; Xi's) gave 

both the mono-adduct (XIXb) and the di-adduct (XVIIIb), both of which 

Were quit. stable. Similar mono- and di-adducts were obtained from 

1, 2-dithiole..3..thjones bearing aliphatic aubetituenta or fused alicyclic 

rings (aee formulas XVIII and XIX C-e). 

b) Phenylacetylene 

2..Thioncylmstliylene derivatives of 1, 3-dithiolee (XX) are 

formed in the reactions of 1,2-dithiole..3..thion.s, not only with electro- 
16,17 

:ii1C acetylenes 	but also with nry1-9cet'1. 	16 9 18  

(C 'L 	R

- 

	 Mi-T-A S 

(xx) 

hen the reaction of phenylacetyleno with 5-phenyl-1 ,-dithiole..)-thione 

is carried out in xylene in the presence of hydrogen chloride, the 

reaction is reported 18  to occur by 1 9 3-addition yielding 2-thiophena-

cylidene..-phenyl-1 , 3-dithiolo (XXI) • Hiever, when the reactants are 

refluxed for 15 hr. in dry xylene, the diphenylthiothiophthen (XXII) is 

obtained. 
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III 
14 

s-s 
-I. 	

s-s 

Ph 

S 
Ph 	S 	Ph 

LS  
Ienq ttQ.tIrI )  

(XXI) 
	

(xxii) 

Brown 
19 
 proposed a mechanism involving 1.2-addition of 

phenylacetylene to the thione followed by ring opening to give the 

thiothiophth.n (XXII), but it has since been shown by 11owat 2°  that 

the isomerisatic*i of (XXI) to (XXII) is purely thermal and is intra- 

molecular (i.e. there is no dissociation to phenylacetylene and recom-

bination by 1,2-addition). 

ii) Reactions with Benzyn. 

Previous cyclo-addition reactions between dithiolethiones and 

benzyne were performed by Easton 21 who used two methods to generate 

benzyne : (a) decomposition of pheny3.iodoniobenzene-2-carboxylate (XXIII) 

ac 0 

	
I [Oil + 
	4 cot 

(XXIII) 



SCHEME  

A.6 0 

Ph 1 QL Q] 
Se SC 5 5•• 

 SaS• 

Lk •0' i5 Ph)  

(xxIV) 
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and (b) aprotic diazotisation of inthrniiic icid. 

r 
Ii 	.-0=NR-+ 

rr1C0 	 02.  

j 	+ COa  + 

.Lu 	 .rcct ol: the reaction ol bonzy 

with 5-phsnyl.-1 1  2.4i thiole-5..thione was 495benzo2thih.cyljd. 

193-dithiol. (XXIV) and two suggested pathways for its formation are 

shown in Scheme 2, 

Route A involves electrophilic attack by bzyne at the exo-. 

cyclic sulphur atom, to give a dipolar intermediate, and rout. B is a 

Concerted cyclo-.addition. 

The yield of the adduct was very low ( 7') when the benzyne 

was generated by method (a), but rather better (28) when method (b) 

was used, 

The product (XXIV) was readily identified since it bad been 

obtained by two other routes, as detailed below. 

(a) 	The benzodi.thjoljwn salt (XXV) reacts with sodium benzoyl- 

acetate to give a ketone (XXVI) which is converted into the thione 

(Xxiv) by the acticrt of phosphorus pentasulphide 17 . 

C(D

sp 	Ph.CocHco2.Np  OC S 
(X:v) 	 (XXVI) 

OCS >: 
Ph 

( >IV) 



5C1E.ME 

SH 

HX 
)k.-4A Ph 

S 5 

kk,,LsH CIIJL,Lph ) 
(xxvii) 

 

(XXVIII) 

-s 

0.  

1 LA\k 
t) 	Ph 

(xxix) 

(xxiv) 
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(b) 	Benzene-1,2-dithiol (XXVII) reacts with 3.chloro..5.ph.nyl_ 

l,2-dithiplium perchiorate (XXVIII) in acetone at room temperature to 

give the sane compound23  (XXIV). The mechanism proposed for this 

reaction (scheme 3) involves displacement of chloride ion from the 

3-position in the chioro compound (XXVIII) by one of the thiol groups 

in(XXVII); the second thiol group then attacks the three position 

forming an unstable spiran intermediate (XXIX). Opening of the 

dithiole ring with lose of sulphur then leads to the thiophenacylidene 

compound (xxxv). 

No products were isolated from the reactions of phevi-

and of 4,-baczo-1 , 2-dithiole-3-thione with benzyne. 

The reaction of I ,3-dithiolan-2.$hicne with b.nzyne gave a 

mrm ' yield of k, 5-benzo-1 ,3-dithiola-2-thione but only when diphenyl-

iodoniwn-2-carbcylate was used to generate benzyne. 

REACTIONS CT I,)-ITrIIc;L TilIC1i: ITi I'T}1YL ACI4TYJ:: DICAOXYIAT,. 

A comparison of the reactions of 10-dithiolan-2-thione with 

those of its dehydroanated analogue, 1 13..dithiole-2-thione has been 

publiahsd24. The fact that the dithiolanthionea give rise to aikylthio 

Baits suggests that a dipolar atr4cture (XXX) 

C 	

(CDs 
(xxx) 	

(b) 

siiilar to tat o1 the dithiolethione makee a iiiiicant contribution 

to the resonance hybrid. 



SCHME 4 

	

N 	 c2cw8 
R L15 

III 
I 

	

2 N 
	

CO2Ck3 

c0cw3  
H (4cocw 

fti 	
2 1 

H 

161 

CqcH3 

R :4, 6  /4 C.02CH3 

H 0 (%xxIv) 

I 
CO2CH3  

aq~wa 	R, 1.4 	5 

-v-p 	
Clog; HS 

R2 	 CoCM 

(xxxii) 
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It thus seemed to Easton25  to be feasible to react 1,3-

dithiolan-2-.thiagiea with dimetKyl acetylenedicarboxy].ate. He first 

investigated the reaction of 1 9  3-dithiolan-2-.thione with dimethyl 

acetylenedicarbcylata and, at 1+0 9  obtained the expected ethylene 

and k, 5-dime thcxycarbon.yl-1 , 3-dithiole...2-thion. (XXXI). 

Again there are two possible mechanisms (scheme 1+),  one 

proceeding in two stages, via a dipolar intermediate and another 

proceeding in on* stage via a cyclic transition stage. 

At this stage of the investigation it was noted that the 

final result of the reaction - namely, elimination of the trithio.. 

carbonate group to form an define -  was the same as that of the newly- 

reported 
 26 

 reactions of 193-dithiolan..2-thionee with trialkyl phosphito.. 

These reactions had been shown to yield cia-. and trans-stilbene and cis-

and trana-.but-2..snoa, stereoepecifioally, from their corresponding tn-

thiocarbonatea (dithiolanthiones); they are, therefore, cis-elimination 

RHRH 	 RHR :  

- 

P(oR)3 	:~ 7 ~ 	3) c=c 
S%Y,_4S 

5 
+ 

- 	 .- - .--- 	 - 	 I 

dithiolan-.2-thione was treated with tnialkyl phoephites under the usual 

conditions, no 1,2-elimination occurred. The cis-isomer, on the other 

hand, yielded cis-cyclohexene normally. The explanation afforded by 
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the authors is that a concerted cyclo-elimination mechanism is required 

for the product-foring step (c. f. Scheme k, route D). Elimination is 

effectively blocked in thce caen in : ich cis-elimination would lead 

to an excea.&vely strained ntructure[e.:;. trans-cyclohexene  

R1/R2  ..(CH)k I 
This result prompted Easton to examine the stereoepecificity 

of the acetylene reaction by allowing dime thyl ace tyisnedicarboxylate 

to react with cia-k, 5-diphenyl-1,3.dithiolan-2-thion. (xxxiii). In 

this case both cia- and trans- atilbene were obtained from the reaction 

H 	 mixture in roughly equal amounts thus showing 

ulto c.a:j t.:t te reaction :L not 

store c;iccific ni furt': tit th ronction 

H 	 does not proceed via a cyclic transition 
(XXXIII) 

state. 

The action of the diester on pure cis-etilbene, under the 

conditions used in the reaction, produced no isomerleation to the trans.. 

isomer. Iaaton proposed that the dithio].e ring is initially cleaved 

only at one of the C-S bonds to give the intermediate dipolar ion 

(XXXIV). Before electron rearrangement is completed, with the elimin ation 

of olefin, one carbon atom will be free to rotate about the carbon-carbon 

single bond in (XXXIV), thus accounting for the roughly 1:1 mixture of 

store oiaomeric olefins obtained. 
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PART B : T!IOTHIOPHTHS AND RELATED COMPOUNDS 

An investigation by Arndt in 1925 showed that the reaction 

Of diacetylacetone With phosphorus pentasuiphide gave a compound which, 

from its elemental analysis and molecular weight, was formulated as a 

cyclic djsulijde ('c':Xv" This structure was accepted until 1958, 

when te 	was studied by X-ray 

The data so obtained 

J Id not agree with the disulphide structure 

't were consistent With a substituted 

ditliiole. The bond lengths and angles 

H3C 	 ci 

(xxxv) 

were determined (xxxvi) and the carbon-carbon bond tnigths were found 

	

to be z3imilrlr to to::e fcunJ I'. 	o:;;ic 	onth. 	The three sulphur 

s 	2.36 6 	a .  -3(.A 

t 5 V' 

 

1-921 

	

N3c- 	 C. 11 3 

(XXXVI) 

atom were found to be almost co-linear and Jere equally spaced. The 

length of the S-S bond (2.36A) is longer than the norrl disulphide  bond 
0 

length (2.08A) and suggests that the molecule is a resonance hybrid of 

the contributing forms shown below (XXXVIIa-b). Compounds of this 

type are called thiothiophthena. 

S 	$ 	S 	 S 

143c-

,  

c,H 3  C N3  

xxxvii) 
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It has been suggested29  that the thiothiophthen structure would 

be better interpreted as involving the delocaliaaticn of the 8 it-electrons 

to form an eight-centred system, with the -S linkages being purely of 

it-character, since the increase in the 	bond length is of the order 

of that observed in the N-N bond of N20 1  compared with the sane bond in 

hydrazine. The N-N bond in 
N204  has been described as being a pure 

m-bond. 

Calculations of the participation of the d-orbitalc in the 

hybridisation of the central sulphur atom of the thiothiophthen system 

at first indicated that the 3-p- orbital was more likely to take part 

than the  3 d,,- orbita131 9  but recalculations later chow.d32  that the 

4-orbital contributes to the hybrid to almost the same extent as the 

p-orbital. Utilisation of the d-orbitals would bring into consideration 

canonical :tructuros of thx to (viii). 

(xxxviii) 

Replaceent of one of the sulphur atoms occurs when thiothio- 

phthena are treated with acid33, mercuric acetate34 or potassium p.rnenganate 35 . 

The carbonyl compound so formed may be reconverted into the thiothiophthen 

with phosphorus penta3ulphide. 

rurther evidence for the thiotiiophthen structure was provided 

by conversion of the thione of supposed structure (XXXV), into a ketone 

which was examined by infrared spectroocopy 6 . The sane compound and 

other related ketones were obtained by an alternative synthesis from 

R 	 R 	

$ 	

R 	 R 
(XXXIX) 
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The carbonyl absorption bandc of theee ketones were of *zch 

lower frequency than those of either '-pyronee or a, at -unsaturated 

ketones such as dibenzylidene acetone. Hever, the absorptions were 

closely similar to those of natal-chelated f-.diketonea and this led the 

author to suggest the substituted dithio].e structure in which the 

carbonyl group is likely to be highly polarised wing to the proximity 

of negative oxygen and positive sulphur :- 

'or .iu üVtiL1 ow..ii 	of 

the carbonyl cacygen to the dithiole ring sulphur has been reported 37-39. 

A number of alternative synthetic routes have been developed 

since 1938 and a wide range of substituted thiothiophthena has been 

prepared. The most important of these routes are listed below. 

From 1 995-triketones 

Jibsnzoylacetone and acety].benzoylacetone were substituted 

for diacotylacetcne in the original synthesis, thus enabling the 

diphenyl (XL; R - 	- Ph) and phenyl-methyl (XL; I - Ph, R' - CH 3) 

thiothiohthens to be prepared. 

0 	0 	0  

R 	 R' 
	

PRI 

(XL) 

From -yrarIthione8 

jranthionea, when treated with potassium hydrogen sulphide 

,jielu the carbonyl analogues of thiothiophthenW6I41, Attack by 
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at the 2-position results in ring op.nin. 	cidificat1.on can lead to 

ring closure either, with loss of water, to give the 9 -t iopyranthione 

(XLI), or, oxidatively, to give the acy].mothylenedithiole (XLII). 

Cuiphurisation of the latter with phosphorus pentasulphide yields the 

thiothiophthen (Scheme 5). 	here R is different from fl', two ketones 

are possible as products. 

The synthesis of the parent compound was effected from the 

'elated thiqpyran_4_thione2. Treatment with mercuric chloride formed 

the intermediate aldehyde (XLIII) which, on suiphurisation with 

3. :rom 1,2..dithio11ui calt3 dth roplaceaulc 	b.stituents 

The nucleophilic substitution of 3-methylthio-1, 2-di thiolium 

salts by active methylene compounds (XLV) has yielded ketones which bays 

S 	S 	I 	 S 	S 	0 
> 

(XLV) 	 R 	Rio  

en - e crilx2d 

from the basic decomposition 01 )- 	lthio-5-.ph.nyl-1 ,2-d.ithiolium 

methyl sulphate in warm pyridine. 
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S 	S 	 5 	5 	5 

Ph"1 " 5 Me MeS 

MS04. 	 coPh 

(XLVI) 

The mechanism is not discussed but presumably the compound 

arises from methyl benzoyldithioacetate (XLVII) which could be formed 

by attack of a water molecule or hydroxide ion at the 5-position, 

followed by ring opening and loss of sulphur. 

_ 	 0 
S S ON 	

_
0 

M. 
Ph 

Ph 

Me.. 

(x Lvi I) 

This dithioester was shown to react with the 3-.methylthio-1,2-

dithioliuiu salt to yield the as product in good yield. 

Lf From 1,2-dithiolium salts without re1aceable subatituenta 

4-Phenyl- and 3-.ph.nyl-1 , 2-dithiolium salts condense with 

methylene ketones to yield the ketone precursors of thiothiophthen.e' . 



5C4EM Co 

S 

piç_L#Lo 
+ CN2 (CN) 6-5 

c(c )2 

(xLvIn) 

S 	6 

P'.;o  LZ~ 	-***.- ~NH2 
Ph 

CN 

(IL) 

CN 

(Lv) 

low 
6 	6L6 

( Ph 	 NH a   

I 	
CIN 

5 	S 	S 
(LO 

ph 	 NH 



12 
5. From 1 ,2.4ithiole>cI2ea 

Condensation of 5-phenyl..1 ,2-dithiole..5-cgte with malono nitrilo 

in phosphoryl chloride gave the dinitrile (XLVIII)k7. 	The corresponding 

reaction with acetonitrile has been rep orted . (Scheme 6) U'tline 

hydrolysis of (XLVIII) gave the aside (IL) which in turn was converted 

to the thioamide W. Close similarity between the visible and ultra-

violet spectra of the thiosmides (L) and those of the thiothiophthen (LII) 

prompted the author to propose that the compound (L) represents a new 

lase of no-bond resonance cmiponnis. 

••' 	 : 

- 	 tttn tit 

Ph 

dolocalisation favouring acidity and 

ketofle6 

Ketone precursors of thiothicphth,ns mmW also be prepared by 

rcticn cf dienoec TIII 	th :uu 	t. lloo 43,4r, 

5 	5 	5 
Ar—C CH—CH CH-COAr 	S , 

(LIII) 	 Ar ) 	 Ar 

7. From acyiphenylacetylenes 

Acylphen.ylacetylenes (LIV) which carry csl active methyl or 

m.thyl.ne  group react with thioscetic acid and sodium acetate to yield 

thiothiophthene directly in good yield. 
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Pb c. 	CO-CHi R CI1
3 CO5H 	S 	S 	S 

OAc 

(LIV) 	 R 

asaction of carbon disulphide with active a.-methylene groups 

under basic conditions causes addition of one equivalent of carbon 

disulphide. AiJc'lation of the resulting dithiol yields a compound 

which, when resubjected to this sequence, yields th substituted 

alicyclic ketone (LV) (Scheme 7). Suiphurisation of this ketone could, 

in theory, give rise to two possible products (LVI or LVII) but only one 

compound was obtained 51  and this was shown to be the thiothiophth.n 

(LVII). This was demonstrated by preparing the tetramethyl (LV; 

R1  - R2  CR3 )9 tetraethyl UV; R1 	R2  - C2H5) and dinthyl-diethyl 

(LV; R1  - CU39  R2  a C2!!,) compounds and then converting them to the 

corresponding thiothicphth.n (LVII) with phosphorus pentasu]phide. If 

the 192-dithjo1e...3.4his (LVI) had been the products, a mixture would 

be expected from the sulphurisatich of the dimethyl-diethyl compound. 

9. 	The preparations of thiothiophth.ns possessing fused carbocycLic 

rings have been performed by adapting a cthod described by iauair 53  in 

which 1 095-triketomes were formed by two fold aroy].ation of acetone with 

aromatic eaters in the presence of sodium hydrid. Replacement of acetone 

by alicyclic ketones gives the triketcnea (LVIII; ii a 2 or 3) which on 
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treatment with phosphorus pntasulphide give the thiothiophth.ns (LI):). 

RCOOh 
CLH 

,,1L.. %  no& Pe.  

C 	
(LVIII) (LIX) 

; number of these compound have been prepared 2 9  the groups H being 

mainly phenyl or para-substituted phenyl groups. 

10. Thiothiophtheris containing heterocyclic nitrogen 

The reaction of mono-substituted 5-amino-3..iniino-1 9  2,1+.. 

dithiasoles (LX) with isothiocyanatee produces thiothiophthens containing 

heterocyclic nit rogen 1+  (LXI). 

S 	RI 	 S 	S 	'5 NCS 

	

RNN 	N 

(LX) 

R NNN 

R'WWS 

(LXII) 

A colourless intermediate is obtained if the reaction is carried 

out at room temperature and this has been formulated as the trans-isomer 

	

(LXII). 	.hen this compound is refluxed in xylera it rearranges to give 

the thiothiophthen (LXI). However, since it is known that an exchange 

NHR 

(LXI) 
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reaction occurs between the dipheiyl derivative (LXIII) and p-msthoxy.. 

phenylisothiocyanate (LXIV) at 180-190 0 , yielding the di..methoxyph.nr]. 

compound (LXV), it is not impossible that the colourless intermediate is 

the isomer (LXVI) which thermally ieomoriaed to the thiothicphth.n (LXI) 

by a dissociation - recombination mechanism. 

S 	S 	S 	p. 	FfNC 

(-LXIV) 
NANN NH 

(LXIII) 

11 

S 	 S 	 S 

NH 
I 	 R 

V(LYvI) 

S 

R.HN 	N N 	NHR 

(LXI) 

NHN 

LX v) 

S 
1-I 	I 
N'NH 

R 

The ine tructure of Thiothiophthen 

Chemical and physical methods have been used to provide evidence 

for the Lisa structure of thiothaphthena. 

Chemical Methods 

The first chemical demonstration of the symmetry of the thin-. 

thiophth.nn resulted from the synthesis of an unsymmetrically substituted 

34 thiothiophthen. 3-Phsnacylidine..4..pbenyl-.l,2-di thiole (LXVII) was 

mlphurisd with phosphorus p.ntaaulphide to the thiothiophth.n (LXVIII) 
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which, on treatr€ :. with mercuric acetate, yielded, not the parent ketone, 

but an aldehydic product (LXIX). The aldehyde was reconverted into the 

thiothiophth.n (LXVIII) by suiphurisation with phosphorus pentasu]phid.. 

5 	S 	0 

Ph 

5 	 0 	5 	S 

t1-- ih 

Ph 	 Ph 

(vu) 
	

71L) 

Since this wort was reorted, single thiothiophthsns (MX) 

have been obtained from severel pairs of independently prepared precursors 

(Trfl), 

(LII) 	

/ () 

	 R 2. 

OD 

i1e conversion of unytnmetrical thioiotens to IetAy1ene-

1,2-dithioles is of interest because there are two possible products. 

Thus the phenylxnethylthiothiophthen (LXXIII) was converted into a ketone 

by treatment with acid and Raney nickel desuiphurisation of this 

product (LXXIV) gave 6...phenylhexan-2-one (LXXV) showing that its 

structure was (I'c(IV). 



) Ph{çHCOCH3  

CIR 

(XXI II) 
	

(LXXIV) 
	

(Lxxv) 

This result has, however, been questioned 41 , A ketone, 

repared by reaction of potassium hydrogen sulphide with 2-methyl-6.. 

phenylpyran-4-thione was claimed to have infrared and nuclear ngnetic 

resonance spectra identical with those of the ketone obtained from the 

phenylmethylthiothiophthen (LXXIII). The n. n.r • ab iorption bend of 

the methyl group was a doublet (2.5 1  p.p.m.; J = I c.p.a.) as was that 

of the proton (7.10  p.p.zn., J = I c.p.a.) on the dithiole nucleus. 

This result is inconsistent with Vie structure originally proposed 

(LXXIV) since no couplin: of the methyl protons witi the ring proton 

would be expected. The authors therefore propose that this ketone is, 

in fact, 3-methyl-5-phenacylid.ne...1 , 2-dithiole (LXXVI) where 1,3.. coupling 

is possible. 

PCH3 	 t it was identical with 

tned fr the thiothiophthen 

by treatment with sulphuric acid. It showed no coupling of the methyl 

and dithiole ring protons. 

Further evidence for "no-bond reaonarc.' in the thiothiophthen 

system is provided by recent work involving 2-m.thylthio.. derivatives57. 

24 
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Using 39 5-bi methyl thio-Jphenyl-1, 2-dithiolium me thiodide (LXXVII) 

as starting meterial, the 295.bizmethylthio a.thiothiophth.n (LXXVIII) 

has been prepared and converted, by the action of hydrochloric acid in 

acetic acid, to (LXXIX). The latter was also obtained In good yield 

(65) by the condensation of carbon disulphide with 5-benzyl-1 ,2... 

dithiole-3-thion. (LXXX) using sodium hydride in tetrahydroAzran, and 

S 	S  
IcDil 	+ 

4Q.S 	 SMe. CIH X  Sme, 	MS 	 SMe. 

CoE 	 Ph 	COa E1 

1 YJ I) 

SM 

eubseqi.nt  

(Lx;cal)1 
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Physical Methods 

The mein evidence for the fine structure of the thiothioplithena 

(XXXVIII) stoma from (a) X-ray diffraction, (b) nuclear magnetic resonance 

and (c) ultraviolet absorption spectra. Although momy workers have 

regarded the thiothiophthens as symmetrical mesomeric structures, the 

physical evidence upon which this conclusion is based is by no means 
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aoncluaive. i,aent work favours the theory that the thiothicphthens 

should be r.pzdsd as undergoing rapid tautowriss betwen two equivalent 

uaq'itrica1 structures, The recant evidence is presented below 

t.ther with a critical review of the earlier evidence. 

a) X-ray donce 

The bond 1w. - Iv- ..)t.ainsd by X-.ray cryetai.iogrspiy28 for the 

d.tmethylthiothiophth.n (XXxYXI) clearly icate resonance between two 

equivalent canonical structures, but the apparent sy try of the molecule 

could be caused by  degenerate valency taut oseriem between two equivalent 

structures rather than by reece, since both of the degenerate 

structures would be expected to contribute to the diffraction pattern. 

Brown' engg.sts that the poor reliability factors (0.3 - 0.4) obtained 

by the.e workers do not enable any definite conclusions to be drawn  

regarding structure, since, for a good analysis, reliability factors 

as law as 0.1 (for observed compared to calculated values of diffraction 

intensity) should be obtained. However, a later pap.r 9  quotes 

reliability factors of 0.12 9  0.14 and 0.15. 

'Recent X-ray crystallographic work by Hordvik an the 

unayetrically substituted thiothiophthens (LXXXIII) shows that the 

sulphur ntoms are not equi1y rmaced and that t 1le formula (LXXXIII b) 

R 	 pI 

LXXXIIIa; R = ZR' = R" = H 
	

LXXXIIIb 

LXXXIV a; P = P" = Me, RI = H 
	

LXXX IVb 



rON 

is a better representation of the molecule than (LXXXIIIa). The 
0 	 0 

shorter S-S distance 012 .22A is 0.11 longer than the normal S-S 

bond length but shorter than the value (2.36A) reported for the dizrthyl 

compound (LXXXIV). The longer S-S distance, of 2.511 9  is, hoever, 
0 

very much less than the van der '.iaals distance (3.70A for two sulphur 

atoms). The explanation afforded by the authors for this result is 

that the symmetrical sulphur spacing, as found for compound (LXXXIV), 

is perturbed by unsymmetrical substitution in (LXXXIII). However, 

flingHberg6l points out that the results reported for (LXXXIV) may be 

partly due either to random packing of the molecules (since their shape 

is not altered much on flopping over) or to an ordered superstructure. 

This is supported by the anisotropy in the direction of the SISS bonds 

exhibited by the S &to= as observed in the electron density maps of 

(LXXXIV). If this were duo to a preferred thermal vibration, the much 

Lighter carbon atom attached to the sulphur atoms might reasonably be 

expected to move together with them. Yet the electron density 

distribution of the carbon atoms does not indicate this to be the case, 

implying dis1mi1iir S-S bonds even in (LXXXIV). 

Nuclear Magnetic Resonance Zpectroacopy 

It would appear that the n.m.r. evidence supports symmetry for 

the thiothiophthen structure as is instanced by comparison of the 

spectrum of the dimethyl compound (LXXXV) with that of its ketone 

derivative3 " (LXXXVI). 

C  HI IS 
CA3 C 	 Cj 

(Lxxxv) 	 (Lxxxvi) 



The thione (LX X)W) shows only two lines, revealing that the 

two methyl groups and the two methine protons occupy identical environ-

ments. On the other hand, the ketone has a spectrum of tour lines, 

which indicates that each methyl group and methine proton occupy 

structurally different positions. 

S(m{lrirly, work by Brown on the spectra of thiothicphthens 

LXXXVTTT, 	 , n ec. case, tt t 	n.m,r.  h  

(Lxxxvii) 
	

(Lxxxviii) 
spectra were consistent with those expected of symmetrical compounds. 

In contrast, the corresponding ketones (LXXXVII, X 0; LXXXVIII, x - 0) 

showed spectra 4hich were clearly unayimietrical. 

However, evidence relatin to the fine structure of the thio.-

thiophthena obtained from n.m.r. spectra nzat be treated with caution 

since n.m.r. is known to be time dependent. If the compounds were 

tautomeric and the time of tautotneriaation was considerably less than 

the time required fcr the protons to absorb radio frequency radiation, 

then a time average of the spectra of the tautomeric forms would result, 

thereby simulating the symmetry which has been attributed to resonance. 

Ultraviolet Evidence 

The fact that the ultraviolet spectrum of the diphenylthio-

thiophthen (LXXXIX) is very similar to that of + 95-di-p..methoxyphenyl-

2-thicphenacy3-ideno-1 ,3-d.ithiole has been taken as evidence that the 
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electronic ejaterna of these two compounds are very sj'riilar6 . me 

authors accept the bicyclic structure (XLII) for the thiothiophthen 

and conclude that the 193-dithiole also exists in a bicyclic form (xc). 

LI) P h S S S Ph 

(XLII) 
	

(LXXXIX) 
	

(xc) 

Itever, similar evidence has been viewed in a different Light 43. 

; comparison of the visible spectrum of the diphenylthiothiophthen 

(LXXXIX) with the of 4-.phenyl-2-thiopnenacylidene--1 , 3-dithiole and 

1+,6-diphenyl-2.thiophena3.idene_2H..thiopyran showed them to be similar. 

Cnbined with this observation, a comparison of the visible spectra of 

these compounds with those of the corresponding ketone ehowd, in each 

case, a simils shift (60-70 ) to shorter wavelength in exchanging 

sulphur for oxygen. Thee, facts were interpreted as evidence that the 

thionee existed in similar electronic forms and, since the model compounds 

were incapable of single bond-no bond resonance, it was reasoned that 

the apparent ay try of the thiothiophth.ne might be du, to rapid 

tautomeriam rather than resonance. 
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However, it remains possible that the model compounds studied 

exist in bicyclic forms containing tetravatent sulphur (XCI, XCII) and 

61+ 	 6' c , 
'1 t-'r, 	r.'n ' 	 r-c 

Ph 

(XCI) 
	

(XCII) 

in which there was no such possibility. The compounds selected were 

4_phenacylidene- and k-thiophenacylid.ne-derivativ.e of 2, 6-diph.nyl-4H.pyran and 

thiopyran. The spectra of these model compounds showed that a shift of 

90...100 iai would normally be expected for a change from an acylmethylene 

to a thioacylmethylene compound. The shifts observed in the corresponding 

1,2-dithiole, 193dithiole and 211-thiopyran derivatives are swIler 

(60-70 mn), probably owing to bonding between the thione-sulphur atom and 

a ring-sulphur atom in the thioscylmethylene-compounds. 

— S 
	

X 	5 5 

CH 

(XCIII) 
	

(xCIv) 

In support of this view, Brown showed that the two ketones 

(XCIII, X a 0 and XCIV, X a 0) absorb at similar wavelengths in the visible 

region, but that conversion into the corresponding thionee causes different 

bathochromic shifts, of 60 mp. for (XCIII) and. 89 m1i for (XCIV). Brown 
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concluded that whereas compound (XCIII, X s S) is a normal thiothiophthen, 

(XCIV, X a S) contains a substantially unmodified thicacetyl gz'onp; the 

thione-sulphur atom is mar .distant from the dithiole ring wing to 

distortion of the bond angles by the fused five-membered ring. If this 

conclusion is correct, the apparent symmetry of compound (XCIV, X - 3) 

as revealed by its n.m,r. spectrum, must be du, to tautomeriain rather 

than resonance. 

The fact that the ketone-thicne bathochromic shifts in the thio-

thiophthen series are similar in inagaitude to those of the pairs of 

compounds (V and XCVI, 	= or ), in wtich d-orbit, l particition 

Ph 

(xcv) 
(xcvi) 

is possible but cannot lead to a syitrica1 structure, le i-own to propose 

that the extreme situation of sing].e bond-no bond resonance is not in fact 

achieved and that the thiothiophthens should be regarded as undergoing 

rapid tautomerisin between two equivalent unsymmetrical structures (XCVII, 

XCVIII). 3oth of these structures are stabilised by interaction of an 

electron-pair on one of the outer sulphur atoms with an empty d-orbital 

on the central sulphur atom. 
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a 	 r: 	 R 	 RI  

-41 	 'I 
(XCVII) 	 (xcviii) 

ach of th.ae dogenerate structures would then be .xactl.y 

I 
	?h 	

I 

(IC) 	 (C) 
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THIOACyL-1 , 2-DITffIOLE--TffIONS 

The dithiolethionee (CI, CII) are a type that might be expected 

to exhibit the characteristics of "single bond-no bond resonance" 

postulated to occur in the thiothiophthsn series. 

S 	S 	 S 

R 'L S 	or 	
; = Ph 

Brown")"hoped that their Synthesis and subsequent study would 

indicate whether this phenomenon is capable of occurring in other system 

or is confined to the thiothiophth.na. 

An attempt to prepare +-acetyl-5-.metbyl-192-dithiole.3..thjone 

from ethyl diacetylacetate by reaction with phosphorus pentasuiphide was 

unsuccessful but ethyl dibenzoylacetate reacted normally to give 14'-benzoyl-

5..ph.nyl-1,2-dithiole-3-thione 6  (CIII). Initial attempts to convert 

this ketone to the corresponding thione (CII) were unsuccessful but when 

the phosphorus pentaeulphide used in the reaction was purified, the thiona 

H3Cø 	 I 

20 

(CIII) 	 (CIV) 
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was obtained. Treatment of compound (CIII) with mercuric acetate Save 

the correspond' ng k-.benzayl-dithiolcne (CIV). 

In order to provide evidence concerning the fine structure of 

the thicacy]. compound (CII), the n.m.re and electronic spectra of these 

compounds were examined. Because of certain apparent inconsistencies, 

however, the results were inconclusive. 

Nuclear Magnetic Resonance Spectroscopy Evidence 

In the n..ro spectra of compound. (CII) and (CIII) an absorption 

attributable to the 2-protons of - of the phenyl groups (probably the 

one joined to carbonyl or thiocarbonyl) is observed and this provides 

evidence that, in both compounds, the phenyl groups occupy different 

environments. This result would not be expected for the thiobenzoyl 

compound (CII) if it were rendered syatrica1 by single bond-no bond 

resonance or if the two equivalent structures were undergoing rapid 

taut omeric intercxwersicn. 

Ultraviolet spectra 

If a classical asaycmetric structure is assumed for (CII), 

evidence for a thiobenzoyl group migt be expected from the visible 

spectrum since diaryl thioketonea show a low intensity it - it S absorption 

car 600 Mi. Thiobenzoph.nons 

v), for c: —i :;1, fworbe at 

P1, 	 19 	(i: 	€ 	:2.31)
66 . 

(CV) 	 o evidencc, 	ained, however, 

for an absorption between 500 and 700 	in the spectrum of the thiobensoyl 

compound. 



Further, the dikitone (CIV) has an ultraviolet spectrum which 

may be regarded as an approximate sum of the ultraviolet spectra of 

acetophenone and 5-phenyl-1 , 2-dithiol..3-.cene • If 4-benzoyl5-..phenyl.. 

1,2-dithiole-3-thione existed in a ejmhiRr form, then a spectrum s4 mil ar 

in farm to the sum of acetophenone and 5-phenyl-1,2-dithiole-3-thions 

would be expected. However, this is not the case. The position is 

further complicated by the spectrum of the thiobensoyl compound (CII) 

which is closely similar to that of the benzoyl compound (clii). The 

change from ketone to thione is normally accompanied by a bathoobromic 

shift but in this case a snail hypeochromic shift is observed in the long 

wavelength nadimm. 

Brown concludes that resolution of this problem aaat await a 

comparison of the products from the suiphurisation of the isomeric ketonsa 

(CVI, CVII) when, depending on whether or not they give the am  product, 

(CVI) 
	

(CVII) 

a decision will be possible as to the importance of non-classical structures. 
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SECTION I 

Cyclo-addition Reactions of )ithiolethionsa and Dithiolanthionea 

General 

In their reactions with certain acetylenic compounds (see 

Introduction), 1 92-dithiole...3...thionec (III) behave formally as 1 9 3. 

dipoles (CVIII) and 1 9 3-.dithiolan.2-thjones (CIX) undergo similar 

reactions (involving expulsion of a molecule of olefin) in which the 

1 9 3-dipole (cx) is formally involved. 

S 

RS 

(III) 
	

(CVIII) 
	

(CIX) 	 (Cx) 

The object of the ircent investigation was two-fold : 

(A) to carry out further studies of these reactions and to consolidate 

certain conclusions drawn by previous workers, and (B) to study the 

behaviour of 1, 2-.dithiole-3-.thionea as dipolarophiles. The dipolaro-

philea selected for use in part (A) were benzyne (XV), dimethyl 

acetylenedicarbaxylate (XIV) and methyl phenylpropioiate (CXI). The 

1,3-dipoles ethoxycarbonylformonitrile oxide (CXII) and benzanitrile 

N-.phenyl1mine (CXIII) were used in part (B). 
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PART (4) : (i) 'Reactions with Benzyne 

In view of the low yields of adduct (CXIV) obtained by Easton 

(Cxlv) 

from the reaction of 5-phonyl-1 9  2-dithiole-3-.thicme with benzy'ne, a 

search was made for a more efficient method for generating benzyne. 

A more recent method is that described by Campbell and 	(Scheme 8) 

in which 1-aninobenmotriazol. (CXV) is axidia.d to benzyne and nitrogen, 

probably via the nitrene (an). Unfortunately, however, a strong 

oxidising agent (lead tetra-acetate) was used and it was thought that 

reaction between oxidising agent and dithiolethicrie was likely. Thus 

the first tank in the follow-pup of !aaton'a work was to examine the 

effect of lead tetra.-acetate and now of the milder oxidising agents 

known to oxidise aml n a and hydrazines (mercuric oxide, nickel peroxide, 

lead dioxide and manganese dioxide) on a typical dithiolethiane (5-phmnyl-

I ,2-dithiole-3-thjone) • The metal oxides were each boiled under reflux 

in dry benzene with 5-phenyl-i,2..dithiole3thione for 30 tn4riqtes  and, 

in all cases, the thione was recovered quantitatively. Lead tetra-

acetate was known to generate benzyne at room temperature from I -amino 

benzotriazole so that if this strong oxidising agent was to be used in 

the reaction, room temperatures could be employed. A mixture of lead 
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tetra-acetate and thione in dry benzene was allowed to stand at room 

temperature for 30 minutes and gave a complete recovery of thione. 

Having ascertained that the thione was resistant to attack 

by these oxidising agents under the selected conditions, the next step 

was to determine the efficiency with which the oxidising agents 

generated benmyne from 1-aiaobenzotriazo3.e. The l-e'dnobenzotriazole 

used in these preliminary teats was prepared in two different ways. 

The first method was one described by B(anchetti and Trave (scheme 9) 

In which o-nitrobenzenediazonjwn chloride was allowed to react with 

methyl cyancacetate to give methyl o-.nitropheiyThydrazcnocyanaaoetat. 

(cxvii). Reduction with hydrogen using a 10/ palladium on charcoal 

catalyst in dioxan gave the corresponding amlr&e (CXVIII) which, by reaction 

with sodium nitrite solution in dilute hydrochloric acid, gave methyl 

(benzotriazol1_ylim4o) -cyanoacetate (CXIX). Hydrolysis of this 

product in boiling 15t hydrochloric acid gave the required 1..aminobenzo.. 

triazole (CXV). The second method for the preparation of the latter 

compound was that of Campbell and Rees in which benmotriazole is treated 

with hydz ylantine-o-oulphonic acid, in the presence of base. The 

resulting sixtu:: o 1-amino j:nzotrjazo1e and 2minobanaotriezo1e (cxx) 

I 	N—NH 

(cxx) 



P1, 

P1, 

(CXXI) 

Ph 

Ph 

ffectivs was nickel peroxide, 

but tLe y.old -;;ar, ver y  poor (1!: ,. 

ue 	ie 	totra-tcetate t 

:oom temperature produced a 

jantitative yield of the adduct 

1,1 

is separated by chromatography on silica. 

The efficiency with which the milder ccidiaing agents generated 

benzyne from l.u.m1nobenzotriazo].e was measured by dropwise addition of 

the rnin000apound in dry benzene to a stirred mixture of the oxidising 

agent and tetracyc]. 	(a benzyne acceptor) in boiling benzene. The 

reaction mixture was then chrometographed on alumina to give unreacted 

tetracyci one as a first fraction and then 1 92939 +-tetraphenylnaphthalene 

J•, tfe 	tIci rc.cL. 	e :ild oxidising agents, the most 

alid this method was therefore selected for use in the reactions 

of benzyne with dithiolethicmee. 

1. Reaction of i-Phenyl-1,2-dithiole-)-.thione with i .,,eiizzyne  

The reaction was carried out by simultaneous dropwiee addition 

of equimolar dry benzene solutions of lead tetra-acetate and 1iino 

bsnzotriazole (CXV) to a stirred solution of 5-phenyl-1 9  2-dithiole-3.. 

thione in dry benzene in a dry nitrogen atmosphere. The reaction mixture 

was then filtered and the filtrate cbrontcgraphed on alumina to give 

4 95-benzo-2-thioph.nacylidene=1 ,3-dithiole (Cxiv) in 55% yield. Increasing 

the oLir ritio of tniono ind 

5 	 1e 	totr-cte fied to 

p1, 	 iiprove the yield oi (CXIV). 

(CXIV) 
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1sacticn of 4-Phenyl-1 9  2-dithio].e..$.thione with Benzyne 

The method Was ajmiliir to that  described for the reaction with 

5-.phenyl-1, 2.41 thiole-3-thicne and a mechanism (Scheme 10) sindIA to 

that discussed earlier (Introduction) was expected to give 2-0 11 5-. 

benzo..l,dithiol..2-ylidene)-pheny1thanethia1 (CXXIII). The 

product was obtained as a brown solid 04 %) the n.m.r. spectrum of 

which was in general agreement with the proposed structure, showing a 

singlet (relative intensity 1) at 0.7 attributable to the thicaldehyde 

proton and a imltiplet (relative intensity 9) in the aromatic region 

(Table 1) • However, an elemental analysis indicated a deficiency of 

sulphur and closely fitted that required for the corresponding aldehyde 

(r, I V) 	An indeDedet synthesis ('chee 11) of this aldehyde was 

PV) 	
(CXXIV) 

i ,-benzo- 1, -dithioliurn porchlorate. 

icLcv 	b 	yro1y. of te 

prouuc b 	by nucleophilic 

ttack of Npyrro1idLno-2-

zienylethylene on 2-n*thylthio-

The product obtained in this way 

was identical with the cyclo-addition product. 

Reaction of 4,5Benzo_1,2_dithiole_5_thione with 3enzyne 

Chromatography of the reaction mixture gave an incomplete 

recovery of 4,5..benzo-1, 2-dithiole-3-thicne but no other compound was 

isolated, 

. ileaction of 1, )-ithiolan-2-thione with ienzyne 

Easton obtained a poor yield () of 46-benzo-1 9 ..dithiole..2 

thiome from this reaction (Scheme 12), Application of the improved 
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procedure for generation of benzyne gave a slightly improved yield (13%). 

No attempt was made to collect the ethylene evolved during the reaction. 

' 50 eaotion of 1+-Phenrl-1,3-dithiole...2-thione with Be no 

Once ags{n the general method was used for the reaction but 

only trace quantities of wterials could be isolated froa the alumina  

co1w!w. 
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PARE A (j4) Reactions with .\cety].enic Esters  

1. Reactions of 1 9 70ithiolan..2thjoriae with Dimethyl acetylenedicarboqlate 

In view of Easton's finding, that the reaction of cis-4 9 5-

diphenyl-1 , 3-dithiolan-2-thione with dimethyl acetyl.n.dicarboxylate is 

not a stereospecific elirninntion, it was of interest to investigate the 

ateric course of other examples of this type of reaction. Accordingly, 

trane-495-diphenyl-1,3-dithio].an..2thjone (CXXV) was allowed to react 

.i.h tTh e 	lic'. 

 

rls--'i uii :hroto rahy of the crude re3ction 

Pb 	 i:ouct howe the nreserice of 

>= 
S 	trans-atilbexze uncontaminated 

S 	 t ci;-jsomer. chroto- 

(cxx) 	 T. 	C. t:je reaction mixture 

on alumina 1,ave tran.e-atilbene (65ç') as a first fraction and then 

4 95-di- (meth ycarbonyl )-1, 3.-dithiole..2..thione (CXXVI), (27w) v  as a 

second fraction. 

The finding of atereospecificity in this reaction of the trans- 

MeOaC 	
diphenyl compound suggested that 

II >= s 	 lit be worthwhile to repeat 

MW 	 S 	 1: 's investigation of the 

(cxxvi) 	
I 	

cis-isomer. The results of 

this re—investigation fully confirmed caaton' a report, namely that cis-

and trans-.atilbenes are formed in roughly equal amounts. The reason 

for the different eteric courses of the two reactions is not apparent 

but it appears that, in the case of the cis-isomer at least, the 

reaction does not proceed via a bicyclic transition state of the type 

shown in scheme '4 (Introduction). 
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Att'ta to cause reaction between traTs..4,5..t.tracrathy1en... 

1, 3-dithiolan..2-thione (f"tvTT) emd dirrthyl aety].en dicarboxylate 

H 
	 temperatures from 105' to 

OjZ>= 
	 30' over a period of 15 dwit.s 

(CXXVII) 	 obtainedo prolonged heating 

0 hour) at 145-15jJ and subsequent cbrotoraphy on alumina. in benzene 

gave a high recovery (68) of (Cxxvii) together with a brown glass which 

could not be oret.1l1-eed. There was no fcrmtion of cyelchexene, * 

result which is ais{" to that obtained by Carey it .l, who found 

that compound (CXXVII) ive neither cyclahsxm* n' carbon disulphide 

when treated with tritBcy1 phoephit.e, whereas the cis-isomer yields 

!Ls-cycichexsne narnsUy (77 yield) • Theae results were explained by 

suggesting that in this olefin, synthesis, a concerted cyclo_sHmiition 

mechanism was required for the product forming step. l(miviaticn is 

effectively blocked in those cases in which cia-el'adnetion would lad 

to an .xoeeeivsl.y strained structure. 

Application of this reasoning to the reaction of 1 93-dithiolan-

2-thionea dLdimethy1 acetylensdicarbozylats, suggests that the reaction 

normally proceeds via a bicyclic transition state (bout. D; schema ). 

If the rout, involving stepwise bond-fission were fol]od, it should be 

possible to isolate k, 5-di-(methoxyoarbonyl )-.1 , 3-dithiole-2-.thion. and 

cyclohexama from the reaction of the trsns-4 95..t.trathylene compound. 
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2. Reaction of 	 with Methyl Phenylpiopiolati 

When a mixture of methyl phenyipropiolate and 4i..ph.nyl-1 9 2 

dithiole.'3-thicm* dissolved in dry benzene was boiled under reflmc for 

four days, a red crystalline solid was obtained which crystallised from 

pyridine as red needles m.p. 268-274. The n.m.r. spectrum (Tab].. 1) 

indicated that the ratio of aromatic : methyl : olefinic protons was 

10 s 3 t 1 which is that required for the I : I cyclo-adduct (CXXVIII; 

Scheme 13). Hiever, a molecular weight determination and elemental 

analysis indicated that the reaction h1 '' c.eded further and that two 

molecules of (cxxviii) had combined with loss of sulphur atom. 

This result suggested that the product might posse.s the 

structure (Cxxix) which could have been formed by a process analogous 

to the formation of dipyrrylen.e70  (e.g. Cxxx) by the action of heat on 

pyranthis (e.g. CXXXI). 

The structure (CXXIX) of the product was confirmed by dosuiphur-. 

isation with Haney nickel to yield a mixture of methyl .ph.nylpropionate 

(isolated, after hydrolysis, as the acid) and 2 9  5-diphenyl-hexan, (Scheme Ill). 
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An authentic specimen of the latter ccmpand was entheaised from hexane.. 

2,5-dione by the route &in in Scheme 15 and thr1id an infrared spectrum 

identical with that of the delphurieation product. Gas chromatographic 

comparison of the two samples showed that each contained the same two 

components, presumably the mseo and racemic forms of 2, 5..diphenylbsxsne. 

The product (CXXIX) was evidently a mixture of geometrical 

isomers since the n.m.r. spectrum shed two 	peaks in the intensity 

ratio 3 : I • If we assume that this central double bond is always 

trans, then three geometrica]. isomers C :i: as  b and a) are possible 

and these will contain, collectively, two different types of alkylidea 

dithiole unit, (CXXXII) and (CXXXIII). 

	

MeO .0 	
5 >=< II 

	

Ph 	S 	P 
 P~ ci s>=< 

(Cxxxii) 
	

(cxxxni) 

The ratio 5 : 1 will then represent the relative abundance of 

these two units among all three geometrical isomers; if a statistical 

distribution of the units is assumed, then the ratio of the three isomers 

(a: b : c) mist be9 :6:1 or  :6 z 9. 
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PART B : (1) Reactions with :th ycarbonylfomonitr1le oxide 

Aromatic and aliphatic nitrile oxides add readily and in good 

yield to thioketcaiea to produce 1 9 + 9 2..oxathiazolea71 . With the 

exception of the 3959 3-triphenyl derivative, all the 1 9  k, 2-oxathlazo].ea 

studied by Huiagen decomposed exothermally at 90-150 0  to form 

isothiocyanatea and the oxygen analogues of the original thiocarbonyl 

councis. T!uisren proposed that the molecular rearrangent required 

PFrc EN — O 

+ 
s=c 

Po 

,.opf) 

O=c 
oP 

yo  

 

Pht4=cS 4- 

100 

to )roduc the ioLiocyanr.to ;rocecJ--' 	 Atli Lhe rn oienin 

.tnce a L'ionoaitrwie (o.. 	IV) 

Pb - C 	 could not be intercepted. In 

tie reactions of thionamides and 
(CXXXIV) 	 thioureas with nitrile oxides, 

cleavage followed 1 9 3-addition even at room temperatures. 

This work of Huiagen strongly suggests that 193-dipolar addition 

reactions should take place between dithiolethionea and nitrile oxides. 

The initial adducta would be spiro compounds (CXXXV) analogous to those 

postulated by Brown72  as intermediates in the reactions of 2-chiorodithiolium 
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M.  

malts with bidentate nucleophilo.. Two modes of decosposition (Scheme 

16) can be envisaged for such a compound : (a) to give a dithiolone and 

an isothiocyanate, as in the reactions studied by 3&i8gen, or (b) to 

give a thioacy]ithyleneaxathiazol. (CXXXVI) as in the reactions studied 

by Brown. 	t:ycarbcnylformcaitrile oxide (CXXXVII) was chosen for 

this investigation because of the ready availability of its precursor, 

ethyl chi orohycro 	inocett te73 . 

tL 

(Cxxxvii) 

Reaction of 5-Phenyl- 1, 2-dithiole-5..thione with Ethoxycarbcmylformonjtrile 

oxide 

The experiment was performed by addition of triethy1nine to a 

vigoronaly stirred solution of 5-phenyl-192-dithiol.3thicme and ethyl 

chlorohydroxyind.ncacetate in dry benzene. Chrometography of the 

benzene-soluble products gave a 25 recovery of thione and a 645 yield 

of the corresponding ketone (c  1.'fII; H I h. 	The abeice of 1- 

ethoxycarbonyl-5..thiophenacylidene- I li ,_oi. i:o10 [(h NI); 	= 

Re a Ct t.1 in the reaction prodct showed that decomposition of the 

iro-ooioJ. (f::.•:v); 	= 1h; ' 	CC  t I takes place entirely 

according to route (a). The oxathiazoliura system present in the 

switterion (CXXXIX) is unknown and is very probably unstable, thus 

rendering rout. (b) an unfavourable mode of decomposition. In order to 

search for the presence of the isothiocyanate [(CXL)I R' a  CO2Et among 



the products, the reaction was repeated and this time the benzene was 

evaporated and then,using a fractionating colusmi, distilled under reduced 

pressure. -'be infra red spectrum of the distillate indicated the 

presenc9 of an ethzcarbonrl group (1735 cii' 1 ) and an iaothiocyanate 

grip (1960 cxn" 1  ) • The product reacted with ar'1 ite to give a white 

solid which was identified as N-ethoxycarbonyl-N' -pheny].thiourea, thus 

id*ftifying the original reaction product as etharcarbonyl isothiocysnate. 
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PART B : (W - Reactions with Benz onitrfl.e N-phenylimine 

ifuisgen has shown that nitrile iminee react with thiocarbonyl 

compcwtcte in the an way as nitrile oxides. The resulting thia4iazolee, 

however, are much 	thermally stable than the oxathiazoles and there 

is no report of a fragmentation reaction leading to an isothiocyanate. 

It seemed possible, therefore, that the adducts formed by 1 9 3-dipo3ar 

addition of nitri1e.imine to the thiocarbcttyl group of I ,2-.dithiole-3.. 

thionea might dcc*npose to thioacylmsthylen.-thiadiazole. (CXLI) by a 

route analogous to (b) in Scheme 16, 

S 
II 

R 

(CXLI) 

Benzonitrile N-.phenylimine has been synthesised by Huiagea who 

used two methods. The first method involved the tharmo]. 	' 

diphenyltetrazole (CXLII) by heating at 1600  in the presence of a 1 9 2-. 

dipolarophile (0th)'l phenyipropiolate) to give an 84 yield of the 

monoadduct (rxLIIT). 

Ph 
 'tN \%%/ Ph• 

Ph CN —N--Ph 

PIyCG•co 1 E: 

EOC 	Pb 

(CXLII) 	 (CXLIII) 
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Thaisg.n realised, however, that the high temperature required 

for the opening of the aromatic tetrazole nucleus was a serious dis-

advantage since it restricted the choice of dipo]aropbile. !Iia search 

for a better method for the preparation of nitrileiminea led him to the 

second method in which a carboxylic acid hydrazide chloride is treated 

with a suitable base to liberate a niti'ileimiiic. This method proved 

to be much superior to the earlier method since it allowed the liberation 

of nitrileiminee even at room tempera re'. For example, the 

action of triethylamine on N.(a,chlorobenzylidene)-N'..phenylhydrezine 73  

(CXLIV) results in 1 9 3-elimination of hydrogen chloride. In the 

presence of ethyl pheny].prolate 

yields as high as 86% of ethyl 

(cXLIV) 
	

1,39 5-triphenylpyraaole-)+.. 

caxboxylate (CXLIII) were obtained. 

1. Reaction of -Phenyl-1 1 2-dithiole-3..thione with Benzonitrile 

N-phenlimine 

In the initial reaction, an equimolar solution of triethylinine 

in dry benzene was added dropwise and with stirring to a solution of 5-

phonyl-1 9  2-di thiole-3-thi one and N..( chiorobenayliden. )-N' -phsnylhydrazine 

(CXLIV) in dry benzene at room temperature • .orking up of the reaction 

mixture obtained under these conditions led to partial recovery of thiono 

and compound (CXLIV). 

The reaction was repeated, this time using two moles of triethyl-

min. to one each of thjcn. and (CXLIV). Wben addition of the amino wan 

complete, the reaction mixture was stirred at 500  for 3 hr. After being 
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washed with water and concentrated, the benzene solution deposited red 

prisms (a.p. 197-1980 ) ( 405). The fl.ifl.ro  spectrum of this product 

(Table 1) showed all the protons to be in the aromatic region and the 

elemental analysis gave results consistent with that expected of the 

thiadiazole (CXLv). :he benzene mother liquor was chromatogrephed on 

alumina to give sulphur as a first fraction, and recovered thiome (21%) 

as a third fraction. The second fraction gave a yellow solid (m.p. 

179°d), the identification of which in dealt with later (this peg.). 

The fourth fraction was found to be identical (infrared spectrum and 

mixed molting point) with the previously isolated red solid, bringing 

the total yield up to 59).. 

That the rod solid was (CXLV) was shown by an unambiguous 

enthesis (Scheme 17) in which 2-methylthio..1 9 594thiadi*zoljum per-

chlorate (obtained from 395diphoyl-193,4-thiadjazole..2..thjone 7 ) was 

allowed to react with sodium benzoylacetate to give the phenacylidene 

compound (CXLvI). 	'he latter was converted to the thione (CXLV) by 

treatment with phosphorus pentaaulphide. fhe infrared spectrum of this 

material was identical with that of the cyclo-addition product and the 

mixed melting point was undepreased. 

The yellow solid (m.p. 179°d)  isolate f'rc':i the second chroma-

tography fraction showed n.m.r. absorptions at 	Z (i-nglet; relative 

intensity 1) and at 2.24-.2.: C:.ultiplet; z'elatiw intensity ca.25). The 

elemental analysis was oonsitent with that of an adduct formed from me 

molecule of compound (CXLV) and an additional molecule of the 1m( n, 

That it was indeed formed in this way was showa by allowing compound 
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(CXLV) to react with another rol of the nitrilsirnine to give the seine 

solid 

The most probable mode of reaction is by eyclo-addition of the 

nitrileiniins to the thiocarbcl group of compound (CxLV) to give a 

(flTOUfl 

Phi:k

,;t: Ph ; 

(CXLVII) 

This structure is in 	rntwth the n.m.xe spectrum since 

the proton of the methine group joining the two rings would be expected 

to give rise to a singlet in the olefinic region. The remaining 25 

protons are aromatic. 

Protmiatict of structure (CXLVII) would be expected to occur 

at the methine carbon stoma to give a salt (e.g. CXLVIII), the n.ri.r. 

spectrum of which would show a two prott-r nglet in place of VIP ric 

proton singlet and probably at a high:' t i.ralue than the letter. 

According].y, the yellow product was treated with perchioric acid but 

neither the n.a.r. spectrum nor the elemental analysis of the resulting 

perch].orate was in agreement with the structure (CXLVIII). 

Pb 

s—Ce 

I 	Pb 	I 
Ph 	Ph 

(CXLVIII) 
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In particular the chlorin, content was aprinntely twice 

that required for (C 	 tcprotona (multip].et, 

t=1.83-2.4O)to a1.t' 	 .92 
) was 20 : 2 

( 	IT'e iron 25 : 2). Cn the 'basis or these rea1te, it seemed 

reasonable to suggest that when (CXLVII) is treated with perohloric 

acid, an unstable salt (CXLVIII) is formed and then decomposes according 

to oheme 18. The formation of the aromatic triphenyithiadiazoliwn ion 

(CXL) is accomplished by expulsion of a neutral fragment (CL) which, 

being the anhydro-base of the methyldphenylthiadiamolium ion (CLI), is 

rapidly pratonated in the acid medium. It would thus be this mixture 

of thiadiazolium salts to which the elemental analysis was related and 

which would account for the apparently high proportion of ali :hatic 

proton resonance in the u.m.r. spectrum. (ino the product was 

recryatallised before theee measurements were made, the two salts would 

not necessarily be present in equimolecular proportions, as required by 

scheme 18). To show that this explanation was correct, it was necessary 

to prepare the p.rchloratee (CLI) and (CIL) and to compare the infra red 

spectrum of a mixture of the two with the supposed mixture obtained by 

the attempted preparation of the perchiorat. (CXLVII!). 

As a first step in the preparation of (CIL) and (ClI, -phenyl-

N'-thiob.nzoylhydrazine was prepared by the method of Jensen. and Migu*1 77 
 

in which carboxymethyl dithiobenzaoat., dissolved in dilute apzeous sodium 

hydroxide solution, was added to phenyihydrazin.. The product was 

refluxed for a few minutes with a solution of either benzoyl chloride or 

acetyl chloride in benzene to give solids which, when treated with 

perchioric acid in methanol, gave the perchiorates (CII) and (CLI) 
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respectively (Scheme 19). The nm.r. absorptions of the individual 

salts (CIL) and (CLI) (Table 1) together accounted for all the 

absorptions in the spectrum of the product obtained by treatment of 

(CXLVII) with perchioric acid. An equimoi.ar mixture of (Cm) and 

(CLI) gave an infra red spectrum which was very similar to that of the 

product obtained from compound (CXLVII), the only differences (in the 

relative intensities of certain absorptions) being attributable to 

different molar ratios of (CIL) and (CLI) present in the two sets of 

mixtures. This evidence then strongly supports the proposal that the 

yellow product (zu.p. 179 °d) possesses the structure (CXLVII). 

2, Reaction of Pheny1-1 9 2-dithiole-3-thioxie with Benmonitrile 

N-phenylimine 

The reaction was carried out in a manner similar to that des-

cribed for 5-phenyl-1 9  2-dithiole-3-thione. The first reaction was 

carried out at room temperature but when the reaction was repeated using 

a reaction temperature of 50 °C, the yield of product was improved. 

Concentration of the benzene solution yielded brown plates (m.p. 208°;  

the elemental analysis of which was consistent with that required 

for 2-(5,5-diphenyl-1, ., 4-thiadiazol-2-ylidene )-2-pheny1etbanethiJ. (CLII). 

Ph 	 .e n.ni.r. spectrum of the compound 

15 	5  

NN 

Pb 	 and a imiltiplet at 1,95 - 3.02attrib. 

(CLII) 	 utable to the aromatic irotons,ei1t:ve 

intensities 1:15; (CLII) requires 1:1 } . 	he mother liquor w:w  

graphed on alumina to give two fractions, the first of which contained 
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4-pheny11,2-dithioie..3.#hione (20.. recovery) and the second a yellow 

solid (m.p. 1521530 ) which was identified as 3,5-diphenyl-19394.. 

infrared spectrum -nd mixed rie1ting 

Ph 

N... 
	 Ph 

PbS4( 5 )
~  

Ph 

(CLIv) 	 (CLIII) 

point evidence. The presence of this tiione in the product is very 

difficult to explain since its production from the dithiolethione, via 

the intermediate (CLIV) would involve the fission of a carbon - carbon 

bond in addition to the disulphide bond. 

3. Reaction of 95-Bezo- 1 , 2 ..dithiole-3..thjone with Bnzonitrile 

N-phenyli-mine 

Again the method was similar to that described for the reaction 

of 5..phenyl-1 9 2-dithiole-3-thione with the nitrile ixnine at 50 0 . 

Chromatography of the reaction t4xture gave four wain fractions, the 

first of which were identified as sulphur and 9 5-benzo.-1,2-dithiole-3... 

thiane. The third fraction yielded a 81*11 amount of a red oil which 

could not be crystallised and the fourth gave a yellow crystalline solid 

(m.. 164-166 0 ). 'lie elemental analysis of this compound compared 

closely with that required for the thiadiazolylidenecyclohexadienon. 

(CLV) vbich could have been formed, oxidatively, from the corresponding 

thione (CLVI), the latter being the expected dec cnipomttion product of the 
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initial cyclo-adduct (Scheme a)). 

The spectroscopic properties of the compound, however, did not 

lend support to this structure. The infra red spectrum showed a carbonyl 

band at 160 cm-1 . but, in view of the probable large contribution of 

the dipolar canonical structure (CLVb), a frequency lower than this would 

have been expected for a compound of structure (CLV). The nm.ro spectrum 

showed absorptions only in the aromatic region (a multiplet at 1.84 - 2.82t). 

This is not the type of spectrum expected of a compound possessing 

structure (CLV) since the partly quinonoid character of the oxygenated 

ring would probably raise the signals of the protons in this ring to 

higher magnetic field values. 

In order to reach a definite conclusion on these points, synthesis 

of compound (CLV) was undertaken by the unambiguous method outlined in 

Scheme 21. A solution of N-phenyl-N'-thiobenzoy1hydraine in benzene 

was allowed to react with saliql chloride and the product was treated with 

perchloric acid to give 3, 5-diphenyl-2- ( o-hydroxypheny]. )..1, 3, 1+-thiadazolium 

perohloráte (CLVII) as yellow plates. Addition of dilute sodium hydroxide 

to the salt (CLVII) gave an orange solid m.p. 225-2260 , the elemental 

analysis of which was in agreement with that required for (CLV). The 

n.m.r. spectrum (Table 1) showed (a) z multiplet, 2.72-4 .07t ( uinonoid 

ring protons), (b) a multiplet 1.90-2 .52t' (phenyl group protons; the 

relative intensities were 4:10 which is the ratio required for (CLV). 

The infra red spectrum of this product (CO bond at 164Ocm)  was quite 

different from that of the yellow compound (m.p. 16.-166°) which thus 

remains unidentified. 



Tobte 1 N. M. R. SpecI Dabo 

emQf SLnctayd: TU,IiIør, 
. 	 a, g ot.mt. ristmL.ipI.t 

C' • ortho in : M&O p • parc 

Corpourd R.o.o,, 
- 	 yak,.. 

nunp.r 

0 T2 e I 

C bc,d.,c 

C. 
Mac 4. 0  C 4-if  cL 

8 
2(050 	272e 20 

d 3.29 	
- I 

os(. 

Pii000k,~N"-' 

a,b C•1 2. ups 

} 

j5 

(CoXL 	b 
c,(b.ii 2.3o 	275m 

LIN Pli 	90,  b1 c 

pow, 6 
GXLy) 

6 	5 
CL -O'O5 j 

Af bc 1d(.4 i'5 

} 

15 p, 	Ph 
(c') Air s 



Thblei N. kR. 5pedrt DQ(conLIr,ued) 

Compound Pt-oLon 
' 
 votuao  

flu' 	srb 

2'00m 

P, 	S 2. 3o - Q44Ø7 13 

(CIL)  

N—N 

I/ a &) 1.9e'2•061n 
io 

btc4ip 2.24 - 2•4ow, 

A. 4.45 
"N—N N—W 

2.4'2'Bcøm " 

Phf 
"LVII)  

C 	N—N W 3. Q'54-3'os,n 4 

III:i s  b 'B 	

°° } 

10 
Gb(1 ,28_2137 )fl 

o 	N—N 2.FrQ4. 	T n, 4 

C. I (!Y) i'.90 - 2•o7in 

) 0. 	
CC,  LVQ) 

cit ;2 	- 



X 	 e 

(CLIX) (CLVIII) 

R=Ph; ( = 5 

b: 
1• 
	

R=.TOliI,%5 

R:pTo19I, x= o 
R:p-Ar1691; )(=5 

F: 	R=-APt5yI; )'O 

B 	S 

R 

(CLXI) 

: R:Ph;x6 

b: 	)(:O 

(cLv) 

b : R:Ph,x:O 
c', RTokl;x 

: R:p_ToI&;x:O 
e ;R=-Ari9I;x=e 
F ;R=pArieIx=o 

:R:Me5-';x=e 

h 	x6 



two equivalent structures 

R 
or - 

S S 

10 

59 

CTICN II 

thesis of Coc*ands potentially capable of exhibiting 'No-Bond 

Resonance" 

Part A : Dehydrogenation Products of Thiothiophthens 

The main objectives of the work described in this part of the 

thesis were the syntheses (a) of members of the novel class of com)ounde  

CF,  ccmpindsof type 

(,. 

Conpounda of type (CLIX) are thicacyl derivatives of cyclopenta 

[c -1 9 2-dithio].e, an unknown iso-it-electronic analogue of azulene for 

which considerable stability has been predicted 8 . 

Since these substances are dehydrogenation products of the thio.-

thiophthens (CLX) and (CLXI) respectively, a number of representatives 

of these classes of compounds were required as starting nteriala. 

Accordingly, the thiothiophthons (CLX a, c, e, g and h) and (CLXIa) 

were synthesised together with certain of the corresponding ketones (CLX 

b, d and f; CLXIb). The yield of (CLXh) was insufficient for further 

study. 

Interest in cations of the type (CLVIII; X a S) arises because of 

the possibility that they might exhibit tautocnerin or resonance between 
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hQzcnc 

CD 0 
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P, 	 1;z 
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In this instance participation of the d-orbitals of the central 

sulphur atom seems improbable because it would involve canonical 

structure (CLXII) with charge separation or (CLXIII) with a quinonoid 

(cLII) 	 (mxlii) 

1 	reparation of "tarting ateri ala 

With the exception of the thiothiophthen (CLXg), the thiothiophthena 

were prepared by treating the triketonea (CLXIV) with phosphorus penta-

suiphide. The triketonea were obtained from the appropriate cyclic 

ketone by a general method"  involving reaction with the methyl eater of 

an aromatic carboxylic acid (or a methyl eater not possessing an active 

a-methylene group) in the presence of sodium hydride ('cheme 22). Con-

version to the corresponding ketone (CLXV) was effected by treatment with 

a solution of mercuric acetate in either acetone or an acetone chloroform 

inixtur. (depending on the solubility of the thiothiophthen in acetone). 

The yield of the thiothiophthen (CLXh) was insufficient to allow 

conversion into the ketone. The ketodialdehyde (CLXIV; R a H) was 

prepared by replacing the aromatic eater used in the triketone preparation 

by methyl forciate, an aliphatic eater which does not contain an active 

-methylene group and which, therefore, is not irons to attack by sodium 
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hydride. The dialdehyde was obtained in good yield, but conversion to 

t,e tiiiotiiorihthen :ve 	 L 	 • 	I:c 	rcir'tioni; o1 

te cou - oLInds 	;i), (j), c 	n 	 vo since een ecribd 

in the literature-. 

Compc*IZKI (CLXg) was prepared by the method of Thuill4,r and Vialle 51 

(scheme 23). Attempts to convert this thiothiophthe.n into the cres. 

ponding ketone by using either mercuric acetate in acetone or concentrated 

sulphuric acid failed, the reagent apparently causing breakdown of the 

molecule. 

2. Dehydrogenation 

roenatim of the thiothiophthena (Cm; x = C) to the 7. 

thioacylbenzo[cl-1 9 2.dithioliuin fluoborates (CLVIII; x W S) was accomplished 

by treatment with trityl fluoborate 79  in acetic acid (cheme 24) and the 

7-acyl compounds (CLVIII;: = 0) were prepared similarly for spectroscopic 

comparison with the thiones. Attempts to dehydrogenate the thiotbiophthen 

(CLXIa) using the same reagent were apparently uiiucceesful since norm of 

the expected 3-.phenyl-6-.thiobenzoylcyclopent. Cd -1 ,2-.dithiole (CLIX; 

R a Pb) could be isolated. 2118 only well 	inc product from this 

reaction was a black crystalline solid (m.p. 3000)  which showed infra red 

absorptions characteristic of the fluoborate ion. The yield was 

insufficient for detailed investigation. 

3, Spectroscopic studies of the thiothiqphthena and their Dehydrogenation 

roduct6 

(a) N.in.r. pectra 

The n.m.r. spectra of the thiothiophthoas (CU, a,c,e,g and h) and 

(CLXIa) (Table 2) indicated eynnetrical structures, the two groups (R) 



giving only one set of signals and the proton - the fused carbocyolic 

C 

I 
ti 	raa conpound or a sini -  L [ 
	

•Upound (cLxI'}. 

In contrast the ketones (• 	,. rtd f) and (CL.i.., 	...) 

although giving one set of signals for the two R groups, gave a more 

complex pattern of abaorptiona due to the carbocyclic methylene group.. 

For example, the methylene groups of the ketone (CLxIb showed an A2B2  

iailtiplet which was replaced by a singlet in the epectrm of the corres-

ponding thione (CLXIa) • The methylene protons of the six-membered 

carbocyclic rings in the ketones (CLX b, d and f) were observed as two 

complex tailtiplete rather than the relatively simple triplet-quintet 

ratem of the thlothiophthena. 

The n.m.r. spectra of the dehydrogenation products (CLVIII; X - S) 

also showed evidence of molecular symmetry (Table 2). The two group. 

(R) gave rise to only aria set of signals and the three protons of the 

(CLVIII; X a 0) contained an A2B multiplet which was alt identical in 

appearance with that in the spectra of the thioml3. In other respects, 

hcever, the spectra of the ketones were unexceptional and clearly consis- 

tent with the unsymmetrical nature of the molecules. Thus the di-p-aniayl 

* The expected pattern of absorption is a triplet-quintet but one line 

of the quintet was evidently too weak to be seen. 
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compound (CLVIIIf) showed two methcyl absorptions near 5. 7 'nd two 

A.B. nultipleta in the aromatic proton region; thedi-p- LoiJ. 

campound (CLVIiId) aiznilarl.y showed separate absorptions for each at 

the p-tolyl groups. 

The n.ul.r. spectral evidence thus suggests that the dithiolium 

cations (CLVIII; X = 6) possess symmetrical structures, a state of 

affairs sirdlar to that found for the parent tbiothiophthena (CLX; 

X = 8) • This apparent symmetry could be due either to resonance or 

to degenerate tautomeriem but the evidence available was insufficient 

to allow a distinction to be made. 
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(b) Ultraviolet and Visible Opectra 

The electronic spectra (ig. 1) of the 3-thioacy1methylene-

I ,2-dithiolea (thiothiophthona) resembled those of the previously 

investigated compounds of this class; the ultraviolet absorption 

bandz ere more intense and the visible bends lees intense than those 

of the corresponding acylmethylene compounds (Fig. 2). Loth bends 

showed a bathochromic shift consequent upon the change from ketone to 

thione, the shift in the visible bend being the greater. 

The magnitudes of these shifts (L\ 	of the visible absorption 

bands are ahoii In Table 3  together with the corresponding values for a 

number of previously known compounds. A value of 4X = go-loomp has 

been regarded as normal for compounds in which there is no bonding 

interaction between the sulphur atom in the thioacyl group and that in 

the heterocyclic ring. Smeller values of A N (uially near 60u) are 

found for compounds in which such interaction is possible. It is note- 

worthy tt all the tlu.othicphthens synthesised Ln Lho present ixivosti;ation 

show values of AX well below the 'nomal range an, in the case of the 

compounds with a fused 6-membered ring, lower (e2- 1 6m) than any value 

previously reported. 	In agreement 'Tit ro'.4-n' 3 observations, Lhe 

value of AN for the pair of coi.pounds : I a and U) with a Iuaed 

5-membered ring is the highest in the series but it is not sufficiently 

high to support his contention that the presence of a 5-membered ring 

distorts the bond angles of the thiothiophthen system sufficiently to 

prevent the bonding interaction mentioned previously. In this particular 

instance, and in certain of the pairs of compounds studied by Brown, there 
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in saw uncertainty in the evaluation al 4X 	cauce t ie visi '1 

absorption bend shows a double 	in ti spectruti of ..: 

and a single uid.iaim in that of t E6one. 

The ultraviolet spectra of the thioacylbenzodithiolium salts 

(CLVIII; X a S) were 6(m{1Jr to the of the c'reoronding acy]. can-

.......; 	= 	 .. 	.. LL 	 4X 	f 

J.JL1 

£ for the compounds (CLVIII a and T ) I 90 Lr or (CLVIII e anti 
[or (CLVIII C and .] Lil of :J.ch values are within L. 

obaorveu for the model compounds (CLXVI and CLXVII). This evidence, 

however, cannot be held to indicate that the cations exist as 

unsyetrical structures because the compounds used as models for the 

thiotbicphthen series are no longer suitable for comparison with the 

CiOnLC CO1 ou.nd..i. 	.oroovr, L .o 1:ic,1jt,.je 	.1' to vjibi 	ortion 

in t:in orio 	..rr Ln 1. .e of the corresponding 

bands in 	thiothicphthen serie.: 	, in the range 2000-5(=). 

The low intensities aug. t . 	the visible bentie might be 

W- . 	orptions of the carbonyl or thiocarbonyl groupie and this inter- 

jireintion is consistent with the bypsocl-iranic  shift oboerv 	thor 

groups are intro 	into the p-positions of the ary]. &r 	[. 

tMobenzophenonu . > ix 599mi) with 4 9 4 1-dinietlioxythiobenzophenone 

A .n: 577i) 1. 	. . :otLi. .ubstitution causes the near ultraviolet 
tui, which in, presunbly, a = - 	absorptions of the benzodithioliuia 

nucleus, to suffer a bathochroinic shift which is comparable to the shift 

observed in changing from 2- :flji- ( ) :.: 388mi) to 2..-methoxyphenyl 

b.nzo-1 9 3-dithiolium perchlora Le X nix 440in) 
0 1  



T. 

This interpretation of the spectra necessitates the assumption 

that the apparent synitry of the cations is due to tautocrii rather 

than to resonance. Had the phenomenon been due to resonance, the 

spectra might have been expected to show an intense band of relatively 

long wavelength, analogous to those found in the spectra of cyn1ite 

dyes. This band would have been shifted to longer wavelengths by 

mth-ibetien ind would have been absent from the spectra of 

the ketones (CLVIII; X = 0). 
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RUOT B : .hioacr1_1 , 2-dithiole-.thionø 

In addition to the thiothiophthena, the structure of which 

formed part of the discussion in Part A of this Section 1  there are 

other types of compounds which could, in principle, exhibit either 

t3ingle bond-no bond resonance or single bond-no bond tautoineriem. The 

+-thioacyl-1,2.-dithio1e.--thionee (CLXVIII; X - s) constitute ce 

such class of coLi 	(Scheme ). 

A pro lirJ.nary investigation by Brown:58  involved the preparation 

cf co. on 	 . .. oT 	.Le. howed a 2-proton 
S 

r:oLc?, ttributable to the 

ortho-protona of the thiobenzoyl 

Ph 	 roup, on the 1i-field side of 

(C x Ix) 	 the 8 proton niii.tiplet due to 

the remain 	aromatic jxotons.2-his result would not be expected if 

the compound was rendered symmetrical by single bond-no bond resonance 

or if the two equivalent structures were undergoing rapid tautonic 

interconversion. 

The objects of the present investigation were (i) to synthesise 

other compounds of type (CLXVIII; X = 5), the n.ni.r. spectra of which 

would be lees open to errors of i 	cation, n 1 (ii) to attempt the 

synthesis of the separate tautomo.t'. [ 	and 	u cheme 25. 

1 • The 'ynthetic Procedure 

The compounds were prepared by a general method (Scheme 26) 9  

the first stage of which involved the condensation of suitably substituted 

propiophenones with aromatic aldehydes according to the procedure of 
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Noflar and Adams 8 . The resulting benzylidene-mcompounds were boiled 

with sulphur in ethyl benzoate to give the acyl-192-mdithiole-m3thjonee 

(civIiI a-me) which were converted into the thioacyl compounds by 

treatment with phosphorus pentasuiphide in boiling xylene. 	s shown 

by Brown 84
, it was necessary to purify conrrcial phosphorus penta-

aulphide by means of two successive :th]..t extractions with carbon 

disulphide. 

The thioacyl- compounds were isolated from the reaction mixtures 

by chromatography on alumina and were observed as green bands on the 

column whereas the initial ketones were observed an red bands. The  

thiones obtained from the ketones (CI :viii a and c) gave infrared spectra 

identical, respectively, with those of the thiones obtained from (CLXVIII 

b and d) but the n.ni.r. spectra, discussed below, showed that, in each 

case, the products were mixtures of the two possible isomeric thioacyl-

ditbiolethiones. 

2. N.m.r. Spectra (Table +) 

The n.m.r. spectra of the ketones (CLXVIII a,b,c and d) (Table 4) 

each showed one -.proton singlet due to the methyl protons of a 12 7tolyl 

or 2-aniayl  group. The di--tolyl compound (CLXVIII.) showed two 

methyl singlets of equal intensity. 

The su].phuriaatiou products of the isomeric pheuyl-p-.to].yl 

compounds (CLXVUIa) and 'LVIIIb) gave identical n.m.r. spectra which 

showed two methyl singlets, of similar but not quite equal intensity, 

together accounting for three protons. This result shows quite clearly 

that the products were mixtures of the two isomeric thionea which, although 



capable of separate existence at ordinary temperatures, were evidently 

interconyortible under the conditions of their formation. The 

Presence of two compaienta in almost equal amounts accounts for the 

non-crystalline nature of these products. The suiphurisation products 

o: tho pheziyl...p..enisyl compounds (CLXVIUc) and (CLXVIIId) also gave 

identical n.m.r. spectra but, in this case, one of the methyl sizig].ete 

was of mach great.--r 	intensity than the other. Thus one of the isomers 

was prepderant and, as a consequence, the products were readily 

obtained in crystalline form. The presence of two methyl sin].eta in 

the n.m.r, spectrum of the di--tolyl caupound (CLXVIIIf) confirms the 

non-equivalence of the aryl groups in these 4uu.thioacyl1 1 2..dithiole..3u. 

thionea. 
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PART C : (i) Compounds Derived from 3-Phenacyliderxe- and 3-Thiopben-. 

acylidene-..pheriyl-1 , 2-dithiole 

Another class of compounds which might be expected to exhibit 

the characteristics of "single bond-no bond resonance" in that in which 

the two outer sulphur atoms in a thiothiophthen are replaced by nitrogen 

(CLXX). 

RX 	R2 	 R, 

N 	S 

R 1 
	

or, 	

R 

As a first approach to the preparation of this type of compound 

the 3-thiophenacylidene- (CLXXIa) or 3-phenacy3.idene-5..pheay11, 2-dithiol. 

(CLXxIb) were chosen as starting materials. It was proposed to allow 

these compounds to react with trietbyloxonium fluoborate to give the 

corresponding I ,2-dithiolium cations (CLXXIIa and b). These cations 

would be expected to react with aniline to give 3-( .pheny1 1 m1 ne_r_pheny1ethyl 

idene)--phenyl-1 ,2-d.ithiole (CLXXIII). It is conceivable that this 

compound might exist as a "single band-no bond resonance" structure or as 

a tautomeric mixture (CLXXIII a and b) and that it might react further 

with triethyloxonium fluoborate to give the 1 ,2-thiazolium salt (CLXXIV) 

which, by reaction with aniline, would give the potentially eyanetrical 

compound (CLXXV). (Scheme 27). 

The preparation of compound (CLXxIb) by reaction of 3-methylthio-

5-.phenyl-1 92-.dithiolium iodide with sodium benzoylacetate (Scheme 28) is 
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described by McKinnon. However, the yields obtained using this method 

are poor (J) so that an attempt was mede to prepare (CLXXIb) using the 

following closely related method. The 1 92-.d.ithiolium cation was allowed 

to react with ethyl benmoylacetate to give the eater (CLXXVI) in 31 

yield. It was hoped that subsequent hydrolysis and decarbcocylation of 

this ester would give (CLXXIb) but although several methods were used in 

an attempt to hydrolyse (CLXXVI 
), none was successful. The compound 

(CLXTh) was thus prepared using McKinncn'a method. The preparation of 

3-thiophenacylidene-5..pheny]...1 1 2..djtltjo].e (CLXXIa) has been described in 

an earlier section of this thesis (page 9) 

/hen attempts were made to react 3-thiophenacylidene- (CLXi:Ia) 

and 3.phenacylidne-5-pheityl-1 ,2-dithiole (CLXXIb) with triethylcconium 

fluoborate, it was found that only in the case of the 3-thiophenacylidsne-

compound was the required di.thiolium salt (CLXXIIa) obtained. This salt 

reacted with nn{1 1n to give —( 1.-pheny 44 1-phenylethylid.ne )-5-

phenyl-1,2-dithio].e (CLXXIUa). Unfortunately, there was not enough 

time available to proceed further so that the conversion to (CLXXV) via 

(CLXXIV) was never tried. 

PART C (ii) Attempted Pre2aration of  2-Thiop4enaoylidene..4 9 6diphenylpyran 

cKinncn61  used several pyran and thiopyran derivatives (CLXVI; 

X = 0 or ') (CT:vII; ' -0 or ) nnd (r'LXXVII; 	0 or) as reference 
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compounds in the interpretation of the visible and ultraviolet spectra 

of phnacylidira'. and thiophenacyUc2.nedithiole.. To complete this 

series of rofirence compounds, HcKinnt attempted to pn.psr. 2a'ph.tacy1.. 

idane.. (CLXXVIIIa) and 2..thiophenacylidsnea.4 1  6-diph.zaylpyran (CLXXVIIIb) 

cc 'c.un, - e 

:. 	0 

X = S 

wxw untLLv o cvrt i o the corQoz1i tiopoc1i.ton cQmpotmi.i. 

It was proposed that the problem he approached in two ways, 

outlined in Zchsas 29. In an attempt to improve the yield of the 2. 

p.acylid.ne . coapouni (CLXXVilla), 2m.thy1thio.4, 6-diph.nylpyryliva 

iodide (CLXXIX) was allowed to react with ethyl benmoylacitate to give 

the ester (CLXXX) • Attempted hydrolysis of this ester via, hae.,er, 

unsuccessful. The reaction involving (CLXXIX) and sodium binmoylacetate 

gave a mixture of ph.nacylid.n. compound (CLXXVIIIa) and saw other 

compound which was not identified. The proposed rout.s to the thio-

pheoacylid'sn compound (CLXXVIIIb) were neyer attempted. 
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Unless otherwise stated : 

Melting point detezninatiana were carried out in a capillary 

tube in an n-butyl phthalate bath and are uncorrected. 

olutione were dried over anhydrous sodium sulphate. 

Ultraviolet spectra were determined, in ethanol, on a Perkin-. 

Elmer 137 U. V. Bpectrophotcineter. 

Infrared spectra were determined as solutions in chloroform 

on & UniCan3 S.F. 200 spectrophotometer. 

Nuclear Magnetic Resonance spectra were determined, in 

deuterochioroform, on a Perkin Elmer R. 10 (60 me/4) spectrometer. 
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cTIa1 I 

Qyclo-addition eactions of Dithioletiuionea and r)ithiolanthiones 

P1u?r (A) : (i) ]éactiie Involving i3enzyne 

GRAL NAPIAI 

5-ihenyl-1, 2-d.ithiole-)-one 

Prepared by th. action of sulphur on bo4l ing ethyl cirm.mat. 1°  

Yield • 88.3 g. from 262 g.  of ethyl cinn.mate - 39:. 

v.p. 	11+-117 0  (3.it.m.p.=114..117 0 ) 

.ihonyl-1,2-.dithiole--thione 

1r.pared by the action of the corresponding ketone with 

phosphorus pentasulphide10  

Yield a 17.7 g. from 20 g, of dithiolcne • 82. 

m.p. n  126-127°  (lit.m.p.al25-127') 

k- , heny].-. 1  12-dithiole-3-thione 

The method of Fields 12  was used but modified such that quinoline 

was used as basic catalyst in place of di...o..tolyl-guanidine. 

Yield - +1.3 g.  from 200 . cumene * 11 

• 121.122 0  (itmpa1220 ) 

4,5-Benzo-1 92-dithiole-3-thiona 

Prepared by the action of phosphorus pentasuiphide on 2 9 2'-

dithiodibanzoic acid '. 

Yield - 9.2 g. from 20 g. of dithiodibenmoic acid a 40, 

m.p. - 94-.960 (lit.m.p.iu.94-96 0 ) 

j-Athiclan-2-thiwe  

Prepared by the action of 1,2-dibronoethans on a solution of 

aqueous sodium suiphide and carbon disulphide in dimethy1forn'm(de8 . 

Yield a 8 g. from 6.3 g.  of carbon disulphide a 7. 

m.p. - 35-36° (lit .m p. 8'8  35-360) 
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4-iheny].1, 3-dithiole-2-thione 

(i) Methyl mercaptan was prepared by the slow addition of dimethyl 

sulphate to a solution of sodium hydrogen sulphide 8 . 

(ii)Phenacy1methyl trithioca.rbonate was prepared by adding a mixture of 

methyl mercaptan, carbon disulphide and ethanolic sodium ethoxide to 

phenacyl bromide. 

Yield a 41.8 g. from 45 g. of phenacyl bromide a 77% 

M.P. - 40_41 0  (lit.m.p. = 41 0 ) 

2-1;ethylthio_Lphenyl..192..djthjo3.jum hydrogen sulphate was prepared 

by warming a mixture of phenacyltethyl trithiocarbonnte and concentrated 

sulphuric acid91 . 

Yield a 6.2g. from 8g. of phenacyirnethyl trithiocarbonte a 62.. 

Phenyl-1 ,-dithio1e..2-thici was obtained by shaking 2-me thylthio.-

pheny].-1 , 2-dithioliujn hydrogen sulphate with saturated sodium sulphide 

so.luticgi92 . 

Yield 1.47g. from 6.2g. of hydrogen sulphate a 37% 

m.p. 	116-117 0  (3-it.m.p.a116.117e) 

1-Aniinobenzotrjazole 

Method A 

Hydroxylaine-0..-aulphonic acid was prepared by the action of 3C 

fuming sulphuric acid on bin- (hydroxylammonium) sulphate 93. 

1-Aminoboxzotrjazo].e z Hydroxy].anine-0-au1phonic acid (30.0 g., 

0.266 mc]..) dissolved in water (45 ml.) was added to a solution of benmo... 

triazole (26.4 g., 0.222 mole) in aqueous sodium hydroxide solution 

(26.6 g. sodium hydroxide dissolved in 110 ml. water). The temperature 



7, 

during addition varied from 58...62° and was then maintained within this 

range for a further 2 hr. Ether extraction gave a brown oil (13 g., 

41%) which solidified on standing to give a brown solid mop, 40 0 . 

Chromatography in a 30 70 ether - light petroleum (60-80°) mixture 

on silica gave 

2-Aminobenzotriazole,(1.7 got &),ut.p. 120..122°(lit.m.p..122°) 

The solvent mixture was c*nged to 70 & 30 ether - light 

petroleum (60-800 ) to give 

1-Aminobenzotriazol.,(3.5 g., 11),m.p. 81-83(lit.m.p.ii8+ 0 ) 

Method B 

(i) Methyl -.nitrophenylhydrazylidenecyanoacetate was prepared using 

a method similar to that described in Organic Teaoticns for ethyl 

cyanoglyocylate-in-chlorophenylbydraz cue. 

Yield = 43 go from 41.5 go of o-nitroaniline = 58%. 

- 184-186°. 

(ii): ,ethyl Q-aminophenylhJ'drazrlidenecyanoacetato was prepared by the 

reduction of the corresponding nitro-coaiipc*nd using 1Q- palladium on 

charcoal catalyst in dioxan. 

Yield = 18 g. from 35.7 go of o-nitro compound 

m.p. = 177_1780 (3-it.m.p.=181°) 

(iii) iethyl(benzotriazol_1ylim1no_)canoacetate was prepared by a 

modification of the method described by Bianchetti and Trave. To 

methyl o-aminopheny]Jiydrazylidenecyanoacetate (2.5 g., 0.011 mole) was 

added methanol (15 ml.) and concentrated hydrochloric acid (3 ml.) and 

the mixture warmed.' ,.,races of insoluble materials were filtered and 
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the filtrate diazotissd at 0-5 10  with a so].uti4m of sodium nitrite 

(0.75 g., 0.011 mole) in water (5 ml.) and mithanol (5 rn].). 	later 

(100 ml.) was then added md the cream coloured precipitate was filtered. 

Rcrystailisaticti from methanol gave a cream amorphous solid ,( 1,0 g., 

1 . ) ,m.p. 130-181 9d. 

(iv) 1-Aminobenmotriazole was prepared by the acid hydrolysis of methyl 

(be zotriazol-1-yUw4no)-cyencac.tat. in the manner described by 

Bianchetti and Tray. 68 

Yield - 2.3 g. from 9 g. of mathy1(beiuotriazo3..1_yltm4no)_ 

cyanoacetate - k 

m.p. • 81-830  (lit.m.p. * 840) 

4 95-Banzo-1 13.4ithiol2-yliden.phemt1acetaldehyd. 

(1) k,5-Benzo-2..net:y1thio-1 ,L-diLio1ium perchiorate 

49 5-Benzo-1 9 2-.dithiole...3-thime (1 g.) was heated with an excess 

of dimethyl wlphate at 1,50 0 for 2 sin. The brown solution was poured 

into acetic acid (20 ml.) and a few drops of perchioric acid were added. 

After a minute or so, the perchiorat. separated. Recrystll(s*ticn from 

acetic acid containing a drop of perchioric acid gave a white crystell 4n 

pd.r,(1.6 g., 100.),m.p. 198199 0 . 

(ii) 1- (Nr rrolidino )-2-phouy].ethylene 

ireahly distilled phenylacetaldehyd. (9.4,5 g., 0.0785 mole) and 

pyrrolidin. (11.15 g., 0.157 mole) in benz.r* (40 ml.) were heated in a 

Dean and Stark apparatus until no further separation of water was 

observed. The solvent and excess ein(n* were removed by distillation 

In vacuo to give a residual brown oil. Distills tim in vacuo gave a 



yellow oil, (9.5 g., 70;), b.p. 11110.2 xi. 

2.. ( ;..N-P rroljdino-a.pheny1,.nyl)..4,3..benzo..1 , 3-dithiolium perchiorate 

1..(N..Pyrrolidino)..2a.phenylethyl.ne  (1.49 g., 0.005 mole) 

dissolved in dry acetone (10 ml.) was added to a solution of 495-bemzo-

2..metbylthio-1 9  3-dithiolium perchiorate (1.49 g., 0.005 mole) dissolved 

in a mixture of dry acetone (20 niL) and dry ac.tonitrile (20 ml.). The 

mixture was allowed to stand at room temperature for 20 mm. and then 

concentrated at 406  in vacuo to give a yellow all, (2.6 g.), which could 

not be crystallised. 

4 ,-Benzo-1 , 3-di. thiol..2-y1idene..phenylacetaldehyde 

The crude oil from experiment (iii) above (2.6 g., 0.008 mole) 

dissolved in a mixture of dilute hydrochloric acid (30 ml.) and methyl 

cyanide (30 ml.) were boiled gently under reflux for 30 mm. The methyl 

cyanide was removed by distillation and the aqueous residue cooled and 

extracted several times with benzene. The benzene extract was washed 

With water and dried (NaSO) and then the bexene distilled to give a 

residual oily solid. Chromatography on alumina in benzene gave a brown 

oil (0.075 g.) which crystallised from ethanol as yellow needles m.p. 

102..103°. The infrared spectrum was identical with that of the material 

m.p. 102..103° obtained by the reaction of 4_phon.yl_1 92_dithiole_3_thione 

with benzne and the mixed melting point was undepreased. 



CYCLO-ADDITION EACTIIS 

Pro l 1mfnry Investigations 

stability of the )ithiolethione system to selected Oxidising Agents 

5..Phenyl-192dithioleu.3_thjce (1g., 4.76 m.mole) and the 

aicidiaing agent (9.52 in.nole) in dry benzene (10 ml.) were boiled under 

reflu.x for 30 mm. The mixture was cooled, filtered and the benzene 

distilled from the filtrate in vacuo. The residue was weighed and then 

a mixed melting point with 5-phenl-1 9  2- ithiole.'.3-thicne determined. 

The oxidising agents used in these experiments were mercuric 

oxide (ago), nickel peroxide (Ni203, )dH2O), lead dioxide (Pb02) and 

active mmnganese dioxides (*O2). In each case, the 5phentl..1 ,2 

dithiole..3-thicme was recovered unchanged. 

A further reaction involved the use of lead tetra-acetate 

Pb(OAc)k as oxidising agent, but this time the mixture with the 

dithiolethicvie in dry benzene was not boiled under reflux but allowed 

to stand at room temperature for 30 mm. Again the dithiolethicne was 

recovered unchanged. 

Selection of Oddisin 'gent for the Generation of Benzyne from 

lAminobenzotriazole 

l-Aminobenzotrjazole (0.335 g., 2.5 m.mole) dissolved in dry 

benzene (30 ml.) was added dropwise and with stirring over a period of 

30 mm. to a stirred mixture of oxidising agent (5 rn.mole) and tetra- 

cyclone (1.92 g., 5 m.,mole) in boiling ber,zene • (20 ml.) in a dry nitrogen 

atmosphere. The reaction mixture was boiled under reflux for a further 

30 Min., cooled and then filtered to remove oxidizing agent.  The  solvent 

was removed by distillation in vacuo to give a residual black solid. 

Chromatography on alumina in a benzene - light petroleum (60..80) I : 3 

mixture gave 1,20 9 4...tetraphe ].naphthnlone as a first fraction and then 

unreacted tetracyclone. The results are given in Table 5. 
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Table 5 : Generatiai of Benzyne from l-Aminobenzotriazo].e 

(cidiain 	•.€ent 
Yield of 1,20.4-tetraph.nyl 

-naphthalene 
ecov.red 

tetracyclane 

Mn02  8 90 

IgC 0 100 

Ni,0 5, xH20 14 70 

Pb(0Ao) 99 50 

• The reaction inolvin lead tetra-rcetate was carried out at roan 

temperature. 

Main Investigation 

1. :eaction of 5-:"henyl-1,2-dithiole-3.-thiono with flenzyne 

(a) 	; 3olution of lead tetra-acetate (1.11 g., 2.5 m.mo.le) in dry 

benzene (30 ml.) and a solution of l..mlnobenzotriazole (0.335 g., 2.5 

ni.mole) in dry benzene (30 nil.) were added ainailtaneouzly, dropwiao and 

with stirring, over a period of 10 sin., to a solution of 5-phenyl-1 9  2-

dithiole-3-thione (0.523 g., 2.5 m.mole) in dry benzene (20 ml.) and in 

a dry nitro, ,-on atmosphere. The reaction mixture was then filtered and 

the filtrate concentrated by distillation in vacuo. The residue was 

chrtograph.d on alumina in a light petroleum (60-80 0 ) - benzene I : 2 

mixture to give 

A maroon oil ,(.14 g.),which could not be crystallized. 

A greenish-brown solid ,(0.57 g. ), m.p. 154_1600 . Trituration with 



acetone gave greenish-brown prisms, (0.35 g., 55), nl.p. 187.188°, unche.ngsd 

when the compound was mixed with 4,5-benzo-2-thiop1ienaoy3.idene.1 9 3.. 

dithiole '. Infrared spectra confirmed the identity of the two samples. 

* Authentic 4,5-benzo-2-thiophenacyiid.ne.1 ,3-dithiol. *a provided by 

D.B.J. Easton.. 

Using the same reaction conditions but I : 2 2 molar ratios 

of l-axuizlobenzotriazQle : 5-phenyl-1 ,2-dithiole-3-thion. : lead tetra- 

acetate re5pectively, the yield of 4 ,-benzo2-thiophenacylidene_1,3... 

dithiole was 

Using I : 2 : I molar ratios of I-a nob.nzotrole : 5-phenyl. 

1, 2-dithiole..3.thjcrie lead tetra-acetate respectively, the yield of 49 5- 

ba so -thioih.nacyiidene.1 , 3-dithi1e was 45%. 

2. Reaction of 1+..Y sn7l-I 92-.dithiole-.3-thicne with Bertryne 

(a) 	A solution of lead tetra-acetate (1.11 g., 2.5 ni.mole) in dry 

benzene (30 ml.) and a solution of I.am{nobeiotzoie (0.335 g., 2.5 

m.mole) in dry benzene (30 ml.) were added aiimltaneously, dropwise and 

with stirring, over a period of 10 mme to a aoltion of .-phenyl-1 9 2.. 

dithiole-3-thione (0.525 g., 2.5 m.mole) in dry benzene (20 ml.). The 

reaction mixture was filtered, the filtrate concentrated and the residue 

chrotograied on alunt4na in a light petroleum (60.800 ) - benzene I : 2 

mixture to give : 

(i) A brown solid, (0.21 g.), m.p. 1II160  which recryatailieed from a 

light petroleum - benzene mixture to give brown prisms, (0.13 g.), m.p. 

1 19-121 0 . 
	

(Mixed with 4.u.phenyl-1 ,2dithio3e-3-thione a.p. 1 19-1210) .  



(ii) A brown solid ,(J.22 g.),i.p. 92-95 0  which x'ecrystaili.eed from 

ethanol an brown pr'int,(O.0c. g.), rn.p. 102..103 0 . The microex].yeis 

of this ccinpou was not ccietent with its being the expected 4,. 

benzo-1 93-dithiol2-.y3.idsne-.phany1thicacetaldehyd. but it was consistent 

c' - 	corresponding a].dehyde. 

cm (cuo) 

Found 	 : C966.58; u,kjZ+; s,23.8 % 

C15H100S2  requires : C,66.63; H,5.73; S923.7 >. 

:'he 	 ectrw.. € re 

 

1- zi e 	i.Lative 	oaaity 1) at 

	

0.7'', attribuab!e to L:c 1e yuo 	, 	::.1i;j1 	,relative 

intensity 9) in the aromatic proton region. 

The I.R. spectrum and mixec melting point were idntical with 

those of an authnt c sample of 4 , 5-benzo-1 , 3-di thio].-2-ylidene-phsn3l-

ace taldehydo. 

3. Reaction of I ,,?-Dithiolan-2-thione with Benzyne 

The reaction was carried out in a '".r siml 1  a to that dee-. 

cribed for 5-phenyl-.1 , 2-dithiole-3-thiaie (1a). 

uantitie 

1 ,;-Dithiolen-2-thione 	093 6.. 2.5 m.mols 

1-ainobenzotriazo1. 	0.335g.9 2.5 m.mole 

Lead tetra-acotate 	 1.11 g.,  2.5 m.mole 

The reaction mixture was filtered and the filtrate chrunato-

graphed on alum4 ni  in a lit petroleum (60-80°) - benzene I x 2 mixture 

to give : 



To 

Pale yellow m3d1ea,(0.06 c. 9  13Y),m.p. 165-1660. (Mixed with 

authentic 4 1 5-benzc-1 9 3-.dithiole-2-thicge mope 165-1660.) The infra-

red spectra of the two aan3a were identical. 

Yellow oil, (0.16 g. ),which solidified on standing, mope 37-390 . 

(Mixed with 10-dithio1a.2-thicne, mope 37-39°.) 

k. Reaction of +, 3-Benzo-1 ,2-dithio1e-.-thione with i3.nzyne 

Method 

As described in la above, 

juantities 

4,5..B.nzo-192..djthjol...3..thjcme 0.46g., 2.5 •uole 

1-And.nobenzotriazo].e 	 0.335g.,2.5 m.mole 

Lad tetra-acetate 
	

1.11 g.,2.5 m.mole 

The reaction mixture was filtered and the filtrate chromatograph.d 

on alumina in a liht petroleum (60-80 0 ) - benzene I z 2 mixture to give 

unreactsd k, 5-benzo..1 , 2-dithiole..-thjot,.e, (0.2k g., 54%) o  mope  93..9 . 

5.?eaction of +-Phan51--1 1  3-ditiiolo-.2-thione with l3enzyne 

Method 

Similar to that doecrbed in la above. 

antitiea 

4_pheyl.1 ,5-d1thiole..2-thi 
	

0.523 g., 2.5 m.mole 

1-Aminobenz otriaz ale 
	

0.335 g., 2.5 m.mole 

Lead tetra-acetate 
	

1.11 so, 2.5 m.mol. 

Chromatography an alu,s1n in a light petroleum (60-80°) - 

benzene I : 2 mixture gave only trace quantities of mterials. 



PAW (A) : (ii) Reactions Involving Dimethyl acetylenedicarboxylate 

hcylacetyl e and Methyl phenylpropiolate 

NIRAL ?TLIAIS 

a..rhonylcinnamic acid 

Prepared by the action of b.nzaldehyde on phenylacetic acid in 
(y7 

the presence of tri.thlin. 

Yield a 43.' g. fron Y. . of enza1dhyde a 

in.p. a 170-172 0  (lit.m.p. = 172-173°) 

Perbenzoic Acid  

Prepared by the action of sodium methaxide on 	zoyl peroxide. 

Yield = 24.2 g. from 50 go of bensoyl peroxide - 

9J&-Stilbene 

a-Phenyic! ina1  c acid was decarbaxylate(1 using quinoline and a 

copper chrognite Ca 1y3t at 210-220'. 

Yield - 29.0 g. from 43.4 go of c&-phexqlcinnaic acid 

b.p. 171_174 0/60 xa. 

1. 	&-Stilbene oxide 

cis-.StilbeM was axidirsed with parbenzcd.c acid according to the 

method of Lynch and it usacker. 

Y id a 11.1 g. from 28.2 g. of 2!!-stilbene - 35%, . 

m.p. 40-420  (lit-M.P. 430) 

5, trans-k, -Diphenyl-1 , -dithiolan2-thicne 

The thicrie was prepared by the action of potassium methyl 

zanthate on cis-atilbene oxide as described by Overberger and Druaker 101 . 

Yield a 1.3 g. from 10.46 go of cis-etilbene oxide = 8.5'.. 

m.p. = 154-156 0  (lit.m.p. a 155_1570) 



tmn4,5..etr e th.ylsne-1 , 3-di hiolaii--tiixie 

aolution of potasium methyl xanthate was prepared by 

dissolving potassium hydrd4e (2.83 g., 0.05 solo) and carbon 

disuiphide (4.67 g., 0.0615 mole) in methanol (13.5 ml.). 2o this 

solution was added cyclohexene oxide (2 g., 0.0204 mole) and the 

homogeneous mixture was stirred for 2 hr. 10 min. The yellow crystal-

line solid (which started to form after 10 min.) was filtered off and 

recryatA11i.d from a liit petroleum (60-80°) - bsnzen. I 1 mixture. 

Yield, 2.23 g. (57.5) m.p. 168...169u. 

Dimethyl ace tylenedicarboxylat. 

The ester was prepared by the eaterification of the mono- 

102 potassium salt of acetylene dicarbojlic acid. 

Yield - ' g. from 100 . of the salt • 8I. 

b.p. 101-103°123 M. (lit.b.p. u 95-98°/l9ran.) 

25-Diphenylhexaue 

(i) 2 ,5-Diphenylhexadiene 

A solution of bromobenzene (30 g., 0.19 mole) in dry ether 

(70 ml.) was added to magnesium turnings (27 g., 1.1  mole) contained in 

a three-necked 2 litre flask fitted with separating funnel, stirrer, 

reflux condrser and drying tube. The flask was warmed gently with a 

free flame until the reaction became rapid and then a solution of bromo-

benzen. (151 g., 0.96 mole) in dry ether (380 ml.) was added at such a 

rate as to cause vigorous refluxing. When addition was complete, the 

reaction mixture was stirred for 10 miii. 
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The react' on f3ask was placed in a cooling bath and then 2,5w 

., 0.23 c]a) in ether (50 ml.) was added over a 

period of l 	.üi. ;ha cooling bath was removed and the reaction 

mixture boiled under retlux for a further 30 min. The reaction flask 

was again cooled and a solution of ammonium chloride (50 g.) in water 

(150 ml.) was added, slowly at first, over a period of 10 miii, to give 

a pasty white solid. The ether layer was decanted into a separating 

funnel and to this was added a 50 ml. extract of the pasty residue, and  

the combined ether solutions were dried by shaking with dry calcium 

chloride. The ether was distilled in vacuo and the re ival white solid 

dehydrated by heating at 210...2200  in an oil bath for i3 hr. Rm1n(I%g 

traces of water were removed by applying a water pump vacuum to the 

syateiA. A solutic: of the residual brown solid, in hot ethanol, was 

filtered and aUo; 4 to coo], to give pale yellow flake, (8.3 g., 14%), 

m.p. 134-136° (lit.zu.p. 103  - 136-138 11 ). 

(ii) 2,-.;iphenylhoxano 

A suspension of 29 5.-dipheny1hexa-2, 1+.4ien. (k g., 0.017 mole) 

and 10% palladium on charcoal (0.73 g.) in ethyl acetate (100 ml.) was 

agitated in a hydrogen atnzoaphe e until hydrogen absorption had ceased 

(approximately 700 ml. absorbed) • The catalyst was removed by 

filtration and the solvent removed from the filtrate in vaauo to give a 

residual colourless oi]. (k,o g., 10o). Chromatography on silica in 

light petroleum (60-80 0 ) gave a colourless oil, (3.2 g., 



iL1:'IU 	ILi 

10 .action of DinotIV1 ace yleneic 'oxlate with ana-4,3..Diphtyl-

i!2 -tit hi olan-2-thi one 

(0.72 g., 2.5 m.nols) 

and dimethyl acetylenedic boxylate (0.36 g., 2.5 m.mole) were heated at 

110° for 5 mm. Examination of the reaction mixture by Gas-Liquid 

Chromatography on a 25% poly(.thy].ane glycol adipat.)/C.lit. column s  

I rietre lone,  at 220° indicated that trams-atilbene was Present in the 

mixture but that there was no cis-stilbene present. 

Chromatography on alu mins in light petroleum ( 1_;oo) gave : 

A white solid, (0.28 g., 62%),m.p. 122_124 0  unchanged wen the 

compound was mixed with trans-atilbeo. The infrared spectrum was 

identical with that of trans-stilbene. 

Yellow eoli..., (c).. g. ), M.P. 77-82° which recrJ3tallimed from light 

petroleum (40.60°) as yellow needles, (0.17 g., 270, mp. 85-87° 

unchanged when the compound was mixed with k ,-dixthy..dicarboxy-1 , 

dithiole-2-thione . 	he infrared spectra at the two samples were 

Identical* 

• asuple Provided by 	a von. 

2. Reaction of Dime thyl acetylenedicarboxrlate with 	5-fliphanyl- 

I 9  3-dithiolan-2-thione 

ci.- 9 5-T)iphenyl-1 93-dithiolan-2-thione (0.1 g., 0.3e8 m.niole) 

and dimethyl ac•tylenedicarboxy].ate (0.05 g., 0.348 m.mole) were heated 

at 1200  for 5 mm. The reaction product was e___4i4 by Gas-Liquid 

Chromatography on a 255 poly(ethylene glycol adipate)/Celit. colwiai, 
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I metre in length, at 230 0 . The presence of both cis- and trans-

sti].bene was indicated in the ratio of 54 : 46 respectively. 

3*'Reaction of Disethyl acetylenedicarboxylate with trana-45-tetra-

methylene-I , 3-dithiolan-2..thione 

A mixture of freshly distilled dimethyl acetylenadicarbcocylat. 

(0.746 g.,  5.26 m.mol.) and trane-4 9 5-tetramethylene-1 ,3-dithiolan.2.. 

thione (1 g.,  5.26 m,.mole) was heated from 1050  to 1.509  over a period of 

15 rain. Chromatography on alumina in benzene gave unreacted trans.- 

tetramethylene-1,3-dithiolan-2-thione, (0.91 g., 91), m.p. 168-169°. 

A mixture of dimethyl acetyl.n.dicarboxy].at. (0.494 g.,  3.48 n.mol.) 

and trans-4,5-tetrametlylene-1 93_&itliiolan...2-thjons (0.66 g., 3.48 n.mole) 

was heated at 1 115.1500  for 1 hr. Chromatography on aluminia in benzene 

gave: 

Ci) Yellow solid, (0.45 g., 68), ni.p. 166_168 0, unchanged when 

the compound was mixed with trane-.4 95-tetramethylene-1 ,3-dithiolan-2-

thione. 

(ii)Brown oil ,(0.09 B.), which could not be crystallised. 

(iii)Brown oil ,(0.19 g.),which solidified to a glass on 

standing and could not be crystallised. 

4. :eaction of Methyl phenyipropiolate with 4-Phenyl-1 ,2-dithiole-3-

thione 

Methyl phenyipropiolate (7.32 g., 42 m.mole) and phenyl-1,2-

dithiol.-3-thione (8.4 g., 40 m.mole) dissolved in dry benzene (120 ml.) 

were heated snider reilux for 4 days. The benzene was distilled in vacuo 



to give a residual red solid which crystallised from pyridine as smell 

red rieedlee,(5.4 g., 110%),m.p.  268-2740 . The n..m.rs spectrum indicated 

that the ratio of aromatic ; methyl : olefinio protons was 10 z 3 : I 

which is the required ratio for 4-ph4yl-5-methoxycarbcc1yl-1,3-dithiol... 

2-y3.idenephenyl(thioacetaldehyde) (i.e. the I : I cyclo-adduct). 

However, a molecular weight determination and elemental analysis 

indicated that two molecules of the thioacetaldehyde had combined, with 

loss of sulphur, to give (CXXIX, Scheme 13, page 46). 

Found 	 C,67.55; n,4.48; 3,18.5 ? M.4. 710 

CH04S4  requires : c 9 67.42; 11,4.17; 3 9 18.9 % M.. 676 

The structure of the reaction product was proved as follows 

The material n.p. 268_2740 (0.5 g.) suspended in ethanol (10 

ml.) was boiled under reflux for 16 hr* with approximately 2 g. of Raney-

nickel. The reaction mixture was hot filtered through C.lite to remove 

the nickel and the filtrate was concentrated in vacuo to give a residual 

brown oil, (0.3 g.). This oil should consist of a mixture of methyl 

-phenylpropionate and 2 95-diphenylhexane. Separation was effected as 

follows : 

(i) The brown oil (0.3 g.) was heated with 10, aqueous sodium hydroxide 

solution (10 ml.) for 4 hr. and cooled. The aqueous layer was then 

acidified with dilute hydrochloric acid to ive a yellow oil. The oil 

was extracted into ether and the extract was washed with water, dried and 

then concentrated to give a yellow oil, (0.(Y7 g. ) ,which solidified on 

standing (m.p. 47-J°). The infrared spectrum and a mixed melting point 

determination showed that the compound was identical with an authentic 

sample of -phenylpropicnic acid (ox 13.D.H.). 



(ii) The portion of the brown oil from (i) which was insoluble in 

dilute alkali was collected and purified by thin-layer chromatography 

on silica go]. G (Merck) • A colourless oil was obtained, the infrared 

spectrum of which was identacl with that of authentic 295-diphenyl-

hexane. Gas-Liquid Chromatography using a 6 ft. 2,.' poly(etbylene 

glycol adipote)/Celite column at 1350  indicated that the synthetic 26w 

diphenyihexane and the 2,5-diphenylh.xane obtained from the desuiphur-

isation reaction each contained the eaa two incompletely separable 

components, presumed to be stereoieamars (meso and racemic). 

5. Reaction of 4-Phenyl-1, 2-dithiole--thjone with Pheylaoetyleno 

4-Phenyl-1,2-d.ithiole-$.thjcrie (4.2 g., 20 m.mole) and phenyl-

acetylene (2.04 ., 20 m.mol.) in dry benzene (60 ml.) were boiled under 

reflux for 8 days. The reaction mixture was allowed to stand at room 

temperature for several weeks by which time a maroon solid possessing a 

green reflex ,(o.18 g., in.p. 268°d) ,had precipitated. 

Found z 	C954.94; H,3.74; S,28.2%. 

Th, filtrate was chometographod on alumina in a light 

petroleum (60-8(r) - bensene k : I mixture to give 

A maroon oil,(0.3 g.),which could not be crystallised. 

A brown solid,(0.9 g.),m.p. 107-1100  which  rez'ystalli8od from 

benzene as brown prisma,(0.5 g.), m.p. 120-122° (mixed with phenyl-1,2-

dithiole-3.4hione m.p. 120-122 0 ), 

There were several other bends remaining on the column, but 

none could be isolated in sufficient quantity for examination. 



PART B Reactions Involving EthoxrcazbonyUcraomitrile oxide and 

Benz onitrii.e N_phenillm4 n 

EN2AL MATER IA1. 

2thyl chi.oro-ciminoacetat 

Prepared by the method of 5 1-4  r73  in which aqueous sodium 

nitrite is added to a cold solution of glycine ester hydrochloride in 

hydrochloric acid. 

Yield = 10.5 g. from 34.85 go of glycine eater hydrochloride 

a 28. 

mope a 70..800 (1.it.m.p. a 80). 

a.-Phenyl- .benzoylbydrazine 

The method of Fischer 104  was used in which a solution of 

phenyihydrazine in ether was treated with beuzoyl chloride. 

Yield a 26.3 g. from 54.07 go of phenylhydmzine a 50 

m.p. a 168-1690  (lit.m.p. a 1680 ) 

a-Phenyl- (a' ..chlorobenzylidene )pbiylhydrac1 n 

The compound was prepared by the action of phosphorus penta-

chloride on a--phenyl .b.zoyThyctrazine as described by ii uiag.n74 . 

Yield a 12 g. from 20 6o of a-phmiyl-pi.benzoylbyd.razin. a,,. 

k. , 5-Diphen.yl-2-thioph.nacyliden.-1,3, +-thiadiasole 

(i) 3,5-Dipheri.yl-1 .3 ,-thi*diazole..2thione 

The method of Fuaco and Mmnto 76  was used in which a-phenyl- 

-( a' -chlorob.nzylid.ne  )phenylhydrazine was caused to react with potassium 

ethyl xanthate in ethanol. 
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Yield - 1.87 g. from 2.3 S. of cI-phenyl-3..(a'-ch1orob.nzy]._ 

idene)phenymydrazun. - 69,,,. 

m.p. - 15 1-152 0  (lit.m.p. • 151-132) 

395-Diphenl2methy1t'or13 9  f-thiadiazoliva perch].cirat. 

395..Diphenyl-1.3,4.thiadiol..2..thj 	(0.5 g., 1.94 m.mole) 

was heated with an excess of dimethyl sulphate at 150 0  for 2 min. The 

brown solution was poured into acetic acid (5 ml.) and a few drops of 

perchioric acid were added. The mixture was allowed to stand at room 

temperature and after a few minutes, a white solid separated, (0.615 g., 

98),a.p. 198_1990 . 

Found 	 : C946.97; H,3.80; C199.60; N97.46; 3,160 

C15H13c1N20 1 s2  require. c 9 46.81; H93.30; Cl,9.20; N,7.28; s,16.6% 

Benzoy].acetic acid 

The acid was prepared by the method of Meyer and Tgl 	in 

which ethyl benzoylacetate was bycLrolyeed with aqueous potassium 

hydroxide solution. 

Yield - 4.4 g. from 'K) g. of ethyl benzoylac.tat. - 51 

m.p. = 105°d (lit.m.p. a 105 0d) 

3,5..Diphenyl-2-phenacy3.idene1 1  3, 'i-thiadiazole 

Sodium (0.161 g., 0.00695 g.atoci) was d43olye4 In absolute 

ethanol (65 ml.) and then benzoylacetic acid (1.12 g., 0.00695 mole) was 

added. To the resulting suspension was added 39 5diphenyl.2.methylthio 

1,3, k..thiadiazolium pa rchlorat. (1.27 ., 0.00342 mole) and the solution 

warmed gently until a clear solution was obtained. The solution was 

then cooled, allowed to stand at room temperature for 2 days and then 
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the ethanol was distilled in vacuc. The reaiaal brown solid was 

chromato'aph.d an alumina in benzene to give : 

A brown oil (trace) 

A brown oil, C. .1 g.), which crystallised from ethanol 

(0.01 g.) m.p. 165..16; 	nx1600 cm 1  (C  a  0) 

Found : C972.63; n,4.51 N97.75; S,8.9% 

C22H16N2(X requires : C,74.01; H,4.45; N9789; S,9,0% 

(v) 	15- )iphenyl-.2-thiophenacylidane-1 , 3, -thiadiazole 

The ketone from (iv) above (0.02 g.) was dissolved in dry xyl.ne 

(2 ml.) and boiled under reflux for 2 hr. with purified phosphorus penta-

sulphide. The reaction mixture was cooled and filtered and the filtrate 

chromatograph.d an aluMii in benzene to give a red solid, (0.005 g.), 

which was shown to be a mixture containing three components (silica plate). 

Separation was effected by thin ]&yer  chromatography on silica gel 0 

(Merck). The infrared spectrum of the middle fraction dissolved in 

chloroform was identical with that of the cyclieaticsi product m.p. 19'?-

198° (page 53) and the mixed melting point was undapr.as.d. 

5 • 2. (3, 5.-Diphenyl-1,, .-thiadiaz olylidene ) -cyc lohexa-3, 5-dienone 

alicylc1 chloride 

Salicylic acid, suspended in light petroleum containing pyridine, 

106 was treated with thiouyl chloride. A quantitative yield of ealicyl- 

ojl chloride was obtained. 

2 1  k-L"pheny1-- (o-hy irçypherrjl )-1 ,, k-thiadiazoliuin pe rchl orate 

alicylcrl chloride (0.791 g., 3 m.mole) was added to a solution 

of a-phenyl- .thiobenzoyl hydrazine 0.14 g., 5 m.mole) in benzene (3 ml.). 
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An exothermic reaction ensued and a brown oil was precipitated. The 

benzene was decanted and the residual oil was dissolved in methanol and 

treated with prchloric acid to give another brown o1 1  • The methanol 

was distilled In vacua and t e residual oil solidified on standing, 

	

ecryetalliiti 	ethanol gave pale yellow prisms, (0.81 g., 3y), 

m.p. 212..214. 4 	1090 CM7 (cio) 

	

Find 	 t C956.761FI,3.66;c1,8.72;Iq,6.47;s,7.3% 

C20H13C1N2cs requires * C955.751H13.51;cl,8.23;N96.5o;s,7,L 

(iii) 2.. (3, 5-Diphenyl-1 ,3, 4-thiadiazolylidene )-cyclohexa..3,5..djenone 

Addition of dilute aqueous sodium hydroxide to the perahiorate 

obtained from (ii) gave an orange solid bthic!'i c tJied from ethanol 

as orange flakes, (0.05 g., 10),m.p. 225..226. ,2 110 cni (C - 0) 

	

Found 	 C,72.16; H 94.60; N 9 8.67; 

C20H14N2C6 requires : C,72.70; !f,4.27; N,8.48; S99.7 

60 a-Phenyl- m.thiobeazoyThydrazine 

Prepared by the action of carboxym.thy]. di thiobena onte in 

aqucona sodium hydroxide solution on phemylhydrazin* an described by 

Jensen and Miuel. 

Yield a 2.5 g. from 4.24 g*  of carbo'metbyl dithiobenzoat 

m.p. - 86-870 (lit.a.p. a 870 ) 

7 Carboxymethyl dithiobenzoate 

The method in described in 0rgnic Synthe.ea 07. 

Yield a 18.5 g. from 49 g. of benzotrich].oride 35. 

n.p. - 12(-127° (lit.m.p. 	127_1280) 
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8, 2 13,5..:42 	1-1,3,k-thiadjzolium perchiorate 

To a solution of -phenyl-1..thiobenzoylhydrezjn9 (1.1 1+ 

5 a.znole) in dry benzene (5 ml.) was added benzo'1 chloride (0.7 g., 

5 m.mcle) and the mixture wa boiled imdir reflux for 5 sin. The 

reaction mixture was allowed to cool and the precipitated solid 

filtered, dissolved in methanol and than treated with a few drops of 

perchlcric acid. The mixture was not aside for .5 sin, after which 

addition of ether precipitated a white solid, (0.81 g.., 39%)' m.p. 220.. 

222 0 . 

	

Found 	 : C,57,89;1I,3.60;C1,9,13;N,7.78;s,8.lr 

C20HIkC1N2O43  requires : C,37.90;R93.64;Cl,8.55;N,6.75;5,7,7% 

9. 2-et]yl-3,5-4iphenyl-1 .3 ,-thiadiazolium us rchlorate 

T.,o a solution of phenyl thiobexoy1hydraziz (1.14 g., 

5 m.mole) in dry benzene (5 ml.) was added acetyl chloride (0.39 g., 

5 m.mole) and the mixture was boiled under reflux for 5 sin. The 

reaction mixture was allowed to cool and the precipitated solid filtered, 

dissolved in methanol and then treated with a few drops of p.rchlorio 

acid. The mixture was sot aside for 5 mm. and then ether was added 

to precipitate a white solid, (0.62 g.)m.p. 168-17°. Bscrystallieation 

from ethanol gave whit, flakes, (0.50 g., 28), r. . 	.-171'. 

	

Found 	 C,51.51;H93.99;c1,1O.4;N 9 8.461c,9,3 

C15}113C1N204S requires : C,51.07;H,3.71;C1910.Q5;N97.94199.1% 
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CYCLO-ADDITION 1iACTI( 

I • 7eaction of 5-71heny1-1 ,2-d1thio1e.-.hjone with thoxycarbonrlformo 

nitrile odd. 

To a solution of ot yl chloro-.axiriino acetzite (1.31 g., 

0.01 mole) in dry benzene (70 ml.) was added -phemyl..1 9 2-dithjole..3. 

thion. (2.1 g., 0.01 mole) • The solution was vigorously stirred while 

a solution of triethy].andne (1.01 g., 0.01 mole) in dry benzene (20 ml.) 

was added dropwise aver a period of 4 hr. at room temperature. The 

benzene was removed by distillation through a Vigreux c',lne and the 

residue transferred to a sublimation apparatus incorporating a glass 

reservoir below the cold finger. The mixture was heated at 1300 and 

20 ran, pressure for several minutes and the colourless liquid in the 

is rorvofr collected. 

i75 

 

CM-1  

"he 	r"e1 spectrum indicated 

cir l  
oC tae tusotd isothiocyanate in benzene, (5 ml.), 

was added anilIne, (0.107 g.), in benzene (5 ml. ) . The resulting pr.cip.. 

itate was filtered and recrystallized from ethanol to give white flakes 

m.p. 129-130' (lit.m.p. 	for N-eth ycarbonyl-N'-phenylthjour,a is 

130'). 

The sublimation residue was chromatoaphod on alumina in a 

light petroleum (60-80') - bsnaene I : I mixture to give : 

(j) A brown solid, (0.51 g., 24'), m.p. 115-120 (mixed with 5phenyl-

1 1 2-dithiole..3-thicie m.p. 115-120'). 

(ii) A yellow solid ,(1.34 g., 6),m.p. 116..117° (mixed with 5-.phenyl-

192-dithio.le-3..ons m.p. 116-1170). 



M. 

l.Genern]. Procedures for the 3enerti of iienzonitrile N-pheny1izine for 

yc].o-addition to I ,2-i thioie-)-thjox 

Method A 

To a solution of t dithioletajone (5 m.mole) in dry benzene 

(30 ml.) was added si-phenyl- ( '-chlorobenzylid.ne )phenylbydrazin 

(5 a. mole)• The solution was vigorously stirred while a solution of 

triethylaml ' 5 a.mole) in dry benzene (20 ml.) was added dropwiae over 

a period of 33 hr. The reaction mixture was filtered and the filtrate  

was chromatographed on alumina using a light petroleum (0-600
) 

benzene mixture. 

Method B 

To a solution of the dithiolethione (5 m.mole) in dry benzene 

(30 ml.) was added 

(5 m.mole ) • The solution was vigorously stirred while a solution of 

ti.thyn1na (5 m.mol.) in dry benzene (20 ml.) was added over a period 

of 33 hr. A further quantity of triethylamine (5 m.mo]..) was added and 

the reaction mixture warmed at 5Q0  for 3 hr, and then allowed to stand 

at room temp.rature overnight. The reaction mixture was then washed 

well with water and dried. 

2 .Reacticai of Diphenylnitrile-im4ne with 5-.Phenyl-1 , -iii--thion 

Method A 

Saantitiea 

5-Phenyl-1 , 2-dithiole-3.thione 	 100590 ,5m.mole 

a.-phenyl- ( a' -chiorobenaylidene )phnylhydrezine 1.53g. ,5rn. mole 

Triethylen4n. 	 0.505g. ,5m.mole 
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The reaction mixture van filtered and chroniatographed on 

alumina in benzene to give : 

A red solid, (0.13 g.), which was shown by thin-l&y.r chromatography 

to be a mixture of unreacted thione, sulphur and a-pheny1.-i..(aSchloro.. 

benzyliden. )pheny1hydrazine. 

A red solid, (0.5k g.), m.p. 116..118' which recrystaflised from  

ethanol an bro'•.n inins ,m.p. 125127 11  (mixed with 5..pherql-1,2..djthjol.. 

3-tb.ton. mop. 125-127° ). 

A red solid, (0.5 g.) ,m.p. 190.19k 0  which reCr3rBtallie.d from a 

I 1 I light petroleum (e060 0 ) - benzene mixture to give red prisms, 

(0.25 g.,  14) ,iu.p. 196..1980  (mixed with authentic 30-(Uphen3l-2thjo. 

phenaoylidene-1,3,kthjdj,o1., m.p. 196-198°). 

Found 	 : C,71.20; i 9 4.42; N97.85; s,16.6. 

C0102 requires z C970.94; H 1 4.33; N,7.52; 5917.2% 

Method B 

uatitiee 

lame as were used in Method A except that twice as much 

triethy1'minL'i was used. 

The reaction mixture was filtered and the filtrate concentrated 

to give a residual red solid. 	ecryet1lisation from benzene gave the 

thione,(0.82 g., 45), red needles, m.p. 197-198. 

The filtrate was chroivatographed on alumina in a light 

petroleum (0-60°) - benzene I i I mixture to give : 

(i) A yellow solid, (0.17 g.) ,which crystallized from an ethanol-bensone 

mixture as yellow pri 	,(0.05 g. ), m.p. 117-118 0  unchanged when the 



substance was mixed with sulphur. 

A brown glass ,(0.27 g.), m op. 94..97 which recrystaliiesd from an 

•thanol-benzene mixture to give yellow prism. ,(0.15 p. ,nt.p. 1799d. 

The infrared and fl.m,r, spec ..ra were not inconsistent with it being the 

di-adduct (CXLVII) (page 54). 

Found 	 ,/k.kU; i,4.52; N 9 9.88; 

CP,6NS2  require. t C,74 ,17; a9 4.62; N9 988; 

A brown solid, (0.22 g,),m.p. la)6.122 0  (mixed with 5..phey]-1 9 2 

dithiole..3..thion mope 122- 12I°). 

A red solid, (0.26 g.), m.p. 198-2c2e identical (infrared spectrum 

and mixed melting point) with authentic 35.4iphenyl..2-thicphenacylid.ns 

.1 9  3,-thLedlszole. 

Total yield of 395-diphenyl-2-thicpbenacylidene...1 13, 

thiadiazole a 1.08 g. 

3.Reactian of Benzonitrile N-pheny1{mtne with Phetl-1 9 2-ithiole..3-.thjon. 

Method A 

Quantities t 

4-.Fhenyl-1, 2-.dithiole-3-thi 	 1.05g.9 m.aol. 

-phenyl- -.( a' -chlorobenzylidene )phenylhyda'azin. 1. 153g., 3m. mole 

Trieth'lamin. 	 i.IL,,. ,m.inole 

The reaction mixture was filtered and the filtrate ohxto.. 

aphed an alumina in a light petroleum (60.-80°) benzene 1 : I mixture 

to give 

(i) A red oil  (0.87 g.), shown by thin-layer chromatography to be a 

mixture of sulphur, a..phenyl.. -( a'-chlorobezylide )phsnylbydrazine and 



A red soli (0.55 g.),m.p. 117-11' (mixed with 4..phenl..1 0 2.. 

dithiol.e-.3u4hjon., m.p. 118-120 0 ) 

A red solid, (0.27 g.), .p. i9u.196° Wiich recrystallized from a 

light petroleum (40-60°) benzene 1 : 2 mixture an bro'iai prisme, 

(0.06 g. 	2 d. The n.m.ra spectrum showed & low field 

singlet 	- 	' 	ributab3.* to the proton of a thiosld&iyde group. 

The ratio of the integrated intensity of this peak to that of the 

aromatic nizitiplet was I : 16 which is the ratio required for 3,5.. 

dip ql..1,3,k..thiadiazo]_2_yrlidene heny1thioaceta1dehyde. 

F*ir4 	 : C970.90; H 1 4.24; N,7.48;  s 9 16.6 

CH16N2S2  requires : C970.94; H,4.33; N97.52; 

Method B 

Quantities 

The an as were used in Method A except that twice 

as much triethyl,"n(n, was used. 

The reaction mixture was filtered and the filtrate concentrated 

in vacuo to give a residual brown solid which recrystallized from bensone 

as brcmai priema,(0. 1+1 g., 22%),m.p. 208°. The infrared spectrum was 

identical with that of the product obtained by Net x1 I and the mixed 

malting point showed no dapression. 

The filtrate was ohromatographed on alumina in a light 

petrolum (40_600 ) - benzene 2 : I mixture to give : 

(i) A brown solid, 	g.),m.p. 90-93 which recrystafliaed from ethanol 

as browa priama,(0.21 g.),mp. 118._1200  (mixed with 4-ph.nyl-1,2-dithiole.. 

)-thione m.p. 118-1200). 
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(ii) 	A brown solid, (0-51 g.), map. 11..1180 which reorystalliaed from 

ethanol as pale brown needles, (0.21 g., 15%), m op. 152..153. The infra.. 

red spectrum was identical with that of 3, 5-diphenyl-1,3, k-thiadiazo..r2... 

thion. and the mixed malting point showed no depression. 

k. Reaction of Benzonitrile N-pheny1imine with 4 15-Benzo-1 9 2-dithio1e-.. 

thione 

Method B 

uantitiea 

k, 5-Benzo-1, 2-.di thiole..3-thione 	 (0.92g. ,5m.mole) 

ft..phenyl-..(a'-chlarob.nzylidens )phenylhydrazine (I.153g. ,5m.mol.) 

Triethylzm{ne 	 (1.01g. 1  lOm. mole) 

The reaction  mixture was washed well with water, dried and then 

the benzene distilled in vacuo to give a residual brown solid. Chrom-

atography on alumina in a light petroleum (40600) - benzene I : 1 mixture 

gave: 

(1) 	A yellow solid ,(0.045 g.), identified as sulphur. 

A red solid ,(0.2 g.), u.p. 93-95 0 . (Mixed with 4,5-benzo-1,2- 

dithiole-3-thione, mope 93..95). 

A red oil, (0.14 g.), which could not be citalliaed. 

A yellow oil, (0.7.: . ,... cryatauised from ethanol as yellow 

prisms (0.37  g.) mop. 164.-1 '. 	140 cm (C a  0). The n.m.r* 

spectrum showed only aromatic protons. 

Found 	 g C,72,76; lj 9 4.04; N,8.48; S,10. 1$5v, 

C20I4N2OS requires : C972,70; I! 1 4.27; N 98.48; S99.70% 
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The ccmprsind was at first thought to be the quinanoid compound 

(CLV, page 57) but subsequent synthesis and comparison of the infrared 

epectr= disproved thi3. 

59 Reaction of Benzonitrile N-phenylimine with 395-Diphenyl-2-thio-

phenacylidene-1 9 3 , 1+-thiadbzole 

Method 13 

quantities 

3,5-Diphenyl-2-thjcphenacyljdene...1 9 39  1f-thiadiazole (0.5g.1 1 .8%. mole) 

a-phenyl- 3-( a' -chlorobenzy].id.n. )pheny].hydxazine (0.1+36g. 9  I • 89tn. mole 

Trieth7lnmin, (0089. ,3.78m.moie) 

The reaction mixture was washed with water, dried and chromato- 

graphed on alum(na in a lit petroleum (40..60°) - benz.ne I : I mixture 

to give z 

(i) 	A yellow solid, (0.61 g.),which crystallised from an ethanol - 

benzene mixture as yellow hexagona,(O.kl g., k?) m.p. 1799d. The 

infrared spectrum was identical with that of the compound possessing a 

melting point of 179 6d which was obtained in chromatography fraction (ii) 

from method B in the reaction of 5-phenyl-1 ,2-.dithiole-.thione with 

dipheny].nitrile imine and the mixed melting point showed no depreeicn. 

The compound, a.p. 179 0d,(0.2 g.), was dissolved in glacial 

acetic acid and then a few drops of perchioric acid were added. A 

colourless oil, which precipitated, solidified on standing. Recry'etal-

listion from ethanol dave a white aolid,(0.I g.),ui.p. 150-152. 

1100 Carl
(Clo,). The n.m.r* spectrum indicated a ratio of 30 

aromatic protons to 3 aliphatic protons whereas the required ratio for 
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Ccinpcufld formed by protonaticn of structure (CXLVII, page 54 ) in 

25 2. 

Found 	 i C954.74 ; ii 9 4.43; C199.22; N97.74; S 9 8,15% 

CHc1N40as2 requires : c,63.00; H,4.08; C195.31; N,8.40; S99.61 
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SECTION II 

Thiothiopht hens and Related Compounds 

Part (A) : Thiothiophthene 

GERAL MATERIALS 

General Method for the Preparation of I, 3,5-Triketones 

The method was similar to that described by Miles at 

for the aroylaticti of ..diketonea in which, under a dry nitrcgen atmos-

phere, a solution of cycloalkenone (50 m.mole) and the appropriate mthyl 

eater of a carboxylic acid (150 in. mole ) in monog].yme 000 ml.) was 

added dropwise to a stirred suspension of sodium hydride (250 m.mole) 

in monoglyn* (100 in].) at ref].ux. The reaction mixture was refluxed for 

6 hr. and then most of the solvent removed by distillation in vacuo. The 

solid residue was cooled to 00  in an ice-water bath, ether (150 oil.) 

added and, after stirring for a few minutes, cold water (100 ml.) was 

added, initially dropwise, until the excess sodium hydride was destroyed. 

The two layers were separated and the ethereal layer extracted with 

2 x 100 ml. portions of cold water and then with 100 ml. of cold 1 0; 

aqueous sodium hydroxide solution. The extracts were combined with the 

initial aqueous layer and then poured into a mixture of 140_50  MI. of 

onc.ntrated hydrochloric acid and 200 g. of crushed ice. The resulting 

viscous oil was extracted into ether, washed with water and then dried. 

The ether was distilled to give a residual brown oil which solidified on 

standing. 
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I • 21  6n-Dibzoy1cycl ohexawzie 

Quantitieu 

Cylohoxanone 

Methyl benzoate 

Sodium bydride 

Mcnoglyme  

(4.9g., 50m.mole) 

(20.4g., 15029mol.) 

(6g., 250 m.mole) 

(0 ml.) 

The residual brown solid obtained from the reaction mixture 

was hot filtered ia 95Y ethanol and on standing colourleas flakes  

a.pazlated .(5.6 g., 37) m.p. 126-128°. 

Found 	 : C,78.0; H,6.06 

C20R1803  require. : C 9 78. 1 1; H,5.9 

2. 2 9  5-Dibenzoylcyc lopentanone 

.uantities 

Cyclopentanome  

Methyl benzoate 

Sodium hydride 

Muioglyme 

(4.2g., 50m.mole) 

(20.4g., 150m.mo].e) 

(6g., 250m.rnole) 

(200 ml.) 

The reaction product crystallised from ethanol aa yellow flakes, 

(9.2 g., 6309m.p. 120_121 0 . 

Found 	 : C,78.02; 

C19H1603  require. : C 9 78.06; H,5.52% 

3, 2, 6-Di-p-toluoy].cyclohexanon. 

uantiti.a 

Cyclohexanone 	 (4.9g., 50m.mole) 

Methyl p-toluate 	(22.5g., 150m. mole) 
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Sodium hydride 
	

(6g., 25CV.mole) 

l4rxioglyirm 
	

(200 ml.) 

The triketcme was obtained as a yellow solid which recrystal-

Used from an ethanol - ethyl acetate I : I mixture to give yellow prima,  

(1.48 g., 9%),ni.p. 160...162-. ' 
	1620 cm 1  (C - 0) was a broad band, 

indicating that this is ar enol ]ozin. 

Found 	 C,79.36; 11,6.69' 

CH2003  require. : C09.50; H,6.O6 

From the filtrate there separated a pale yellow solid ,(2.1 g., 

12%),86p. 175-178. \' 	i90 cm 1  and 1610 cm (C • 0) were sharp, 

thus supporting the txiketone structure. 

k • 2, 6-Di-p-Anisoylcycichexanone 

ULultitieo 

Cycliexancn. 

Methyl anisate 

Sodium hydride 

Mcnoglyme 

(3926g., 33.4m.mole) 

(16.6g., IOOm.mole) 

(kg., 160m. mole) 

(166 ml.) 

	

flecryatallisation of the reaction product r 	.:i gave 

	

yellow feathery crystals, (1,68g. , 17.5. ),m.p. 152,-1.54'. 	.1600 cm 

and 1670 cm (C - 0). 

C971,961 H95.5O' 

CO2205  requires : C 9 72.I1; H,5.95?! 

5. Cyclohezan-2 9  6-dial-I-one 

uantiti.a * 

Cycichexancm. 	 (3.26g. 9  33.4m.mole) 
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Ethyl formate 	(7.4g.9 lOOm.mole) 

Mamoglyms 	 (150 ml.) 

Sodium hydride 	(k. 0g., 166m. mole) 

The triketone was obta(rd as a brown oil (3.9 g.) which 

could not be crystallised. This crude oil was used in the eulphurieation 

experiment. 

:thyl cyclohexanone..20..djox1ate 

The method was similar to that employed for the preparation of 

acetone dioxalic eater1 . The triketone was obtained as a brown oil 

which could not be crystauiaed. An attempt to purify the oil by 

chromatography on allaminn in benzene was unsuccessful. 

1 ,5-.Bia-et}ioxycarb2*iyl-2, 4 -tr'ime thylenepei tan-I, 3  -trion. 

A method similar to that described for the preparation of 

acetonedioxa].jc eater 11°  was used. 

Quantities : 

Sodium ethaxide 	(11.5g. sodium in 150m]., ethanol) 

Cyclohexanone 	(24.5g. 9  0.25 mole) 

Ethyl axalate 	(77.5g.9 0.532 mole) 

The triketone was obtained as a brown oil, (17.8 g., 24). 

Attempts to purify this oil were unsuccessful, so the crude product was 

used in the aulphuriaation reaction, 

TripbenyimeUt)'l fluoborate 

The malt was prepared by the method of Dau ban at 

Yield - 25.5g. from 22.5g. of triphenyloarbinol - 90; 

m.p. 215 0d (lit.m.p. a 215h1d 
ill  3a0d'?,195_1960hl2) 
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9. 2 9  6-Bia.(dimethylthiomethylen.)..,cyclohexanone 

The method of ThuiU.ier and ViaUe 3  was used. 

Yield L88g. of ketone from 4.9g.  of cyclohexan 	64. 

Thiothiophths and Derived Compounds 

ceneral Method fc: the ulphurisation of Triketones 

The method was similar to that described by Bn114. A 

solution of the triketone in dry xylem was boiled under reflux for 1 hr. 

with phosphorus pent asuiphide. Unr.ac ted phosphorus pentazulphide was 

destroyed by heating the zylene solution with an equal volume of dilute 

hydrochloric acid (1O) on a boiling water-.bath fr 15 sin. The organic 

layer was separated, washed with water, dried and the xylene removed by 

distillation in vacuo. The residue was purified to give the thiothio-

phthen. The n.m.r. spectra of the thiothiophthen.a indicated symmetrical 

molecular structures and are given in detail in Table 2. 

1 • Meribicyclo.-1 9  -diphenyl-2, 1+-.trimethylene-3 , 5-epidithiopenta-2, k-diene - 

1-thjons 

4afltitie8 

29 6...Dibenzoylcycl.ciiexanane 	(Ig., 3.27m.inole) 

E'hphOru8 pentasuiphida 	(2 g.) 

Xylem 	 (20 ml.) 

The distillation residue was recryataUised from ethyl acetate 

to give the thione,(0967g. 9  589 ),purpl, pria, a.p. 153-154 9  (lit.m.p. 52 

• 163). 

Found 	 : C968.36; 	9 4.88; S927.20% 

C20H16S3  requires : c 9 68.14; H,4.58; S927.2C9 
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Meribjcycj.o.-1 9  dipky12,k_djmetene...3 ,5.-epidithjcpenta..2, +-dieno-

I-thione 

Uflfltitio! 

26..Dibenza71cyclopentancm. (5g., 17 .2m. mole) 

X.yleno 	 (lao ml.) 

Phcephorue pentasuiphide 	(10 g.) 

When the exceas phc,ho2'ua pentaaulphide had been deetroyad by 

boiling with dilute hydrochloric acid, the reaction mixture we cooled 

and filtered to give purple pri.te. ReorystaUieation from 1 9 1,2. 

trichioroethane gave the thione, (3.8 g., 66%), purple needle., mope 227- 

228°, (lit.m.p.52  - 233°). 

Found 	 : C966.99; n,4.08; s,28.5 

C19H1 S3  require. : C,67.41; H9 4.17; S,28.4% 

Maribicyclo-1 ,-di-p-tolyl-2, -trijie thylene-,5-epidithiopenta..2, k.. 

diane- 1-thjone 

_quantities 

2, 6-'Di..p_toluoyicyc1o1,xaone (1.39. 9  3J5m.mole) 

Phosphorus pnteeulphide 	(2.6 g) 

Xyl.ne 	 (20 ml.) 

when the excess phosphorus pentasuiphide had been destroyed by 

boiling with dilute hydrochloric acid, the reaction mixture was cooled 

and the precipitated solid filtered. R.cryataUiaaticn from ethyl 

acetate gave the thione, (1.14 g., 87%), M.MCn PrJAM5 9  m.p. 221-22° 9  

(3.it.in.p.52  a 2250 ). 

* C 9 69 921; H95947; S 9 24.9% 

requires i c,69.43; R,5.30; S,25. 
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. Meribicy-clo.-1 ,5-di-p-anityl-2 ,ktrimeth7].eno...3, -epidithiopenta_2, f-

dieue-1-thions 

WuititieB $ 

2,6Di..p..aoylcrcichexanor1. ( 1 .689.9 5.05m.mo].e) 

Phosphorus pentasulphi 	(4 g.) 

X.yl.ne 	 (20 ml.) 

The reaction product was chrci2*tograph.d on alumina in a light 

petroleum (40-60°) - benzene 1 : I mixture to give a purple solid mop, 

206.210. iecryatafliaatjcn from 1, l,2..trichjoroethan. gave the thione, 

(1.0 g., 52%), purple needles possessing a green reflex, mop. 214..215 0 , 

(].it.m.p. 52  - 2190 ). 

Found 	 c963.58; H9 4.81; S,2392% 

C1I02 33  requires z c963.91; H9 3.28; 8923.2% 

5. Mribic7clo-2, k-tr etbylene- .3 #5-epidi th.topenta-2, 4-di-thia1 

uantitiea 

Cyclohexan-2,6..dial-1one 	(399g., 25.3m.moia) 

Phosphorus peutaazlphide 	(6 g.) 

Xil.ne 
	

(80 ml.) 

Th.. reaction product was chroxnatograph.d on alurninj in light 

petroleum (40-60 0 ) to give a mmrocn oil which solidified on etandtng. 

Reoryetalliaation from ethanol gave the thione, (0.01 g., 0.2*), maroon 

plates possessing a gold reflex, mop. 80-81 0 . 

Found 	 : C 9 48.15; H 9 4.0O; $,47.8 

C8ff8S3  require. 	C948,03; 11,3.97; s,48.q 
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M.ribicyc].o..1 , 5-bia-methylthjo..2, +-trimethylene-3, 5-pidithiopente.. 

2 4.-diene..1..thjci. 

The method of Thuillier and Via11e 51  Wa. used. 

_titie$ 

Ketone 	 (6.76g., 23.2m.mo3e) 

Pho.phoru3 penta5ulphide 
	

(14 g,) 

X.yl.ne 
	

(1ZO ml.) 

Chromatography on alumina in a liit petroleum (140_600) - 

benzene 1 ; I mixture gave the thione, (3.0 g., 44) red needles poseeseing 

a yellow reflex, m.p. 147.148, (lit.m.p. • 148 0 ) 9  

Meribicyc b-I ,-bieethoxrcarbony1_2 , +-trimethy1ene_3,5...epidithjopenta... 

2, k-diene-1-thjim. 

Qaantitiea $ 

I ,5..bis-ethcycarbcmy]....2, k.'trimsthylenepentan... 

I,),5-trion 	 (6.8g., 32.8a.mole) 

?hoapborum psntaeulphide 	(13.6 g.) 

Toluene 	 (160 ml.) 

Chomatogaphy on alunt4ii, in a Light petroleum (0-600) - 

benzene 1 1 .1ixtuIb. gave $ 

A maroon oil (0.05 g.) which could not be cryatailised. 

A purple oil which crystallised from ethyl acetate to give the 

thione, maroon negdlea, (0.02 g.), m.p. 77-78°. 

Found 	 C 9 119963; 1t,4.92% 

C14U1604s3  require. : c,48.81; i94.68 
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8. 1 ,5 Bis-sthcycarbom1..,5...ipjdj thicpenta-2, kdi.n.- thione 

Acetediocalic ester (5 g., 19.35m.mol.) in dry bizzerie (120 

ml.) was boiled under ref].ux for 2 hr* with phosphorus pentasuiphide 

(10 g.). The reaction mixture was .flced to cool to room temperature 

and filtered. The residual solid was washed well with benzsce and then 

the combined filtrates washed with several portions of water and then 

dried. The benzene was removed in vacuo to give a residual brown oil. 

Chromatography on alumina in benv.ene save 

Ci) 	A purpl, solid (0.25 g.). iecryetallieation frin ''tr1 cstate 

ve the thiotte,(0.1 g., 2%), maroon plates, m.p. lko-i'ii . \) 	17OOcm" 1  

(cca!:t). 

Found 	 : C, 1+3. 1+9; H,4.43; 

C11H 12S304  requires : C9 43. 40; 1193.98; s01.6 

Trace quantity of a anrocai solid. 

(iii) 	The solvent was changed to chloroform and a maroon solid (0.C5g.) 

was eluted. 	ecry8talliaation 	yl acetate save blue.,green 

needlea,(0.02 g.) m.p. 21621.. 	112Ocm (COOEt). 

Found 	 : 	,55,81; 11,5.60; s9 8.i, 

C2 ,B, J 09S requires : C,56.89 11,5.21; 	96.9% 

General Method f or the 3ohydrogmation of the Thiothiohthona 

The tiiiothiophthan and triphenymethyl fluoroboxate were boiled 

under roflux for 5 sin, in glacial acetic acid in a umnner eisiuir to 

that described by Battrone 5  for the dehydrogenation of 9, 1O-.dihydro-

anthracena and k, ,9, l0-.t.trshydropyrene using trityl perchiorate. 
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The n.m.r. ep.ctral data for the dohydrogenation products of the thio-

thiaphthens are g.ven in Table 2. 

Dehydrogenation of Heribicyclo-1 , -diphen'1-2 9  4-trinE 

epidithipenta-2 , -diene-1-thic*e 

Quantities * 

Thione 	 (0.352g., la.mol.) 

Triphenjlmeth3rl fluoborat. 	(0.66g., 2a.niol.) 

Glacial acetic acid 	 (10 ml.) 

The reaction mixture was allowed to cocl and on standing 

3.psnylu'.7..thiobenzoylbenzo(c )-1, 2-dithiolium fluoborat., (0.22 g. 951%), 

tun needles, m.p. 212_2140d,  was obtained. 

Fznd 	 * C,55.3+; H9 $.58; s 9 22.3 

CHI,BFkS3 requires : C955.05; M9 3000; S 922.1 

Dehydrogenatiota of Meribicyclo-1 , 5 diphenyl_2,-.diaethrlene..3, 5- 

epidithiopenta-2, 4diene_1_thicme 

uantities * 

Thico. 	 (0.2 ., 0.57 mole) 

Triphenylmethyl f].uoborat. 	(0.2 g., 0.57  mole) 

Glacial acetic acid 	(10 ml.) 

The reaction mixture was cooled and extracted into carbon 

disulphide, the insoluble material being filtered. The filtrate was 

chromatographed on a1u 4 na in a light petroleum (e0-600) - benzene I : I 

mixture to give 8 
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A brown solid (0.14 g.). recryetan.iaation from ethanol gave 

colourless flakes, (0.08 g.), mop. 92.93 0 . (Mixed with triphtylmethene 

mop. 92-93 ° ). 

A purple solid ,(0.03 g.),m.p. 225_2260 (mixed with the thion. 

mo p e  225-226°). 

A maroon solid (0.05 g.). Trituration in benzene gave maroon 

prisms (0.025 g.),m.p. 241-242° which was not identified. 

The carbon disulphide insoluble material was recryatallised 

from 1,1 9  2-tric1 oro' ttiane to give a fluoborate (0.04 g.), black needles, 

a.p. 290'. s> 	1. 10 cur (BF k').  The material was not identified. 

11 • Dehydroextion of Meribicyclo-1, -di-p-toly1-2, k-trimethylene5, 5-

•pidithiopenta-2, 4-diene-1-thione 

uantities 

Thione 	 (0.38 g., 1m.mole) 

Tripheny]..mathyl f].uoborate 	(0966g., 2m. mole) 

Glacial acetic acid 	 (10 ml.) 

The reaction mixture was allowed to cool and a black solid 

separated. Recrystsllisaticia from glacial acetic acid (10 a].) gave 

3.p-t oly].-7-p-thiotoluoy].benzo (c )-.1 ,2-dit hiolium fluoborat., (0.2g.943%),  

yellow-green needles, mop. 192194°. 

Found 	 : C,57.24; H,4.18; 	,20.6i 

C22HI7BFkZ3 requires : C 956.90; H,3.69; S,20.7% 

12o Dehydrogenation of Meribicyclo-1, 5-di-p-axdsyl-2,ktrinsthy].ene-J, 5-. 

epidithiopenta-2 9 4-diane- 1-thione 
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Quantities : 

Thione 
	

(0.207 g., 0.5m.ino]a) 

Triphenylnthyl fluoborate 
	

(0.53 g., lm,mo],e) 

Glacial acetic acid 
	

(k ml.) 

The reaction mixture was allowed to cool and a black solid 

separated. Iecryatelliaation from acetic acid gave 3-p-aniayl-7-p-

thioeniaoy].b.nzo(c )-1 ,2.'dithiolium fluoborate, (0.17 g., 68.5), black 

needles poaa.esing a green reflex,(ni.p. 166-1680 ). 

Found 	 t C, 53.10; 11, 3.35; S,19.3% 

CRBF402S3 requires : C,53.11; R,3. 1+2; S919.4% 

13. Dehyrogenation of Meribicyclo-1,-bis...e thylthio-2, k-trimethylene_ 

5,5-epidithiopenta..2, k-dien.-1-thione 

iaontities 

Thione 	 (0.292 g., lm.mole) 

Triphenylmetbyl fluoborate 	(0.66 g., 2m.m0]0) 

Glacial acetic acid 	 (8 ml) 

The reaction mixture was allowed to cool and brown ne.d]ae 

separated. Trituration in 1, 1,2-trichloroethane gave 3-mstbylthio-7-

methyl-dithiocarbacy3.ate-b.nzo (c )-1 , 2-dithioliva fluobarate, (0.25 g., 

41), red needles, m.p. 240-242°. 

Find 	 $ CO2.22; H,2.18; S 9 42.1% 

C10E9BF4S5  requires : C,31.91; H,2.41; S,42.6. 

General Method for the Desuiphurisation of Thiothiophthans 

The thiothioptthen dissolved in acetone or an acetone-chloroform 

mixture was treated with a solution of mercuric acetate in acetone. The 
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mixture was gently reiluxed on a steam-bath for 30 sin, and then not 

aside for & further 1 hr. The solvent was removed by distillation in 

vacuo and the residual solid chrontographed on alumina in benzene. The 

n.a.r. spectral data is given in Table 2. 

14 • Desuiphurisati on of eribicyc b-I ,5-d1pheny1-2, k-trixiethybene-3, 5-

çpidithiopenta-.2, 4-diene-1-thione 

iantitioe 

Thione 
	

(0.5 g., 1.42m.mole) 

Mercuric acetate 	 0.28 g., +m.ntol.) 

Acetone 	 (200 ml.) 

Iw .rude product was chromatograph.d on alurd.ns in benzene 

to give : 

(i) 	A i.roon solid, (O.O+ g.  m.p.  153-.1540  (mixed with thiane 

mope 153-154). 

A brown solid (0.32 g. ) • Recrjate1liaation from an ethanol-

ethyl acetate mixture gave the ketone, (.'1 ., 	orange prism, 

m.p. 174-175 0 , ( lit.in.p.52  175 0 ) 	 iOcm (C - 0). 

Found 	 : C,7190I; H9 4.70; 3,19.6% 

CH160S2  requires : C971.39; H9 4.79; S, 19.1% 

15. eilphurisation of eribicyc bo- I ,5-diphenyl.2 , k-di tnethylene-3, 5-

spidithiopenta-2, 4-diene-1-thi one 

,uwttitiea 

Thion. 
	

(o.k g., 1.l3s.mo]a) 

Mercuric acetate 
	

(0.96 g.,  3.0m.mole) 

Acetone 	 ()O ml.) 
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Chromatography On a3.wi4 ,ti in benzene gave a broi solid. 

Recryetalliaaticn from an ethanol. - ethyl acetate mixture gnve the ketone, 

(0.035 g.), brown priam., m.p. 156.158 0 , ( lit.m.p.52  163o. 	- 
1530 cm —1 (C • 0). 

Found 	 I C970.03; H,4.54; S,19.3% 

C 19H1 032  require. : C970.71 ; J3, 9 19.9% 

16 • 1)eeulphuriati of Meribicyci o-1 ,5-di..p-tolyl-2, k-tximethylene_3, 5-
spidithiopenta..2, 4-diene-1 -thione 

uanti tie. 

Thione 	 (0.67 g., 1.87in.no]a) 

Mercuric acetate 	 (1.5 g., 4.7m.mol.) 

Chloroform 	 (200 ml,) 

Acetone 	 (200 ml.) 

Chromatography on alumina in a light petroleum (4O.60') - 

benzene I 1 I mixture gave an orange colid. Recryetauiaation from a 

benzene - ethyl acetate mixture gave the ketone, (0.15 g., 22), orange 

needle., m.p. 226-227° (3.it.m.p.52  a 228°. ') 	 1620 cm (C - 0). 

Found 	 : C72.38; If95.70; S,17.9% 

C22H200S2  require. : C, 72 .k9; ff95.53; S,17-6%,  

170 sulphuriáaticm of Men bicyclo-I ,5-di-p-aniayl-2 , 4-trimethylen.-3,5-

epidithiopenta..2,4-diene-1-thione 

:tjtje. : 

Thione 	 (045 g., 1682m.mole) 

Mercuric acetate 	 (1.0 g., 3. lm.mole) 
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Chloroform 	 (100 nil.) 

Acetone 	 (250 nil.) 

Chrtography on alumina in a light petroleum (40..60 0 ) 

benzene I : I mixture gave a yellow solid. Recrystallisation from an 

ethyl acetate - benzene 10 : I mixture gave the ketone, (0.10 g., 20), 

orange needles, m.p. 230-231° 9  (3-it.m.p. 52 a 233°). ' 	1605 cm 

(C a 0). 

Found 	 : C66.23; H,5.39; s,16.7 

C00 	requires : C,66.39; U95. 1+8; ,16.1% 

General Method for the Dehydrogenation of Ketones 

The method was al-llpr to that described for the dehydrogenation 

of thiothiophth.na (peg. 111)  in which triphenylmethyl fluoborate in 

glacial acetic acid was used. The n.m.r. spectral data is given in 

Table 2. 

18.Dehydrogenaticn of Meribicyclo-1, -dipherl-2, 4-teth.yleno-3,5-

epidithiopenta-2 94-diene-1-one 

jtitiea 2 

Ketone 
	

(0.21 g., 0.624m.mo]e) 

Triphenylmethyl finoborate 
	

(0.41 g., 1.24m.mole) 

Glacial acetic acid 
	

(10 ml.) 

The reaction mixture was a. Liowed to cool and a brown solid 

crystallized. (Med. Recrystallisation from acetic acid gave 3-phe nyl-7-

benzoylbenzo(c)-1,2-4ithiol(um fi.oborate, (0.19 g., 71%)9  yellow needles, 
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m.p. 225..226 0 . -.> 	16o earl (c .0). 

Found 	 : C957.45i H93.26; S9 15.70( 

C,0I,BFkQS2 requires : C957.16; H93.12; S05j% 

Dehydrogenation of Meribicyclo... 1, di-p-tolyl-2,ktrimethyl.ne. 15- 

epidithiopenta-2 9  k.-dien..4.. one 

Qjasntitisa 

Ketone 	 (0.09 g., 012ia.ao)a) 

Priph.nylmethyl fluoborate 	(0.14g. 9  0.4in.mole) 

Glacial acetic acid 
	

(3 ml.) 

Rscryetalliaaticn of the precipitated solid from glacial acetic 

acid gave 3p-.t olyl7..p-toluclb.nzo(c )-1 ,2-d . t ! ic1ium fluobczate, 

(0.06 g., 38%), yellow needles, m op*  200-201 . 	161 cm (C - 0).
MOX 

Found 	 : C,5809; 110.75; S03.8% 

CHl?BFk0S2 requires : C,58.94; H93982; 5,14.3% 

Dehydrogenation of Meribicyclo-1, 5-di-p-aniayl-2 , k-trimethylene3 ,5.-

pidithiopenta-.2, 4-diene-1..on. 

aantit1es 

Ketone 	 (0.17 g., 0.41m.,mole) 

Tripbenylu* thyl fluoborato 	(0.271 g., 0.82m.mole) 

Glacial acetic acid 
	

(k ml.) 

Whin the reaction mixture was allowed to cool, a brown solid 

separated. Rscry8t1lieation from acetic acid gave 3-.p-aniayl-7-p-

anisoylbenzo(c )-1 2-dithiolium fluoborate, (0.11 got 36'), brown plates, 

M.P. 202o6°. 	
rax too cm , (C - 0). 
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Fc*and 	 C, 55.19; He 3.52; S,13.5% 

CHl'403S2 require8 : C155.01; if9.57; S913.11% 
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Part (B) : Thioacy].-1 2dithiolei.3..thjoree 

GRAL MATE RIAIAS 

1. p7M%thylmmimhenone  

The method of Noller and Adame8  was used in which propiooic 

anbydride was added with stirring to a auepenaim of anhydrous aluminium 

chloride in toluene. 

Yield - 15,1 g. from 13 g. of propiaiic anhydride 5 1 

b.p. - 120/12 ian. 

M.  

The method of Noller and Adame8  was used in which propimic 

anhydride was added to a cold stirred mixture of anhydrous aluminium 

chloride and axtisole in carbon diaulphide. 

Yield a 68,9 g. from 65 g. of propixic anhydride z 93% 

m.p. a 26..27° (lit.m.p. 24-26 0 ) 

General Method for the Preparation of Benzylidenewojophenmoo 

The propiophsncms and arylaldehyde were treated with dry hydrogen 

chloride until an equimolecular quantity had been taken up. The 

resulting dark oil was stored for 12 hr. in a closed vessel and then 

heated gently on a mind-bath in a current of air until there was no 

further apparent hydrogen chloride evolution. The reaction mixture was 

then boiled with 50' aqueous potssum hydroxide eolutioii, cooled and the 

oil extracted into ether. The extract was washed with water and then 

dried. 
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3. Beliden.-p-thylropjopne 

Zuanti ties * 

P-Methylpropiophenone 

Dry hydrogen chloride 

(18 g., 0.1215 mole) 

(12,85 g., 0.1215 mole) 

(4,44 g., 0.1215 mole) 

The crude reaction product was distilled in vac ,-, r.,  tc give the 

ketone, (21.1 g. ,  73.5%), yellow oil, b.p. 1700/1.5 	' 	1 600 cin 

(C B  0). 

Found 	 : C 9 86.31; R,6.53 

C17U160 requires $ C,86.40; H,6.83; 

1• P-416  thy.Demylid"propioahenone 

uantitiee 

Propiophencsie 	 (15.2 g., 0.114 mole) 

p-.Tolualdehyde 	 (14.8 g., 0.114 mole) 

Dry hydrogen chloride 	(4.16 g., 0.114 .01.) 

Distillation in vacuo gave the ketone,07.9 g., 6790, yellow 

oil, b.p. 133.438 0/0.05 u. Crytalliaatic$1, from light petroleum (40-

60) gave white pria.m mop. 66-67°. 	16) cm' (C a 0).rM  

Found 	 : C,86.24; iI,6.83 

C 7H,60 requires * C,86. 1+0; H,6.83% 

5. p-t4.thylbzylide_ps.m,thylpropioph.nan 

Quantities 

p'44ethylpropiophenc*ie 	 (12.21 g., 0.0825 mole) 

p-Toluald.hyde 	 (10 g., 0.0825 owls) 

Dry hydrogen chloride 	(3905 g., 0.0825 mole) 
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Distillation In vacuo gave the ketone, (14.63 g., 71%), y.Uai 

oil, b.p. 168-171 0/0.5 an. 	1620 an (C C). 

6* p-Metioçybenzylidene pr'opiophencEe 

Qjaantitiee : 

Prapicphenone 	 (2.6 g., 0.243 mole) 

Aniaaldeh3rde 	 (3.1 g., 0.243 mole) 

Dry hydrogen chloride 	(8.88 g., 0.243 mole) 

Distillation in vacuo 'vc the k.tono, (270 g., k), yellow 

oil, b.p. 200-2(5°/2 05 mm. 	i J ,O cm (C a 0). 

FuL4 	 ; ( 981.15; H 9 6.16 

C171 60 requires 	C,80.9.5; H,6.39% 

7, Benzylidene-p-tnethoxypropiophenons 

•,uantities 

p.4ethcypz'opiophenon. 	 (68.9 g., 0.42 mole) 

Benmaldehyde 	 (44*5 S., 0.42 mole) 

Dry hydrogen chloride 	 (15.1+ g., 0.42 mole) 

Distillation in vacc 	the lcetcin,,(78.63 g., 79), yellow 

Oils  b.p. 194..196'/2.5 ic. 	 1 .20 cd 1  (C - We 

Found 	 1 30.21; H,6.17% 

C1,1H1602  requires : C980.93; 

(3enera],. Method for the Preparation of k7Aroyl-5-arX1- 1 , 2-dithiole-3- 

thi ones 

The appropriate b.nzylidens propiophenonm, dissolved in ethyl 

benzoate was heated to reflwc (220) with sulphur for 5 mm. and than 
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at 2102150  for 3 hr. Y41me was added to the hot aolutim idich was 

then allowed to cool overnight. The precipitated sulphur was filtered 

off and washed with xylene and then the filtrates were combiim d and the 

xylono and ethyl benzoate removed by disti11atii at 1500 in vacuo t. 

give a residual oil. The n.m.r. spectra of the pure products are given 

in Table £, 

-43enzoy1-5-p.-tolyl..1, 2-dithiole5..thjc 

uanti ties 

p-.Met4lbenmyU4ene propiophenosie (kk.ik g., 0.1875 mole) 

Ethyl benzoate 	 (100 g.) 

Sulphur 	 (59 g., 1.83 g.aton) 

An ethyl acetate - ethanol mixture was added to the distillation 

residue and the undissolved sulphur was filtered off, A brown solid 

(9.+6 g.) mp. 125.-129 °  separated from the filtrate and was powdered and 

extracted three times with bo{t'v light petroleum (60-80°). The 

residue crystallised from an ethanol - ethyl acetate I : 2 :± t 	to 

give the thio, 	., 	 , 

(C = 0). 

iound 	 : C,62.L; u,4.16; ,28.9% 

CH123  requires : C,62. 16; n,3.63; s9293% 

.5- —M-en 	,2-dithio].e3.u.thjoo 

Quantities : 

Benzy1ide.-.p..c*thy1propiophenone (37.38g.9 0,138.5 mole) 

Ethyl benmoat. 	 (84 g.) 

Sulphur ( 1b9.5 g., 1.55 g.atcm) 
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An ethyl acetate - ethanol 1 1 mixture was added to the 

distillation residue and the undissolved, sulphur was filtered off. No 

crystals separated from the filtrate so the solvent was remand by 

djstillptjcm in vacuo and the residual oil chromatographed on alumina 

ina light petroleua(ko..6o•),0 1 : I mixture to give ared 

glass (4.95 g.). crystallisation  from an ethyl acetate - ethanol 

I 	: 	1 mixture gave red pria,(2.8 g.) ,m.p. 50i.51 • 	ecrystal11 "ation 

from an ethanol - ttral dor-"- 1 	1 mixture gave the thione,(1.8 g., 

IsY), red plates, m,p. 86_8. 9 	100 cm (C 

Found 	 :.1.94; 11,3.90; S 929.0 

C17K0S3  requires * C,62.16; 11,3.68; S929,3% 

10 .f-p-Toluoy1-5-p...to1y1... 1, 2-dithiole-)-thjona 

çuafltitiea 

p-M.thylbenzylidene...p..methy].... 

prciophenon. 	 (14.26 g., 0.057 mole) 

Ethyl benzoate 	 (30 g.) 

Sulphur 	 (17.75 g., 0.555 g.atam) 

The distillation residue was ohrcxxatogz'aphed c n alumina in a 

benzene - light petroleum ( 1 0.60 0 ) 2 i I mixture to give a viscous red 

oil (5.09 g.) which set to a glass on sanding. Crys tal tiation from 

an ethanol - ethyl acetate I : I ixtu' 'ive the  thione ,(3.31 g., 

IQ:), red prisn, a.p. 157-158 0 . 	> 	10 cm (C s 0). 

Found 	 : C 9 6>904; 11,4.25; 3,28.0% 

C1811140S3  requires 	c,6.12; H,4.12; S928.1% 
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11 .Benoyl-3..p eth pnyl- 1, 2-dit1iole-- thi* 

iantitiea 

p-Methoxybenzylidene propiophene (26 got 0.111 mole) 

Ethyl benzoate 	 (59 g.) 

Sulphur 	 (31,5 g., 1.08 g.atom) 

The residual on was chrcstraphed on alumina in a light 

Petroleum (40-.60) benzene I : 2 aixtuz'e to give a viscous red on 

(27 • I g.)  which, after two aucceasive crystallisaticria from an  ethyl 

acetate - ethanol I - ix 'ire jpvs the thic*ie_, (7.2 g. ,  19%), orange 

Priam, M.P. )-91% 	1 1 cxn' (C 0). 

Found 	 : C,59.51; 093.34; 8 928.0 

C 1701202S3  requires s C959927; 093.51; 5,27.9% 

12. 1f -p1ethoxybenz 1.!5..pbenyi-1,  2-dithiole.-.-thio 

"Uantities 

Ben ylidenep-ustho ypropiophename (75 g., 0.32 mole) 

Ethyl bezoate 	 (170a.) 

Sulphur 	 (99.2 g., 3.1 g.atca) 

Addition of an ethyl acetate - ethanol I : I mixture to the 

distillation residue precipitated a ftirther quantity of mlp1mr which was 

filtered, From the filtrate there eerated an orange solid. Recrya- 

lliSatjaTl from an ethyl ct- te - 	nol I : I mixture geve the thione, 

(18.1 g., I7),m.p. 151-1L: . 	1T20 cm'1  (C - We 

Found 	 ;.)6; H 9 4.01; Z927.5 

C170120253  r*quire3 : C,59,,27; 0,3.51; S,27.9 
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Purification- of rhph'uc onta4phide 

The 'crude" phoiphorus pentasuiphide (10 g.) was placed in a 

th2at apparatus and ccitinuoudy extracted with carbon disuiphid. 

(150 ml.) for k hr. Pale yellow crystals of phosphorus pentasuiphi e 

(5.2 g.) separated. These were filtered and again subjected to the 

amme procedure to give white prism (3.8 g.). 

Thiosrcl.u5-Ary1-1 11  dithiole..3..thjones 

General Procedure Lor ulphuriation of 1+...Aroyl.5-. x'1-1,2-dithiol..3.. 

thionee 

The 1+-aroy1-.36.eryl1 ,2-dithiol...3..thj 	dissolved in dry 

xylene was boiled under reilux with purified phohs pentasuiphid. 

for 2 hr. and then set aside for 2 hr. at room temperature. The 

reaction mixtur, was filtered and the residual solid washed twice with 

cold xy].ene. The combined filtrates were chrotograph.d on alumi na .__ 

The n.m.re  spectra]l, data of the pioducta is given in Table 4. 

1. Product from Benzoyl-5-p-tolyl..192.dithio1e..3...thjon. 

)iantitiee 

4-Benzcrl-5-p-.tolyl-1 , 2-dithiole..3tJjoje (1 • 0g., 2. 9m. mole) 

X710nS 	 (41.2 ml,) 

Phosphorus pexitaaulphide 	 (1.0 g.) 

Chromatography on aiwnina in a light petroleum (1e0_600) 

benzene I : I mixture gave : 

Ci) 	A green bend which ave a brown oil (0.1 g.). Crystallisation 

from an ethanol - ethyl. acetate 1 : I mixture (2 ml.) gave brown priam 
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(0.06 g., 6'), m.p. 1200. The infrared spectrum indicated the aba.ncs 

Of etarting material.,. 

Found 	 C59.281 1193.87; S,37.2 

C17L 31 requires : C959.26; 1193.51; 3937.2 

A red band which gave a red solid (0.11 g.). Recryatafljaatjon 

f  rn nn •thy]. acetate - ethanol 1 1 I mixture gave red prism, (0.06 g.), 

• i'_I48 0, unchanged when the compound wee mixed with starting 

material. The infrared spectrum confirmed the identity of the compound. 

Product from 

uantitie 

4-p-To1uc15-pheny1..1, 2. 

dithiole-3..thion 	 0 g., 2.9m.ao1e) 

xylem 	 (4.2 ml,) 

Phosphorus pentaaulphide 	0 g.) 

Chromatography on alund.ri- in a light petroleum (40.600 ) 

benzene I : I mixture gave : 

(i) 	A green band which gave a brown oil (0.1 g.). Cryatallieation 

fraL an ethanol - ethyl acetate I : I mixture (2 ml.) gave brown prism, 

(0.07 g., 71 ,m.p. 125I27 0 . The n.a.r. and infrared spectre were 

identical with those obtained from fraction (i), experiment 1. 

4-D-Thiotoiuoyi-5-..toly1-1, 2-dithiole.3..thione 

,' titiea : 

4-p-Toluoyl-5..p-tolyl..I ,2. 

- 	 - - 
	

---I 

'H 

Phosphorus psntaaulphide 	(1 g.) 
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Chromatography on almina in a light petroleum (*0..60°) 

benzene I : I mixture gave * 

A green bend which gave a brown oil (0.09 g. ) • Crystallisation 

from an ethyl acetate - ethanol I : I mixture (2 ml.) gave th e  thiori, 

(0.06 g., 6), brow prism., m.p. 15 1-152 0
, 

ftund 	 a C9 60944; H 9 1+.37; 10 ,34.7% 

C,8",04 require. : C,60.29; H,3.94; S,3.3 

A red bend which gave a red solid, (0*06 g.),m.p. 148-149 0  

undspreaeed when mixed with starting material, 

i. Product from k-Benz oyl--p-me thoxyphenyl-1 ,2-dithiol-..thjong 

uentitiea a 

4-B.nzo1i5.p_methoxypheny1_1 2- 

dithiole-3..thic. 	 (2 g., 5.8a.mole) 

Xyian. 	 (8 ml.) 
Phosphorus pentanulphide 	(2 g.) 

Chromatography on alumina in a light petroleum (40-6(r) - 

benzem. 1 a I mixture gave 

A green band which gave a brown oil (0.1 g. ) • Crystallization 

from an ethyl acetate - ethanol I a I  mixture (2 ml.) ave brown prisms 

Possessing a green reflex ,(0.063 g., Y'),a.p. 153-136 ° . 

Found 	 a C956.84; H 9 3.62; 5935.1% 

ca12os requires a C956.63; H,306; S935.6' 

A red bend which gave a red oil (0.05 g.) which solidified on 

standing. The infrared spectrum was identical with that of the starting 

material and the mixed melting point showed no depression. 
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5. Product from k-p-iothobenzoy1 phenyl-1 , 2-dithiole--th.ione 

,uantiti,e 

4..p-Methcybenzol-5-phenyl-1 , 2- 

djthjo1e-3.thja 	 (19 z.. 3.7796mol.) 

X,ylene 	 (5.2 ml.) 

Pioephorua pent,aaulphide 	(1.3 g.) 

Chrcmatograph.y on alumina in a light petroleum (40-6o°) - 

benzene I z I mixture gave : 

(1) 	A green band which gave a brown oil (0.03 g.). Crystallization 

from an ethanol - ethyl acetate I : I mixture 0 ml.) save brown prism  

possessing a green reflex,(092 g., 1.5'),m.p. 133-1360 . The infrared 

and n.m.r. spectra 3re identical with thcee obt.i'd from fraction (i) 

in experiment 4. 

(ii) 	rod bend which gave a red solid (0.04 g.),  the infrared 

spectrum of which was identical with that of the starting material. 
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Part (C) : Conds Derived from 4962iph1pyran and 	acyjjdae.. 

and 3-Thiphanacyiidene..5..2hy1..1, 2-dithioj,e 

(i) Companda De*ed from 3Phenay1idena 3nd 3-Thiaphenacyl-

tdee-5.phen121 , 2..dithio3.e 

Triethylonium fluoborate 

The method is described in "Organic Syntheses,' 116, 

Yield 60 g. from 35 g. of spichiorohydrin • 83% 

m.p. a 91-92' (lit.m.p. - 91-92 0
) 

3-Phenac,'liden.5_2heuy],...1 ,2-dithiolo 

MJ'TH0D A 

-Methylthi5s.jhei.yl..1, 2-.dithiclium iodide 

5-Phenyl-1,2dithjol3..joe ( g., 23,8 .m1le) was boiled 

under reflux with iodom.thane (30 ml.) for 3 hr. The methiodide 

gradually separated from solution as red plates (7.75 g., BQ). 

- ihanacylideno--phenyl-1,2-    J ithio].e 

Sodium (0.27 g., 0.011 .atom) was dissolved in ethanol (190 ml.) 

and theu benmoyl acetic acid (1.93 g., 0.011 mole) was added. To the 

mixture was added 5-phenyl3methylthio_1,2..ditjojj iodide (3.87 g., 

0.011 mole) with SbakJng and the mixture gently heated until it was 

homogeneous 	The reaction mixture was then poured into water and the 

resulting brown oil extracted Into chloroform, washed with water and then 

dried. The chloroform was distilled and the residue chromatographed on 

alumina in r light petroleum (0-60') - benmen. 2 : I mixture to give as 

a third fraction an orange b nd which, on concentration, gave a brain 

solid (•4 g. ) • Recx'ystailiaation from ethanol gave the ketone, 



131 

(0.3 g., 9%), brown f3ake8, m op. 131.132% 

)iICiD B 

(i) EtKy].  2'  (5..phony].... 1, 2-dithio1e..3..yliden. )benzoylace tat. 

To a solution of sodium (023 g., C.01 g.atom) in ethanol 

(20 ml.) was added ethyl benzoylacetate (1.92g. 9  0.01 male). To the 

resulting solution was added 3-metbylthio phenyl192...dithjo]..jum iodide 

(3.52 g., 0.01 mole) and the mixture boiled under reilux for 1 hr. The 

ethanol was removed by distillation and the residue ohrotographed on 

alumina in a light petroleum (O-60) - benzene I : I mixture to give z 

A brown bend which gave a brown solid (0.5 g.) which was not 

Identified. 

A brawn band which SRve a brown solid (0.57 go). Becryatallie-

atian from an ethanol - benzene mixture gave brown prism (0.4I g.), 

mop, I25..1: . 	o infrared spectrum was identical with that of 

5-.phenyl-1, 	.. i 10-..thione 

 

ML.  the mixed aLting point was undepreeed. 

A p'eaa band which gave a brown solid (1.65 g.)..c17gt111s. 

ation fror 4-t'rno1 gave the ester, 0.0 g., 27), brown flakes, m ope  

129-130. - 	 * 

(dithiole r. 	 - 	 t  

• 	 - .i3yi protons); 

1 	 - 	 - 	 •- 

 

Area I 10 : 5. 

: c, 64.84; Ho  4.52; 	,17.8% 

c20a1603s2  requires 
1 c165019; H 9 4938; S,17.140% 



132 

Atteted :dr21ai3 of te 7,ater 

The eater (0.5 g., 0.00136 mole) and W,,  rid (O ml.) were 

boiled under reflux for 6 hr. No hydrolysis occurred. 

The eater (0.5 g.,  0 4-00136 mole) in 8 acetic acid C.  

was boiled under reflux for  hr. to give unchanged eater. 

(C) 	The eater 0.3 g., 0.00408 mole) was dissolved in boiling 

glacial acetic acid and then 48 !r (4 ml.) was added. The mixture 

was boiled for 24 hr. and then a further 4 ml. of HBr was added and 

boiling was continued for snot' or 21+  hr. No 5.-pheny-]..phenacylid.ne-

1, 2-dithio].. was obtained. 

3. 3-Thiopho1ikne..5-phanyL.1 ,2-dithiole 

(i) 2ThiophiacyUdeno5-.ph.3yj..1 ,3-dit hiole 

5-Phsnyl-1 9 2-4ithiole..3-thione (6.3 g., 0.03 mole) and phenyl-

acetylene (9.18 Z.t 0.09 no]..) dissolved in dry benzin. (100 ml.) were 

boiled under r.flux for several dra by which time 4.1 g. (27') of 

thic*ie, m.p. 194-196° had aeparat. 

hiophenacylidene-..jheny].-1 ,L-dithiOlo 

2-Thiophnacylideno-5phonyl-1 3-dithiole (4.1 g. • 0.0131mole) 

was heated in an open tube at 2000  for 3 hr. The mixture was then 

allowed to cool and recryatalhiasd from 1, 2,2.trioh3.zoethani to give 

the thicos (2.1 g., 5Cc:), purple prism poee.eaing a groin reflex, m.p. 

163..164 (lit.i.p. 163-164 0 ). 

.Reaction of 3- enacylidono.--pony1-1 , 2-dithiole with Trieth.yloxonium 

fluoborat. 

3..rhenacy3-iden.-5.phenyl-1 9  2-dithiol. (0.3 g., 0.001 mole) and 
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tri.thy3iuni fluoborate (0.2 g., 0.001 mole) dissolved in dry chlorofozn 

(5 nil.) were boiled under reflwc for 5 mitt. and than allowed to stand at 

room temperature for several days. A broun ao3.J4 (o.k g. ) ,m.p. 128.1540  

separated which was not purified. 

Reaction of 3-Thiophenacylidene-5-2henyl-1,  2-di thiole with Triethj1-

cocn1  urn fluoborate 

3-Tbic,henacy1idane5-ienyl-1 9 2-dithio1. (0.31 g., 0,001 mole) 

and tret)qloxoniuiu fluoboratc • ;., 0.001 mole) dissolved In dry 

Chloroform (5 rl.) was boiled ier reflux for 5 mitt, and then allowed to 

stand OVOnLtht at room temperature. The additim of ether gave a brown 

oil which solidified on sanding to give the dithiolium malt, (0.32 c. 

-c.- 	

-' 

-V. 	I

- 

and phenyl rotcms); (c) quartet 6.68 -7.. 	; 	let 8.6  

(eth3rl protons); relative intenaiiea I : Ii 	dithiolium salt 

requires I : 11 $ 5 

aznd 	 : C,52 .73; T,3.65; 1922.5O 

requires : C,53.27; }1-,4.00; S,22.5' 

Reacticii of 3.. (o-:thylthiobenzylidene ).phenyl..1 ,2-dithioliuni fluoborate 

with Aniline 

A solution of aniline 	g., 0.00 mole) in ethanol 0 ml.) 

was added tc a solution of trethyloxonium fluoborate (0.8 g., 0.002 

mole) in ethanol (5 ml.) and the mixture allowed to stand at room temper- 

ature for 2 hr. The ethanol was distilled and the residue chromatographed 
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cu almdna in benisne to Ave a red boad. JUtilUtim save a r*eid'al 

broisi solid which recrystslli.ed from am ethanol -bwasue mixture to 

at" the 1 9 2-dithialo, 0.5 ., 33), re ddi*1-bra" pt-ism, m.p. 160'd. 

N.a.r. spectrum : (a) aultiplet, 2.08 - 	lidle rind Praton aw 

olstIp1c proton); (b) ndtiplet q  2.56 
	

t '?henhlproto), 

relative Sntsnaitiea 2 $ 15 9  the 1 9 2-dit 
	

i rem 2 15. 

Found & C,7+.14; 194.58; 1193.5; 8,17. 

riq4res $ -174*361 ii9 4.61; N93.8; S,17.3)' 
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Part (C) ; (ii) 4 1 6-Dipheny].pyran Derivatives 

GM-.',PAL MATERIALS, 

2-1Ie thylthio-4, 6-diphen.yipyr ylium iodide 

k, 6-.Diphenylpyran (1.25 g., 0.0054 mole) was boiled under 

reflux for 3 hr. with icdomethan. (20 ml.). The iodide gradually 

separated from the reaction mixture as red plat.e,(1.8 g., 86%), mop, 

182...184 0 . 

Ethyl 2_(11 6-diphenylpyan..2_yljdene)benzoylacette 

Sodium (0.04 g., 0.0017 g.atan) was dissolved In ethanol (3 ml.) 

and then ethyl. bsnzoylacetate (0.32 g., 0.00166 mole) was added. To 

the resulting solution was added 2-methylthio-4 9  6.-diphenylpyryijum iodide 

(0.6 g., 0.00 15moi.) and the mixture boiled under reflux for 1 hr. The 

ethanol was then distilled and the residue chrocntographed on alumina in 

benmene to give z 

(i) 	A yellow oil (trace). 

\ brown oil (0.04 g.) which remains unidentified. 

A red hand which gave a red solid. Iscryetalliaaticm from 

'L:no1 gave the ester, (0.13 g., 20 %), red needles, mop. 171-172 0 . 

166o car 1 (coc::t), 	1520ci (C - 0). N.m.r. spectrum 

(a) multiplets at 	1.6't nd 3.17 (pyren ring protons); (b) 

it.; it, 1.88 ..2.75 t, (phony). protons); (c) quartet, 5.70 - 

6.c' t ; triplet 8.86 -9.08'6 (ethyl protons); relative intensities 

2 15 59  the ester requires 2 15 ; 5. 

Found 	 : C,79.22; 1195.23% 

C289O4 requires : C,79.41; H95947% 



1% 

2-Phenacylidene..4 9  6diphenlpyran 

PHCD A 

Sodium (0.071 g., 0.00288 g.atoin) was dissolved in ethanol 

00 ml.) and then benmoylacetic acid (0.1 g., 2.88 m.mol.) was addd. 

To the resulting suspension was added 2-se thylthio-k, 6-diphenylpjr ylium 

iodide (1.18 g., 2.88m.mole) and the mixture was warmed to give a clear 

solution. The reaction mixture was then poured into water and the 

resulting red oil was extracted into chloroform, washed with water and 

then dried. The chloroform was distilled and the residue chromatographed 

on alumina in benmene to give : 

PL yellow bend which gave a brown oil (0.37  g.) possessing a 

strong odour of acetaphencm.. 

A red bend which gave a red solid (0.2 g.) which was shown by 

comparison of infrared spectra to be a mixture of the required pyran and 

some other unidentified compound. 

Ethyl 2-( k, 6-diph nylpyran-2-ylidane )-b.nzoylece tate (0008 g., 

0.2 m.mole) dissolved in acetic acid was boiled under reflux and then 

48 hydrogen bromide (0.2 ml.) was added. The mixture was refluxed for 

48 hr., the addition of hydrogen bromide being repeated after 24 hr. 

The reaction mixture was cooled, poured into water and the mixture 

baaified with dilute sodium hydroxide solution. The product was extracted 

into chloroform, washed with water and then dried. Chromatography on 

alumina in a light petroleum (4060) - hansen. I : I mixture gave a 

purple band which gave a maroon oil (trace) which was not identified. 
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