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ABS TRACT

THE SYNTHESIS OF l,3-DITHIA-4,6-CYCLOHEPTADIENE,

1 ,4-DITHIA-2, 5-CYCLOHEPTADIENE, THEIR DERIVATIVES AND

INVESTIGATION OF THEIR POTENTIALLY TEN tt-ELECTRON 

HETERCAROMATIC ANIONS

by

I-C hing Chiu 

Adviser: Professor Klaus Grohmann

In Part O ne, 1 .3 -d ith ia -4 .6 -cv c lo h eP tad ien e  43 h as  been 

syn thesized  from th e  reac tion  of 1 ,3 -d ith ia -5 -cy c lo h ep ten e  46 with 

N -chlorosuccin im ide, followed by elim ination of HX. It shows a 

ch a rac te ris tic  fragm entation under electron  im p act lo sslng  m /e 46, 

CH ^-S to  give a m ass spectrum resem bling th a t of th iophene. The 

anion of 43, generated from 43 w ith n-butyllithium  in  THF, has 

been fully  characte rized  through i ts  reac tions w ith DgO, trim ethyl- 

s ily l ch lo ride , benzophenone and methyl iod ide , to give the expected  

products 53 a -d .

The reac tions of i ts  fulvene deriva tives 5 8 a -b  w ith organo- 

m etallic  compounds did not show th e  same behavior a s  the fulvenes of
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cyc lohep tad iene . The organom etalllc compound absorbed the proton 

a  to sulfur to form compounds 6 4 a -b  , Instead  of addition to the  

polar exocycllc double bond, tend to  form a s tab le  anion ring p o sse s ­

sing a group of 10 t t  e le c tro n s .

1 13From the  H and C nmr sp e c tra , It Is  d ifficu lt to  estim ate 

the magnitude of the "arom atic" desh leld ing  effec t in  th e  1 ,3 -d lth la  -

4 ,6 -cy c lo h ep tad ien y l anion 52. . However, the *H nmr spectrum of 

anion 52̂  in d ica tes  ex tensive  electron  d e lo ca liza tio n .

Com petitive base ca ta lyzed  deuterium exchange experim ents 

show th a t 1 ,3 -d lth la -4 ,6 -cyclohep tad iene is  much more ac id ic  than

1 ,3 -d lth iacyclohep tane  70 and bis-(vlnylm ercapto)m ethane 67.. A 

qualita tive  determ ination of the equilibrium  ac id itie s  confirms t h i s . 

The chosen  model compounds exclude d ifferences caused  by d ifferent 

p o la r lz a b illtle s . It is  therefore concluded tha t the  increased  ac id ity  

of the l,3 -d ith la -4 ,6 -c y c lo h e p ta d le n e  Is caused  by the additional 

s tab ility  (aromaticity) o f the corresponding an ion , 1 ,3 -d lth la - 4 ,6 -  

cycloheptadlenyl anion 52.. The conclusion  is  a lso  supported by the  

H /D  exchange experim ents of 2 -m e th y l- l ,3-d lth la - 4 ,6 -cy c lo h ep ta - 

dlene 53d with 67 or 70. The substituen t e f fec t  by methyl group 

does not considerably  a ffec t the  ac id ity  of the compound I ts e lf .

The resu lts  suggest th a t 1 ,3 -d lth la - 4 , 6 -cycloheptad lenyl anion 

52 can be considered a heteroarom atlc 10rr-system , although the d e ­

gree of arom aticity  seem s to be sm all.
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In Part Two, 1 ,4 -d ith ia -2 ,5 -cyclohep tad iene 44 has been 

syn thesized  by two Independent rou tes: by a Pummerer reac tion  on

1 .4 -d lth la -2-cyclohep tene 102. and by the elim ination of HX from the 

benzene sulfonate of l ,4 -d ith ia -2 -c y c lo h e p te n -6 -o l.

The reac tion  of 44 with n-butyllithium  in  THF did not give the 

expected po ten tia lly  arom atic 10 rr-anion 25 . In stead , v iny lic  m etal- 

la tion  of 44 formed 3 - lith io - l,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e  116. 

which has been trapped with various e lec troph lles giving the expected 

p roducts, (115a -d ) .  Anion 116 w as stab le  a t -4 0 °C but underwent 

ring opening a t -15°C  to  the acety lene  anion 124. which w as trapped 

by trim ethy lsily l chloride to  give 112. or trapped by methyl iodide to  

give 114. The ring reclosure occurred when the ace ty len ic  trim ethyl- 

s ilan e  112 w as trea ted  w ith KOH.

The sim ilar behavior toward lith ia tion  in  THF w as observed in 

the c a s e s  of l,4 -d ith ia -2 -c y c lo h e p te n e  102 and 1 ,4 -d ith iacy c lo h ex a- 

dlene 132. However, a lly l anion 144 could be afforded when reaction

1 .4 -d ith ia -5 -cy c lo h ep ten e  142 w ith n-butyllithium  in THF, and the  

formation of th is  anion has been verified  by its  ch a rac te ris tic  b e ­

havior toward a lky l h a l id e s .

Treatment of 3-m e th y l-1 ,4 -d ith ia -2 ,5 -cycloheptad iene 115b 

with n-butyllithium  in THF, followed by quenching with m ethyl iodide 

gave a dim ethyl derivative of 1 ,4 -d ith ia -2 ,5 -cy c lo h ep tad ien e . Its



*H nmr spectrum  is  in  agreem ent with 3 , 5 -d im e th y l- l, 4 -d ith ia -2 , 

5-cycloheptad iene 150 or 2 , 5 -d im e th y l- l, 4 -d ith ia -2 , 5 -cy c lo h ep ta - 

d iene 151, and i ts  m ass spectrum is  unable to  d is tin g u ish  betw een 

them a s  w e ll.

Tha abnormal behavior of l,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e  to ­

wards llth ia tion  suggests th a t 1 ,4 -d ith ia -2 ,5 -cyclohep tad ieny l anion 

25 is  not characterized  by a sp ec ia l s ta b iliz a tio n , therefore it  is  un­

like a heteroarom atic 10 t t -  system . However, no c lea r  conclusion  

concerning the arom atic character of 25 can be made a t th is  moment.
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INTRODUCTION

In 1931, E. H uckel1 noted that If electron  pairs are filled 

into energy -leve l pattern  A or B (see Figure I ) , a c lo se d -sh e ll s tru c­

ture (all e lec trons paired) w ill resu lt only when the to ta l number of 

pairs is odd (4n + 2) (A in Fig. I ) ; if the number of pairs is  even (4n)

{B in F ig. I), the la s t  pair w ill be the only occupants of a doubly degen­

erate  le v e l, and each  electron  w ill occupy one orbital with sp ins p ara l­

le l .  Because open she ll m olecules are  ordinarily highly reactive 

(diradlea 1-1 ik e ) , the 4n electron  rings should be chem ically u n s ta b le . 

The planar m onocyclic conjugated system s having a closed  shell of 

4n + 2 (where n = 0 , 1 ,2 ,  . . . )  n -e lec tro n s  are predicted to experience 

an  energe tica lly  benefic ia l electron  de lo ca liza tio n  e ffec t, and have 

been defined as arom atic sy s te m s .

++■ ■ft

4+

A

4n + 2

-H- +4-

-H -
B

4n

FIGURE I



Aromatic system s (4n+2 rr-electrons in a c lo sed  she ll) are 

characte rized  by a m easurable degree of tt- electron  d e lo ca liza tio n .

A consequence of th is  n -e lec tro n  delocaliza tion  is  the ab ility  of the  

m olecule to  su sta in  a diam agnetic ring-curren t in  an applied  m agnetic 

f ie ld , which cau ses deshield ing  for protons ou tside  th e  plane of the 

ring and strong shielding for protons w ithin or above the r in g . Anti- 

arom atic system s (4n rr-electrons) exh ib it the reverse effec t (as shown 

In Figure I I ), This h as  been dem onstrated in the c a se  of the carbo- 

cy c lic  conjugated po ly en es, ca lled  an n u len es , the higher homologs of

Figure II

Isoelectron ic  with benzene are the cyclopentadienyl anion 

1. and the cycloheptatrlenyl cation  .2, two c la s s ic a l  arom atic io n s . 

The observed sh le ld lngs for th e  protons in th ese  ions are  caused  by 

two e ffe c ts , the charge and the diam agnetic rin g -cu rren t. A positive

4n+2 Hq 4n

diam agnetic applied  param agnetic 
ring current field  ring current
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charge cau ses a general downfleld sh if t, while a negative charge 

cau ses  a general upfleld sh if t.

(0)
2X

4

-  X = CH,

The next higher member of the Hucke 1-family Is cyclodecapen- 

3 4 4taene  (3a. , 3b and 3c ) which contains ten  n -e le c tro n s . The 

neutra l cyclodecapen taenes (3 a -c ) do not seem to exhib it any aro ­

matic p roperties , Rrobably the system  Is not p lanar. However, the 

bridged derivatives 4 have been syn thesized  and shown to be 

arom atic . Isoelectron ic  w ith cyclodecapentaene Is the cyclononate- 

traene anion the cyclooctate traene dianion and the cy -

cloundecapentaene cation 7_ . The anions have been shown to be aro ­

m atic , showing a defin ite  diam agnetic ring -cu rren t. M ost lik e ly , the 

sk e le ta l strain  could be relived  by a d isto rtion  from p lanarity , or the  

negative charge e lec tro s ta tic a lly  induces a p lanar geometry of the  

carbon ske le ton , therefore allow ing electron  d e lo ca liza tio n .

5 7
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Once the  predictive value of Huckel theory w as recognized , 

app lica tion  of the 4n + 2 rule was naturally  extended to  heterocyclic

systems as w ell. Thus, the long-known stability of the TT-excesslve

heterocycles 8. were reasonably  traced  to the ir being 1 so - t t - electron ic

with b en z en e . v -  n

analogy betw een thlophene and benzene, studied the properties of 

sulfur atom orb ita ls resu lting  from hybrlzatlon of 3p and 3d o rb ita ls  

and formulated them in term of the MO theory . He se t the 2pz

atom ic orb ita ls of carbon atom s ad jacen t to th e  sulfur atom a s  0 and9

nated 0 , 0 . and 0 , respective ly  (see Figure I lia ) . By linear com- c a e

X = S

8 X = NH

In 1949, L ongeut-H lggins, 10 h is  starting  point being the

0. , and the 3p , 3d , 3d o rb ita ls  of the sulfur atom are d es lg - b z yz xz

2
bination of the 0c , 0^ and o rb ita ls , hybrid 3pd o rb ita ls  0f ,

a and 0. are Introduced. Their shape are apparent from Figure nib, g n

where the 0. does not In teract with other atom ic o rb ita ls .

2
3pd hybrlzatlon

III a Figure III m b
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For the sake of num erical ca lcu la tions w ithin  the H .M .O .

framework, the 0^ and 0^ orb ita ls may sim ply be rep laced  by carbon

2p o rb ita ls . C onsequently , the resonance en e rg ies , bond o rders, z

bond lengths and dipole moments of thiophene were ca lcu la ted  with 

sa tisfac to ry  r e s u l t s .

From the com parison of the atom ic orb ita ls of thiophene and 

benzene (see Figure IV and V), one can eas ily  rea lize  th a t there Is a 

very c lo se  sim ilarity  both In energy and forms of m olecular o rb ita ls  

betw een =CH - (S) -  CH= and =CH -  (CH=CH) -  CH« . Thus th e  d i­

valen t sulfur can be considered e lec tron ica lly  equivalen t to  the carbon 

carbon double bond and can  partic ipate  In TT-electron d e lo ca liza tio n .

Figure IT Figure V

Model of atom ic orbitals 
In thiophene

Model of atom ic orb itals 
In benzene

Formal replacem ent of a double bond In a given arom atic 

system  by d ivalen t sulfur should re su lt in the formation of an ls o -  

e lectron lc  heteroarom atic sy stem . This is  c learly  dem onstrated In
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th e  sim ilarity  betw een benzene and th io p h en e . From the cyclohepta-

trleny l cation  one would obtain the thlapyryllum  cation 9 , 11 1 ,2 -

12 13dlthioHum cation  10, and 1 ,3 -dithiolium  cation  11 .

9 io n.

These firs t rep resen ta tiv es  of the heteroarom atlc ca tions have 

been investiga ted  in  g reat d e ta il (their chem ical sh ifts of protons are 

shown on the diagram s) and are considered to  be arom atic.

6 6 .37

H 6 7 .4 2

J A  6 7 .1  

3

Jn  6 7 .

uc.,

£> 6 8 .4  

6 9 .5

6 8 .9C)
6 10 . 0

” W

H 6 8 .88  (d ,J .  5 .0 ) ?h

6 10.57 (d, J -  5 .0 ) S /  vS

6 9 .07  (s)



The valid ity  of H uckels rule for the 10 Tr-heterocycles is  

much le s s  w ell docum ented. So far only the lH -azon in  appears to

be the rep resen ta tive  of a m onocyclic neutra l arom atic 10- tt s y s te m .1

15 16C alculation  by N. Allinger and R. Breslow (see Figure VI) predict

a definite aromaticity for the 10 TT-heterocycles.

However, Allinger and Youngdale1  ̂ have prepared a se rie s  of 

the d lbenzo-fused  analogs (12a-e) of th is  type using nitrogen and 

found th a t the TJV spectra  in  a l l  were rather sim ilar, suggesting  a 

lack  of delocaliza tion  in  the ten  rr-electron system . The sulfur an - 

aloa  12e , how ever, i s  a sligh tly  w eaker b ase  than  the carbon an ­

alog 12a (pKa's 2 .81 and 3 .1 0 ) , which im plies a sm all degree of 

arom atic character in the  form er. Indeed, an nmr study showed th a t 

the hydra zo protons of 12e were somewhat de sh ie lded  with resp ec t

0.6

0.4

* 0 * 0 2  
O Vt
S?°o.oi<

10

FIGURE V I: D ifference in tt e lectron  d e localiza tion  energ ies (from a

Huckel calcu lation) between cyc lic  and linear simple 

conjugated system s as  a function of the number of tt-  
e le c tro n s .
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to  those  in 12a, The authors concluded th a t w hile 12a-d are non- 

arom atic, 12e may have some arom atic ch a rac te r.

12 a  X = CH2 

b X = NH 

c X = NCHg 

d X = O 

e X = S

17From th e  re su lts  of MO ca lcu la tio n , Balaban and Simon

predicted th a t th e  resonance energy of the planar conformation of

1,4 -d ith io c in  13_ be su ffic ien t to overcome th e  strain  energy Involved

In achieving p lan arity . However, recen tly  B.A. H ess and L .J .

18Schaad ca lcu la ted  a resonance energy of -0 .0 0 5  ft for 13. and pre­

d ic ted  th a t th is  m olecule Is not arom atic .

19In 1967, Schroth and co-w orkers prepared compounds 15 and

16. the f irs t derivatives of 1 ,4 -d ith io c in  1_3_ and 1 ,4 -d ioxocin  14 .

20 21 Later on , Coffen studied  .17. and Fowler studied th e  nitrogen analog ,

dlm ethylbenzdlazocin 18.. The chem ical sh ifts  of proton are shown on

the diagrams and th e  values do not seem to ind icate  the presence of

appreciab le ring cuirent In th e se  com pounds. The UV spectra  show a

lack  of conjugation , indicating  th a t the m olecules e x is t In tu b -shaped

conform ations.
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6 6.59

& 6 . 0 0

13

/ & 5.12

14

16

& 6 .26

6 6 .23

7 .25

17

CH,

N

6 5.35

6 6 .95

15

6 5 .76

6 6 . 0 2  

6 6.19 6 6.92

6 6 . 00

20

CH,
I '

6 4 .38

6 5 .65 B

6 5.68L
& 6.45

CH,

18 22
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22In 1972, 1 ,4 -d ioxocin  14 w as f irs t syn thesized  by E, Vogel, 

and w as unam biguously shown to be an  o le fln lc  compound by Its  sp ec ­

tra  (^H nmr spectrum shown on the diagram) and by i ts  chem ical b e ­

havior: It polym erized rap id ly , could be hydrogenated to  give the cor­

responding sa tu ra ted  compound In 95% y ie ld , and formed valence is o ­

m er, syn-benzene dioxide 19, a t 60°C .

1914

Fd/c

polymer

So far only l ,4 -d l th io c in -6 -y l  a c e ta te  20, having th e  structu ra l
23elem ent of a fully conjugated 1 ,4 -d ith io c in , has been sy n th es ized .

Its  spectroscop ic  properties (*H nmr spectrum shown on the diagram) do 

not appear to  in d ica te  an arom atic ch a rac te r, although th e  nmr spectrum  

Is not so c learly  o lefln lc  in character a s  th a t of 1 ,4 -d lo x o c in . Further­

more, an X-ray structure of th is  m olecule Ind ica tes a nonplanar s tru c-
24ture w ith a C -S -C  angle of about 90° .

E . Vogel has attem pted to  syn thesize  1 ,4 -d lth lo c ln  by the  con-
25version  of I ts  va lence  Isom er, syn-benzeneb ise  pi sulfide 21., but 21.
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decom posed a t 20°C with a ha lf-tim e about 30 m inutes, giving 

benzene and sulfur a s  final p roducts . In view  of the therm al in s tab ility  

of 21 , the authors concluded It unlikely  th a t 1 ,4 -d ith io c ln  w ill prove 

to  have arom atic ch a rac te r.

20'

1

+ S

26On the other hand , recen tly  D. Humkler and coworkers have

studied  the 1 ,4 -d im ethyld lazocin  22 and i ts  re la tiv e s . Judging from 

1 13th e  H nmr and C nmr spectrum , the 6 value of HA and in

22 are sh ifted  downfleld about 1 .3  and 0 .8  ppm re la tive  to  d lm ethyl-
13benzpdiazocln  18,, and the C -s lg n a ls  of th e  ring carbon atoms in 22 

show su b stan tia l diam agnetic shift w ith re sp ec t to  th o se  of the  ring 

carbon atom s in 22a
CH, CH,

I 3 I

CH

22a
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Compound 2 2 , in  co n trast to 1, 4-d loxocin  and 1, 4 -d ith ioc in  

exh ib its  effec tive  cy c lic  10 TT-electron d e localiza tion  Induced diam ag­

n e tic  ring current and therefore could be considered a s  a 10 tt-a ro ­

m atic sy stem .

The system s derived from the  cyclononatetraenide anion are the 

seven-m em bered ring 1 .2 -d lth lep in ide 23. 1 ,3 -d lth lep ln ld e  24 and

1 ,4 -d lth iep in ide 25., and the eight-m em bered ring th lacyclononatetraenyl 

anion 26.and azacyclononatetraeny l anion 2 7 .

5 23 24 25

27 X = NH

26 X = S

28 29 32
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27C oates and Johnson have examined th e  k ine tic  ac id itie s  of 

the dlhydrobenzazocines 28. and 29., the derivative of 27., and compared 

them w ith the a c id itie s  of 30 and 3 1 . They reported th a t 28. and 29 

showed only a moderate enhancem ent and concluded th a t the anion 32.

could only exhib it a sm all degree of arom atic ch a rac te r.
2 8In 1965, R. Zahradnlk and C . Parkanyl adapted  the MO-LCAQ 

method (assum ing sulfur d -o rb lta ls  partic ipate  in conjugation) and se t 

em pirical param eters given in the form a s  below:

“ s  = “ c  + V *  : 8xy ■ v ®

and th e  following values were used In the ca lcu lation :

6 =  0 . 0 0  s p -  0 .6r c s p = 0 . 5  s s

where a  is  the carbon Coulomb in teg ra l and 0  Is the resonance In­

teg ra l of carbon bond. The re su lts  are  outlined In tab le  I (all un its In 

0 ) .

tu H O M O LUMO E

n -e lec tro n
energy k2 k l k- l k-2 Transition

energy

5 11.5176 0.3473 0.3474 - I . 0000 1.0000 1.3473

23 10.1412 0.5905 0.5905 - 0.8957 0.9167 0.9895

24 9.6770 0.4668 0.1188 -0 .6921 1.0000 0.8109

25 9.7915 0.5765 0.0864 -0 .8114 0.9627 0.8978

TABLE I : MO-LCAO C alculation  for 1 ,2  - ,  1 ,3 -  and 1 ,4-D ithlepinlde Io n s .



- 1 4 -

Due to  low values of th e  specific  de localiza tion  energy and 

the high energ ies of the  h ighest occupied  tt- M O ' s , according to  the  

au tho rs, a l l  th ese  compounds w ill be quite unstab le and d ifficu lt to 

p repare.
16In 1965, Breslow and M ohacsi in v estig a ted  the k inetic  and 

thermodynamic ac id ity  of 2 - carboethoxydibenzo (d ,f) ( l,3 )-d lth ie p in  

33 and th e  corresponding ring-opened compound 3 4 .

33 R = D 34 R = D
33a R = H 34a R = H

1 e q .
M  --------------->

U C <C 6H5>3

1. 1 e g . 33
-> 33a + 34a

2 2 5 2 . H20
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Based upon nmr a n a ly s is , th e  ra tio  in  th e  equilibration  mix­

ture w as f 34a : 33a= ) 5 :1  In favor of the open-chain  com pound. The 

same re su lt w as obtained when the reac tion  w as carried out with the re ­

verse  order of addition of th e  e s te r s .  These re su lts  did not Indicate any 

de tec tab le  additional s ta b ili ty . The authors concluded th a t no aroma-

tic ity  a sso c ia te d  with the cy c lic  10 Tt-electron system  could be observ -

16e d . However, a s  s ta ted , th is  does not preclude arom atic characte r

In the parent ion 2 4 .

Sulfur can ac t both as  rr-electron accep to r and a s  n -e lec tro n

donor. The involvement of i ts  3d o rb ita ls  w as f irs t d iscu ssed  by

29Schomaker and Pauling who adopted a V-B approach to  the question  

of w hether or not 3d orb ita ls of sulfur may be used  for bonding in  th io -  

phene . From a consideration  of bond length , resonance energ ies and 

dipole moments th e se  authors concluded th a t a l l  the following ty p es of 

structure were important in  th io p h en e .

+

I I I
'+

I I I

IV
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The re la tiv e  w eights ass ig n ed  to  th e  different ty p es of s truc­

ture were type I, 70%; type II, 20%; type III and IV, 10%. Of th ese  

structures th o se  of type III and IV must involve th e  sulfur d o rb ita ls , 

because in  such structures the sulfur atom has a decet of electron  in 

its  valence sh e ll . The positive  evidence for through-conjugatlon by

way of sulfur stem s from the sy n th esis  of s tab le  sulfur he terocycles of 

30 31the type 35. and 36. in  which sulfur may be viewed as  quadri­

cs ova lent in a de localized  sy stem .

The electron-donating  through-conjugatlon a t sulfur is  w ell 

documented by the e s tab lish ed  arom atic character of th e  thlapyrylium  

cation and the two dithiolium c a tio n s , 1_0 and 1 1 . while th e  electron  

accepting  through-conjugatlon has a marked stab iliz ing  effect on a d ja ­

cent ca rban lons. It is  generally  assum ed tha t the s tab iliza tio n  of th ese  

anions re su lts  from overlap of the "anion o rb ita l"  w ith d sh e lls  of the 

su lfu r. For In stan ce , the cen tra l C atom in the anion of 37 may be

35 36
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2
sp  -hybridized and p-d  overlap  then occurs; in 38. the C atom

2 2 could be sp-hybrid ized  (p-d overlap) or sp -hybrid ized  (sp -d  over­

lap) w hile in the anion of 39, the an ion ic C atom cannot be forced
3

into coplanarity  with the  neighboring sulfur atom s so tha t sp -d  over-

32lap  should occur.

37 38 39

However, th is  concept of (p-»d) bonding w as questioned  In the  ca se
33of th ianaph thalene y lid  40 .

CH

41

3
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0 O O Q

Scheme I

It Is an tic ipated  th a t the ac id ity  of the  benzy llc  proton should 

be enhanced if the vacan t 3d o rb ita ls  of sulfur accep t the electron  

from th e  filled  2p of the  ad jacen t carbon and then  delocalized  through 

the r in g . However, a s  a m atter of fac t the  H /D  exchange ra te s  b e ­

tw een 40, and th e  open-cha in  analogs 41. (which lacks electron  d e lo ca l­

ization) were not remarkably d iffe ren t, h e re fo re , the ex ten t of de lo ­

ca liza tio n  im plied in Scheme I is  q u es tio n ab le .

In more recen t tim es, S tre itw leser has studied  th e  a c id itie s

34of d lth lanes in cyclohexylam ine and pointed ou t the su b stitu en t e f­

fec ts  imply a highly localized  carbanion with no sign ifican t ro le to  be 

assig n ed  to  sulfur delocalized  structure like 42.. The authors suggest 

in stead  th a t the principal mechanism of s tab iliza tio n  of carbanions by 

ad jacen t sulfur is  by p o la riza tio n . The effect of Induced dipole of po lar- 

lzab le  sulfur e lec trons may be sym bolized by 4 3 .
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R pKa

p H 31.1

37.1

28 .2LI R 42 P

43

It Is expected  th a t the Investigation  of th e  dlth lepln  anions 

23 -  25. w ill provide experim ental ev idence for or ag a in st the e lec tro n - 

accep ting  through conjugation in  cyc lic  sulfur compounds and a lso  pro­

vide in sigh t Into the valid ity  of previously th eo re tica l p red ic tions. 

Therefore, we have syn thesized  2H -1 ,3 -d lth lep ln  (1 ,3 -d lth ia - 4 , 6 - 

cycloheptadlene) and 5 H -l,4 -d lth ie p ln  ( l,4 -d lth ia -2 ,5 -c y c lo h e p ta d ie n e )  

and have examined the arom aticlty  of th e ir respec tive  an io n s .



- 2 0 -

PART ONE

1 ,3-DITH1A-4,6 -CYCLOHEPTADIENE

DISCUSSION AND RESULTS

The nom enclature for the heterocycles described  In th is  work

35follows the Chem ical A bstracts system . For exam ple, compounds

43.and 44 are named as l ,3 -d lth ia -4 ,6 -c y c lo h e p ta d ie n e  and 1 ,4 -d i-

th ia -2 ,5 -c y c lo h ep ta d ie n e , re sp e c tiv e ly . It should be noted th a t the

35alternative  so -ca lled  Hantzsch-W ldm an system , is  a lso  used by some 

au tho rs, thus compounds 42. and 44.are a lso  named 2 H -l,3 -d ith ie p ln  

and 5 H -l,4 -d ith le p ln , re sp ec tiv e ly .

2

43

2

3

4

3

2

1

CA method H-W method

G enerally d ith ia -h e te ro cy c les  can be syn thesized  by several

m ethods: Method A: One could s ta rt from b is -e s te rs  v ia  Dieckmann

condensation followed by hydrogenation and decarboxylation;

Method B: One could use b is-W ittig  reaction; Method C: W . Schroth 

36and coworkers developed the cyclization  of the disodium or d ip o tas-

37slum sa lts  of d ith io l and b lsh a lid es ; Method D: Corey and Seebach
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used  th e  ac id  ca ta lyzed  ke ta liza tlo n  of d lth lo ls and a c e ta ls  or k e­

to n e s . This th io lace ta llza tlo n  Is only app licab le  for th e  sy n th esis

of 1 ,3 -d lth laheterocycles and has been w idely used  In protection of
38carbonyl group and alky latlon  of ketones or a ld eh y d es . (See Scheme

n).

/

!

 +
—  S-CH 2P03 X o - c  —

—  S-CH 2 ?03 x “ o = c  —

A B

S — s ” i — SH R Q ^  y

C -  c n I

\ — SH RO
or or

~X S ^  |  — SH

C \  O “  cn { \

D

Schem e II
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I .  THE SYNTHESIS AND THE CHARACTERIZATION CF 1, 3-DITHIA-4.6 - 

CYCLQHEPTADIENE

The syn thesis  of 1 ,3 -d ith ia -4 ,6 -cyclohep tad iene 43. w as carried  

our by the following straightforw ard rou te , a s  shown in Scheme 111.

The reac tion  of e l s - 1 ,4 -d ich lo ro -2 -bu tene  with 2 equ iv . of sodium 

th io lace ta te  a t reflux under nitrogen y ie lded  the corresponding d lth lo - 

lace ta te  45., which has a very unpleasant ordor and could cau se  head­

ache; bp 135-140°/9  mm; nmr (CCl^, TM S): 6 2 .3 0  (s, 3H),

6 3 ,6  (d, 2H), and 6 5 ,51  (t, 1H). W ithout iso la tio n , the d ith lo lace- 

ta te  45. w as hydrolyzed w ith potassium  hydroxide in methanol and the  

resu lting  dlpotassium  s a lt  of c is -2 -b u te n e -1 ,4 -d ith io l w as trea ted

with dibromomethane to give the  known l,3 -d ith ia -5 -c y c lo h e p te n e  

394 6 . a s  white M V dle-llke c ry s ta ls , mp 53-54° a fte r chromatography 

on s ilica  gel (eluted with 1 0% benzene in p e t . ether) and re c ry s ta lli­

za tion  from p e t. e th e r, in  20-30% y ie ld .

NC1S

46 47

(CH^COK

43 Scheme III
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Method D, ac id  ca ta lyzed  to ta liz a tio n , w as applied  to  the 

sy n th esis  of 46. by trea ting  c is  -  2-b u tc n e -1 ,4 -d ith io l w ith e ith er d i-  

methoxymethane in  th e  p resence  of boron fluoride e thera te  as  ca ta ly s t 

or paraform aldehyde in the presence of p -to lunesu lfon ic  ac id  in a 

D ean-Stark apparatus and gave e rra tic  y ie ld s and considerab le am ounts 

of p o ly m e rs ,^  a s  shown below:

H S -x
f  BF • OEt« TsOH \

+ CH9 (OCH- ) 9 ----: ------- i  46_ « < ch9o )  +
\  CHC1, C .H . n
\ _ S H  3 6 6 HS

1 ,3 -D lth ia -S -cy c lo h ep ten e  46 w as chlorinated with N -chloro-

succinlm ide in dry carbon te trach lo ride  (or dry benzene) a t 5°C under

nitrogen to  give th e  very unstab le  4 -ch lo ro -l,3 -d ith la -5 -c y c lo h e p te n e

4 7 , which w ithout Iso la tion  w as trea ted  with potassium  t-bu tox lde  in

dry e ther (or trlethylam lne in benzene) giving the desired  d iene 43. in

30-40% y ie ld . DLene 43 is  a pale yellow  liqu id , bp . 30°C (0.05m m );

mp. 29°C from pentane; i ts  structure is  fully e s tab lish ed  from its  m ass 
1 13spectrum , H nmr, C nmr, UV and by trapping it with a d lenoph ile .

High reso lu tion  m ass spectrum : c a lc .  K 129.9911 ;

found 129 .9903; M+ a t m /e  = 130, 40%; b ase  peak a t  m /e -  84 (M+-

46, lo ss  of CH g^S). After th a t fragm entation the m ass spectrum  of

4143 c lo se ly  resem bles th a t of th lo p h en e .



- 2 4  -

*H nmr (CDC13 ,T M S ): 6 6 .28  (AA'BB1 system , 4 H ), 6 4 .13

(s, 2H).
13 1C nmr ( H decoupled end off resonance decoupled): 39 .7  ppm

(C2), 124.7 ppm (Cg/Cg) and 128.3 ppm {C4 / C 7>.

UV: X1:1011 = 257nm (e4010) and 340 run ( e3310 ).max

Upon heating  with N-phenym aleim ide to  140° for 16 hours 43

could be converted Into a Die Is-A lder adduct 48., mp. 196-198°C , after

chromatography and rec ry sta lllza tlo n  from m ethanol. I ts  nmr (CDClg,

TMS) co n s is ts  of an  AB system  centered  a t 6 3 .5 ,  2H, T^g- 1 4 H z;

a broad sing le t a t 6 3 .7 5 , 2H ; AA ’BB' system  a t  6 4 .1 ,  2H and 6 6 .2 ,

2H ; a m ultip let a t 6 7 .3 , 5H .

A one s tep  sy n th esis  of d iene 43.h as  been a ttem pted . Treatment

of the  disodium (or d ipotassium ) sa lt  of c i s - 1 , 4 -d ith lo l-b u tad ien e  5 1 .

which can be generated  from eith er trea ting  c i s . c is .-1 ,4 -b ls  (benzyl-

42th lo)butadiene 49 w ith b a s e , w ith dlbromomethane should afford 

d iene 4 3 . However, only re s in s  were ob ta ined , from w hich no 43 

could be iso la ted  in  e ither reac tio n . (See Scheme IV.)

Reaction of 4£ with n-butyllith ium  in tetrahydrofuran under 

nitrogen a t -4 0 °C produced a deep red so lu tion  of the anion 5 2 . 

which has quenched with D^O, trim ethy lsily l ch lo ride , benzophenone 

and m ethyl iodide to give resp ec tiv e ly : 2 -d e u te ro - l , 3 -d ith ia -4 , 6 -c y -  

cloheptadlene 5 3 a . M+ a t  m /e  131, b ase  peak a t M+-  47 = m /e  84
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S -C H

-C H

r ©

49

Na/NH

KOH

MeOH

S -C C H

CH2 Br2

43

S -C C H . 
II 3 
o

50

Schem e IV
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(loss of CHD=S); 2 - tr im e th y ls lly l- l , 3 -d ith ia -4 , 6 -cycloheptad iene

53b . M+ a t m /e  202, base peak a t M+-7 3 -3 2 = m /e  97, suggesting

th e  lo ss  of -Si(CHg)3 (m/e = 73) and -S (m /e=  32) to  give th e  a ro -
+ 41m atlc thlapyrlllum  cation C cH_S ; d ip h en y l-(1 ,3 -d lth le p ln -2-y l)-

o b

carblnol 53c and 2 -m eth y l-1 ,3 -d lth la -4 , 6 -cyclohep tad lene 53d. Their 

nmr spectra  are summarized in  Table II.

6

n -  BuLi

52

RX

53

a .

b .

c .

d .

R = D

R = S1(CH3)3

OH  

R = CH„

48



Compound bp (°C/inm) 6 60 lefin ic  protons 6 Substituent group
*

53a , R=D 30/0 .05 4.12
(1 :1:1  t r ip le t)

6 .28 (AA'BB1 )

53b*, R=Si(CH3)3 40-45 /0 .05 3.11 (s) 6.25 (AA’BB') 0.25 (s)

53c*, R=C(CcH_),

A ,

----- 4 .97  (s) 6.26 (s) 3.53 (exchanged with
d 2o )

7 .2 - 7 .7  fan, 10H )

53d**, R=CH3 35/0 .05 4.43 (q) 6.19 (s) 1.73 (d)

*
solvent :CDC13 ;

**
solvent : CC1.4

Table II: The Nmr Spectra of 2-S ubstituen t-l,3 -D lth ia-4 ,6 -C yclohep tad iene .
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II. THE INVESTIGATION OF THE POTENTIAL TEN t t - ELECTRON

HETEROAROMATIC 1 .3 - DITH1A-4. 6 - CYCIQHEPTADIENYL ANION

A) THE STUDIES OF FULVENES OF 1.3-DITHIA-4.6-CYCIOHEPTADIENE 

In fulvenes of cyclopentadiene th e  ring ten d s  to form a stab le  

an ion , p o ssessin g  a group of arom atic six  n -e le c tro n s . Therefore, 

the exocycllc double bond Is polar and the term inal carbon is  p o si-

The polar character of th e  exocycllc  double bond is  expressed

44 45In a number of unusual re a c tio n s . ' O rganom etallic compounds 

add to the exocycllc  double bond In the expected  m anner, forming a 

carbanion a t the cen tra l atom of the fulvene system  a s  shown below:

R

R
R'Ll
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4 6More recen tly , J . M eljer and coworkers have reported th a t 

th e  fulvene of 1 ,3 -d lth lo l 54. being particu larly  sen sitiv e  to a c id , 

dlm erlsed under the in fluence of tra c e s  of a c id s . Traces of b ase  in ­

h ib it th is  d im erlsa tlon . This behavior Is  very sim ilar to  th a t of hepta- 

47

R
fulvenes 56 .

+ p  = 0.85D
57

> * = ?D

Although th e  dipole moment of S7_ Is s t i l l  not rep o rted , the  

following Scheme V, v ia heteroarom atlc 1 ,3-dlthlollum  ca tion  ring 

5 5 . might explain  th e  dim erization of the fulvene of 1 ,3 -d ith lo l 5 4 .

CH.
CH,

CH,

H

CH

CH.
CH.

CHCH
CH

CH

CH CH
C — CH

CH

CH5 CH2
s  71 "

— J  -

1

Scheme T

c h 3

CH3

5
22
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Fulvenes of l ,3 -d ith ia -4 ,6 -c y c lo h e p ta d le n e s , resem bling 

the fu lvenes of cyc lopen tad iene, should exh ib it a high dipole moment 

a s  Indicated by the resonance structure 58, if  th e  1 ,3 -d ith la -4 ,6 -  

cycloheptadienyl anion 52. has a high degree o f a ro m atic ity .

O rganom etalllc compounds should a lso  add to  the exocycllc  

double bond of fulvene 58 , and form a stab le  anion ring p o ssess in g  a 

group of 10 TT-electrons. C onsequently , th e  adduct 59. might be the  

expected  reac tion  p roduct.

On the other hand, protonation of k e ten e th lo ace ta ls  leading to
48sulfur s tab ilized  carbonium ions such a s  60 is  a lso  know n. Thus, 

fu lvenes a s  58 might be pro tonated , forming th e  in te restin g  carbonium 

ion £1_. However, since  th is  ion rep resen ts  an  8 TT-electron system , 

and therefore should be an tlarom atic , i t  is  le s s  lik e ly .

58 58'

R

R

58 59
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CF-COOH H

R
60

R

>

61

38As reported by S eebach , the diphenyl ke ten e th io ace ta l of 

l #3 -d ith ia -4 ,6 -cy c lo h ep ta d ie n e , 5 8 a , should be ava ilab le  from the 

carblnol 53c by ac id  ca ta lyzed  dehydration in  D ean-Stark tra p . How­

ev e r, the dehydrated product did not g ive th e  expected  compound 5 8 a , 

but In stead  gave an  Isom eric ring-en larged  product. (The d e ta ils  are 

d isc u sse d  on page 62).

TsOH

53c 58a

A lternatively , the  reac tion  of the anion derived from slly la ted

d ith lacyclohep tad iene with carbonyl compounds (Peterson reac tion  or 

49slly l-o le fln a tlo n  ) is  expected  to  provide a more d irec t and milder 

route to  th e  fulvenes of l ,3 -d lth ia -4 ,6 -c y c lo h e p ta d ie n e .
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Treatment of 2 - tr lm e th y ls ily l- l , 3 -d ith la -4 , 6 -cyclohep tad lene

53b w ith n-butylllth ium  In tetrahydrofuran under nitrogen a t  -70° C

produced the sily ia ted  anion which w as quenched w ith benzophenone

and acetone to give diphenyl Jcetenethioacetal 58a and dim ethyl k e t-

en e th io ace ta l 58b in  quan tita tive  y ie ld , re sp e c tiv e ly .

Compound 58a formed a s  a yellow  c ry s ta l, mp 8 8 -8 9 °C, *H

nmr (CD Cl^.TM S): 6 7 .26  (broad s ,  1 0 H), 6 6 .35  (AA'BB* system , 4H); 
13C nmr (CDCl^, TM S): e igh t s igna ls  a s  ex p ec ted , 6 148 .24 , 6 142 .4 ,

6 130 .66 , 6 129 .48 , 6 129 .22 , 6 1 2 8 .3 , 6 128 .04 , 6 127 .8 4 ; UV: no 

defin ite  maxlum, but a broad ta ilin g  absorption  into the v is ib le  reg ion .

Compound 58b , a s  a yellow  liquid  h as  a p leasan t sm ell, bp . 

72°C (0.16m m ); nmr (CDClg, TMS): 6 2 .03  ( s , 6H )a n d  6 6 ,27  (s, 4H); 

m ass spectrum : M+ a t m /e  170 (34.8% ), m /e  = 155 (M+-C H 3 , 14,7% ),

m /e =71 (100%) and m /e = 45 (S=CH+, 51.1% ). UV: 342 nm
lUOX

( e l  181 ), 270 (shoulder, e l l0 4 ) ,  255 nm ( s h . ,  e2053), 2 4 0 nm ( s h .,  

e3312) and 2 2 0 n m (s h .,  e l l , 039).

The fulvenes 58a and 58b can a lso  be obtained d irec tly  from 

the parent compound 4£., w ithout Iso la tion  of trlm ethy lsily l compound 

53b. a s  shown in  Scheme VI.

m /e =103 m /e = 86 (91.5% ), 
, EtOH _
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1. n -B uli1. n-BuLl

2 .R 2 C=D U2. SlMe^Cl

3 . n-BuLi

2. SiM e3Cl 

4 . R2C = 0

58a , R,R = CcH_ , C,H_~ o o  o o
58b , R,R = CH3 , CH3

Scheme VI

K eteneth ioacetals 58a and 58b were trea ted  with m ethyllithium 

in tetrahydrofuran under nitrogen a t -70°C followed by warming to 

room tem perature and quenching with w ater. A dducts, such as 62f 

were not observed , but in stead  the starting m aterials were recovered .

62

SiMftj

■CHC C

R

a .  R -  R = C_HcO g a .  F = R =C 6H5

b. R = R = CH, b . R = R = CH,
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However, quenching th e  resu lting  anion so lu tions with tr i -  

m ethylslly l chloride produced a corresponding trim ethy lslly l com pound. 

Based upon nmr a n a ly s is , no add itional methyl group w as detected ; 

therefo re , the structures such as  63 were ruled o u t. The narrow or 

sharp AA'BB* system  of o le fln lc  protons in k e tene th ioace ta ls  are  sp lit 

into two a reas  in a ratio  of 1 : 2 .  H ence, the structu res of trlm ethyl- 

s ily l adduct were proposed as  64,, a s  shown in Scheme VII.

Compound 64a formed as  a yellow  c ry s ta ls , mp. 9 6 -98°C afte r 

recry sta lliza tio n  from p e t. e th e r: nmr (CDCl^, no TMS): 6 0 .00  (s, 9H), 

6 6 .4 6 - 6 .9 5 ,  sp lit into two a reas  (1 :  2 ) (3 H ), 6 7 ,38  (broad s ,  10H ). 

Compound 64b as  a yellow  liquid , nmr (CDClg, TM S): 6 0 .18  (s,9H ), 

s in g le t a t 6 2 .05  and 6 2 .0 9  ( 6H ), 6 6 .2 4 -  6 6 .7 0 , sp lit into two

58 S1<CH3>3
64

a . R, R CgHg, CgHg

b. R,R=CH3 , CH3
a .  R,R=C6H5 , CgH,.

b . R,R=CH3 , CH3

Scheme VII

58
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areas  ( 1 : 2 )  (3 H ).

This behavior Is In striking con trast to  th e  behavior of fu lvenes 

of cyclopentad iene, (see page 28 ) .

the ac id ity  of o le fin lc  protons ad jacen t to the sulfur atom s Is con­

siderab le  re la tive  to  tha t of a lly llc  proton or phenyl p ro tons. Thus,

l - ( 3 -m ethy lbu t-l-eny l)pheny l sulfide is  m etallated  exc lu sive ly  a t the 

v iny lic  a -p o s itio n .

As pointed ou t, fu lvenes of 1 ,3 -d ith ia -4 , 6 -cyclohep tad iene 

should exhib it a high dipole moment. The methyl group should th e re ­

fore add to the  exocycllc  bond if the parent anion has high degree of 

arom atlcity . Based upon th ese  re s u lts , It Is proposed th a t e ither

l,3 -d lth la -4 ,6 -c y c lo h e p ta d le n y l anion can not be considered to  have 

a high degree of 1 0 n -e lec tro n  heteroarom atlc s ta b iliza tio n , or vinyl 

m etallatlon is  much fa s te r  than  nucleophilic  addition  due to  th e  strong 

ac id ity  of vinyl protons a  to su lfu r.

50A recent report by M uthukrischman and S ch losser shows th a t

RM
» (C H J , C -C H = e-S -

3 2 l +
H MH / /

H H
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B) INVESTIGATION OF THE DIAMAGNETIC RING CURRENT OF 1 .3 -  

DITHIA-4. 6 -CYCLQHEPTADIENYL ANION

Aromatic system s su sta in  a d iam agnetic ring-curren t in  an

1 13applied  m agnetic fie ld  and cause  a deshield ing  e ffe c t. H and C 

nmr spectra  a re  th e  most Important method used  d e tec t d la -o r  para­

m agnetic rin g -cu rren ts , and to  give some experim ental va lues for the  

charge d en s itie s  in cy c lic  conjugated system . In order to obtain some

inform ation concerning th e  possib le  p resence of an induced diam ag-
1 13netlc  r in g -c u rre n ts , we have m easured the H nmr and C nmr sp ec­

tra  of anion 52. and compared them with those of the anion (74) of b is -  

(vinylthio)methane 67 (the syn thesis  and characte riza tion  of compound 

67. are d isc u sse d  on page 4 5 -4 8 ) .  (Note: anion 74 lacks cy c lic  con­

jugation .)

One equivalen t of 2 .4M  n-butyllithium  in  n-hexane w as in jected  

into th e  nmr tube under n itrogen, the so lvent w as then evaporated slow ­

ly under vacuum . To the nmr tube w as added, one equivalent of com­

pound 67 or 43 in TH F-dg (containing tetram ethyls 1 lane a s  reference) 

a t -70° C under n itrogen . The reac tio n  mixture w as wanned a t 0°C 

for ca 10 m inu tes. W hile m aintaining an atm osphere of nitrogen the  

tube w as cooled in  a dry ic e /a c e to n e  bath , and then  carefu lly  se a le d .

The sea led  nmr tube was then  im m ediately scanned by nmr. Their 

13and C nmr chem ical sh ifts  are summarized in  Table III.



43 52 67 74

1 „  _  1 3 _  _H nmr spectrum C mnr spectrum

(center) 6CCompound

3 9 .7 1 2 8 .36 .2 8 1 2 4 .76 .2 84 .1 3

1 4 6 .75.80 121.61 .4 8 6 .6 3

- 3 .1- 0 .5 2

112.81 3 1 .53 4 .66 .4 1 5 .2 63 .9 2

1 4 8 .74 .7 5 1 0 2 .96 .5 92 .4 0

+ 1 7 .2- 0 .5 1 - 9 . 9- 1 .5 2

*
solvent: CDClj; solvent :THF-dg

+ : shift downfleld; - : shift upfteld 
a ll wilts In 6 (ppm)

1 13Table I I I : H and C NMR Chemical Shifts of 1, 3 -D ith ia -4 , 6-Cycloheptadiene,

Bis (vinyl mercapto) me thane and their Anions.

-37
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From the  r e s u l t s , It Is d ifficu lt to  estim ate the magnitude 

of the "arom atic" deshield ing  effect in the  1 , 3 -d ith la -4 , 6 -cy c lo h ep ta - 

d ienyl anion 52 , because  of the severa l factors affecting  the chem ical 

sh if ts , such as  the diam agnetic ring -cu rren t, the charge d istribu tion  

In the system  and the anisotropy of the sulfur a to m s. As ind icated  in

Table in, the va lu es of 643 -  6g2 and 567~ 674 are not r©markafaly
1 13different e ither in  the H nmr and C nmr sp e c tra .

It should be noted th a t the narrow AA' BB' pattern  of 43 is

sp lit to  an  AA'XX* system  In the lith io -d eriv a tiv e  52., The an a ly s is
98of the AA'XX' system  is  given In Table IV.

AA 'XX' -  A nalysis for th e  anion 52

H4 /7 6 6 .63  ppm

H5/6 & 5 .8 0  ppm

*4,5 11 .08  Hz

*5.6
8 .33  Hz

J4 .6 0 .7 8  Hz

J4 ,7 0 .78  HZ

Table IV
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The low fie ld  part of the spectrum , shows each line sp lit Into 

a doublet (J . = 0 .8  H z ) . The same coupling constan t Is seen  In thei  | H
tr ip le t for H2 a t 6 1 .4 8 . The w ell documented W -coupling^* a ss ig n s  

the low fie ld  part of the  AA'XX* pattern to and , with a down- 

fie ld  sh ift of c a .  0 .35 ppm rela tive  to  43, desp ite  the negative charge

a t  C . in anion 52 . Protons H_ and H . , further aw ay from the2 o o

anionic cen ter , are shifted upfleld  by c a .  0 .5 2 ppm, which in ­

d ic a te s  considerab le charge density  a t th e se  p o sitio n s .

The observed W -coupling suggests  a planar structure for anion

52 . The coupling co n s tan ts , J .  = 8 * 2 5 Hz can be in terpreted a s  an
52in crease  In double bond character for C .-  C_ bond. However, It is4 5

a t th is  tim e d ifficu lt to a s s e s s  the effec t of the sulfur atoms on the 

coupling c o n s tan ts .

It Is  In teresting  to note th a t the chem ical sh ift of the rem aining 

proton H2 of 52,, 6 1 .48  Is su bstan tia lly  higher than  tha t observed

for H2 in  the re la ted  2 - l i th lo - l , 3 -d lth ianes Investigated  by E lle l,

53 54e t a l .  Even the y lld  sa lt  69., reported by G osse lck , shows a

higher chem ical sh ift for H2 than  In the  llth lo d lth lan es . (See Table V).

CH

C„HCH

** 5 4  2 B(C6H5) '

68
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Compound 6 H2 Anion 6 H2 6 1 ^ - 6 (anion)

*
65 3.68 2- I i - d e r iv . 2 .78 0.90

*
66 4 .03  ; ax 3 .40  2 - l i -d e r iv .  eq 2.58 ax 1.45 ;0 .8 2  ax  eq

**
67 3.92 anion 74 2 .4 0 1.52

***
68 5.35 y lid - s a l t  69. 1 .97 3 .38

**
43 4 .13 anion 52 1.48 2.65

*THF-dg ; E. E llel, personal Comm.;
**

THF-dg ; see  experim ental section
***

DMSO -d_ ; co u n te rio n  8 (CcH _). see  r e f . b b b 4

Table V : 1H NMR Chem ical Shift Data

A possib le  In terpretation of th e se  data is  th a t in  th e  lith io d i-

th ia n e s , we see  te trah ed ra l carbanlons s tab ilized  by polarization  of the 
34 55sulfur a to m s. ' Anion 52. and th e  y lid  sa lt 69. are probably planar

and delocalized  system s ( lO n-arom atic de localiza tion  for 52. and p o s­

sib ly  d -o rb ita l accep tance a t the  sulfurs for 69.) w ith com pletely d if­

ferent an isotropy effec ts  of th e  sulfur on proton H2 . On the  b a s is  of 

th e se  re su lts  the p o s tu la te , tha t anion 52. be considered a planar d e ­

localized  IO tt -  heteroaroma tic  system , is  proposed.
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C) KINETIC AND EQUILIBRIUM ACIDITY STUDY

In the preceedlng d iscu ss io n , we concluded th a t anion 52 

could be considered a s  a lO n -h e te ro a ro m atlc  anion on b as is  of its

affecting the chem ical sh if ts , diam agnetic ring curren t, charge d is ­

tribu tion , anisotropy and geometry a t the heteroatom , no c lear d e­

c is io n  concerning the arom aticity of 52, could be m ade.

An alternative  experim ental approach tow ards answ ering the 

question  as  to w hether 52, is  an arom atic system  c o n s is ts , acco rd ­

ing to Breslow, of es tab lish in g  a g rea ter s tab iliza tion  by tt -e lec tro n  

delocaliza tion  in 52, as compared to  a su itab le  model lacking th is  

cy c lic  d e lo c a liz a tio n .*** An indication  for the stab ility  of the  1 ,3 -  

d ith ia -4 ,6 -cy c lo h ep tad ien y l anion 52. a s  compared to other compounds 

would be the re la tiv e  ac id ity  of i ts  conjugate ac id  43. compared to 

su itab le  models lacking cy c lic  conjugation.

The compounds which we chose to  study are the satu rated  1 ,3 -d l-  

th lacycloheptane 70 and the open chain  model b is-(v inylm ercapto)- 

m ethane 67. Their syn theses and characteriza tions are  described  b e­

low .

1H nmr spectrum . However, because of the com plexity of the  facto rs

43 70 67
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S yntheses and C h arac te risa tio n s: we syn thesized  the sa tu ­

ra ted  compound 70 by using the  same procedure as for th e  preparation

ac id  ca ta lyzed  procedure we found unsa tisfac to ry  for 46.; see  page 23)* 

Treatment of th e  com m ercially ava ilab le  1 ,4 -b u tan d lth io l with 

2 equ ivalen ts of potassium  hydroxide in m ethanol, followed by alky la - 

tion  w ith dlbromomethane afforded compound 7_0 in 30% y ie ld . Com­

pound ,70 was formed a s  a co lo rless  liqu id , bp , 58 -65°C (1.8m m ).

Its  nmr (CDCl^, TMS) c o n s is ts  of two broad m ultlp lets centered a t 

6 2 .0 0  (4H) and 6 2 .80  (4H) and a sing le t a t 6 3 .85 (2H).

A lower boiling point compound 71., a s  a co lo rle ss  liqu id , bp . 

4 2 -50°C (1.8m m ), has been iso la ted  from th is  reac tio n . 71. has an 

nmr sim ilar to th a t of compound 70, but w ithout the sing le t p ro tons; 

I ts  nmr (CDCl^, TMS) shows two broad m ultlp lets cen tered  a t 

6 1 .98 and 6 2 .8 0  in  a ratio  of 1 : 1 .  The by-product 71. w as formed 

probably through th e  oxidation of d lpotasslum  sa lt  of 1 ,4 -b u tan d lth io l.

Treatment of th e  satu rated  compound 70 with n-butylllthlum  in 

tetrahydrofuran under nitrogen at -70° C produced a co lo rless  anion 

so lu tio n . This wa s quenched with methyl io d id e , benzophenone and

56of 46., ra ther than  the published procedure of Oae (which used  the

+

7 0 71



- 4 4  -

trlm ethy lslly l chloride to give 2 -m eth y l-1 ,3 -d ith iacycloheptane 7 2 a ,

diphenyl carblnol 72b and 2-trim eth y ls ily l-1 ,3 -d ith iacy c lo h ep tan e

7 2 c . re sp ec tiv e ly . Their s tructu res were characte rized  by th e ir  nmr

spectra  (summarized in Table VI). In a ll th e se  d e riv a tiv e s , the broad

m ultiplet of ^ w as sp lit into two very broad m u ltlp le ts , w hile

the signal-com plex for Hc _ stayed th e  sam e .
0 , 0

n-BuLi RX

Compound 6 H2 6 **4 /^ 7  6 6 R
(center) (center)

-----TT~
72a , r = c h 3 4 .2 3  (q) 2 .79 1 .98 1.50 (d)

*
72b , 

**

R=? ( C6HS>2

OH

5.56  (s) 2 .85 1.87 3 .65  ( s , e x ­
changed with 
D90>, 7 .2 2 -  
7r72 (m .lOH)

72c , R=Si(CH3 )3 3 .2 6  (s) 2 .70 1.85 0 . 0 0

*  * *
solvent: CDCl^, TMS; so lvent: CC l^, no TMS

Table VI: The NMR Chem ical Shifts of 2-S u b s titu te d -1 ,3 -d ith ia - 

cy c lo h ep tan es .
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Upon trea ting  with n-butyllithium  in  tetrahydrofuran a t  -70° C 

under n itrogen, followed by quenching with acetone and benzophenone,

2-trim eth y ls ily l-1 ,3 -d ith iacy c lo h ep tan e  72c could be converted into 

dim ethyl fulvene 73a and diphenyl fulvene 73b, re sp e c tiv e ly . (See 

Table VII.)

{  \ / 1Me3 1. n -B uli
a

— » Y ' " ~ \ ____/

L A
72c

2 . R2 C= 0

73

Compound 6 Ha
(center of m .) (center of m .)

6r

73a , R=R=CH3 2 .9 0 1.93 1.98  (s)

73b , R=R=CcH .D 3 2 .97 1.97 7.22 (b r.s)

so lvent: CDCl^

Table VII: The NMR Chem ical Shifts of K eteneacetals of 1 ,3 -D i-  

th ia cy c lo h ep tan e .

The sy n th es is  of b is  (vinylmercapto)methane 67 has been re -

57 58ported in  the lite ra tu re s , ' but we developed a sim pler route

leading to  6 7 . The sy n th esis  was performed by reacting  sulfur with

the com m ercially ava ilab le  vlnyllithium  in tetrahydrofuran under n itro -
59gen a t -70°C  to  y ie ld  lithium vinyl thio la te , followed by a Iky la -
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tion w ith dibrom om ethane, a s  shown below:

Ii s”u +

/  / CH9Br.
2 ' ' + 2 S   ^ 2    * 2 )

59

After w ork-up in  the u su a l m anner, the reac tion  mixture w as

so c lean  (only one spot showed on th e  t ic  p late) th a t one could u se

sim ple d is tilla tio n  to iso la te  the  desired  compound 6 7 . The dlvinyl

mercaptom ethane 67. w as obtained  in  40-45% y ie ld  as a co lo rless

liqu id , b p , 78-79°C (9mm): its  structure is  fully  confirmed by *H 

13nmr, C nmr, IR, UV and m ass spectrum .

1Hnmr (CC14 , TMS): 6 3 .92  (s ,2H ), ABXtype a t 6 5 .0 8 -5 .3 7  (m,4H)

and 6 6 .19 - 6 .6 3  (m,2H)

13Cnmr (CC1., TMS): 6 131.5 ppm (d, C . 7), 6 112 . 8  ppm (t, Cc J4 4 , / 0 , 0

and 6 34 .6  ppm (t, Cg)

IR(CC14 ) :  3100cm "1 , 1580cm "1

UV; = 227  (e4759)max

m ass spectrum : m /e  -  132(M+ , 11.5% ), 104(21.5% ), 73 (83.1%)

58 (24%), 45 (100%).
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For the bis(vinylm ercapto)m ethane 67 two major rou tes of 

fragm entation were proposed as  shown below:

b ^  +

- ( C H ^ C H ^ P a th  b

CH,

m /e 73

m /e  104

:sr-f£/@s:

m /e 56

Hi= a

HC=S
• a

m /e 45

Treatment of 67 with n-butyllithium  in  tetrahydrofuran under 

nitrogen a t -70° C y ielded  a straw -yellow  so lu tion  of anion 74 which 

w as quenched by trim ethy lsily l chloride and benzophenone to give the 

corresponding trlm ethy lsily lated  compound 75a and diphenyl carbinol 

75b, re sp ec tiv e ly . Compound 75a w as further trea ted  w ith n -b u ty l-  

llthium in tetrahydrofuran a t -70° C , followed by quenching with benzo-

w 
+
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phenone. 75a w as thus converted Into the expected diphenyl ketene 

th lo ace ta l 76.

( ^ c - o  v a ~ V h

74 75b

SiM e3Cl

s h - ° H

Cr H
1. n-BuLi

>
I Me

75a

The structures were characterized  by nmr and th e  ou tlines are

shown below:

Compound 7§a : nmr (CCl^, no TMS): 6 0 .0 0  (S,9H), 6 3 .1 7  ( s , lH ) ,  

ARX type a t 6 4 .9 6 -5 .2 5  (m,4H) and 6 6 .1 1 -6 .5 5  

(m, 2H)

Compound 75b : nmr (CClg.TMS): 6 3 .32  ( s , lH , exchanged with 

D20 ) ,  6 4 .9 0  ( s , 1H), ARX type at 6 5 .0 3 -5 .3 2  

(m,4H) and 6 6 .0 3 -6 .4 7  (m ,2H), 6 7 .1 2 -7 .5 7  

tm .lO H )

Compound 76 : nmr (CDCl^, TMS), ABX type a t 6 5 .0 9 -5 ,3 7  (m,4H)

and 6 6 .3 1 -6 .7 4  tm ,2H ), 6 7 .2 0  ( s , 10H ).
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Klnetlc A cidity: equlm olar m ixtures of 43. and 70. and 43 and

67 were sub jected  to  com petitive H /D -exchanges In t-butanol-O D  with

a ca ta ly tic  amount of potassium  t-b u to x ld e . The reac tions were

carried  out a t  constan t tem perature and the w ork-up involved quenching

with Ice w ate r, ex traction  w ith ether and vacuum d is tilla tio n . The

products were analyzed by nmr and gas-chrom atography/m ass sp ec-

60troscopy using a Finnegan 3300 instrum ent. The re su lts  are sum­

m arized In Table VIII.

43

70

o

KO-t-Bu
----------------J
t-Bu-OD

KO-t-Bu
 »
t-Bu-OD

24 h rs/85° 43 -  D.—  4 7 0 -D 2

4 3 -D _ 70-H „(32% )
4 h rs /8 5 °  ^  (30%) 4*

70-D ,(50% )

70-D ,(18% )

2 h rs/85° 43 -  D2 7 0 -H 2

10 m in/85° 43 -  D2 7 0 -H 2

30 m in/35° 4 3 -D 2 (51%) 7 0 -  H2

4 3 -  Da (41%)

4 3 - H 2 ( 8%)

30m in/50° 4 3 - D 2 (90%) 67.- H2

67 - D j(traces)

Table VIII: Base C atalyzed H /D -Exchange Result for 43., 70 and 6 7 .



It Is  apparent from Table VIII the th ree  compounds in v e s ti­

gated show very d ifferent k ine tic  ac id itie s  under the conditions em­

p loyed. In refluxing t-bu tano l-O D  compound 43. exchanges com pletely 

both protons in position  2 w ithin 10 m inu tes. The sa tu ra ted  model 

70 under th e  same conditions does not exchange a t a l l ,  w hile a fte r 24 

hours a t 85° C both compound 43. and 70 exchange com pletely th e ir  

protons in  position  2 . On b a s is  of th e se  re su lts  one can approxim ate­

ly estim ate  a re la tiv e  ac id ity  of 43. and 70 a s  follow s:

f irs t order k in e tic  ra te , k = 2 .303 x 1 /t  x log Cq/C

where C is  the In itia l concentration and C is  the fina lo
co n cen tra tio n .

After lO m in. 43 is  com pletely deu terated  and a fte r 24 h rs .

70 is  com pletely d eu te ra te d .

k . ,  = 2 .303 x 1/600 x log (C / C K ,43 o 43

k ?0 = 2 .303 x 1/24 x 3600 x log (Cq/ C )70

assum e: (Cq/ C )43 =" (Co/ C )70

hence: k ,„
V = A ! = 24 x 3600 _ . n

re la tive  k ?0 600

The re la tiv e  ac id ity  a t  85°C for 43. and 70̂  is  about 150.
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We should like to in terpret the Increased  acid ity  of 43 a s  

an indication of the increased  stab ility  (arom atlcity) of the planar 1 ,3 -  

dithia-4,6-cycloiu*ptadienyi anion 5_2, s tab ilized  by t t - electron  d e­

localization  with a "resonance energy" of approxim ately 3 K cal/m ol.

However, in view of a recen t publication by S treitw ieser 

34and Ewing, who attribu te  the stab ility  of a carbanlon next to sulfur 

to  polarization a t the heteroatom , one could argue th a t the increased  

stab ility  of unsaturated  anion 52. a s  compared with the satu rated  anion 

derived from 7 £ is  the re su lt of b e tte r polarization  a t the sulfur in  5 2 , 

due to the presence of polarizable t t - electrons a t the ad jacen t carbon 

atom . The anion of model compound 67_ should exhibit the same or an 

even g reater po larizab ility  than  th e  cyc lic  unsaturated  anion 5 2 . 

Therefore, if l ,3 -d ith ia -4 ,6 -c y c lo h e p ta d ie n e  43.and bis(vinylm er- 

capto)-m ethane 67_ show different a c id it ie s , the difference should 

clearly  e s tab lish  s tab iliza tio n  through t t -e lec tron  de localiza tion  in 

52. and thus characterize  anion 52. a s  a 10 tt -  heteroarom atic sy stem .

As apparent from Table VIIl, a fte r 30 min a t 50°C , 43 has 

nearly com pletely exchanged its  protons a t position  2, w hile 67 has 

exchanged hardly a t a l l .  This rem arkable different k inetic  ac id ity  b e­

tw een 43. and 67 a lso  suggests th a t the  planar l ,3 - d i th ia - 4 ,6 -  

cycloheptadienyl anion 52. is  s tab ilized  by tt -  electron  d e lo ca liza tio n .

The mass spectra l an a ly s is  of the products obtained from the 

H /D -exchange a t 85°C for 2 4 hr, show compound 43 had ac tua lly  in ­
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corporated four deuterium atom s, two of them in position  2 , the re ­

maining In the diene p art. An assignm ent of the position  of the th ird

1 13and th e  fourth deuterium atom on b a s is  of the H and C nmr proved 

to be d ifficu lt. However, th is  assignm ent w as made possib le  through 

use  of the photoisom er of 4 3 .

Upon Pyrex filtered  irrid iation  with a 450 W Hanovia H g-lam p, 

compound 43 w as converted into i ts  photoisom er, 2 , 4 -d ith iab icyc lo  

( 3 ,2 ,0)heptene ZL, in quan tita tive  y ie ld  (Scheme VIII). 77_ w as ob­

ta ined  a s  a co lo rless  o il, bp 30-33° (0.05mm); its  *H nmr spectrum 

c o n s is ts  of a s ing le t a t 6 5 .77  (2H), a s ing le t a t 6 5 .0 0  (2H) and an

AB system  centered  a t 5 3 .8  (2H) w ith a coupling constan t of 12 Hz ;

13its  C nmr spectrum co n s is ts  of th ree  signals a t $ 134.6 ppm, 5 61 

ppm and 6 3 5 .8 p p m ; m ass spectrum : M+ a t m /e "  130 (22%), m /e "  

103 (17%), m /e = 84 (100%), . . .  and e tc .

Following the same sequence , the te tradeutero  derivative of 

43 w as converted into the photoisom er 7 7 -d . . Its  *H nmr spectrum—  —  4

showed only one sing le t a t 6 5 .7 5 . This clearly  e s ta b lish e s  the p o si­

tion  of the add itional two deuterium  atoms a t carbons 4 and 7, next to 

the  sulfur (Scheme VIII). This resu lt com pares w ell w ith sim ilar ob­

servations made during the deuteratlon  of thiophene and v lny lth io - 

ethers
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43

hv

(c h 3)3c o p

(c h 3)3c o k

24 h/85°

77

4 3 -d . —  4

hv

D

43-d2

77-d —  4 Scheme VIII

The two deuterium s a t position  2 of compound 43-d^ have 

been com pletely exchanged in  t-b u tan o l with a c a ta ly tic  amount of 

potassium  t-bu tox ide  a t 85°C for 10 m inutes to  give 43-d^ (Scheme VIII)

the *H nmr spectrum of w hich showed a s ing le t a t 6 4 .1 3  (2H) and a

13 1broad s in g le t a t 6 6 .3 0  (2H); the C nmr spectrum ( H decoupled and

off resonance decoupled) showed th ree  signals a t  6 127.9 (peak height =

12%), 6 124.2 (58%) and 6 39 .3  (37%). The higher peak a t 6 124.2

should be assig n ed  to C .  , because th e  height in c rease  is  from the

62 13co llap se  of C-H spin m u ltlp le ts . Thus, th is  C nmr spectrum is

found to  be usefu l for the assignm ents of and in the spectrum

of the parent compound 43.. (See Table in.)

Equilibrium A cidity: in  view of un certa in ties  a sso c ia ted  with

the in terpretation  of k inetic  data by the ex isten ce  of fac to rs such a s
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63in ternal return and ion p a irin g . We a lso  stud ied  the equilibrium  

ac id ity  of 43, 67. and 70.

Addition of an equlm olar amount of the d lene 43 to  the 

co lo rle ss  solution of anion derived from 70 a t -70° C, then holding 

the reaction  mixture a t 0° C for 2 h o u rs , produced a deep red solution 

of the anion 52. (see page 24) which was quenched a t -7 0 °C with 

fresh ly  d is tilled  trlm ethy lslly l ch lo ride .

After w ork-up in the u sua l manner and d is tilla tio n  under 

vacuum , the nmr spectrum of the reaction  mixture w as recorded . From 

the spectrum shown, the reaction  gave exc lusive ly  the 2-trim ethy l- 

s i ly l - 1 ,3 -d ith ia -4 , 6 -cyclohep tad iene 53b and no trim ethy lsily l 

derivative from the satu rated  an io n . The re la tiv e  areas of the nmr 

s in g le ts  a t 6 3 .13  in  compound 53b . a t 6 3 .82  in compound 7£ 

and a t 6 4 .13  in compound 43. are  1 9 .5 , 110  and 4 2 .1 , re sp e c ­

tiv e ly . In other w ords, the reac tion  mixture contained 22% of 43, 

57,5% of 70 and 20.4% of 53b.

The experim ent w ith b is (vlnylmercapto)methane §7_ had the 

same resu lt th a t th e  reaction  gave exc lusive ly  the compound 53b . 

Based on NMR spectrum a n a ly s is , the re la tive  a reas  of nmr sin g le ts  a t  

6 4 .15  in compound 43., a t 6 3 ,97 in  compound 67.and a t 6 3 .18  in 

compound 53b are 21, 35 and 9 .1 ,  re sp ec tiv e ly . In o ther w ords, the 

reaction  mixture contained 28.3% of 43., 47.2%  of 67 and 24.5% of 

53b .



43

-1

52 70

S iM e 3Cl

6 4 .1 3

43

H 2 +

6 3 .13 6 3 .82

'— H

70S3b

S iM e.C l

67
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As the re su lts  Ind ica ted , in the above equilibrium  equation , 

the rate constan t k j is  much larger than the ra te  constan t k_^ in both 

c a se s  because the stronger acid 43 is  m etalated com pletely by the 

stronger base derived from 70 or 67 .

A. S tre itw ie s e r^ 3 ' 6^ has shown that hydrocarbons w hose ther­

modynamic ac id ity  is  proportional to the difference in  n -d e lo ca liza tio n  

energy (AE ) between the carbanion (E ) ._  and the parent hydrocarbon
TT TT A

flC-n̂ AH . It appears from these  re su lts  that the increased  thermodynamic 

ac id ity  of 43. re la tive  to §7_ or 70. is  due to the rr-d e lo ca liza -

tion energy of anion 52. w hich is much larger than the tt-d e lo ca liza tio n  

energy of the anions derived from 67̂  or 70., (Note: n -d e lo ca liza tio n

energy, AE , is  expressed  by 3 which is  a negative value). The
tt

greater resonance s tab iliza tio n  energy of anion 52. must be the resu lt 

of its  arom aticity . Thus, l,3 -d ith ia -4 ,6 -c y c lo h e p ta d ie n y l anion 52. 

rep resen ts a 1 0  tt-e lec tro n  heteroaroma tic  sy stem , although the degree 

of aroma tic ity  seem s to be sm all.
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D) KINETIC ACIDITY OF SUBSTITUENT 1 ,3-DITHIA-4, 6 -CYCLQ-

HEPTADIENE

3 4A . S t r e i t w le s e r  h a s  s h o w n  th a t  2 - m e t h y l -  1 ,3 - d i t h l a n e  I s

g
l e s s  a c i d i c  th a n  t h e  p a ren t co m p o u n d  b y  a  fa c to r  o f  10  d u e  t o  th e  

e l e c t r o n  d o n a t in g  s u b s t i t u e n t  e f f e c t  o f  a  m e th y l g r o u p . T h u s , o n e  

w o u ld  p r e d ic t  2 - m e t h y l - l , 3 - d l t h l a - 4 , 6 - c y c l o h e p t a d l e n e  5 3 d  i s  a l s o  

l e s s  a c i d i c  b y  a  fa c t o r  o f  a b o u t  10® th a n  th e  p a ren t co m p o u n d  43. i f  

t h e  s y s t e m  i s  w ith o u t  T T -d e lo c a liz a t io n , a n d  o n ly  th e  in d u c t iv e  s u b s t i ­

tu e n t  e f f e c t  o f  a  m e th y l g r o u p  i s  in v o lv e d .  In v i e w  o f  th e  p r e v io u s  

k in e t i c  a c i d i t y  s t u d y ,  c o m p o u n d  5 3 d  w o u ld  th e n  b e  e x p e c t e d  to  b e  

m u ch  l e s s  a c i d  th a n  th e  s a tu r a te d  m o d e l 70  or  t h e  a c y c l i c  m o d e l 6 7 .

O n  t h e  o th e r  h a n d , i f  t h e  n e g a t iv e  c h a r g e  in  c a r b a n io n  78  

t e n d s  t o  b e  d e l o c a l i z e d  th r o u g h  su lfu r  a to m s  a n d  fo rm s a  1 0  r r -e le c tr o n  

s y s t e m ,  th e  s u b s t i t u e n t  e f f e c t  e f f e c t s  o n  th e  a c i d i t y  o f  5 3 d  s h o u ld  

b e  l e s s  im p o r ta n t .

C H*CH

78
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T hus, the study of the k ine tic  ac id ity  of 2-m eth y l-1 ,3 -  

d lth la -4 ,6 -cy c lo h ep tad len e  and th e  re la ted  m odels, 67. and 70., is  yet 

another approach to  solve the question  of w hether or not l ,3 -d i th ia -4 ,  

6 -cyclohep tad ieny l anion 52. rep resen ts  a 10 tt-e lec tron  heteroaro- 

m atlc system .

The equim olar mixture of 53d and 70, and the equimolar mix­

ture of 53d and 67 were sub jected  to com petitive H /D  exchange in  t -  

butanol-O D  with a ca ta ly tic  amount of potassium  t-b u to x id e . The re ­

ac tio n s were carried  out a t constan t tem perature. After work-up in 

the u sua l w ay, the reaction  mixture w as d is tille d  under vacuum , and 

the  products were carefu l an a ly s is  by nmr in teg ra tion . The re su lts  are 

summarized in Table IX and X. (For the ca lcu la tions see  the  experi­

m ental p a rt.)

For the double check , the equim olar mixture of 70 and 67. 

were subjected  to  com petitive H /D  exchange in  the same m anner.

The re su lt (see Table XI, the ca lcu lation  se e  experim ental part) in d i­

cated  th a t the  sligh tly  more ac id ic  of compound 67 re la tiv e  to compound 

70 ( 5 .5 :1 )  Is in agreem ent with the re su lts  obtained from Table IX 

and X.

From Table IX and X, th e se  re su lts  ind icated  th a t 2-m ethyl-

l,3 -d ith la -4 ,6 -c y c lo h e p ta d le n e  is  s t i l l  more ac id ic  than the saturated  

compound 70 and now sligh tly  le s s  ac id ic  than the  acy c lic  compound 

67 . An expected  large substituen t effect of the methyl group In the
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C X 511 O  “

»2 vinyl
CH3 »2 (c h 2)2

Actual Ratio of 
Integration unit*

* 16, 14 145, 149 19, 17 155, 155
** 0.45 5.4 5.8

Theoretical Ratio 
of Integration unit*

* 1 (36.3, 39 ) 4(145, 149) 1 (77.5) 2 (155)
*M (1.9331 4(7.731 3(5.8)

% of Deuterium 
Exchanged for 1 H

* 61.7%  

•* 76.7 %
38.4%

X of Unexchanged 
Material

* 38.3 % 

“* 23.3 %
61.6%

Relative Rate * **
2 -  3 1

*  • #  
based on vinyl based on CH^

Table IX: H/D Exchange of 2 -Methyl-1 ,3-dithla-4,6-cycloheptadlena and 1,3-Dlthla- 

cyclohaptanaat 75* C for 3.5 hour*.

C X 5* O

«2 c h 3 H2 CHl"

Actual Ratio of 
Integration units 17, 17 55,56 11, 11 51, 50

Theoretical Ratio 
of integration units 1 (18.33, 18.67) 3 (55, 56) 1 (25.5, 25) 2 (51, 50)

% of Deuterium 
Exchanged for 1 H 8.1% 28.2%

% of Unexohanged 
Material 91.9% 71.8%

Relative Rata 1 3.93

Table X : H/D Exchange of 2-M ethyl-1, 3-4LthU-4, 6-cycloheptadlene and Bls-

(vlnylmarcapto)mathana at 50“C tor 1 hour.



67

H2

liCM
Xo

H2 {CH2 >2

Actual Ratio of 
Integration un its 20 194 54, 55 146, 145

T heoretical Ratio 
of in tegration  un its 1 (97) 2 (194) 1 (73, 72.5) 2 (146,145)

% of Deuterium Ex­
changed for 2 H 79.4% 25%

% of Unexchanged 
M aterial 2 0 . 6% 75%

Relative Rate 5 .5 1

Table XI: H /D  Exchange of Bis (vlnylm ercapto)methane and 1 ,3 -D ith la - 

cycloheptane a t 50°C for 2 hours and 40 m inu tes.

l ,3 - d i th i a - 4 ,6 -cyclohep tad lene system  is  not observed . A possib le  

explanation  for th is  sm all substituen t effect is  th a t the negative charge 

in  carbanion 76 could be electron-through conjugated w ith sulfur and 

the carbon-carbon double bonds and therefore Is a 1 O tt-electron  

heteroarom atlc 1 , 3 -d ith la -4 , 6 -cyclohep tad ieny l an ion .
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m . RING ENLARGEMENT OF CARBINOL DERIVATIVES OF 1 ,3 - DITHI-

ACYCLES.

As mentioned befo re , In order to  obtain diphenyl ketene th io -  

a c e ta l 5 8 a . we have attem pted th e  dehydration of d iphenyl 2 - (1 ,3 -  

d lth ieplnyl) carblnol 53c in  the  presence of a ca ta ly tic  amount of 

p -to luenesu lfon ic  ac id  in  a D ean-Stark tra p . The reaction  did not give 

the expected  product ketene th lo ace ta l 58a (see page 31), but in ­

stead  gave an isom eric compound w hich formed w hite c ry sta l having 

mp. 101-102° C ; nmr (CDClg, TM S): 6 6 .75  ( s , lH ) ,  6 7 .21  (b ro a d s , 

5H), 6 7 .4  (broad s ,  4H) and an  underlying m ultip let of about 4H b e­

tw een 6 6 .8 5  and 6 7 .5 ;  229nm (e2 1 ,7 0 0 ), 298nmmax

(e 1 5 ,340 ); m ass spectrum : M+ a t 294 (100%).

6 8H. W asserm an has reported th a t the carblnol 78 underwent 

cyclodehydration to  g ive the ring c lo sed  product 79. as  shown b e -

OH TsOH X  1— * v

79
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Based on the obtained spectra and following the same m echa­

nism a s  reported by W asserm an, we propose th e  structure of th is  Iso* 

m eric product a s  a ring enlarged compound 8 0 .

53c

However, the carb lnol deriva tives of 1 ,3-d ith iane 8_1 can 

undergo dehydration in the p resence of p -to luenesu lfon ic  ac id  to  give

ketene th lo ace ta l 82.in 97% y ie ld , a s  reported by Corey and

_ , . 3 7 ,3 8 ,6 6S eebach .

R

8JL

a . R-R=CH,

•OH
TsO H /benzene

-H nO

82

a . R=R=CH,

b . R-R=CcHc 6 5 b . R=RS=C He 
6 5
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In the sulfur compounds containing a leaving group 0  to the 

sulfur atom , the heteroatom  w ill generally  In teract with th e  electron 

d if f id e n t carbon bearing the leaving group to form a cyc lic  sulfonium 

io n . C onsequently , the reaction  ra te  is  a c ce le ra te d . The evidence for 

the formation of a cyc lic  sulfonium ion in a re la ted  case  is  the obser­

vation th a t both 83 and 84 are  transform ed to  the same chloride 85. 

on treatm ent with H Cl. This is  expected if the isom eric starting

alcohols are transformed to a common in term ediate , the cy c lic  su l-  

65fonlum ion 8 6 .

^.CHgOH

CH -C H --S-C H CH_
I 3

N  C1

cl—* cHjCi ŝciyiHci^

‘  N jh

CH3CV

CHOH
86 85

CH3

84

Therefore, the dehydration mechanism in  the ca se  of carblnol 

81 could be formulated a s  below:
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; o t s

R

In order to  answ er w hether the ring enlargem ent of diphenyl 

2—(1 , 3 -d ith iep inyl) carblnol is  a sp ec ia l c a s e , we have investiga ted  

some other carb lnol derivatives of 1 , 3 -d ith iacy c les  under the same 

co n d itio n s .

Treatment of carblnol 72b in  the same way gave two dehydra­

tion  p ro d u cts . One Is ketene th io ace ta l 73b and the o ther one Is the 

ring enlarged compound 87 which is  proposed based  on nmr and m echa­

n is tic  considerations; nmr (CDCl^, TMS) : 6 1 .75  (broad m ., 4 H ),

6 2 .68  (center of broad m . ,  4H ), 6 6 .5 7  ( s , l H ) ,  6 7 .23  and 6 7 .35 

( s , s ,  ca 9 H ).

TsOH

72b 73b 87
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CH,

1 .n-BuLA
2 .C H jC H O

89

—OH

TsOH

CH

OH

CH

>

CH

-H

.CH

CH
93

-H

94

CH,

CH,

SCHEME DC
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In the presence of p -to luenesu lfon ic  ac id  th e  carblnol 88 was 

obtained by treating  2-m eth y l-1 ,3 -d ith ian e  89_ w ith n-butyllithium  at 

-7 0 °C followed by quenching with ace ta ld eh y d e , then dehydration in 

a D ean-Stark ap p ara tu s , g iv ing , in  70% y ie ld , 2 , 3 -d im ethy l-1 ,4 -  

d ith ia -2 -cy c lo h ep ten e  90 a s  a co lo rle ss  liqu id , bp . 52-53°C  (0.05mm). 

This compound has the id en tica l nmr spectrum w ith the product of m ethyl- 

atlon  of 2 -m e th y l-l,4 -d ith la -2 -c y c lo h e p ten e  (see part n, page 99); 

nmr (CC14 , TMS ) : 6 3 .30  (t, 4H, J 's  7 Hz) ,  6 2.06 (quintet, 2H, J 's  7 

H z ) ,  6 1 .7 8  (s, 6H). ir (neat): 1613cm * (C=C). O bviously , the d e ­

hydration of carblnol 88 proceeds v ia  cyc lic  sulfonium ion 90 fo l­

lowed by lo ss  of a proton to give exc lu sive ly  the ring enlarged product

The example of transform ation of a 1 ,3 -d lth lan e  derivative to

a seven-m em bered ring has been reported by M arshall and Roebke.

The cyc lic  sulfonium ion w as opened by lo ss  of H Instead  of H.a d

91

or Hc

c
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Several attem pts have been made to sy n th esize  th e  In teresting

20 23 25 69
1 . 4 -d ith ioc in  .13 ' ' ' which is  considered to  be the b e s t can -

20 70dldate for a 10 tt -heteroarom atic s ulfur-com  pound. ' So far only

th e  eno lace ta te  20  w ith th e  structu ra l elem ent of a fully  conjugated 

231 .4 -d ith io c in  is  known.

I— OCOCH

2013

In view  of our stu d ies on th e  transform ation of dith lane carblnol 

to ring enlargem ent product, we proposed a route to the dimethyl deriv ­

a tiv e  of 1 ,4 -d ith io c in , 96.. If 1 ,4 -d ith io c in  is  therm ally u n stab le , a s

20 23 24reported by Coffen, Bickelhaupt and Eggelte, ' it  would ea s ily

be converted into i ts  valence isom er (an in ternal D iels Alder reac tion ), 

b lsep isu lfide  97.. Then, if th is  is  followed by desu lfu riza tio n , o -xylene 

w ill be the final product and it should be d e tec tab le  by gas chroma­

tography .

H

96

3 CH
 > CHH3

97

TsOH

CH
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Compound 95. was prepared by trea ting  2 -m eth y l-1 ,3 -d ith ia -  

4 , 6 -cyclohep tad iene (53d)  w ith n-butyllith ium  under nitrogen a t -7 0 °C ,

followed by quenching with ace ta ld eh y d e . Compound 95 formed as  a 

yellow  o il; b p . 83° (0.05 mm);  nmr (CC1^,TM S): 6 6 .20 (b ro a d s .

4H),  64 .0 6  (q, 1 H ), 6 2.72 (broad s ,  1H, exchanged w ith DgO),

6 1.61 ( s , 3 H ) ,  6 1 .31 ( d , 3 H ) .  The mixture of compound 95 and a 

ca ta ly tic  amount of p -to luene  sulfonic ac id  in  benzene w as refluxed for 

3 hours under nitrogen a t 100° , and checked by GC from tim e to tim e. 

U nfortunately, o -xy lene  w as never observed and the  m aterial decom­

posed (a se rie s  of spots appeared on tic  p la te ) . The same fa te  w as ob­

served in  the ca se  of 2- ( l , 3 -dith iepinyl)m ethanol 95a , the analogue 

of compound 9 5 . This w as obtained  in  ca 85% y ie ld  through th e  re ­

ac tio n  of l ,3 - d i th i a - 4 ,6 -cyclohep tad ieny l anion 52. w ith paraform al­

dehyde under nitrogen a t -70° C.

The dehydration of the satu rated  carbinol 98 w as a lso  in v e s ti­

gated under the same cond ition . The product did not give the expected 

eight-m em bered ring compound 99., but in stead  gave 1 ,2 -d lth ian e  71. 

which had id en tica l nmr, i r ,  value of t ic  and re ten tion  time on 

GC w ith an au then tic  sam ple .

i  TsOH
CH0OH—^ — >

52 95a 13
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1. n-BuLl
2 . CHjCH

OH

72a 98

TsOH

71

99

■CH,

•CH,

A p o ssib le  mechanism for th e  dehydration of 98 leading to  71 

w as proposed a s  below:

— OH

+
H

98

->
7 *
III

tin.

71



70

From a review  of th is  study , we can not represen t th is  type 

of dehydration by a common m echanism . As we s e e , th e  six-m em bered 

ring of diphenyl carbinol 82b undergoes dehydration to  form a ketene 

th lo ace ta l 83b , w hile the unsaturated  seven-m em bered ring of d i­

phenyl carbinol 53c undergoes cyclodehydration to give a ring en ­

larged product 93, and the sa tu rated  seven-m em bered ring of d i­

phenyl carbinol 72b gives both ketene th lo ace ta l 73b and the ring 

enlarged product 87 .

82b 83b

53c 93

72b 7 3 b 87
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A possib le  reason  for th ese  different reac tion  pathways could 

be th e ir  d ifferent geo m etries . From the m olecular m odels shows tha t 

th e  dihedral angle betw een C-S and S -C , 0 , is  getting  larger 

when the size  of ring is  increasing  from five to  seven , ( i . e . ,

Thus, we proposed th a t the key for understanding th e se  different 

reac tions lies  in  the d is tan ce  betw een sulfur and the benzene ring 

which is  a ttached  on f i -C.  In the unsaturated  seven-m em bered

l ,3 - d i th ia - 4 ,  6 -cyclohep tad iene ring th e  sulfur is  c lo se r to  the  ben­

zene ring than in the sa tu ra ted  six-m em bered 1 , 3 -d ith ian  ring , b e­

cause  the m olecular shape is  much puckered in  th e  seven-m em bered 

ring (see the diagram ). Therefore, the sulfur a ttack s  the benzene 

ring more ea s ily  in  the seven-m em bered ring ( i .e .  53c and 72b).
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The alternative  p o ssib le  reason for the  seven-m em bered 

ring can undergo ring enlargem ent is : th e  satu rated  seven-m em bered 

ring may lose  the non-bonded transannular in te rac tions upon ring en ­

largement , w hile the unsatu ra ted  seven-m em bered ring may fla tten  

th e  m olecule upon ring expansion .
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PART TWO 

1, 4-DITHIA-2, 5-CYCLQHEPTADIENE

I . THE SYNTHESIS AND CHARACTERIZATION OF 1.4-DITHIA-2,5 

CY CIQHE PTADIENE

l,4 -D ith ia -2 ,5 -c y c lo h e p ta d ie n e  44 has been syn thesized  by

two independent rou tes: by a Pummerer reaction  on l ,4 - d i th ia - 2 -

cycloheptene 102, and by the elim ination of HX from the benzene-

sulfonatef 110) of l ,4 -d ith ia -2 -c y c lo h e p te n -6 -o l 103 . The d e ta ils

are shown below:

A) Pummerer Reaction

The decom position of su lfoxides in  hot a c e tic  anhydride,

71a reaction  analogous to th a t o rig inally  reported by Pummerer, has
72

been shown to be an  a ttrac tiv e  preparative route to  certa in  ct,&-  

unsaturated  s u lf id e s .

f  (CH CO) O
R-S-CH2 -C H 2 - R ' -------- -------R-S-CH=CH-R'

This reac tion  could a lso  be extended su ccessfu lly  to  hetero­

cyc lic  compounds containing more than  one sulfur atom . In 1963,

73Parham reported th a t 1, 4 -d ith ia n e - l-o x ld e  in ac e tic  anhydride re ­

ac ted  smoothly a t steam  bath tem perature, and 1 , 4 -d ith iene  w as
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obtalned in  53% y ie ld .

O
t

o
(CH3 C0 ) 20

100°C

74
Later on, S ch lesslnger and Fonticello su ccessfu lly  applied

th is  method to sy n th esize  th e  heterocyclic  th iep ln  101 (in 50% yield) 

by a brief treatm ent of the corresponding vinyl m onosulfoxide 100  

with freshly  d is tille d  ac e tic  anhydride a t 150°C, in th e  absence  of 

oxygen. Therefore, one might be ab le  to  employ th is  reac tio n  for the  

preparation of compound 44 from the corresponding m ono-olefin

l,4 -D ith ia i-2 -cyclohep tene  102 w as obtained  in 48% y ie ld  

by trea ting  1 ,3 -propaned ith io l w ith b a s e , followed by cycloalkylation  

with c is-d ich lo ro e th y len e .

1 0 2 .

100 101

Cl

102

The mechanism of the b ase -ca ta ly z ed  reac tion  of c is -d lch lo ro -  

ethylene with th io ls  has been shown to  proceed v ia  the "elim ination-



- 7 5 -

addition" m ech an ism ^  shown below:

cr

b= - \

addition

BH

B -H
" E2" 

B“

addition
BH

102

Compound 102 formed a s  a co lo rless  o il ,  bp . 91-93° (15mm),

and its  structure w as characterized  by nmr, i r ,  UV and m ass spectrum:

nmr (CDClg, TM S) :  6 2 .17  (quintet, 2H ), 6 3 .50  ( t,4 H ), 6 5 .95

(s ,2 H ) ; ir  (n e a t) : 3018cm 1530cm UV: 294nm (shoulder,

e4 3 2 6 ), X*01* 287 nm ( e = 4805 ), 235 nm (shoulder, e 1473 ) m ass max

spectrum : M a t m /e  132, and m /e a t 103, 99, 73, 45, . . .  e tc .

Compound 102 w as oxidized w ith 1 equivalent of 30% hydro­

gen peroxide a t 0° C in a c e tic  ac id  or m -chloro-perbenzoic ac id  in 

chloroform a t  0 °C . W ithout iso la tio n  of th e  su lfoxide, the dark r e s i­

due remaining a fte r removal of so lvent was d isso lved  in  a c e tic  anhy­

dride and refluxed under nitrogen for 3 hours. After w ork-up, the 

residue w as d is tille d  in vacuo to g ive a constan t boiling mixture (ca



55% yield) containing the des ired  diene 44 (relative y ie ld  65%, based  

on GC a n a ly s is ) , the starting  m aterial 102 (relative y ie ld  22%) and a 

by-product (relative y ie ld  12% ) for w hich as  the structure of a v in y l-1 , 

3 -d ith io l 104 w as proposed. In add ition , 5 -a c e to x y - l ,4 -d i th ia -2 -  

cycloheptene 103 w as formed in ca 4S-50% y ie ld .

Compound 104 w as formed probably as  the re su lt of a therm al 

rearrangem ent of the diene 44 .
OAc

0
0

Ac2 ° + 102

102 104

The mechanism of th e  Pummerer reaction  is  s t i l l  not c le a r ,73

but one could propose a mechanism a s  ind icated  below:

(CHjCC^O
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B) Elimination of Benzene sulfonate

The Pummerer reac tion  alw ays gave compound 44 con­

tam inated by the starting  m ono-olefin 102. We found th a t the po lari­

t ie s  and th e  boiling points of d iene 44. and m ono-olefin 102 were too 

c lo se  to  allow  purification by chromatography and frac tiona l d is t i l la ­

tio n . H ence, we decided to try  another approach leading to  compound

44-

A compound of structure 105 having good leaving group such 

a s  bromine or to luenesulfonyl group on the 6 position  should , a fte r 

elim ination with b a s e , y ie ld  the  desired  diene 44 and the model 

105 should ex is t w ith a d ifference both in polarity  and boiling point 

su itab le  for la te r sep ara tio n .

l,4 -D ith la -2 -c y c lo h e p te n e -6 -  ol 106. the precursor of the  

model 105. has been syn thesized  by a manner sim ilar to th a t used 

for the syn thesis of compound 102 , a s  shown below:

— X

105

X = Br or OTs

3 NaOCH 3 N a O -

106
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Alcohol 106 formed a s  a w hite needle c ry s ta l, mp» 53-54°C

afte r recrysta lU zatlon  from b en z en e -p e t. e th e r. Its nmr spectrum

co n s is ts  of a sing let a t 6 3 .06  (1H), a m ultlp let a t 6 3 .3 5 -5 3 .5 1  (5H)

13and a s in g le t a t 6 6 .03  (2H); the C nmr spectrum co n s is ts  of th ree 

sig n a ls  a t 121 ppm, 69 .5  ppm and 38 .4ppm .

Treatment of alcohol 106 w ith PBr^ in  dry benzene or In 

pyridine did not give the corresponding bromide 107. but gave a ring 

contracted Isom er, 6 -brom om ethyl-l ,4 -d ith ia -2 -cy c lo h ex en e  108.

The same ring contraction  giving 6 -ch lo ro m e th y l-l,4 -d ith ia -2 -c y c lo -  

hexene w as observed when the alcohol 106 w as trea ted  with to lu en e- 

sulfonyl chloride in py rid ine .

— OH
PBr3

106

DBN

—>

107

109

108

76As reported by Fuson, th is  ring contraction by rearrangem ent 

of a 0 -halogeno-su lfide  w as a lso  observed during the  reaction  6 -h y -  

d ro x y -l,4 -d ith lacy c lo h ep tan e  110 with th ionyl ch loride ,

H
SOC12 - C l
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The bromide 108 w as further treated  w ith 1 ,5 -d iaz ab ic y -  

c la [4 ,3 ,0 ]n o n -5 -e n e  (DBN) to yield the exocyclic  olefin  109 .

However, the corresponding benzene sulfonate 111 can be 

su ccessfu lly  ob ta ined , w ithout ring con trac tion , by treating the a lc o ­

hol 106 with powdered potassium  hydroxide in dry ether followed by 

addition  of benzenesulfonyl ch lo ride . W ithout iso la tio n  of the un­

s tab le  benzene sulfonate 1 1 1 , treatm ent w ith a su sp en sio n  of po­

tassium  t-butoxide gave an excellen t y ield (85%) of the desired  d iene 44 

(purity: 84% -98% ).

A trace of compound 109 (0-10%, based  on G .C . an a ly sis )  

w as observed in th is  reac tion  (having an id en tica l reten tion  time on 

GC with the compound obtained from the reaction  of 108 w ith DBN) 

and its  amount in reaction  products seem s dependent on the amount of 

w ater in  the reaction  sy stem . If the system  is  d rie r, the amount of 

compound 109 is  le s s .  Probably the carbonium ion or the form s ta ­

b ilized  by lone pair electrons on sulfur could be s tab ilized  by w ater 

(polar so lv en t) , and therefore favor the formation of 109. (SN 

1/E l  co n d itio n s .)

1. KOH/ether (CH^COK

106 111
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i t ' :  B

+

109

1 ,4 -D ith ia -2  ,5 -cyclohep tad iene  44 formed a s  yellow  o il,

bp . 31° (0 . 1 2  mm) and its  structure w as characterized  by nmr, 

13C nmr, ir , UV and mass spectrum .

XH nmr (60 M H z, CD Clg, TMS) : 6 3 .70  (d ,2H ), 6 5 .8 0 -6  6 .75

(m ,4H ). 

13C nmr (CDC1-, TMS): 135.3 ppm, 125.1ppm , 123.2ppm ,

1 1 7 .8 ppm and 33.1  ppm.

ir (CDC13) : 3020cm - 1 , 2960cm - 1 , 2920cm - 1 , 1608cm-1 .

UV: \  =310nm  (shoulder, e =  1393 ) , 285nm (e = 3366),max
EtOH = 240  nm (eM 2089). 
max

m ass spectrum : M+ a t m /e 130 (60%), m /e a t 129 (M - 1 ,

32%), a t 103 ( [ ^  ,100%), a t 97 ,3 9 % )...  e t c . (a proposed mech­

anism  is  d iscu ssed  on page 113).

-1 - 1 -1
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The m ultiplet betw een 6 5 .8 0  -  5 6 .7 5  w as sp lit in the 220 MHz 

spectrum / the coupling constan t and the peak assignm ent are outlined 

a s  below:

6 5 .83 (d/d; J ^ 3 = 10.2 Hz; $ = 1.74 Hz)

6 6 .03 (d,d ; Hg , J^ 6 = 9 .2  Hz; J3 1.74 Hz)

6 6 .29 (d ,H 2; J2 ^3 = 10.2H z)

6 6.47 (center of t /d  ; Hc , Jc = 9 .2 H z ; J  =7 Hz)0 3 0 O D t *

The observation of a W -coupling between H . and Hc w ith ao o

] = 1.74 Hz su g g ests  the m olecule is  a h a lf-ch a ir  conformation: the 

two su lfur atoms are coplanar w ith the four o lefin ic carbon a tom e, w here-
3

a s  the sp  -hybrid ized  C7 is  out of the plane of the m olecule. Thist

W -type coupling w as found to be very usefu l for the la te r structure d e ­

term ination of the products of alky lation  of d iene 44_,

1 13Both the H and C nmr spectra  of 1 ,4 -d ith ia -2 ,5 -c y c lo ­

heptadiene showed a strange chem ical sh ift rev ersa l of the usual s e ­

quence a t positions 5 and 6 .

In vinyl su lf id e s , norm ally/ protons a  to  sulfur have a lower

chem ical sh ift than  th a t of protons £ to su lfu r. For in s ta n c e , m ethyl-

84 85m ercaptoethene 126 and phenyl me rcaptoe the ne 127 the chem ical

sh ifts  of the H are  lower than those  of Hfl , a s  shown in the diagram
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b e lo w :

5.07 ppm 6.34  ppm 5.05 ppm 6 .26  ppm
H* H H . H

<  /  a  /  / cl
X  =C ^ C = C
/  \  /  \  

S-C H - H
126 127

The shielding e ffec ts  on the a  and £ -pro tons are  the net 

resu lt of two opposing e f f e c ts , the inductive effect of the S-atom 

which c a u se s  a po larization  of the rr-electrons as  shown below:

H,

6 +
/

and the resonance e f fe c t , represen ted  in  the resonance structu res 

below which sym bolize qua lita tive ly  a s tab iliza tio n  of the vinyl s u l­

fide unit:

H

S —

6 H > 6 H

Based upon th is  argum ent, one could say  that the resonance of 

sulfur electron  pairs with carbon tt- e lectrons does not appear to  be as 

s ign ifican t in 1 ,4 -d ith ia -2 , 5 -cyc lohep tad iene , a s  it is  in  126 or 127.
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At th is  moment no sa tisfac to ry  explanation is  a v a ila b le .

Further s tu d ies are under way in th is  laboratory.

II. BEHAVIOR OF 1 .4-DITHIA-2 ,5-CYCLOHEPTADIENE TOWARDS 

n-BUTYLITHIUM IN TETRAHYDROFURAN

Treatment of 1,4 -d ith ia -2 ,5 -cy c lo h ep tad ien e  44_ w ith n -  

butyllithium  in  tetrahydrofuran under nitrogen a t  -7 0° C produced a 

deep red so lu tion  from w hich a fte r hydrolysis the starting  m aterial was 

ob tained . The color of the red solution changed a t c a . -15°C  to 

brown-green and a muddy-like p recip ita te  appeared . Again hydrolysis 

gave the starting  m aterial back in alm ost quan tita tive recovery.

The resu lting  red anion solution was stirred  a t 0°C for 10 min­

u te s ,  then w as quenched w ith chlorotrim ethylsilane a t -7 0 °C . After

w ork-up the reaction  products contained 6 6% of an  unexpected com­

pound which formed a s  a yellow -golden o il, bp . 55° (0 . 1 2  mm) and

34% of the starting  m aterial 44 (based on GC a n a ly s is ) .

1 13Based upon H nmr (60 MHz and 220 M H z), C nmr, ir ,

and m ass spectrum , we assigned  the structure of the ring opened a c e ­

tylene 112 for th is  unexpected product.

ir (neat): 3077 cm 1 (C -C ), 2941cm 1 (alkane), 2577cm 1 (S-H), 

2128 cm* 1 (C=C) and 1613 cm" 1 (C=C).

XH nmr (60 M Hz, CDClg , TMS): 6 0 .2 0  (s ,9 H ), 6 1 .7 2  ( t , lH ) ,

6 3 .39  (broad t ,  2H) and 6 5 .9 8 -6  6 .54  (m,2H).
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*H nmr (2 2 0 M Hz, CC14 , no TMS) :

6 1.22 (t,H  , I . = 7 .8H z)3 a f D

6 2 ,97  (d ,t,2 H b , J b ^ =  7 .8 H z , J = 1 Hz)

6 5 .6 1 -5 .7 5  (m, H , J . = 9 Hz , J = 7 .8  Hz)
C C fQ C | D

6 5 .81  (d ,t ,H d , Jc d̂ = 9 H z, Jb d  = I Hz)

13C nmr: 0 .2  ppm {-Si(CH3)3), 22 .4  ppm (-CH2 "SH ), 91 .3  ppm and 

101.9ppm  (acety lene), 123 .5ppm and  131.5 ppm (olefin).

m ass spectrum: M+ a t m /e 202 (10.3%), m /e 169 (M+-SH , 7.3%) 

115 (55.6% ), 97 (100%), 83 (SiMeg, 8 . 8%).

(C H J.S i-C sC -S .

CH

(CH_) „S1-C=C-S

112 113

Upon treatm ent with n-butyllithium  in tetrahydrofuran followed

by m ethyl io d id e , the S-H function of compound 112 could be methyl­

a ted  to  g ive the corresponding S-CH 3 compound 113, nmr (CDC13 , 

TMS): 6 0 .18  (s ,9 H ), 6 2 .08  (s ,3 H ), 6 3 .1 9  (d,2H) and 6 5 .5 8 -  

6 6 .33 (m ,2H).

The same procedure w as em ployed, trapping the resu lting  anion 

so lu tion  generated from 44 w ith methyl iodide to give dim ethyl com­

pound 114. It formed as  a red o i l ,  bp. 51° (0.04 mn) and w as
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characterized  by ir ,  nmr and mass spectrum ; ir (neat): 3077 cm 

(alkene), 2941cm 1 (alkane), 2128cm  * (C^C, very weak) and
1 U

1613cm" (C = C ) .  nmr (100 MHz, CDClg, TMS): 6 1.92 (s ,3 H ,-C H 3),

6 2 .03 ( s ,3 H ,-C H ? ) , 6 3 .1 3  (d ,2H ,H  , J ' s 8H z ), 6 5 .67 (d ,t ,  1H ,H .,3 c a

J 's  8Hz and 9Hz) and 6 6 .17  (d ,lH ,H  , J 's  9Hz). This spectrume

com pares w ell w ith that of i ts  ana logous, 1 , 3-b is(m ethy lth io )-p ropene, 

a s  reported by E .J . Corey.

mass spectrum: M+ a t m /e 158 (27%) and the other important frag­

m entations are outlined a s  below (m /e , %).

C H > S

114

85 (34%)
r

39(37%);

47(18%)

I
C H „- C = C f  S f  CH fC H  -  CH_ + S ± CH

I
71(41%)

2 '

1 1 1 (100%) i

I
143(30% U



- 8 6  -

Treatm ent of the original red so lu tion  produced from 44. and 

n-butyllith ium  in tetrahydrofuran a t -70° C , and kept for 20 m inutes 

a t  -40° C , with trim ethylsily l chloride gave a different trim ethyl- 

s ily l compound for which we a ss ig n  the structure 115a : The ir sp ec­

trum did not show any S-H or trip le bond adsorb tion .

The absence of any W -type long range coupling strongly suggests 

the position  3 a s  the s ite  of trlm ethylslly l group. In the same w ay, 

the reac tion  of anion of 44, a t -4 0 °C with methyl io d id e , benzo- 

phenone and D^O gave 3 -m eth y l-1,4 -d ith ia -2  ,5 -cyclohep tad iene 

115b, diphenyl 3—(1 ,4 -d ith iep iny  1) carbinol 115c and 3 -d e u te ro - l,

4 -d ith ia -2 ,5 -cy c lo h ep tad ie n e  115 d . re sp e c tiv e ly . Their nmr spectra 

are  summarized in  Table XIII.

6 0 .15 ppm (s , 9H , S i tC H ^ J  

6 3 .75 ppm (d, 2H, H7 , Jg 7 = 7  H z.)

115a

6 6 6 .00  ppm (d, 1H, H5 , J5 6 = 9 H z.)

6 6 .4  ppm (s , 1H, Hg)

6 6 .45  ppm (center of d . t . , 1 H ,H C, J_ =9H
0 0 , 0
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Compound 6 H2 (s) 6 H,. (d) 6 Hg (d ,t) 6 H? (d) 6 R

115a, R=SiM e3 6 .40 6 . 0 6 .45 3.75 0.15 (s)

115b, R = CH3 6 . 1 0 5.84 6 .26 3.51 1.94 (d)

115c, R=C(C6H5 )2 

OH
5.81 6 . 1 1 6.52 3 .83 3 .52  (s) 

7 .33  (m)

115d, R=D 6.29 6.03 6.47 3.75 ------

Table X III: The NMR Chem ical Shifts of 3-S u b stitu ted , - , 4 -d ith ia -  

2 , 5 -cy c lo h ep tad ien es .

79 80Parham and coworkers ' have reported th a t open chain  un­

satu rated  and satu rated  th ioethers are rapidly cleaved  to substitu ted  

m ercaptoacetylenes and m ercaptoethenes resp ec tiv e ly  and sta ted  tha t 

the reac tions can be b es t explained with a ^ -e lim in a tio n  m echanism .

n-BuLi

SR

-SR

SR

------------>  R-S-C=C-H + RSL1

C 6H 5 - S - C H 2 C H 2 - S - C 6H 5   C 6 H 5S -C H = C H 2 + C gH gSL i
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The author a lso  reported th a t If the above reac tion  mixture was 

worked up with an alkylating  reag en t, the  alky lated  acety lene  w as is o ­

la te d . Thus treatm ent of c is-b is(pheny lm ercap to )-e thene with n-butyl- 

llthlum and dim ethyls u If a te  mainly gave m ethylacetylene sulfide 117 

and m ethyl-phenyl sulfide 118 .

H\  y £ ~ C 6H5 C lL-C^C-S-C gH -

1* n_BuL1 ■> 117 + Cg^S -C = C H

H
2 . (CH ),SO  

\ s - C . H .  3 2 4 3 6 5
6 5 118

major minor

81Jakobsen has reported th a t reac tion  of thiophene derivative 119 

with n-butyllithium  in  ether afforded the corresponding th ienyllithium  

compound 120 which , on warming to room . tem perature, the ring 

opened to form product 121 w hich w as iso la ted  in 95% y ie ld .

-Br _ Ti
+ n-BuBr

119 120

c h j

c 3 n-BuBr

S -  Bu♦ C

=   CH

121
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82About the same tim e, Gronowltz who a lso  observed the ring - 

opening of a selenienylllth lum  compound. 2 ,5 -D im e th y l-3 -se len i-  

enyl iodide 122 reac ted  with ethyllithium  in ether a t -70°C  to  pro­

duce the corresponding lith io  derivative which rapidly ring-opened . 

After quenching the solution with alkylating  reagen t, the alky lated  pro­

duct 123 w as obtained in 85% y ie ld .

Our re su lts  can  therefore be b es t explained as follow s:

l,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e  reacted  with n-butyllithium  a t -7 0 °C

to afford 3 -lith io -d e riv a tiv e  116 which w as ring-opened to  form 124

a t c a ,  -1 5 °C , followed by reaction  with m ethyl iodide or trim ethyl-

s ily l chloride to give dl-m ethyl product 114 (this is  in  good agreem ent

with th e  works reported by Parham) or (the un iso lated) d itrlm ethylsily l

compound 125. The S -trim ethy lsily l function of 125 w as read ily

broken under neutra l hydrolytic condition a sso c ia ted  with the su b se -

83quent workup procedure and consequently  the m onotrlm ethylsilyl 

compound 112 w as ac tually  ob ta ined . The summarized are shown in 

Scheme X, on the following page.
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n-BuLl

11644 124RX

(C H ^L Si-C ^C -
R

CH_I
115

125

b . R=CH (CH0) _S i-C «C -S
114

HS

SCHEME X

The resu lts  obtained In an attem pt to deu terate  the S-H 

bond of 112 w ith D2 0  In the p resence of b as ic  c a ta ly s t were very in 

te re s tln g . We observed . In the nmr tu b e , the fa s t H /D  exchange 

followed by des ily la tlo n  (with sing le t of SlMe^ sp lit) and ring re -  

c lo su re . The tr ip le t of a t 6 3 .39  in compound 112 broadened 

and d isappeared , and a new doublet a t  6 3 .7 3 , a ttribu ted  to of 

compound 44. appeared and in c re a se d . After 8 m inutes, 44-d^ was
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obtained in e ssen tia lly  quan tita tive  y ie ld , a s  shown In Scheme XI.

(CH_).S1 -C sC -S

S

37 6 3 .39

D-C=C-

KUH
D-O

H-

D
D„G

6 3 .73

44-d
SCHEME XI *

1 13Compound 44-d„ w as characterized  by H and C nmr, lr 

and m ass spectrum ; ir (C C l^): 3058cm 1 (alkane), 2890cm 1 (C-D)

and 1618 cm"1 (C=C); XH nmr (CCl^, TMS): 6 3 .73 (d,2H) 6 6 .0 7

(d,H 5 ,J5 6= 1 0 H z), 6 6 .5 0  ( t ,d ,H g , J5 6= 9 H z ); 13C nmr (CDClg,

TMS); 6 135.7 (100%, Cg) , 6 125.6 (24%, C2 ~D) 123.8 (77%, Cg)

6 118.4 (24%, Cg-D) and 6 3 3 .4  (94%, C ^); mass spectrum : M+ at 

m /e 132 (60%), 131 (M+- l ,  31.6% ), 105 P [ ^ > ,100%) and 99 

(36.8%, ) . . .  e tc .  ( the  mechanism see page 113).

The same sequence has been observed In the case  of treatm ent 

of d iene 44 w ith n-butylllthium  a t -70°C  and quenched with w ater
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or m ethanol-O D . With th e  former, starting  m aterial 44 was recovered 

and with the la tte r , an nmr spectrum w ith peaks a t 6 3 .75  (d), 1 H (or 

4H) and 6 6 .0 8 -6  6 .73 (m), 1,25 H (or 5H) w as observed , c o n s is ­

ten t with a mixture containing 44-d^ and 44-d^ , The mechanism is 

proposed as  shown in Scheme XII.

o
i

• *

wi
Oin
01
X

w
X

egTJ

- Q

j T \
I II

£COI

CO

a

o

Q
O
sT
o

TJI

A L
+  J
Q +
I Q

I

SC
HE

M
E 

X
II
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in. THE BEHAVIOR OF 1 .4-DITHIA-2-CYCLJHEFTENE AND 1,4-DITHIA- 

CYCLQHEXADIENE TOWARDS N-BUTYLUTHIUM IN TETRAHYDRO- 

FURAN.

The reaction  of l ,4 -d ith la -2 ,5 -c y c lo h e p ta d ie n e  44 with 

n-butylllthlum  In tetrahydrofuran a t -70°C  did not give the expected  

po ten tia lly  arom atic IO tt anion 25.. In s te a d , v iny lic  installa tion  of 

44 to  form 116 followed by ring-opening a t -15°C  to  give the S- 

llthium sa lt  124 w as observed .

Li

116

H -C = C -S

25 ___

For a more de ta iled  study of th is  v inylic in sta lla tion , we th e re ­

fore Investigated  the behavior of 1 , 4 -d i th ia - 2 -cyclohep tene 102 and 

1 ,4 -d ith iacyclohexad iene  133. c lo se  analogues of the d lene 44 , to ­

ward lith la tlon  with n -B u li In te trahydrofuran.

A) 1 ,4 -D lth ia -2 -cy c lo h ep te n e .

Compound 102 w as trea ted  with n-butylllthlum  in te trahydro­

furan under nitrogen a t -70° C to  afford the lith ioderivative 126 which 

has been fully characterized  through Its  reac tions with trim ethy lsily l 

ch loride , benzophenone, m ethyl Iodide and D^O to give 2 -trim ethy l-
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s ily l- l ,4 -d ith ia -2 -c y c lo h e p te n e  127a. diphenyl carbinol 127b.

862 -m e th y l-l,4 -d ith ia -2 -c y c lo h e p ten e  127c and 2 -d e u te ro - l ,4 -

d lth ia -2 -cyc lohep tene  1 2 7 d . re sp ec tiv e ly .

4 1
I i
>n-BuLl

126

R —,R-X ^

127

3

2

1

Their structures were es tab lish ed  by nmr. and th e ir nmr spectra  

are summarised in Table XIV.

Compound 6H 3 6 H5/H 7 6 H
6 6 R

R = Si(CH3 )3 

127a

5 .12  (s) 3 .50  and 3.53 
(superimposed t)

2 .17  (quin.) 0 . 1  (s)

R "  C(C6H5, 2 
OH

127b

5 .66  (s) 3 .25  and 3 .35 
(superim posed t)

2 .14  (quin .)
7 .31  (sharp 
m, 10H) 
3 .7 2 (ex ch - 
gnqed with

R = CH. 

127c

5 .75  (q) 3 .4 0  and 3.45 
(superimposed t)

2 .15 (m) 1.85 (d)

R ■ D 

127d

5 .7 5 (b r.s ) 3 .5 0  (t) 2 .17  (quin) ------

Table XIV: The *H nmr Chem ical Shifts of 2-S u b stitu ted - 1 ,4 -

Dithia -  2 -  Cycloheptene s .
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However, if  a so lu tion  of the resu lting  lith io  derivative 

126 prepared a t -70° C w as warmed up to -40° C followed by quench­

ing it  w ith trim ethy lsily l chloride or methyl iod ide , the ring-opened 

ace ty len ic  trim ethy lsilane 128c or the ring-opened dim ethyl compound 

128b (see Scheme XIII) were ob ta ined .

Compound 128c w as formed in  58% y ield  (together with 

7.4% of the cyc lic  127a ) a s  a pale yellow  liqu id , bp 53.5° (0.02mm). 

IR showed th a t it  has a ch a rac te ris tic  peak of a term inal mercaptan at 

2564cm * and an ace ty len e  group a t 2105 cm nmr (CDCl^, TMS):

6 0 .17  (s,9H ), 6 1 .40 ( t ,lH ,S H ) , 6 2 ,11 (center of symmetric m . ,

2H) and 6 2 .7 7  (center of symmetric m ., 4 H ). The ring-opened d i­

methyl compound 128b could be characterized  by nmr and m ass 

spectrum , although its  ir spectrum  did not positive ly  show an a c e ty ­

lene group a t 2119cm * (very w eak). Its nmr spectrum co n s is ts  of 

a s ing le t a t 6 1 .78 (CH^), a s ing le t a t 6 2 .08  (CHg) and a m ulti- 

p le t a t 6 2 .4 8 -3 .1 2  (6H); th e  m ass spectrum conformed the assigned  

structure is  correct: M+ a t  m /e 160 (46%) and the other important 

fragm entations are outlined in  the diagram .

,'89(57%) 175(7%)

CH2 - i cH 2 r s - cH 3
39(35%) 1 146 (47% )

71(38%)

85(23%) 1^(18%!)
97(20%) i
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One can see  th a t 44 and 102 exhibit very sim ilar behavior 

toward lith ia tlon  in  tetrahydrofuran. Thus, we concluded th a t 1 ,4 -  

d ith ia -2 -cyclohep tene 102 m etallated  with n-butylllth lum  to form 126. 

which underwent ring-opening at -40° C giving the S-lithium  sa lt  129. 

The S-lithlum  sa lt w as then  alky lated  to  afford d l-a lk y la ted  product 

128. The interm ediate d i-trim e th y ls ily l product 128a w as hydrolyzed 

during the subsequent aqueous workup to give th e  m ono-trim ethylsilyl 

compound 128c .

Li

126

H -O C -S .

*

+Li -S

129

R -X

R

127

a .R-SKCI^J j

b - R= f ( c v y 2

OH

c .  R = CH,

R -X

128

M e_Si-C=C-

128a

a .  R=Si(CH3 )3

b . R= CH_

MeASl-C =C -
H O

H-

128c

d . R=D SCHEME Xtll
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Treatment of compound 127d with n-butyllithium  in tetrahydro­

furan a t -7 0 °C , followed by warming to room tem perature, gave the 

chain-opened  lith io  derivative L29-dj. When the resu lting  anion so lu ­

tion  w as cooled again  to -70°C  and quenched with an ex cess  o f D^O 

the ring rec losed  compound, 102-d ^ , w as ob ta ined . IR (neat): 

2174cm "1 (C-D), 1 6 1 3 cm '1 (C=C); NMR (CDC13 , TMS): 6 2 .1 8  

(quintet, 2H), 6 3 .52  (t,4H ) and a trace  of o lefin lc proton a t 6 5 .75  .

D -C »C -S

102-d

L i— ,

However, following the sam e sequence but trapping the re s u lt­

ing anion with trlm ethylsily l ch lo ride , 2 -m e th y l- l ,4 -d ith ia -2 -c y c lo -  

heptene 127c w as converted to  an unexpected s llan e  130 which 

showed in the IR a term inal m ercaptan at 2564cm 1 and a peak 

ch a rac te ris tic  of an  a llene a t 1923 cm 1 ; the upfleld patterns of i ts  

nmr spectrum are  very sim ilar to tha t of 128c ; nmr (CDCl^, TMS):

6 0 ,10  (s), 6 1 .37  (t, exchanged w ith D20  ), 6 1 .97 (center of m .,)

6 2 .70  (center of m .) and 6 4 .72  (s, a llene protons). These sp ec ­

tra l data seem com patible with the structure 130 .

One explanation for th is reaction  leading to  the a llen e  deriva­

tive 130 is  that a new path is  possib le  in w hich the anionic sulfur 

a ttack s  the methyl proton which is ac tiva ted  by the methyl group and 

the an ion ic  sulfur attacked  the c lo ser methyl proton which is ac tiva ted
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by the ad jacen t carbon-carbon trip le  bond a s  shown below:

127c

n-BuU

127d

C H „ -C * C -  S.
i J j

*— S

SIMe.

CH2- C - v

HS,

130

An a lternative  mechanism may be proposed: n-butylllthlum  

a ttack  of the methyl group followed by ring-opening to form an  a llene

S-lithium  d eriv a tiv e , as  shown below:

C
n -  BuLi

CH, =C=C-S"

/ S><CH3 >37
CH = C = C — S CH2 =C=C— s

HS



- 9 9  -

The anion solution of 127c produced a t -90°C  w as quenched 

with m ethyl io d id e . A trace  of dim ethyl product having an id en tica l 

nmr w ith the compound 87_ (see page 6% Scheme DC) has been ob­

ta ined  in  le s s  than 1% y ie ld .

CH 3

127c

1. n -B uli

2 . CH3I

CH

CH

87

B. 1 .4 -D lth lacvclohexad iene .
The preparation of 1, 4-d ith iacyclohexadIene 132 w as firs t r e -

87ported by W .E . Parham and coworkers by vapor phase dealkoxylation 

of the cyc lic  a c e ta l 131 over alum ina.

i .N a  S H
BrCH2CH(OC2H5)2 — - y — ►HSCH2CHt>CJH5)2— ^

V

131

A12 °3

0 C 2H!

132
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88l a t e r , W. Schroth reported th e  independent sy n th esis  of

132 by using th e  debenzylation  of c is-d ibenzylm ercaptoethylene 

follow ed by treatm ent w ith c is-d ich lo ro e th en e .

89

( 2 6 5

SCH2C6H5

S C H .C .H ,
4 b 1. N a/N H a o2 . Cl

Cl 132

In p rincip le , the following approach could be considered a s  the  

most ecconom ic and convenient pathway to 132.

1 .4 -D lth iad len e , obtained by the Schroth 's method in  ca 50% 

y ie ld , is  a yellow  liqu id , bp 63-67° (9mm), having a p leasan t o le -  

fin ic odor. nmr (CDCl^, TM S): a s ing le t a t 6 6 ,1 9 .

1 .4 -D ith iacyclohexad iene w as trea ted  with n-butyllithium  in 

tetrahydrofuran under nitrogen a t  -7 0 °C , and the resu lting  solution 

w as kept a t th is  tem perature for one hour. The anion w as quenched 

with chlorotrlm ethylsllane to  afford 2 -tr im e th y ls ily l- l,4 -d ith ia c y c lo -  

hexadlene 133b which formed as yellow  liqu id , bp 42° (0.06 mm), 

nmr (CDC13 ,TM S): 6 0 .1 9  (S,9H ), 6 6 .2 8 -6 .5 0  (m, 3H). Undoubt­

ed ly , based  upon th is  re su lt, lith io  derivative 133a ex is ted  in  the

Pum mererNaOEt
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so lu tion . A solution of lith io  derivative 133a formed a t -70° C was

a .  R = LL

b. R = Si(CH3 )3

133

CH- -C = C—S'

CH

134

held a t 0°C , followed by treatm ent w ith iodom ethane a t -7 0 °C , giving 

dim ethyl compound 134 (56%) together with the starting  substance  132 

(35%). After fractional d is tilla tio n  in  vacuuo, 134 w as Iso la ted  as 

pale yellow  in co lor, bp 50° (0.06m m ). Its structure w as ch arac te r­

ized  by ir , nmr and m ass spectra : ir  (n e a t) : 3049cm 1 (alkene),

2941cm 1 and 2899cm "1 (alkane), 2188cm "1 (C=C), 1439cm 1 and 

1282cm "1 (S-CHg); nmr (CD ClgiTM S): 6 1.92 (s,3H ) 6 2 .27  (S,3H) 

and AB type a t 6 5 .95  and 6 6 .1 5 , JAB= 9 H z . The m ass spectrum 

conformed to  the ass ig n ed  structure: M+ a t m /e 144 (base peak), the 

fragm entation pattern  is  outlined below .

105(1.6%)
_ _ _ _  '47(15%) 
73(7.7%) !

' 160(3%)i i i
| i < ,

CH- — C =^C'— S 1— CH = Cri —  S CH- 3 ' i  ■ (  | 3
39(16 .4%) , i ,

i t i
, ( 1 129(78.3%)

71(37%) i ' '

84(7%) , |

97 (15. 4^6)
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The same re su lt was observed when a so lu tion  of 133a w as 

warmed up to -40° C . This suggested  th a t the Uthio derivative 133a 

w as only stab le  a t a  tem perature somewhere below -40° C .

A solu tion  of lith lo  derivative 133a w as stirred  a t 0°C and 

quenched with ch lo ro trlm ethy lsllane . W ithout iso la ting  th e  product, 

the resu lting  reaction  mixture w as further trea ted  w ith n-butylllth lum  

a t  -7 0 °C , followed by lodom ethane to  afford 135 in  50% y ie ld . 

Compound 135 formed a s  yellow  liqu id , bp 64°C (0.06mm); ir (neat): 

3049cm 1 (alkene), 2128cm 1 (alkane), 1439cm 1 and 1290cm 1 

(S-CH3) and 1266 cm" 1 (Si-CH3) ; nmr (CDClg, TM S): 6 0 .17  (s,9H ), 

6 2 .35 (s,3H ) and AB type a t 6 6 .11  and 6 6 .4 5 . 1 ^ = 9  H z.

These resu lts  ind ica te  th e  very sim ilar behavior of 1 ,4 -d ith ia -

2 ,5 -cy c lo h ep tad len e  44, l,4 -d ith ia -2 -c y c lo h e p te n e  102 and 1 ,4 -  

d ith iacyclohexadlene 132 toward lith ia tion  in te trahydrofuran . 

Therefore, one can w rite a genera l equation to  rep resen t th e se  a n a l-  

gous compounds tow ards n-butyllithium  in tetrahydrofuran, followed 

by a lk y la tio n , a s  shown in Scheme XIV on the following page .

135
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LL
n-BuLi

C H ------------> C Hn x -70° 11

H-=-S C i y  CH3 '5' S^
n x C H n x

44 n=3, x=4 

102 n -3 , x =6 

132 n - 2 , x=2

L l - S - " '

t  H n x
O T j - s '

RX SlM e3Cl

c  H n x C H n x
HS

SCHEME XIV

79 90However, It is  in te resting  to  n o te , a s  reported by Parham ' 

b en z o -1 ,4-d ith iacyclohexad iene 136 and 2 ,5 -d ip h en y l-1 ,4 -d ith ia -  

cyclohexadlene 137 did not undergo appreciable m etalation with n - 

butyllithium  in ether a t 0°C . W ith n-butyllithium  in  the presence of 

dlm ethylsulfate a substitu tion-e lim ination  reaction  occurred giving 

acety lene  and the open-chain  su lf id e .

CH

136

n-Bu L l/ether 

(CH3)2S 0 4
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U

Hn x  -70° "

H -=-S C i y  CIV S' S' \

44 n=3, x=4

102 n = 3 , x - 6

132 n - 2 , x=2

n x n x

SlM e3Cl

MeuSi-sSMe3S l-= -

n x n x
Me_Si

SCHEME XIV

79 90However, it  is  in te resting  to  n o te , a s  reported by Parham ' 

b en z o -l,4 -d ith iacy c lo h ex ad ie n e  136 and 2 ,5 -d ip h en y l-1 ,4 -d ith ia -  

cyclohexadiene 137 did not undergo appreciable m etalation w ith n - 

butyllithium  in  ether a t 0° C . With n-butyllithium  in the presence of 

d lm ethylsulfate a substitu tion -e lim ination  reaction  occurred giving 

acety lene  and th e  open-chain  su lf id e .

CH

n-Bu L l/e ther

<CH3>2s ° 4

136
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137

CH

n-Bu L l/ether
SO,

CgHg-tp^CH-SBu

S-CH,

C ^ - C  CH-SCHj

1-Bu

Under the same con d itio n s , the arom atic thiophene and

furan reac t with n-butylllthium  In e th e r, followed by addition of t r i -

m ethylsily l chloride to produce 2-th ieny ltrim ethy lsilane 138 and

972 -fury ltrim ethy 1 si la ne 139, re s pective ly .

O l . n -B u Ii/e th e r n

75%

1. n -B u Ii/e th er

2 . SiMe3Cl

iMe,

138

SlMe3

52% 139
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IV. THE BEHAVIOR OF 1 ,4-DITHIA-5-CYCLQHEPTENE AND 3-

METHYL-1 .4 - DITHIA-2 .5  -CYCL3HEPTADIENE TOWARDS N-BUTYI- 

LITHIUM IN TETRAHYDROFURAN.

The a lly llc  proton is  ea s ily  removed by b a se , b ecau se  the  re ­

sulting anion can be s tab ilized  by resonance in  which the unshared 

pair of electrons overlaps w ith the TT-electrons of the  double bond . In

the chain-opened  a lly l su lfur com pounds, such a s  3-phenylthiopro-

91 78pene 140 and l,3 -b is(m ethy lth io )-p ropene 141. th e  expected

a lly l anions are afforded upon reaction  of th e se  compounds with o r-

ganolithium ; formation of th e se  anions has been verified by th e ir

ch a rac te ris tic  behavior toward alky l ha lides and carbonyl com­

pounds . 78,91

n-BuLi RX
c 6h 5s - c h 2 - c h = c h 2 » C6H5S-CH“ =C ^C H 2 — ► CgHjiSCH-CBCHj

H R
140

c h 3- S C H „ - S

141



-  1 0 6 -

However, a s  mentioned before, treatm ent of l ,4 - d i th ia - 2 ,5 -  

cycloheptadiene 44. w ith n-butyllithlum  in THF did not g ive the ex ­

pected a lly  lie  lith io  derivative 25. (which should be arom atic), but 

in s tead , the v iny lic  lith io  derivative 116 . In order to  check th e  very 

unusual behavior of 1 , 4 -d lth ia -2 , 5-cyclohep tad iene tow ards lith ia tio n , 

the cy c lic  sulfur compounds l,4 -d ith ia -5 -c y c lo h e p te n e  142 and

3 -m eth y l-1 ,4 -d ith ia -2 , 5-cyclohep tad iene 115b , both containing an 

a lly lic  su lfide , were se lec ted  to in v estig a te  th e ir a lly lic  m etalla tion , 

since 142 lacks a double bond betw een C-2 and C -3 , and 115b 

is  blocked a t C -3 by a m ethyl group.

from reac tion  of 1 ,2 -e thand lth io l w ith l,3 -d ib rom o-2 -p ropano l in  base  

so lu tion , by the same procedure used  for the  syn thesis  of 44 .

25 142 115b

A. 1 .4 -D lth la -5 -cv c lo h ep ten e

l,4 -D lth ia -5 -c y c lo h e p te n e  (142) has been prepared from the

76known 6 -hydroxy-1 , 4 -d ith iacyclohep tane 1 1 0 . which was obtained

NaOC„H CH OH 
2

110
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110
2 .  J^SC^Cl

1. KOH 0 -O S  Q f f t
H - ok

142 143

After elim ination of the corresponding benzene sulfonate with 

potassium  te rt-b u to x id e , followed by w ork-up in usual m anner, the 

residue  w as d is tille d  under reduced p ressure to  give a co lo rless 

liquid boiling a t  35° C (0.23mm) w hich contained 

90-93% of 142 and 7-10% of the ring contracted  product 143 

(based on GC a n a ly s is ) . This mixture w as separated  by column 

chromatography (silica  g e l, p e t. e th er). The structures were d e te r­

mined by nmr . The nmr spectrum  of 142 co n s is ts  of an  AA'BB* sys 

tern centered a t & 2 .9 3 ,4 H ; a doublet a t 6 3 .3 3 , 2H, J - 6 .7  Hz 

and a m ultiplet betw een 6 6 .1 9 -6  6 .4 7 , 2H ; th e  nmr spectrum  of 

143 co n s is ts  of a  s ing le t a t 6 2 .9 4 , 4H ; s ing le t a t 6 3 .4 .2 H  and

two signa ls a t 6 5 .14  and 6 5 .2 2 , 2H (could be of an AB type).

92In a recen t report by I .  M urata, 142 h as  been obtained in ­

dependently together w ith th e  ring contracted  compound 143.

Reaction o f 142 w ith n-butyllithium  in  tetrahydrofuran under 

nitrogen a t  -70° C to  0°C furnished a deep  pink solu tion  of lith io  

derivative 144 . Quenching with lodom ethane, chlorotrim ethylsllane 

or m ethanol-d a t -7 0 °C gave 7-m e th y l- l ,4 -d ith ia -5 -c y c lo -
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92heptene 145a, 7 - tr im e th y ls ily l- l,4 -d ith ia -5 -c y c lo h e p ten e  145b 

and 7 -d eu te ro -l,4 -d lth ia -5 -cy c lo h e p te n e  145c. re sp ec tiv e ly . The 

nmr spectra are summarized In Table XV.

n-BuLi
3

RX

2

142 144 145

Compound 6H2/H 3

(AA'BB')
6 H? 6 H5/H g (m) 6 R

145a, R=CH3 3.15 3 .8 5 -4 .1 2  (m) 6 .1 8 -6 .3 8 1 .3 2 (d ,J 's  7 Hz)

145b, R=SiMe3 3 .08 3.35  (br.d) 6 .0 8 -6 .2 9 0 .13  (s)

145c, R=D 2.93 3.36  (d) 6 .2 0 -6 .4 7 ------

Table XV: The NMR Chem ical Shifts of 7-S u b stitu en t- 1 ,4 -d ith ia -

5 -C yclohep tene .

Compound 142 has been trea ted  with 2 equivalen ts of n -b u ty l-  

lithium a t -70° C to 0°C , followed by quenching w ith an  ex cess  of 

chlorotrlm ethylsilane to give 5 ,7 -bis ( trim e th y ls ily l)-l, 4 -d ith ia -5 -  

cycloheptene 146. 7 ,7 -B is( tr im e th y ls ily l)- l,4 -d ith ia -5 -c y c lo h e p - 

tene 147 w as not observed .
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Qs k c h ^

S i(CH3)3

£ X CH3>3

i <C H 3>3
146 147

The nmr spectrum  of 146 co n s is ts  of two s in g le ts  a t  6 0 .13  

and 6 0 .16  corresponding to  two trlm ethylslly l groups; AA'BB’ sy s ­

tem centered  a t 6 3 .0 1 4 H ; a doublet a t 6 3 .4 8 , 1H, J. = 8 Hz andb t /

a doublet a t 6 6 .3 3 , 1H, J . = 8 Hz clearly  confirming the assig n edb , /

experim ents for the trlm ethy lslly l anion 148 may re flec t a  balance of 

opposing ste rlc  and e lectron ic  e f fe c ts . The attachm ents of the 

S1(CH3 )3 group is  controlled by s te rlc  e ffec ts  and not by unfavorable 

thermodynamic or e lectron ic  co n s id e ra tio n s . Therefore, 1 ,3 -d itr i-  

m ethylsily l indene 148 w as exc lusive ly  ob ta in ed .

structu re .

93As reported by Taylor and R akita, the re su lts  of the quenching

Sl(CH3 )3
Si(CH3 )3

™3*3

s i <c i y 3

K c h 3 ) 3
14B
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From our experience in  the laboratory, chlorotrim ethylsilane 

does not reac t with n-butyllithium  a t low tem perature. Thus 

146 reac ts  with one equlv . of n -B u li f followed by silyation  

to form the Interm ediate 145b. which further reac ted  w ith a second 

equivalen t of n-butyllithium  to afford anion 149. and th e  final re ­

action  w ith trim ethy lsily l chloride g ives 146. This re su lt is  in good 

agreem ent with the re su lt observed by R akita.

B) 3-M e th y l-1 .4 -d ith la -2 . 5 -cvcloheP tad lene .

3 -M e th y l- l,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e  115b obtained

from the lith la tion  of 44 followed by the m ethylation (see page 8 6 ) .

The reaction  of 115b w ith n-butyllithium  in  tetrahydrofuran

under nitrogen a t -7 0 °C afforded a red anion so lu tion . Trapping the

resu lting  anion solution w ith methyl iod ide , followed by workup in

the u sua l manner, gave a dim ethyl derivative of 4 4 .

92The 100 MHz 'H nmr spectrum of th is  dim ethyl derivative in 

CDClg h as been carefully  analyzed and the outline shows as in d i­

cated  on the following p a g e .

This nmr spectrum is  In agreem ent with structure 150 or 

151. In view  of the reaction  m echanism , 150 and 151 are both

a
‘Si Me

146

Si Me

149
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3b 6 K 8 6 ( d #a CH3 J CH3#H2(orH3)=1 .0Hz)

6 1.92 ( d , t ,bC I^ (J » 1 .5 H b ,J  ^

= 0 .8  Hz)

150 6 3 .69 (br d , 2 H- , J„  = 7 .5 H z)
6 7

6 5 .89 (q, H2 orH 3 ' ICH3 , ^ ( o r H 3)= 1.0 Hz)

a CH

6 #CH3

= 1.5 H z).

151

possib le  formed by the different pathw ays. In compound 115b. If

H_ Is more ac id ic  than H _, vinylic m etallatlon  on C-5 could be 
& f

occurred , and 150 would be formed. On the other hand, if  is  

more ac id ic  than  H,., th e  a lly lic  position is  normally m eta lla ted , 

and forms 152 which could reac t with m ethyl iodide to afford e ith e r 

151a or i ts  isom er 150a. and th e ir therm odynamically controlled 

product 151 and 150. re sp e c tiv e ly . (See the diagram on the 

following p ag e .)
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115b

n-BuLl

^  n -B uli

CH-I

152 151a

150

H
CH

Li
H

150a

151 151
H,

The fragm entations of th is  dim ethyl derivative in m ass sp e c ­

trum are  in  good agreem ent with th e  fragm entation obtained from 44 

and 115b. The route leading to the arom atic 1 ,3-d ith io lium  ca tion  

and thiapyryllum  cation  in  m ass spectrum could be recognized  a s  

below: (the fragm entations of 44, 115b and 150 are summarized In 

Table XVI).

Compound M+ M+-R' m +- c 2h 3 M+-SH
rrvfe in ten sity nvfe in tensity nvfe in ten sity nvfe in ten sity

44, R=R'»H 130 60% 129 28% 103 100% 97 33%

R=CH„ 
115b, R'=H 144 70.7% 143 29.1% 117 100% 111 6 6 . 8%

150. R=R'=CH3 158 8 6 . 8% 143 100% 131 52.9% 125 23.0%

Table XVI: The M ass Spectral Data of 1 ,4 -D ith ia -2 , 5 -cyclohep ta- 
diene and Its  M ethyl D eriv a tiv es .
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R -e

M+

R

M+-SH

, C R‘

-SH - C2H3

tr t>
©
m +- c 2h 3

0
M+ -R*

U nfortunately, th is  proposed fragm entation of the dim ethyl 

compound in  m ass spectrum  w ill not d istingu ish  betw een 150 and 

151. because 151 w ill lead to isom eric fragm ents.

From a review  of th e  chem ical sh ifts  of l ,4 - d i th ia - 2 f5- 

cycloheptadiene 44 and 3 -m e th y l-1 ,4 -d ith ia -2 , 5-cyclohep tad iene 

115b, one no tices th a t a l l  o lefin lc  protons of 115b are shifted 

0 .1 9 ppm upfleld re la tiv e  to  44 due to the electron-donating  m ethyl 

group (see tab le  XVII). Based upon the common o lefin ic  proton H_
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In 150 and 151 being sh ifted  ca 0 .33  ppm upfleld re la tiv e  to  4 4 . 

the chem ical sh ift a t S 5 .89  should be assig n ed  a s  Instead  of 

H„ . Furtherm ore, the chem ical sh ift a t position  2 is  more down- 

fie ld  than  th a t of position  5 , but the chem ical sh ifts  of m ethyl groups 

in  151 are contrary to th is  ru le . Thus, the previous nmr is  much 

more com patible with the structure of 150 than  the structure of 151.

Compounds 6 H 2 O
* X

CO 6H 5 S H 6

44, R=R'=H 6.29 5.83 6.03 6 .47

R=CH- i i § b ,  R1=H 3 6 . 1 0 — 5 .84 6 .2 7

150. R=R'=CH3 5.89 — — 6.14

Table XVII: The NMR Chem ical Shifts of O lefln ic  Protons of

Compound 44, 115b and 1 5 0 .
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In order to  e s tab lish  more accura te ly  a s  to  w hether 115b Is 

m etalated in  the v inylic  position , followed by alky latlon  leading to 

150 or if  i t  is  m etalated in  th e  a lly lic  position  followed by alkylatlon 

and then  transform ation into the  therm odynam ically more s tab le  pro­

duct 151 (or 150 ). It is  proposed to  m etallate the  2 ,3 -d im e th y l-1,

4 -d ith ia -2 ,5 -cy c lo h ep tad ie n e  166 w ith n-butyllithium  in THF-dg 

and investiga te  the nmr spectrum of the resu lting  an io n . This 

should c learly  d istingu ish  betw een th e  sym m etrical 2 , 3-d im eth y l-1 ,

4 -d ith ia -2 , 5 -cycloheptad ienyl anion 167 or the unsym m etrical v iny l- 

anion 168.

The dim ethyl diene 166 has been obtained from 2 , 3 -d im ethyl-

1 ,4 -d ith ia -2 -c y d o h e p te n e  87 by a Pummerer re a c tio n , Compound 

87 w as oxid ized  w ith m -chloroperbenzoic ac id  in  chloroform . W ith­

out iso la tio n  of the mono su lfox ide, the residue was refluxed in 

ac e tic  anhydride a t 120°-130° for 2 hours. After workup, the  re ­

action  products were chromatographed to  give a le s s  polar mixture 

(one spot on tic ) containing the  desired  dim ethyl diene 166 and 

the starting  m aterial 87, in  a  ra tio  of 6 :4  (based on GC a n a ly s is ) .

166 168 167
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The formation of 166 In the reaction  products w as confirmed by GC 

and nmr spectrum , which co n s is ts  of a broad sing le t a t 6 1.95 ; a 

doublet a t $3 .41  and a m ultiplet a t $ 5 .8 1 - $ 6 .3 1 .

U nfortunately, we were unable to separa te  the dim ethyl diene 

166 from th is  mixture either by the fractional d is tilla tio n  or the pre­

parative t i c . Another route to  166 is  under way in th is  laborato ry .

Allylic m etallatlon occurred in  the opened-chain  com pounds, 

such a s  140 and 141 (see page 10$, and w as a lso  observed in  the 

heterocyclic  compound 142 (see page 108). But, th is  a lly lic  m eta lla - 

tion  is  never observed in  l ,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e  43 and the  

question a s  to w hether i ts  derivative 115b is  being m etallated a t the 

a lly lic  position  can not be answ ered a t th is  tim e. Based upon th is  

abnormal behavior tow ards lith ia tio n , one could s ta te  tha t 1 ,4 -d ith ia -

2 ,5 -cyclohep tad ieny l anion 25. is  a nonarom atlc system . In other 

w ords, i t  is  not characterized  by a sp ec ia l s ta b iliza tio n . However, 

no c lear conclusion  concerning the arom atic character of 25. can be 

made a t th is  moment and further work w ill have to be carried  o u t.

I .  MCPBA/CHC1

87 166
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CH3“ S“ N^s

140

141

Q\ O
142 143

V. THE ATTEMPTS TO GENERATE 1 .4 -  DITHIA- 2 .5  -CYC IQ HE PTA- 

DIENYL ANION

According to  predictions based  upon Huckel m olecular orbital

tad iene 44, should be unstab le  and d ifficu lt to  p repare. However, 

in view  of the  stab ility  of the 10n-electron heteroarom atlc 1 ,3 -d ith ia -

4 ,6 -cyc lohep tad ieny l anion 52., one could predict that 25. is an arom a­

tic  system  as w ell, because 52 and 25. are c lose  an a lo g s, and the only 

difference betw een them is  the position of one of the sulfurs In the 

rin g .

As mentioned In the  previous sec tio n , we have attem pted to 

generate 25. by reac tion  of 44 with n-bu ty llith lum , but the vinylic 

m etallation on C-3 was observed and 25 w as not form ed. There-

ca lcu la tions by Zahradnik and Parkanyi 26 1 , 4 -d ith la -2 , 5 -cyclohep-
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fore, we have tried  a different approach to generate 2 5 .

52 25
Cl

H

THF

U

153

8 9T. Katz and P .J . G arra tt, Lalancette and Benson and

98G . Boche have su ccessfu lly  generated the cyclononatetraenlde

Ion by reaction  of endo-9-cyclorobicyclo(6 , l ,0 )n o n a -2 ,4 ,6 - tr le n e  153 

or a mixture of endo and exo isom ers with lithium In te trahydrofuran . 

H ence, th is  reac tion  could be employed to generate l ,4 - d l th ia - 2 ,5 -  

cycloheptadlenyl anion 25. by treatm ent of endo-7-bromobicyclo 

(4 ,1 ,0 )—1 ,4 -d ith lacy c lo h ep t-2 -en e  154 w ith lithium (or potassium ) 

or n-butylUthium in  te trahydrofuran . While th e  exo isom er 155 w ill 

form the anion 156.

Br

Ll/THF

H
155 156
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Compound 154 was syn thsized  by the addition  of dibromo-

carbene to  1 ,4-d ith iacyclohexad iene 132. followed by reduction with

tiibu ty ltin  hydride. The dichlorocarbene or dibromocarbene generated

from chloroform or bromoform with b ase  w ill re a c t with sulfurs leading

to  undeslred sulfur y l ld s . However, using phenyl tribrom om ethyl- 
9 4

mercury a s  the carbene source , the addition adduct can be obtained 

(described below).

A solution of 1 ,4-d ith iacyclohexad iene 132 in  benzene w as 

added to a solution of phenyltrlbromomethylmercury in  benzene a t  re ­

flux . Twenty m inutes la te r , phenylm ercurlc bromide w as d ep o sited . 

After the removal of mercury sa lt and workup in  a u su a l m anner, the 

residue w as chromatographed to  give 7 , 7-dibrom obicyclo(4, 1 , 0 ) - l , 4- 

d ith iacv clo h ep t-2 -en e( 157 ). as  a w hite needle c ry s ta l, mp. 73-74°C, 

in  8-10% y ie ld . Its  nmr spectrum c o n s is ts  of a s ing le t a t  $ 2 .8 2 , 2H 

and a sing le t a t ( 6 .1 8 ,  2H. A y ield  of about 70% of a w hite lachry­

matory c ry sta l having mp 110° (decomposed a t 120°) w as obtained 

in  th is  reaction  as  a major product. Its nm r/spectrum  co n s is ts  of a 

broad sing let a t ( 7 .3 5 .  This compound may be the  undesired dibromo- 

sulfur y lid  158 which w as not studied further.

95The dibrom oderivative 157 w as reduced by trlbu ty ltin  hydride 

in benzene under nitrogen a t 0° to 50° to  give exclusively  end o -7 - 

bromobicyclo ( 4 ,1 ,0 ) - l , 4 -d ith iacy c lo h ep t-2 -en e  154 which formed as 

a white c ry s ta l, mp 8 6 - 88°C , in quan tita tive  y ie ld . Its structure
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HgArC Br,

THFbenzene

132 157 154

158

w as characte rized  by nmr and m ass spectrum , and th e  geometry w as 

determ ined on the b a s is  of the observed coupling c o n s ta n ts , 

nmr (CDCIg.TM S): 6 2 .45  (d ,2 H ,J 's  c a . 7H z), 6 3 .86  (t,lH ,J* s  

c a .  7 Hz), 6 6 .34  (s ,2H ).

A trip le t w ith a coupling constan t c a . 7 Hz a t 6 3 .86  suggests

th a t H^ is  coupled with two cis-cyclop ropy l pro tons, according to the

96 +report by C .B . R eese. M ass spectrum : M a t m /e 208 (p .,

20.6% ), m /e  210 (p + 2, 22.8%) 129 ( M+-  Br, 65.8% ), 103 (

66.5% ), 97 ( [ ^ )  , 28.1% ), 85 (38.6%) and 45 (S=CH+, 100%).

Compound 154 was trea ted  w ith lithium in dry tetrahydrofuran 

under nitrogen a t  -7 0 °C to  room tem perature, followed by the addition 

of dry ice  (COgh A dilu te potassium  hydroxide so lu tion  w as added 

to the  reac tion  m ixture. The organic layer contained th e  starting  m a­

te ria l . The aqueous layer w as ac id ified  with d ilu te  hydrochloric 

acid  then  ex tracted  with e th e r. After the rem oval of e ther so lven t, some 

starting  m aterial w as recovered ag a in . No trace  of the corresponding
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carboxylic ac id  159a or 160a w as o b se rv ed .

or n -BuLt

159

a ,  R=COOH

b . R=SiMe3 b .R =SiM e3

The same re su lt was obtained when 154 was trea ted  with 

po tassium .

Reaction of 154 with n-butyllithium  in  tetrahydrofuran under 

nitrogen a t -70° C , followed by chlorotrim ethylsilane has been c a r­

ried o u t. TLC an a ly s is  of th e  crude product showed no starting  ma­

te r ia l , and a new , green sp o t, with value c a .  0 .57  (solvent;

1/2 benzene in p e t . ether) w as observed . It suggested  th a t 154 did 

reac t w ith n -bu ty llith lum . The reaction  w as worked up in the u su a l 

manner. The residue  afte r th e  removal of so lven t w as a green resin  

from which none of the expected  160b or 159b w as ob ta ined . 

In s tea d , a  trace  of an unknown compound w ith a nmr spectrum con­

sis ting  of a s in g le t a t 6 0 .2 5 , AB system  a t 6 2 .4 , J’s c a , 7Hz 

and a s ing le t a t 6 6 . 8  w as Iso la ted . The tr ip le t of a t 6 3 .86



-  122 -

In the starting m aterial had com pletely d isappeared .

Ring opening of b icyclic  cyclopropanes w hich have an endo 

leaving group tak es  p lace smoothly w hile the exo isom er generally  

opens w ith d ifficu lty . One example is  provided, a s  reported by

the endo-isom er 161 is  converted into 3-chlorocyclohexene by heating 

for th ree  hours a t 126°C, but the exo-isom er 162 w as found to  be 

unchanged, even under more vigorous cond itions.

The author a lso  reported tha t a factor which a ffec ts  the  ea se  

of e lec trocyclic  ring opening is  th e  nature of the su b s titu en ts , which 

can s tab ilize  the developing positive charge . Thus, the ad jacen t 

oxygen may a s s is t  the opening of the ether 163. which reac ts  

smoothly a t 60°C ; w hile 163a opens with le ss  fa c ility .

C .B . R eese, by the isom eric-6 -ch lo rob lcyc lo -(3 , l ,0 )-h e x a n e s ;

Cl

161

Cl

2 5 0 /4 h no reaction

162



15 min

163

Q— c i  *■ 

Cl

OC l

Cl

+

In the endo bromocyclo pro pane 154 , there are two ad jacen t 

sulfurs which should s tab ilize  the carbonlum io n . Thus, 154is  ex­

pected to ring enlarge ea s ily  to give 7 -b ro m o -l,4 -d ith ia -2 ,5 -c y c lo -  

heptadlene 164 whose reac tion  w ith n-butyllithium  may afford 25 .

The therm al rearrangem ent of 154 w as performed without 

so lvent a t 90°C (above i ts  melting point) under nitrogen for 20 min­

u te s .  The m aterial became a brown liquid and its  color darkened .
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Br

154 165

25

n-BuLi
V
/

164

After cooling to room tem perature, carbon te trach loride w as added 

and the b lack powder w as filtered  o ff. The c lean  substance In carbon 

te trach loride has an nmr spectrum Identical with the starting  m aterial.

The so lvo lysis  of 154 in  a c e tic  acid  has been carried out in 

the presence of a ca ta ly tic  amount of sodium ac e ta te  under nitrogen 

a t 65°C . After heating for two d a y s , the reac tion  m aterial w as 

checked by t ic  which showed tha t the starting  material w as s t i l l  pre­

se n t. The tem perature w as then ra ised  to 84° C and the mixture w as 

heated further for another two d a y s . After workup th e  starting  m aterial 

w as recovered .

Using silver ace ta te  as  c a ta ly s t, a solution of 154 in 

ace tic  ac id  was heated a t 65°C for one day , but no reac tion  w as ob­

se rv ed . However, heating the mixture a t 84°C under nitrogen for 

another two days caused  the substance to decom pose.
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In view  of the ring-opening s tu d ie s , 154 is  very stab le  to ­

w ards therm olysis and so lv o ly s ls . As we can s e e , the ring-opening 

of cyclopropane derivative 154 should afford the carbonlum ion 165, 

how ever, it represen ts an antiarom atic 8 t t -e lec tro n  sy s tem , and 

therefore , it  might not be formed. Perhaps, th is  is the reason why 

154 is  so stab le  towards therm olysis and so lv o ly s is , although there 

are two ad jacen t sulfurs in 154 w hich could s ta b ilize  the interm ediate 

carbonlum ion .
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EXPERIMENTAL

G eneral

M elting points were determ ined on a Buchi apparatus in a

sea led  ca p illa rie s , and are uncorrected . Boiling points were uncor-

1 13re c te d . U nless o therw ise s ta te d , H nmr and C nmr spectra  were 

determ ined In CDCl^ so lu tion  (TMS in ternal standards), on Varian 

A-60 or R-24 spectrom eters for 60 MHz spectra; on Varian HA 100 sp ec­

trom eters for 100 MHz spectra; th e  220 -MHz nmr spectra  were taken

13on a Varian instrum ent a t Rockefeller U niversity , New York; C nmr 

spectra  were determ ined on JEOL JNM-PS 100 spectrom eter. UV sp ec ­

tra were recorded on a Cary 14 recording spectrom eter; infrared sp e c ­

tra were recorded on Perkin-Elmer 521 or 137. Vapor phase chrom ato­

graphy w as done in 6 feet OV 17 1/4 inch g la s s  colum n. G C /m ass 

spectroscopy were obtained on a Finnegan 3300 Instrum ent at Cornell 

U niversity under the d irection  of Dr. J. Henion.
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PART ONE

Preparation of c ls -1  J4-dAchloro-2-butene

Thionyl chloride (3 0 9 .2 m l., 5 5 1 .9 g . ,  4 . 3 moles) w as dropped 

through th e  dropping funnel over 2 hours a t 0-5° C into a solution of 

c i s -2 - b u te n e - l ,4 -d ith io l (1 6 4 .8 m l., 1 7 6 .3 g , 2 m oles) and pyridine 

(1 0 ml) in  a 1 0 0 0 ml th ree-necked  flask  equipped with a dropping fun­

nel and a w ater condenser.

The reac tion  mixture w as immersed into a large ic e -b a th  and 

stirred  overnight in order to  com plete the evolution of hydrogen chlor­

id e .

The reac tion  mixture w as transferred  into a 500ml round bottomed 

flask  and d is t i l le d , with a Wldmer column, under reduced pressure to 

g ive 1 9 4 .8g (87% yield) of c is - l ,4 -d ic h lo ro -2 -b u te n e , b p . 50-54°C; 

nm r(C C l4 ) :  6 4 .1  (d,2H ), 6 5 .4 0  ( t , lH ) .
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Preparation of 1 .3 -d ith ia -5 -cv c lo h ep ten e( 46 )

Thioacetic ac id  (70 ,8m l, 76.1 g , 1 mole) w as slowly added into 

a stirring solution of sodium methoxide (6 4 .8 g , 1 .2 m oles) in 1000ml 

of methanol a t 10-20° C . The reaction  mixture w as stirred  for 1 hour 

before freshly  d is tille d  c is - l ,4 -d ic h lo ro -2 -b u te n e  (6 2 .5 g , O.Smole) 

w as added dropw ise. After fin ishing addition the reaction  mixture w as 

refluxed for 2 h o u rs . A sm all portion of reaction  solution was d is tille d  

under vacuum afte r the rem oval of solvent to  give d lth io lace ta te , b p . 

135-140°C (9m m ), nmr : 6 2 ,30  (s ,3H ), 6 3 ,6  (d,2H) and 

6 5 .5 1  ( t , lH ) .

W ithout iso la tio n  of d lth io la c e ta te , a concentrated aqueous 

potassium  hydroxide solution (112g , 2 moles) in 30ml w ater w as added 

into the cold reac tion  mixture and the reac tion  mixture \ .a s  refluxed for 

2 hours. Dibromomethane (79m l, 1 2 1 .7 g , 0 .7 mole) w as dropped in a t 

reflux and the reaction  mixture was refluxed for a further 5 h o u rs . The 

mixture w as cooled to  room tem perature and th e  p recip ita te  was
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filtered  o ff. After the solvent was removed under reduced p ressu re , 

the residue was chromatographed (silica  g e l, 10% benzene In p e t. 

ether) to  give 16 .23g  (24.6% yield) of the ti t le  compound 46. The com­

pound formed a s  w hite c ry s ta l, mp. 53 -54°C afte r recrysta lllza tlon  

from p e t. ether; nmr: 6 3 .50  (d ,d ,4 H ), 6 4 .0 3  (s,2H ), 6 5 .8 7 -6 .0 8  

(m ,2H).

Anal Calcd for : C, 4 5 .4 1 ; H , 6 .0 9 ; S, 4 8 .4 9 .

Found: C , 4 5 .3 8 ; H, 6 .0 0 ; S, 4 8 .4 2 .

Preparation of 1 .3 -d lth la -4 .6-cvcloheP tad lene (43)

Method A : N -C hlorosucclnim lde (4g, 30m m ol)w as suspended

into a stirring solution of 1 ,3 -d lth la -5 -cyc lohep tene  46 (4 g , 30 mmol) 

in  50ml of carbon te trach lo ride  (dried over PgOg) a t 0 -5 ° C under 

n itrogen. Fifteen m inutes la te r , the solution turned a pink color and w as 

continued to  stir for 1 hour. The reaction  mixture w as filte red  and the 

filtra te  w as concentrated under reduced p ressu re . The dark oily residue 

w as d isso lved  In 50ml benzene (dried over anc* potassium  t -

butoxide (4 .4 8 g , 4 0 mmol) w as added a t 0 -5 °C . After stirring for four 

hours a t room tem perature, the reaction  mixture w as poured into 2 0 0 ml 

of ice  w ater and ex tracted  repeatedly  with e th e r . The e ther layers were 

com bined, dried over anhydrous MgSO^ and evaporated o ff. The r e s i ­

due w as d is tilled  under vacuum pressure to give 1 .2 5 g  (32% yield) of 

the tit le  compound 4 3 .
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Method B: The diene 43 can a lso  be prepared, w ithout changing

so lven t, by the following straightforw ard procedure.

N -C hlorosuccinim ide w as suspended into a stirring solution of

l ,3 -d ith ia -5 -c y c lo h e p te n e  in dry CCl^ a t 0 -5 °C under n itrogen. The 

reaction  mixture w as stirred for 1 hour and an ex cess  of triethylam ine 

w as then  added . The reaction  mixture was stirred  for 4 hours a t room 

tem perature, followed by workup and d is tilla tio n  to give 20-25% of d e­

sired d iene 43. Bp: 28-35° (0 .0 5 mm), a pale yellow  liqu id . Mp:

EtOH29°C after recry sta lliza tio n  from p en tan e . UV: \  257nm U 4010)max

and 340nm (e3310). nm r: $ 4 .1 3  (s ,2 H ), 6 6 .28  (center of 

AA*BB',4H). 13C nmr : 39 .7  ppm (Cg), 124.7 ppm (Cg/Cg) and 128.3

ppm (Cq/ C j ) . M ass spectrum : M+ at m /e  130 (40%), b ase  peak a t 

m /e  84 (M+-4 6 , lo ss  of C H g ^ ) .

High resolution m ass spectrum : Calcd CgHgS^ 129.9911

Found: 129.9903 

Anal calcd CcHcS0 : C , 4 6 .1 2 ; H , 4 .6 4 ;  S, 49.24
D D L

Found: C, 4 6 .0 5 ; H, 4 .6 3 ; S , 49.21

Attempted sy n thesis  of 1 .3 -d ith ia -4 .6 -cv c lo h ep tad len e  4 3 . 

e l s , c is-1 .4 -B ls(benzv lth io )bu tad iene(49  ) and the d lth io laceta te

(50) were prepared in c a . 40% and c a .  25%, resp ec tiv e ly , by th e  re -

42ported methods of W . Schroth and cow orkers.
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a) Via c l a . e ls  - 1 .4 -b is  (benzvlthio) butadiene (49)

Sodium (0 .9 6 g , 4 0 mmol) w as added p iece by p iece  Into a 

stirring suspension  of e l s . c is  - 1 .4 -b is(benzvlth io)butad iene 49 (5 .9 6 g , 

2 0 mmol) in  c a . 200ml liquid ammonia at -7 0 °C . The resu lting  deep 

red solution w as stirred  for 4 hours, dlbromomethane (3 .6 g , 21 mmol) 

was removed and the reaction  mixture w as allow ed to s tir  overnight.

The reaction  mixture was poured into 100ml of 15% NH^Cl and ex trac­

ted  repeated ly  with e th e r. The desired  d iene 4£ w as not observed on 

a t ic  p la te . After the so lvent w as rem oved, a lot of polymers were ob­

se rv ed . However, 1 ,2-d ipheny lethane (2 .5 6 g , 70%) w as iso la ted  

from th e  reac tion  mixture by chrom atography,

b) Via d ith lo lace ta te  (50)

To a stirring so lu tion  of potassium  hydroxide (0 .3 g , 5 .4  

mmole) in 50 ml m ethanol, w as added a t room tem perature under Ng, 

a solution of d lth io lace ta te  50 (0 .5 3 g , 2 .6 mmol) in  5 ml m ethanol. 

After stirring for 1 hour, the starting m aterial d isappeared  (based upon 

t i c ) . An ex c ess  o f dlbromomethane (0 .7 g , 4 mmol) w as added and the 

reac tion  mixture w as stirred  overnight a t room tem perature. The desired  

diene 4̂ 3 w as not observed in the reac tion  mixture (based on t ic ) .

After workup polymers were o b serv ed .

2 -D eu te ro -1 .3 -d lth ia -4 , 6 -cvcloheptad lene (53a)

To a stirring solution of l ,3 - d i th i a - 4 ,6 -cycloheptad lene 43 

(0 .2 5 g , 2 mmol) in 40m l of dry tetrahydrofuran w as added , under n i-
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trogen a t -7 0 °C, a solution of 2 .45  M n-butyllithium  (0 .9  m l, 2 mmol) 

in n -h ex an e . The reaction  mixture w as allow ed to  s tir  a t room tem pera­

ture for 1 hour. An ex cess  deuterium oxide (O .lg , 5 mmol) w as added 

to the resu lting  deep red anion solution (52 ). The reaction  mixture 

w as stirred  a t room tem perature for a further 1 hour, then  w as poured 

in to  40m l of cold w ater and ex tracted  repeated ly  with e th e r . The ether 

layers were com bined, dried over anhydrous MgSO^ and evaporated 

o ff. The residue  w as d is tille d  under vacuum to give 2 -d e u te ro - l ,3 -

d ith ia -4 ,6 -cy c lo h ep tad ien e  53a (0,21 g , 84% y ie ld ). M ass sp ec -
+ +  

trum: M a t m /e  131; b ase  peak a t M -4 7 =  m /e 84 (loss of CHEHS);

nm r: 6 4 .12  (1H, 1 : 1 : 1  tr ip fe t) ; 6 6 .2 8  (narrow AA'BB* system , 4H),

2-'P rlm ethvlsily l-1 .3 -d lth la -4 . 6 -cvclohep tad iene (53b)

To a stirring solution of l ,3 - d i th i a - 4 ,6 -cyclohep tad iene 43 

(0 ,2 5 g , 2 mmol) in 40m l of dry tetrahydrofuran w as added , under 

nitrogen a t -7 0 °C , a solution of 2 .45  M n-butyllithium  (0.9 m l, 2 

mmol) in  n -h ex a n e . The reaction  mixture w as allow ed to  warm to  room 

tem perature for 1 hour. To the resu lting  deep red anion so lu tion  (52), 

an ex cess  of freshly  d is tille d  trim ethy lsily l chloride w as added (0 .5 g , 

4 . 6 mmol). The reaction  mixture w as stirred  a t room tem perature for a 

further 1 hour, then was poured into 40m l of cold w ater and extracted  

repeated ly  with e th e r . The ether layers were com bined, dried over an ­

hydrous MgSO^ and evaporated off. The residue  w as d is tille d  under 

vacuum to  give 0,31 g (81% yield) of 2 - tr im e th y ls i ly l- l ,3 -d ith ia -4 ,6 -
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cycloheptadiene 53b . as  a yellow  liqu id , b p . 40-45°C (0.05m m ), 

m ass spectrum : M+ m /e 202, b ase  peak a t m /e  97 ; nmr: 6 0 .25  (s,9H ) 

6 3 .11  ( s ,lH ) , 6 6 .25  (AA'BB1 system , 4H).

Anal calcd for C gH j^S gS l: C , 4 7 .4 6 ; H, 6 .9 7 ;  S, 3 1 .6 7 ;

Si , 13.76

Found: C, 4 7 .3 8 ; H , 6 .9 1 ; S, 3 1 .5 7 ; S i, 1 3 .7 6 .

Diphenyl (1 .3 -d lth lep ln -2 -v l)ca rb lno l (53c)

To a stirring solution of 1 ,3 -d ith ia -4 , 6 -cyclohep tad iene 43 

(0.25 g , 2 mmol) in  40m l of dry tetrahydrofuran w as added , under n i­

trogen a t -70° C , a solution of 2 .45  M n-butyllithium  (0.9 ml, 2 mmol) 

in  n -h e x a n e . The reac tion  mixture w as allow ed to  s tir  a t room tem per­

ature for 1 hour. To the resu lting  deep  red anion solution (52). a so lu ­

tion of benzophenone (0.36 g , 2 mmol) in  5 ml of dry tetrahydrofuran w as 

ad d e d . The reaction  mixture was stirred  a t room tem perature for 1 

hour and was then poured into 100ml of cold w ate r. The reac tion  mix­

ture w as ex tracted  repeated ly  with e th e r . The ether layers were com­

bined, dried over anhydrous MgSO^ and evaporated o ff . The residue 

w as chromatographed (alumina II, benzene) to give 0 .2 7 g  (43% yield) 

of diphenyl (1 ,3 -d ith ie  pin-2 -y l)carb ino l 53c . n m r: 6 4 .9 7  (s.Hg)* 

6 6 .2 6  (s ,4 H ), 6 3 .53  (s , exchanged with D^O), 6 7 .2 -7 .7  (m, 10H).

Anal calcd  for C, 6 9 .6 4 ; H, 4 .5 5 ;  O , 5 .1 5 ;

S, 2 0 .6 6 .

Found: C , 6 9 .4 8 ; H, 4 .5 0 ; S, 2 0 .4 9 .
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2 -M e th v l- l . 3 -d lth la -4 . 6 -cyclohep tad iene (5 3 d )

To a stirring so lu tion  of 1 ,3 -d ith ia - 4 , 6 -cycloheptad iene 43 

(0.25 g , 2 mmol) in  40m l of dry tetrahydrofuran w as added , under n i­

trogen a t -7 0 °C , a so lu tion  of 2 .45  M n-butyllithium  (0.9 ml, 2 mmol) 

in  n -h ex an e . The reaction  mixture w as allow ed to  warm to  room tem ­

perature for 1 hour. To the resu lting  deep red anion solution (52.), an 

ex c ess  o f methyl iodide (0 ,5 6 g , 4 mmol) w as added . The reac tion  mix­

ture w as stirred  a t room tem perature for 1 hour and w as then  poured in­

to  50m l cold w ate r. The reaction  mixture w as ex tracted  repeated ly  with 

e th e r. The ether layers were com bined, dried over anhydrous MgSO^ 

and evaporated o ff. The residue  w as d is tille d  under vacuum to give

1 .2 6 g (88% yield) of 2 -m eth y l-1 ,3 -d ith ia -4 , 6 -cyclohep tad iene 53d. 

a s  a yellow  liqu id , b p . 35° C (0.05 mm), nm r: 6 1.73 (d,3H ), 6 4 .42  

(quartet, 1H), 6 6 .21  (broad s ,  4H).

Anal calcd : C g H ^  : C , 4 9 .9 6 ; H, 5 .5 9 ; S, 4 4 .4 5 .

Found: C , 4 9 .8 7 ; H , 5 .4 9 ; S, 4 4 .2 2 .

Reaction o f 1 .3 - d l th la -4 .6 -cycloheptad iene (43) with N -phenvl- 

maleimlde

The mixture so lu tion  of d iene l,3 -d ith ia -4 ,6 -c y c lo h e p ta d ie n e  

43 (0 .6 5 g , 5 mmol) and N -phenylm alelm ide ( l ,5 5 g ,  5 .1  mmol) w as 

stirred  and heated a t 140°C under nitrogen for 19 hou rs. After work­

up In the u sua l w ay, the residue w as chromatographed (silica  g e l, p e t. 

ether) to  give the Dlel-Alder adduct 48 (0 .8 7 g , 40% yield) mp. 196-
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198°C a fte r recry sta lliza tio n  from m ethanol, nmr : AB system  cen ­

tered  a t 6 3 .5  (2H), 6 6 .2  (2H) and 6 7 .3  (5H), m ultip le t.

Anal, ca lcd  for : C , 5 9 .3 8 ; H, 4 .3 2 ; N ( 4 .6 2 ;

O , 1 0 .5 6 ; S. 21.13 

Found: C, 5 9 .2 7 ; H , 4 .2 4 ; N , 4 .4 9 ;  S, 21.06 .

Preparation of dlphenvl k e ten e th io ace ta l (58a)

a) To a stirring  so lu tion  of 2 - tr im e th y ls i ly l- l ,3 -d i th ia -4 ,6 -  

cycloheptadlene 53b (O .lg , Smmol) in 20ml dry tetrahydrofuran was 

added , under nitrogen a t -7 0 ° C, a solution of 2 .45 M n-butyllithium  

(2 .9 m l, 7 mmol) in  n -h ex an e . The reac tion  mixture w as allow ed to s tir  

a t room tem perature for 1 hou r. To th e  resu lting  anion solution was 

added , a t -7 0 °C , a so lu tion  of benzophenone (0.91 g , Smmol) in  5 ml 

dry tetrahydrofuran . After stirring a t room tem perature for 1 hour, the 

so lu tion  w as poured into 100  ml cold w ater and ex tracted  repeatedly  

with e th e r . The combined ether layers were dried over anhydrous 

MgSO^ , and evaporated o ff. The residue w as chromatographed on 

neutra l alumina II and e lu ted  with a solution of 10% benzene in p e t. 

e th e r. The c ry s ta l was rec ry sta lliz ed  from ethanol to  give 40% of the 

tit le  compound 58a , as  a yellow  c ry s ta l, mp 8 8 -89°C . *H nmr :

6 7 .26  (broad s ,  10H); 6 6 .35  (AA'BB', 4H ); nm r: eight signals; 

1 4 8 .2 4 ppm, 142.4ppm , 130.66ppm , 1 2 9 .4 8 ppm, 129.22 ppm, 128.3 

ppm, 1 2 8 .0 4 ppm, and 127,84 ppm. UV : no defin ite maximum, but a
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broad ta ilin g  absorption into th e  region of v is ib le .

Anal, calcd  for C jg H ^ S g  : C , 7 7 .1 6 ; H , 5 .0 3 ; S* 22.87

Found: C, 7 7 .0 2 ; H, 4 .7 9 ; S, 2 2 .5 3 .

b) To a stirring solution of 1 ,3 -d ith ia -4 , 6 -cycloheptad iene 

(43) (0,39 9 * 3 mmol) in 50ml of dry THF was added* under nitrogen a t 

-7 0 °C , a solution of 2.45 M n-B uIi (1.27m l* 3 .1  mmol) in n -hexane .

The reaction  mixture w as allow ed to  s tir  a t room tem perature for one 

hour. An equ ivalen t of trim ethy lsily l chloride (0.33 g , 3 mmol) w as ad ­

ded to  the solution* and the reaction  mixture w as stirred  a t room tem­

perature for one hour. The resu lting  solution w as again  cooled to -7 0 °C 

then a solution of 2 ,4 5 M n-BuLi (1 .27m l, 3 .1  mmol) in n -hexane was 

ad d e d . The reaction  mixture was allow ed to  warm a t room tem perature 

and stirred  for a further one hour. An equlv . of benzophenone (0 .5 5 g ,

3 mmol) in 3 ml dry THF w as added* a t -70° C , quickly to the resu lting  

anion so lu tio n . The solution was stirred  a t room tem perature for one 

hour again* before pouring into ice  w ate r. The organic m aterial w as ex­

trac ted  repeated ly  with e th e r. The ether layers were combined* dried 

over anhyd. MgSO^ and evaporated o ff. The residue w as chromatograph­

ed (alumina II* 10% benzene in  p e t. ether) to  give c a . 37% y ie ld  of the 

tit le  compound 58a.
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Preparation of dimethyl keteneth loaceta l (58b)

A) To a stirring solution of 2 - tr im e th y ls ily l- l ,3 -d ith ia -4 ,6 -  

cycloheptadlene 53b (0.1 g , 0 .5 mmol) in  20m l dry tetrahydrofuran was 

ad d ed , under nitrogen a t -70° C, a solution of 2 .45  M n-butyllithium  

(2 .9 m l, 7 mmol) in  n -h ex an e . The reaction  mixture w as allow ed to 

warm up to  room tem perature and stirred  for a further 1 hour.

To th e  resu lting  anion solu tion  w as added, a t -7 0 °C , an ex c ess  

o f A .C .S . grade ace to n e . After stirring to room tem perature, the r e ­

ac tion  mixture w as poured into cold w ater and ex tracted  repeated ly  with 

e th e r. The residue  afte r th e  removal of ether w as d is tille d  under vacuum 

to  give th e  compound 58b in  quan tita tive y ield; 58b is  a yellow  liquid

of good sm ell, b p . 72° C (0.16 mm), nmr; 6 2 .03  ( s ,6H), 6 6 .27  (s,
F.tO H

4H), UV: X 342 nm ( e l l8 1 ) ,  270nm (shoulder, e l l0 4 ) ,  255nm max

(shoulder, £2053), 240nm (shoulder, e3312) and 220nm (shoulder, 

e l l , 039); m ass spectrum : M+ a t m /e  170 (34.8%), m /e  155 (14.7%) 

103 (21.2%), 97 (26.2% ), 86 (91.5%), 71 (100%) and 45 (51.1%).

A nal, c a lc d . for CgHjpSg : C , 5 6 .4 3 ; H, 5 .9 2 ; S, 37,65 .

Found; C, 5 6 .3 7 ; H, 5 .7 9 ; S, 37.52 .

B) To a stirring solution of l ,3 - d i th l a - 4 ,6 -cycloheptad iene 43. 

(0.39 g , 3 mmol) w as added under nitrogen a t -70° C, a solution of 

2 .45  M n -B u li (1 .27m l, 3 .1  mmol) in  n -h ex an e . The mixture w as 

allow ed to  stir a t room tem perature for 1 hour. Trim ethylsilyl chloride
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(0 .3 5 g # 3 .2  mmol) w as added into the resu lting  anion so lu tion  a t  

-70° C and the reaction  mixture w as stirred  a t room tem perature for 1 

hour.

To the reaction  mixture w as added a t -70° C , a solution of 

2 .45 M n-butyllithium  (2 ml, 5 mmol) in n -h ex an e . The mixture w as a l ­

lowed to  warm to room tem perature and stirred  for a further 1 hour. The 

mixture w as again  cooled to -70° C , and an ex cess  of ACS grade acetone 

was added . After stirring a t room tem perature for 1 hour, the reaction  

mixture w as poured into 100 ml cold w ater and ex tracted  repeated ly  w ith 

e th er. The e ther layers were com bined, dried over anhydrous MgSO^ 

and evaporated o ff. The residue w as d is tille d  under vacuum to give com­

pound 58b in quan tita tive  y ie ld .

Reaction of dlphenvl ke teneth loaceta l 58a w ith m ethvllithlum

a) Quenching w ith w ater

To a stirring  solution of diphenyl k e teneth loaceta l 58a 

(85 mg, 0 .28  mmol) in 10 ml of dry tetrahydrofuran w as added , under 

nitrogen a t  -7 0 °C , a solution of 1.56 M methylUthium (0.2 ml, 0 .3  mmol) 

in e th er. The reaction  mixture w as allow ed to s tir  a t room tem perature 

for 2 hou rs, before poured into 20m l cold w ate r. The mixture w as ex ­

tracted  repeated ly  w ith e th er. The e ther layers were dried over anhy­

drous MgS0 4 .

The residue a fte r removal of so lven t rem ained a yellow  solid  

(83 mg). W ithout purification , the yellow  solid  has an Identical nmr
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spectrum  with the starting  m aterial.

b) Quenching w ith Trlm ethvlsilvl Chloride

To a stirring  solution of diphenyl ke tene th loace ta l 58a 

(70 mg, 0 .24  mmol) In 10 ml of dry THF was added , under nitrogen a t  

-7 0 °C , a so lu tion  of 1 .56M  methylllthium (0.2 ml, 0 ,31  mmol) in e th e r. 

The reac tion  mixture w as allowed to s ti r  to room tem perature for 1 hour. 

An ex cess  of freshly  d is tille d  trim ethylsily l chloride (ca. 0 .2  g) was 

added into the re su ltin g  anion solution a t -7 0 °C . The reaction  mix­

ture w as stirred  a t room tem perature for 1 hour, and then poured in to  

20 ml cold w a te r. The mixture w as ex tracted  repeated ly  w ith e th e r. The 

combined ether layers were dried over anhydrous MgSO^ , and evapor­

ated  off. The residue w as recrysta llized  from p e t. ether to  give tr i-  

m ethylsilyl compound 64, In quan tita tive  y ie ld , as  a yellow  cry sta l 

mp 96 -98°C , a fte r rec ry s ta lliza tio n  from p e t. e th e r, nmr (no TM S):

6 0 .00  (s ,9 H ), 6 6 .4 6 -6 .9 5 , sp lit in to  two areas 1 :2  (3H), 6 7 .38  

(broad s ,  10H).

Anal ca led for C2 jH 2 2S2S i: C , 6 8 .8 0 ; H , 6 .0 5 ; S , 17 .49 ;

S i, 7 .66  .

Found: C , 68.75 ; H , 6 .0 7 ; S, 17 .31 ; S i, 7 .6 0  .

Reaction of dim ethyl keteneth loaceta l 58b w ith  methvlllthium

a) Quenching w ith w ater

To a stirring  so lu tion  of dim ethyl ke teneth loaceta l 58b 

(0 . 2  g , 1 . 2  mmol) in 10 ml dry tetrahydrofuran w as added , under n itro ­
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gen a t -70° C , a so lu tion  of 1 .56M  methyllithium (1 m l, 1 .5 6 mmol) in 

e th e r. The reac tion  mixture w as allow ed to s tir  to  room tem perature for 

2 hours, before poured Into 20m l cold w ate r. The reaction  mixture was 

ex tracted  repeated ly  with e th e r . The combined ether layers were dried 

over anhydrous MgSO^ . The residue a fte r the removal of the ether was 

d is tille d  under vacuum to recover the starting  m aterial in c a .  85% y ie ld .

b) Quenching with trlm ethvlslly l ch lo ride .

To a stirring  solution of dim ethyl ke ten e th lo ace ta l 58b 

(0.15 g , 0 .8  mmol) in 5 ml dry tetrahydrofuran w as ad d e d , under n itro­

gen a t  -7 0 ° C , a so lu tion  of 1.56 M methyllithium (0.7 ml, 1.1 mmol) in 

e th e r. The reaction  mixture w as allow ed to s tir  to  room tem perature for 

1 hour. An ex cess  of freshly  d is tille d  trim ethylsily l chloride w as added 

to  the resu lting  anion solution a t  -70° C . The reaction  mixture was 

stirred  a t room tem perature for 2 h o u rs , before poured in to  20 ml ice w a­

te r .  The mixture w as ex tracted  repeatedly  w ith e th er, dried over an ­

hydrous MgSO^ and evaporated off the so lven t. The residue was d is ­

tilled  under vacuum to  give the trim ethyls ily l compound 64b in quan ti­

ta tiv e  y ie ld . As a yellow  liq u id , nmr (CDCl^, TM S): 6 0 .18  (s,9H ) 

sing le t a t 6 2 .05 and 6 2 .0 9  (6 H), 6 6 .2 4 -6 .7 0  sp lit in to  two area  1: 2 

(3H).
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Anal. ca led for c i i H ig S2S i: C ' 54 .49; H , 7 .4 8 ; S, 2 6 .4 4 ;

S i, 11.58 .

Found: C , 54.52 ; H ,7 .4 3 ;  S , 2 6 .4 0 ; S i, 1 1 .4 6 .

1 13The M easurement of H and C NMR spectrum  of 1 .3 -d lth la -4 , 6 -

cvcloheptad lenvl anion 52 .

The l,3 -d ith ia -4 ,6 -c y c lo h e p ta d ie n y l anion 52. w as generated 

in a NMR tube equipped w ith a three way stopcork, one for n itrogen, and 

one for pump.

To make sure the tube had no a ir  and m oisture, the nmr tube was 

in le t with nitrogen for about 15 minutes and then  heated gen tely  with a 

Benson burner.

Using l c c  th ringe, 0 .17  ml (0.4 mmol) of 2 .4  M n-buty l lithium 

in n-hexane w as in jected  into above cold nmr tu b e . The so lvent w as 

removed slow ly by the vacuum pump. A solution of 1,3 -d ith ia -4 , 6-c y ­

cloheptadiene (52 m g ., 0 .4  mmol) in about 0 .5  ml freshly  d is tille d  

THF-dg (dried over LiAlH^ ; containing TMS a s  reference) w as added 

into the nmr tube a t -70° under nitrogen. The resu lting  deep red anion 

so lu tion  w as allow ed to warm a t 0°C for about ten m inutes. W hile 

keeping an atm osphere of nitrogen in the tube, its  contents were cooled 

in  dry ice -ace to n e  bath , and the tube was carefu lly  se a le d .

The sea led  nmr tube w as alw ays kept In dry ice -ace to n e  bath 

besides the spectrum was run.
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The proton NMR spectrum  of anion 52, showed tha t the sharp 

AA'BB' system  in 43. was sp lit Into AA'XX' sy stem . The lower part 

of the spectrum centered a t 6 6 .6 3 , and the upper part of AA'XX' cen ­

tered a t 6 5 .8 0 . was a trip le t a t 6 1.48 with a coupling con­

s tan t 0 . 8 H zf ( coupled w ith lower part of the spectrum ).

The C-13 NMR spectrum  of anion S2_ showed three signa ls

a t  25 .6  ppm (C „), 146.7 ppm (C ./C ,)  and 121.6ppm  (C_/C _).
& 4 /  O b

Preparation of 1.3 -d lth iacvclohep tane  (70).

Thioacetic ac id  (30 ml, 0.423 mole) w as added to  a so lu tion  of 

sodium (9.73 g , 0 .423 mole) in 400 ml anhydrous methanol a t 0 -5 °C . 

The mixture refluxed for 2 hours before 1 ,4-dlbrom obutane (4 5 .7 9 g , 

0.212 mole) w as added dropwlse a t reflux . The reaction  mixture was 

allow ed to  reflux overnight. D ith lo laceta te  w as expected to form a t 

th is  s te p . W ithout Iso lation  of d ith lo lace ta te , a concentrated aqueous 

so lu tion  of potassium  hydroxide (4 7 .5 g , 0 .848 mole) in 30ml of w ater 

w as added slowly into the cold reaction  m ixture, and the reaction  mix­

ture w as refluxed for 2 hours. Dibromo me thane (34 ml, 0 .3  mole) was 

dropped in a t  reflux and the reaction  mixture w as refluxed for a further 

5 ho u rs . The mixture was cooled to room tem perature and the precip i­

ta te  w as filtered  off. After the so lven t was removed under reduced 

p re ssu re , the concentrated so lu tion  w as poured into cold brine w ater 

and extracted repeatedly  w ith e th er. The ether layers were com bined,
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dried over anhydrous MgSO^ and evaporated o ff. The residue was 

d is tille d  under vacuum to give two fractions: 1,2 -d lth ia n e , bp 42- 

50°C (1.8m m ), co lo rless  liquid was obtained in ca 7% (2 .5 2 g ); nmr:

6 1.98 (br. m, 4H) and 6 2 .80 (br. m, 4H).

Anal calcd for C^HgSg : C , 3 9 .9 6 ; H , 6 .7 1 ; S, 53.33 .

Found: C , 4 0 .0 1 ; H , 6 .6 5 ; S , 5 3 .2 8 .

1 ,3 -d ith iocyclohep tane , bp 58-65°C (1.8m m ), co lo rless liqu id , was 

obtained in 31% yield  (8.72 g ); nmr: 6 2 ,00 (b r .m ,4 H ), 6 2 .80  (br. 

m ,4H ) and 6 3 .85  (s ,2H ).

Anal calcd for : C , 4 4 .7 3 ; H ,7 .5 1 ;  S , 4 7 .7 6 .

Found: C , 4 4 .7 0 ; H ,7 .5 5 ;  S , 4 7 .7 1 .

Reaction of 1.3 -d ith iacvclohep tany l anion w ith e le c tro p h lle s .

A) The generation of 1,3 -d lth lacvclohep tanv l an ion .

To a stirring so lu tion  of 1,3 -d ith iacyclohep tane  (0 .5 4 g ,

4 mmol) in 40 ml of dry tetrahydrofuran was ad d ed , under nitrogen a t 

-7 0 °C , a so lu tion  of 2 .45  M n-butyllithium  (1 .8 m l, 4 mmol) in n - 

hexane. The reaction  mixture was allow ed to warm a t room tem perature 

for one hour.

B) Reaction w ith lodomethane

To the above resu lting  co lo rless 1 ,3 -d ith iacyclohep tany l 

anion so lu tion , an ex cess  of lodomethane w as added a t -7 0 °C . The 

reac tion  mixture w as stirred a t room tem perature for a further one hour, 

then w as poured into 50 ml of cold w ater and ex tracted  repeated ly  with
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e th e r. The ether layers were com bined, dried over anhydrous MgSO^ 

and evaporated off. The residue w as d is tilled  under vacuum pressure 

to  give 0 .5 4 g (92% yield) of 2 -m eth y l-l,3 -d ith iacy c lo h ep tan e  72a as 

a co lo rless  liqu id , bp . 47°C (0.55m m ), nmr: 6 1.50 (d,3H ), 5 1.98 

(b r .m ,4 H ), 6 2 .79  (center of two brmm, 4H) and 6 4 .23  (q ,lH ).

Anal calcd  for CgH 12S2 : C , 4 8 .6 0 ; H ,8 .1 6 ;  S, 4 3 .2 4 .

Found: C , 4 8 .4 9 ; H ,8 .1 1 ;  S , 4 3 .3 0 .

C) Reaction w ith benzophenone

To the above resu lting  co lo rless 1 ,3 -d lth iacyclohep tany l 

anion solution w as quickly added a t -7 0 °C , a solution of benzophenone 

(0.73 g , 4 mmol) in 4 ml THF. The reaction  mixture was stirred  a t room 

tem perature for one hour, then poured into about 50 ml of cold w ater 

and ex tracted  repeatedly  with e th er. The ether layers were com bined, 

dried over anhydrous MgSO^ and evaporated off. The residue  w as chro­

matographed (Al2° 3  D , benzene) to  give 0 .6 4 g (51% yield) of carbinol 

72b , mp. 91 -93°C . After recry sta lliza tio n  from benzene-petrolem  ether 

gave w hite c ry s ta l, mp. 93 -94°C , nmr: 6 1.87 (center of b r . m, 4H),

6 2 .85 (center of two br. m, 4H), 6 3 .65  (s , 1H, exchanged with D2 0 ) , 

6 5 .56  ( s , 1H) and 6 7 .22 -7  .72 (m, 10H).

Anal calcd for C 18H2 QS2 : C , 6 8 .3 1 ; H .6 .3 7 ;  S, 20 .26  .

Found: C , 6 8 .2 8 ; H , 6 .2 5 ; S, 2 0 .0 7 .
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D) Reaction with trim ethvlsllv l ch lo ride .

To the above 1 ,3 -d ith iacyclohep tany l anion so lu tio n , an 

ex cess  of fresh ly  d is tilled  trim ethylsily l chloride w as added a t -70° C . 

The reac tion  mixture was stirred  a t room tem perature for a further 1 hour, 

then w as poured into about 50ml of cold w ater and extracted  repeatedly  

with e th e r . The e ther layers were com bined, dried over anhydrous 

MgSO^ and evaporated off. The residue was d is tilled  under vacuum 

pressure  to  give 2 - trim e th y ls ily l-1 ,3 -d ith iacyclohep tane 72c (0.77 g , 

94% y ie ld ), a s  a co lo rless  liqu id , bp. 65 -69°C (0 .16 mm); nmr: 6 0 ,18  

(s ,9H ), 6 2 .03 (center of b r. m, 4H), 6 2 .88  (center of two wide br. 

m ,4H ) and 6 3 .44  ( s , lH ) .

Anal, ca lcd  fa* CgH^gSgSi: C , 4 6 .5 5 ; H .8 .7 9 ;  S, 31.06;

S i, 13.61 .

Found: C , 4 6 .5 0 ; H, 8 .7 1 ; S, 3 1 .1 2 ; S i, 1 3 .4 9 .

Preparation of dim ethyl ke teneacetal of 1 ,3 -d lth iacv c lo h ep -

tane (73a).

To a stirring so lu tion  of 2- tr im e th y ls ily l-1 ,3 -d lth lacy c lo h ep - 

tane 72c (0 .3 5 g , 1.7 mmol) in 25 ml dry THF, was ad d e d , under n i­

trogen a t -7 0 °C , s solution of 2 .4  M n-butylllthium  (0.7 ml, 1.7 

mmol) In n -h ex an e . The reaction  mixture w as allow ed to warm up to 

room tem perature and stirred for one hour.

To the resu lting  anion solution w as added , a t -7 0 °C , an ex ­

c e ss  of ACS grade ac e to n e . After stirring  to room tem perature, the re ­
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ac tio n  mixture w as poured into about 50ml cold w ater and extracted  

repeated ly  with ether* The ether layer w as dried over anhydrous 

MgSO^ and evaporated off e th er. The residue w as d is tilled  under v ac ­

uum to  give 0.25 g (85% yield) of t i t le  compound 73a . a s  a  co lo rless 

liqu id , bp . 57°C (0.16m m ), nmr: 6 1.98 (s ,3 H ), 6 1.93 (center of 

b r. m, 2H) and 6 2 .90  (center of brm m , 2H).

Anal, ca lcd  for C 0H 1JtS „ : C , 5 5 .1 2 ; H ,8 .1 0 ;  S , 3 6 .7 8 .8 14 2

Found: C , 5 5 .0 2 ; H ,8 .1 5 ;  S, 36.55 .

Preparation of diphenyl k e ten eace ta l of 1 .3 -d ith iacv c lo h ep - 

tane (73b).

To a stirring solution of 2- tr im e th y ls ily l-1,3 -d ith iacy c lo h ep ­

tane 72c (0 .4 g . , 0 .9 8 mmol) in 2 0 ml of dry THF w as added , under n i­

trogen a t -7 0 °C , a so lu tion  of 2 .4  M n-butyllithium  (0.8 ml, 0 .98  

mmol) in  n -h ex an e . The reaction  mixture w as allow ed to s tir  a t room 

tem perature for 1 hour. To the resu lting  anion solu tion  w as added , a t 

-7 0 °C , a solution of benzophenone (0 .4 g , 2 .2  mmol) in 3 ml dry THF. 

After stirring  a t room tem perature for one hour, the so lu tion  was poured 

into 50 ml cold w ater and extracted  repeated ly  w ith e th e r . The combined 

ether layers were dried over MgSG4 and evaporated off. The residue 

was chromatographed (AJ^O3 b en zen e), and the obtained cry s ta ls

were recry sta llized  from b en zen e -p e t. ether to  give 0 .1 5 g  (53% yield) 

of diphenyl ke teneace ta l of 1,3 -d ith iacyclohep tane  73b , a s  a w hite
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c ry s ta l, mp. 162-163°C , nmr: 6 1.97 (center of b r. m, 4H ), 6 2 .97  

(center of b r. m, 4H) and 6 7 .22  ( b r . s ,  10 H).

Anal, ca lcd  for C 10H 1QS0 : C , 7 2 .4 4 ; H ,6 .0 8 ;  S , 2 1 .4 8 .
lo  lo  it

Found: C , 7 2 .3 3 ; H , 6 .0 1 ; S. 2 1 .3 9 .

Preparation of bis (vlnylmercapto)methane (67).

To a stirring  suspensed  mixture of powdered sulfur (7 .6 8 g , 0 .24  

mole) In 40 ml dry tetrahydrofuran w as ad d ed , under nitrogen a t -70° C , 

a solution of vlnyllithium  (100 ml, 0 .24  mole) in e th er. The mixture w as 

allow ed to rise  to  room tem perature. After stirring  for 1 hour, the mixture 

w as cooled a t  -7 0 °C . To the cold mixture dibromomethane (2 1 .1 2 g ,

0 .12  mole) was added d ropw lse . The reac tion  mixture w as then stirred  

a t room tem perature for 2 h o u rs . The mixture w as poured Into ca 50 ml 

cold w ater and ex tracted  repeated ly  w ith e th e r. After dried and removed 

the so lv en t, the residue w as d is tilled  under vacuum to  give 8 .23  g 

(52.4% yield) of the title  compound §7_ a s  a co lo rless liqu id , bp.

78-79° (11m m ). nmr (CCl^) : 6 3 .92  (s ,2 H ), ABX type a t 6 5 .0 8 -  

5 .37  (m,4H) and 6 6 .1 9 -6 .6 3  (m ,2H ). 13C nmr (CC14) : 1 3 1 .4 8 ppm 

fat-C), 112.7 6 ppm (£-C ) and 34 .56ppm . IP (CC14) : 3100cm "1 ,

1580 cm 1 . UV: 227 (e4759). M ass spectrum : m /e (M+ ,

11.5% ), 104 (21.5% ), 73 (83.1%) 58 (24%), 45 (100%).

A nal. ca lcd  for CgH gS^ C , 4 5 .4 1 ; H .6 .1 0 ;  S, 48 .49  .

Found: C , 4 5 .4 4 ; H ,6 .2 1 ;  S, 48.47 .
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Reaction of b is (vlnvlmercapto) methane w ith n-buty l lith ium .

a) Quenching with trim ethylsily l ch loride .

To a stirring solution of bis(vinylm ercapto)m ethane (0 .2 6 4 g,

2 mmol) in  20ml dry tetrahydrofuran w as added , under nitrogen a t -70° , 

a solution of n-butyllithium  (9 m l, 2 .1  mmol) in n -h ex an e . The reaction 

mixture w as allow ed to hold a t  room tem perature for 1 hour. To the re ­

sulting straw -yellow  anion w as added a t -70° , an ex cess  of trim ethyl­

s ily l ch lo ride . The mixture w as then stirred  a t room tem perature for 1 

hour. After workup in the usual manner, the residue w as d is tille d  under 

reduced p ressure to  give bis(vinylm ercapto)m ethyl trlm ethylsllane 

(75a) in quan tita tive  yield ; yellow liqu id , bp . 68-70°C (11mm); nmr 

(CCl^, no reference): 6 0 .0 0  (s ,9 H ), 6 3 .17 ( s ,lH ) . ABX type a t 

6 4 .9 6 -5 .2 5  (m,4H) and 6 6 .1 1 -6 .5 5  (m,2H).

Anal ca lcd  for CgH^gSgSi: C , 4 7 .0 0 ; H ,7 .8 9 ;

S , 31.37 ; S i, 13.74 .

Found: C , 4 6 .9 2 ; H .7 .7 7 ;  S , 3 1 .4 0 ; S i, 13.68 .

b) Quenching w ith benzophenone.

To a stirring so lu tion  of bis(vlnylm ercapto)m ethane 

(0.36 g , 2 . 8  mmol) in 20 ml dry tetrahydrofuran w as ad d e d , under n i­

trogen a t -7 0 °C , a so lu tion  of 2 .45  M n-butyllithlum  (1.5 ml, 2 .9  

mmol) in n -h ex an e . The reaction  mixture w as allow ed to  s tir  a t room 

tem perature for 1 hour. To the resu lting  anion solution w as added a t
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-7 0 °C , a solution of benzophenone (0 .4 6 g , 2 .5  mmol) In 3 ml dry 

te trahydrofuran. The reaction  mixture w as held a t  room tem perature for 

1 hour. After workup in the u sua l w ay , the residue w as chromato­

graphed (alumina III, benzene) to give the carbinol 75b in 85% y ie ld , 

nmr (C C l^): 6 3 .32  ( s , lH ,  exchanged with DgO) , 6 4 .90  ( s , lH ) ,

6 5 .0 3 -5 .3 2  (m ,4H ), 6 6 .0 3 -6 .4 7  (m,2H), 6 7 .1 2 -7 .5 7  (m,10H).

Anal, calcd  for C jgH jgO Sg : C , 68.75 ; H . 5 .7 7 ; O , 5 .7 7 ;

S , 20 .40  .

Found: C , 6 8 .7 0 ; H ,5 .6 9 ;  S , 20.28 .

Preparation of diphenyl k e ten eace ta l of b is  (vlnvlmercapto)meth­

ane  (76).

To the stirring so lu tion  of bis(vinylm ercapto)m ethyl tr i -  

m ethylsilane (75a) (0 .1 5 g , 0 .73  mmol) In 20 ml dry THF w as added , 

under nitrogen a t -7 0 °C , a solution of 2 .45  M of n-butyllithium  (0.3 

ml, 0 .75  mmol) in n -h ex an e . The reaction  mixture w as allow ed to  rise  

to  room tem perature for one hour. The resu lting  blood-red anion so lu ­

tion w as quenched w ith a solution of benzophenone (excess) in THF at 

-7 0 °C . Before pouring into 50 ml of cold w ate r, the reaction  mixture 

w as stirred  a t  room tem perature far a further one hour. The mixture 

w as extracted  repeated ly  w ith e th e r. The ether layers were com bined, 

dried over anhydrous MgSO^ and evaporated off. The residue w as 

chromatographed (silica  g e l , p e t. ether) to  give 0 .1 9 g  (ca. 92% yield)
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of the t i t le  compound, as yellow  o il ,  nmr: 6 5 ,0 9 -5 .3 7  (m,4H),

6 6 .3 1 -6 .7 4  (m,2H) and 6 7 .2 0  ( s , 10H).

Anal, calcd  for C ^ H jg S g  : C , 72.93 ; H 5 . 4 4 ; S, 2 1 .6 3 . 

Found: C , 7 2 .8 5 ; H , 5 .41 ; S , 2 1.54 .

1 13The measurement of H and C nmr spectrum  of lith loderlvatlve 

of b is  (vlnvlmercapto) m ethane.

1 13Following the same procedure as  the measurement of H and C

nmr spectrum of 1,3-dithia-4,6-cycloheptadienyl anion, we sealed the

nmr tube which contained 53 mg (0.4 mmol) of bis(vinylm ercapto)m ethane

and one equivalent of n-butyllithium  in dry TH F-dg. *H nmr spectrum

showed ABX system  a t  6 4 .6 1 -5 .5 0  and 6 6 .3 8 -6 .8 1 , and a s ing le t 

13a t  6 2 .4 0  . C nmr spectrum  showed three s ig n a ls  a t  6 148.7 ppm

(C ) ,  6 102.9 (Ca ) and 6 25 .5  ppm (C, ). a P 2

H /P  exchange with 1.3-dlthia-4.6-cvclohePtadiene (43) and 

1 .3-dlthiacvclohePtane (70) .

To a solution of a sm all p iece of c lean  potassium  (ca. O .O lg , 

0 .2 6 mmol) in 8 ml of t-butanol-O D  w as added, under nitrogen a t 70°C , 

an  equlmolar mixture of 43. (0 .2 0 5 g , 1.58mmol) and 70 (0 .211 g .

1 .5 8 mmol) in 2 ml of t-bu tano l-O D .

After stirring a t  th is  temperature for 24 h o u rs , the resu lting  

deep red so lu tion  w as poured into c a . 50ml of cold 15% NH^Cl
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aqueous so lu tion  and the organic m aterial w as ex tracted  repeated ly  with 

e th e r . The e ther layers were com bined , dried over anhydrous MgSO^ 

and evaporated off. The residue w as d is tilled  under vacuum . Tic a n a l­

y s is  of d is tilled  product showed two spo ts corresponding to compound 

43 and £ 0 . nmr: 6 2 .00 (center of m ) ,  6 2 .80  (center of m) and 

6 6 .28  (br. s ).
4

The same procedure w as repeated for sev era l d ifferent tem per­

a tu res  and t im e s .

Four h o u rs /7 5°C , nmr: 6 2 .00  (m), 6 2 .8 0  (m), 6 3 .85  (s)

and 6 6 .28  (m).

Two h o u rs/7 5 °C , nmr: 6 2 .00  (m), 6 2 .8 0  (m), 6 3 .85  (s)

and 6 6 .28  (m).

Ten m in s ./8 5 °C , nmr: 6 2 .00  (m), 6 2 .80  (m), 6 3 .85  (m)

and 6 6 .28  (m).

30 m in s ./3 5 °C , nmr: 6 2 .00  (m), 6 2 .8 0  (m)f 6 3 .85  (s)

and 6 6 .28  (m).

H /D Exchange with 1 .3 -d lth la -4 .6 -cv c lo h ep tad len e  (431 and

bisfvlnylm ercaptolm ethane (671.

To a so lu tion  of a sm all p iece of c lean  potassium  (ca . O .O lg , 

0 .2 6 mmol) in 8 ml of t-butanol-O D  w as added, under nitrogen a t 

50°C , an equim olar mixture of 43, (0 .1 3 5 g , 1.03 mmol) and 67,

(0 .1 3 5 g , 1.02 mmol) in 2 ml of t-b u tan o l-O D .
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After stirring a t  th is  tem perature for 30 m inu tes, the resu lting  

deep red so lu tion  w as poured into c a . 150ml of cold 15% NH^Cl 

aqueous solution and ex tracted  repeated ly  w ith e th e r. The e ther layers 

were com bined, dried over anhydrous MgSO^ and evaporated o ff. The 

residue was d is tilled  by w ater pump (67 has a low boiling point) and 

then by oil pump. Tic an a ly s is  of d is tille d  product showed two spots 

corresponding to compound 43 and 67.. nmr: 5 3 .92 (s), 6 4 .13  (t, 

trace ), 5 5 .0 8 -5 .3 7  (m), 6 6 .1 9 -6 .6 3  (m) .

Photolysis of 1 ,3 -d lth la -4 , 6 -cv c lo h ep tad len e .

The so lu tion  of 1 ,3 -d ith ia -4 , 6-cyclohep tad iene (0 .6 5 g , Smmol) 

in 100 ml of dry THF in a 150 ml Pyrex tube equipped w ith a drying 

tube w as immersed into  ice w ate r. The solu tion  w as irrld iated w ith a 

450 W Hanovia mercury lamp for two h o u rs . Tic ind icated  only one 

sp o t. The residue w as d is tille d  under vacuum after the removal of so l­

vent to give 0 .6 0 g  (92% yield) of 2 ,4 -d ith iab icy c lo (3  ,2 ,0)heptene 

77.

Compound 77_ formed a s  a co lo rle ss  liq u id , bp . 30 -33°C

(0.05m m ). ^ n m r :  6 5 .77  (s ,2 H ), 6 5 .00  (s ,2 H ), 6 3 .8  (center

13of AB sy stem , 2H, J 's ,  12H z). C nmr : 6 1 3 4 .6 , 6 61 , 6 35 .8  . 

M ass spectrum : m /e : 130 (M+,22% ), 103 (17%), 84 (100%).

Anal, ca lcd  for C gH6S2 : C , 4 6 .1 2 ; H ,4 .6 4 ;  S , 49 .25  .

Found: C , 4 6 .0 1 ; H ,4 .5 9 ;  S . 4 9 .1 3 .
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Photolysis of te tradeuteroderivatlve of 1 .3 -d ith la -4 .6 -c v c lo -

h ep tad len e .

Following the preceedlng procedure, a so lu tion  of te tradeu­

teroderivatlve of 1 ,3 -d l th ia -4 ,6-cyclohep tad iene (0.402 g , 3 mmol) in 

THF w as irrid lated for 2 hours. The residue w as d is tille d  afte r the re ­

moval of so lvent to  give 0 .37  g of 1,3 #3,5 - te tra d e u te ro -2 ,4 -d ith ia -  

b icy c lo (3 ,2 ,0 )h ep ten e , its  nmr spectrum only c o n s is ts  of one s in g le t 

a t  6 5 .7 5 .

4 .7 - Dldeutero -  l , 3-dlthla-4, 6-cvclohePtadlene.

A sm all p iece of c lean  potassium  (ca. 0 .01  g) w as d isso lv ed  in 

10 ml of t-b u ta n o l. A solu tion  of te tradeu tero  (0.29 g , 2 .16  mmol) in 

5 ml t-b u tan o l w as added Into the above t-bu tano l so lu tion  under n i­

trogen a t 75°C (oil bath tem perature). The resu lting  red so lu tion  w as 

stirred  for 30 minutes a t 75° C before pouring into 40 ml of cold 15% 

of NH^Cl so lu tion , and the organic m aterial w as ex tracted  repeated ly  

with e th e r . The e th er layers were com bined, dried over anhydrous 

MgSO^. The residue was d is tilled  a fte r the removal of so lvent to

give 0 .17g  (59.6%) of H/D  exchanged product. *H nmr: 6 4 .13  (s,

132H), 6 6 .3 0  ( b r .s ,  2H). C nm r: 127.9 ppm (peak height 12%), 

124.2 ppm (peak height 58%), 39.3 ppm (peak height 37%).
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Equilibrium Acidity

a) 1 .3 -d lth lacvclohep tanv l anion with 1, 3 -d ith ia -4  . 6 -c v c lo -  

h ep tad len e .

To a stirring solution of 1 ,3 -d ith iacyclohep tane  (0.27 g ,

2 mmol) in  40 ml of dry tetrahydrofuran w as added , a t -70°C  under n i­

trogen , a so lu tion  of 2 .45  M n-BuLi (0 .9 m l, 2 mmol) in n -h ex an e . The 

resu lting  co lo rless  anion solution w as allow ed to  warm a t  room tem pera­

ture for one hour, and a so lu tion  of 43. (0.26 g , 2 mmol) in  4 ml dry THF 

w as then added a t -70° C . The reac tion  mixture was stirred  a t room 

tem perature for about 10 m inu tes, the resu lting  red so lu tion  was held 

a t  ice bath tem perature for 2 h o u rs . An ex cess  of freshly  d is tille d  tr i­

m ethylsily l chloride was added quickly  a t  -70° C . Before poured into 

100 ml of cold w ate r, the reaction  mixture w as stirred a t room tem pera­

ture for one hour. The mixture w as ex tracted  repeated ly  with e th er.

The ether layers were com bined, dried over anhydrous MgSO^ and evap­

orated off. The residue w as d is tille d  under vacuum to give 0 .3 3 3 8 g 

of yellow  o il .  nmr: 6 0 .25  (s), 6 2 .00  (m), 6 2 .80  (m), 6 3 .1 3  (s),

6 3 .82 (s), 6 4 .1 3  (s) and 6 6 .2 3 -6 .7 7  (m). The re la tive  areas of 

s in g le ts  a t 6 3 .13 (compound 5 3 b ). 2 .5 ,  6 , 7 , 4 ; a t 6 3 .8 2  (com­

pound 70) .  14, 30 , 4 4 , 22 : a t 6 4 .13  (compound 43), 5 , 1 2 , 17,

8 .1  . Based upon th is  a n a ly s is , the product contained 22% of 1 ,3 -  

d i th ia -4 , 6 -cy c lo h ep tad len e , 57 .5% of 1 , 3 -d ith iacycloheptane and 

20.4% of 2- tr im e th y ls ily l-1 ,3 - d i th ia -4 ,6-cy c lo h ep tad len e .
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b) Blsfvinvlmercaptolm ethvl anion with 1, 3 -d lth la -4 , 6-  

cvc lo h ep tad len e .

To a stirring so lu tion  of bis(vinylm ercapto)m ethane (0 .2 6 4 g , 

2 mmol) In 40m l of dry THF w as added , under nitrogen a t -7 0 ° C , a 

so lu tion  of 2 .45 M n-BuLi (0.82 ml, 2 mmol) in n -h ex an e . The resu lting  

anion solution w as allow ed to  s tir  a t room tem perature for one hour, 

and a so lu tion  of l ,3 - d i th i a - 4 ,6-cyclohep tad iene (0 .2 6 g , 2 mmol) in 

4 ml of dry THF w as then added a t -7 0 ° C . The reaction  mixture was 

allow ed to  warm to  room tem perature for 10 m inutes and then held a t ice 

bath tem perature for 2 h o u rs .

To the resu lting  so lu tion  w as added a t -7 0 °C , an ex c ess  of 

fresh ly  d is tille d  trim ethylsily l ch lo ride . Before pouring into 40m l of 

cold w ate r, the reac tion  mixture was stirred  a t room tem perature for 

one hour. The mixture w as extracted  w ith e th e r. The ether layers were 

com bined, dried over anhydrous MgSO^ and evaporated off. The 

residue w as d is tille d  by w ater pump (to d is t i l l  out bis (vinylmercarpto) 

methane f irs t) , followed by oil pump, nmr: 6 0 .25  (s), 6 3 .18  ( s ,  

9 .1 H ) , 6 3 .97  (s, 35H), 6 4 .15  ( s , 2 1 H ), 6 5 . 11-5 .40  (m) and 

6 6 .1 9 -6 .6 3  (m),

Based on nmr a n a ly s is , the product contained 28.3% of 4 3 . 

47.2% of 67 and 24.5% of 5 3 b .
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H /b  exchange reaction with 2 -methyl-1 .3-dlthla-4. 6-cvclo- 

heptadlene and 1.3-dithiacvclohePtane.

To a so lu tion  of a  sm all p iece of c lean  potassium  (ca. 0 .01 g , 

0 .2 6 mmol) in 8 ml of t-butanol-O D  w as ad d ed , under nitrogen a t  

75° C , an equlm olar mixture of 2 -m e th y l-1 , 3 -d ith ia -4 , 6 -cy c lo h ep ta­

d iene (0.4 g , 2 .7 8 mmol) and 1 ,3 -d ith lacycloheptane (0 .3 8 g , 2 .8  

mmol) in 3 ml of t-b u tan o l-O D .

After stirring a t 75°C for three and a half hours, the resulting  

red solution w as poured into c a .  150ml of cold 15% NH4C1 aqueous 

so lu tio n , and the organic m aterial w as extracted  repeated ly  with e th e r . 

The e ther layers were com bined, dried over anhydrous MgSO^ . The 

residue w as d is tille d  under vacuum afte r the removal of the so lven t.

Tic ind icated  two spots corresponding to  compound 53d and compound 

70 . nm r(C C l4) :  6 1.71 (m ,C H 3 ,5 . 8  H ), 6 4 .3 0  (q ,H 2 , 0 .45  H ),

6 6 .08  (A4 sy stem , v in y l, 5 .4  H) for compound 53d . Another in tegra­

tion  showed that a t  6 6 .08  (vinyl) Is 145 H and 1 4 9 H ,a t  6 4 .30  

(H2) is 16 H and 14 H.

6 3 .73  (m,H2 , 19H and 17H), 6 2 .05 (m, CH2 , 155 H and 

155 H), 6 2 .75 (m, CH2 , 155 H and 155 H) for compound 70 .

C alcu lations: Actual Theoretical

16; 14 1 (3 6 .3 ; 37)

145; 149 4 (145 ; 149)
a .  H2 in 53d 

vinyl
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C alcu lations:
Actual Theoretical

b . H2 in 53d 0 .45  1(1.933)

vinyl 5 .4  4(7.73)

methyl 5 .8  3 (5 .8 )

Data obtained from in tegration b , using the CH^ s ig n a l, indicate 

ce rta in  degree of v inylic d eu te ra tlo n .

C c„ j  based on vinyl integration: a .  16 /36 .3  = 44.1%
53d

14 /37 .3  = 37.5% 

b . 0 .4 5 /1 .3 5  = 33.3% 

average = 38.3%

based  on methyl integration b . 0 .4 5 /1 .9 3 3  = 23.3%

Actual Theoretical

H2 in 70 19 ; 17 1(77.5 ; 77.5)

(CH2 )2 155 ; 155 2 (155 ; 155)

19 /77 .5  24.5%

17/77 .5  21.9%

average = 23.2% with 2H, 

or 76.8% deuterium exchange for 2 H , tha t means 38.4% deuterium 

exchange for 1H , therefore the C one, of unexchanged m aterial (cor­

rected v a lu e) 61.6%

k = 1 /t x 2 .303 x log CQ/C
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where 100%, ^ 53,3 38.3% (based on v iny l), 61.6%

C , .^  23.3% (based on methyl)

k53d <faSter* = 1 /t 2 .303 log 100/38 .3  = 0.41681 =
re la tiv e  ^ " " (s lo w e r)  l / t  2 .303 log 100 /61 .6  0,21031

= k53d (faSt8r) = log 100/23.3  = 0,63174
rela tive  (slower) log 100/61 ,6  0.21031

m ass spectrum  of 2 -m e th y l-1,4 -d ith ia -2  ,5 -cyclohep tad iene : m /e 144 

(1.3% ), 145 (7.7% , D j) , 146 (16.4% , D2>, 147 (13.0% , Dg). M ass 

spectrum  of 1 ,3 -d ith iacyclohep tane: m /e 134 (6.7% ), 135 (35, 1%, 

D j) , 136 (56.6% , D2).

H /D Exchange reac tion  with 2 -m e th v l-1 .3 -d lth la -4 .6 -c y c Io -

heptadlene and b is  (vinvlm ercapto)m ethane.

To a so lu tion  of a sm all p iece of c lean  potassium  (ca. 0 .01  g) 

in 8 ml of t-butanol-O D  w as added, under nitrogen at 50°C , an eq u i-  

molar mixture of 2-m e th y l-1 ,3 -d ith ia -4 , 6-cyclohep tad iene (0.14 g ,

1 mmol) and bis (vinylmercapto)methane (0.13 g , 1 mmol) in 2 ml of t -  

butanol-O D .

After stirring a t  50°C for one hour, the resu lting  so lu tion  w as 

poured into 100ml of cold 15% NH^Cl aqeuos so lu tio n , and the or­

ganic m aterial w as extracted  repeated ly  w ith e th e r. The ether layers 

were com bined, dried over anhydrous MgSO^ . Tic Indicated two
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spo ts corresponding to  compound 67̂  and compound 53d . The r e s i­

due w as d is tille d  under w ater pump afte r the removal of so lv en t, and 

followed d is tilla tio n  by o il pump. Nmr (CCl^) : 6 1.71 (d, CH g, 55 H; 

56 H ), 6 4 .33  (q. . 17 H ; 17 H ) for compound 53d and 6 3 .88  (m,

H2 ,1 1 H ;1 1 H ) ,  6 5 .0 8 -5 .2 8  (m, CH^t  5 1 H ; 50 H) for compound 67 , 

a m ultiplet a t  6 5 .9 8 -6 .4 4  is  for 53d and 6 7 .

C alculation:

53d

H2

CH.

ac tual

17 ; 17 

55 ; 56

theore tica l

1 (18 .33 ; 18 .67) 

3 (55; 56)

Hence: C 53d 17/18.33  = 92.74% 

17/18.67  = 91.06% 

average 91.9%

67

H,

ac tual 

1 1 ; 11

theo re tica l 

1 (25.5 ; 25)

CH, 51 ; 50 2 (51; 50)

11 /2 5 .5  « 43.2%

11/25 = 44%

average 43.6% unexchanged m aterial le f t .

That m eans, 56.4% exchanged for 2 hydrogens or corrected per hydro­

gen 28.2% exchanged. Therefore, corrected Cg7 Is 71.8% .
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. _ k (faster) 1 /t  2 .303 log 100 /71 .8  _ 0.14395 _ ,
re la tiv e  “ kfslower) 1 /t 2 .303 log 100 /91 .9  0.03663

M ass spectrum  of 2-m e th y l- l ,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e  (53d): 

m /e 144 (1 9 .8%), 145 (5.5% , D ) , 146 (2.2% , D g), m ass spectrum  of

67 : 132 (1.8% ), 133 (1.8% ), 133 (6.0% , D ), 134 (4.5% , D g ).

H /P  exchange reac tion  w ith 1 ,3 -d ith lacyclohep tane  and b lsfv iny l-

m ercapto)m ethane.

To a solution of a sm all p iece of c lean  potassium  (ca. 0 .01 g) 

in 8 ml of t-bu tanol-O D  w as added , under nitrogen a t  50°C , an  equ i- 

molar mixture of 1 ,3 -d ith iacyclohep tane  (0 .1 3 g , 1 mmol) and b is(v iny l- 

m ercapto)methane (0.13 g ,  1 mmol) in  3 ml of t-b u tan o l-O D .

After stirring  a t  50°C for 2 hours and 40 m inutes, the resu lting  

so lu tion  w as poured Into 100ml of 15% cold NH^Cl aqueous so lu tion , 

and the organic m aterial w as ex tracted  repeated ly  w ith e th e r. The ether 

layers were com bined, dried over anhydrous MgSO^ and evaporated o ff. 

Tic indicated  tw o spot corresponding to  compound 67. and compound 

7 0 . The residue w as d is tille d  under w ater pump to remove the low er bp 

of bis(vinylm ercapto)m ethane f irs t, then  followed by oil pump.

Nmr (C C l^): 6 2 .04  (center of m, 146H ; 145 H ), 6 2 .72 (center 

of m, 146H ; 145 H) and 6 3 .7 0  (s . . 54 H : 55 H) for compound 70 ;

6 3 .84  (m , H2 , 20 H ), 6 5 .04-5  .24 (m, CH2 , 194 H) and 6 6 .1 4 -  

6 .4 0  (m) for compound 6 7 .
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C alcu lations : 

67

H2

C H .

ac tu a l

20

194

theo re tica l

1 (97)

2 (194)

Hence: C c ,  20/97 = 20.6%67

70

H2

CH.

H ence: C70

ac tu a l

54 ; 55

146; 145

54/73 = 7 4 %

5 5 /7 2 .5  = 76% 

average 75%

theo re tica l

1 (73; 72.5)

2 (146; 145 )

re la tiv e
67 = 1 /t 2.303 loo 100 /20 .6  = 0.68607

f "70 1 /t 2 .303 log 100/75 0.12483 = 5 .5

Dehydration of diphenyl (1, 3 -d lth lep ln -2 -v l)  carblnol (53c)

The so lu tion  of carblnol 53c (0 .9 3 g , 3 mmol) and a ca ta ly tic  

amount of p -to luenesu lfon ic  ac id  (ca . 0 . lg )  in 50 ml of d is tille d  ben­

zene w as refluxed in a D ean-Stark Apparatus under nitrogen for three 

h o u rs . The reaction  mixture w as poured into ice w ater and the organic 

m aterial w as extracted w ith e th er. The ether layers were combined and

dried over anhydrous MgSO^ and evaporated o ff. The residue w as
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chromatographed on s ilic a  g e l and elu ted  w ith p e t . e ther to  give

0 .61  g of the ring enlarged product 80 . After re c ry sta lliza tio n  from

m ethanol to form a white c ry sta l having m p. 101-102° C ; nmr:

6 6 .75  ( s , lH ) ,  6 7 .21 (br. s ,  5H), 6 7 ,4  (br. s ,  4H) and an under-
EtGH

lying m ultiplet of about $H betw een 6 6 .85  and 6 7 .5 ;  UV: X ^max

229 nm (e2 1 ,7 0 0 ), 298nm (e 15 ,340); m ass spectrum : M a t 294 

(100%).

Anal, ca lcd  for C 18H 14S2 : C , 7 3 .4 3 ; H, 4 .7 9 ;

S, 21 .78  .

Found: C , 7 3 .2 1 ; H , 4 .6 5 ; S , 2 1 .6 4 .

Dehydration of diphenvl (1 ,3 -d lth lacvclohep tan -2 -y l) c a r-  

blnol (72b).

The so lu tion  of carblnol 72b (1.1 g , 3 .5  mmol) and a ca ta ly tic  

amount of p -to luenesu lfon ic  ac id  (ca. 0 .1 5 g ) in  50m l d is tilled  ben­

zene w as refluxed In D ean-Stark trap  under nitrogen for 3 h o u rs .

After concentration under reduced p ressu re , th e  reac tion  mixture w as 

worked up in th e  u su a l m anner. The residue w as chromatographed 

(silica g e l , p e t . ether) to  give 0 . 6 g , of diphenyl k e teneth ioaceta l 

(73b)  and 0 .41 g of ring enlarged product 8 7 .  Nmr: 6 l . 7 5 ( b r > m ,  

4H), 6 2 . 6 8  (br. m, 4H), 6 6 . 5 7  ( s , lH ) ,  6 7 . 2 3  and 6 7 . 3 5  (s  

and s ,  c a .  9H).

Anal Calcd for C^gH^gS^ : C , 7 2 .4 4 ; H, 6 .0 8 ;

S, 21.48 .
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Found: C , 7 2 .3 7 ; H, 6 .0 1 ; S, 2 1 .3 2 .

Preparation of 2 -m eth v l-l .3 -d ith lan e  (89) .

To a stirring so lu tion  of l f 3 -d lth lane (purity 97%, 5 g ,

4 0 mmol) In 100ml of dry THF w as added , under nitrogen a t -7 0 ° C, 

a solution of 2 .45  M of n-BuLl (17m l, 41 mmol) in  n -h ex an e . The re ­

ac tion  mixture w as allow ed to  stir a t room tem perature for one hour.

To the resu lting  solution w as added an ex cess  of methyl iodide a t 

-7 0 °C . Before pouring into 100ml of cold w ate r, the reac tio n  mixture 

w as stirred  a t  room tem perature for another hour. The reaction  mix­

ture w as ex tracted  repeated ly  with e th e r . The ether layers w ere com­

b ined , dried over anhydrous MgSO^ and evaporated o ff. The residue  

was d is tille d  under vacuum to  give 5 .04  g (94% yield) of t i t le  com­

pound, yellow  liqu id , b p . 45°C (0.05m m ), nmr (C C l^): 6 1 .40 (d, 

3H), 6 1 .6 1 -2 .2 3  (m), 6 2 .7 2 -2 .9 4  (m), 6 4 .0 8  (q ,4H ).

Preparation of methvl (2 -m e th v l- l.3 -d lth ia n -2 -v l)  carblnol

(88).

To a stirring solution of 2 -m e th y l- l ,3 -d ith ia n e  (1 .32g  

9 . 6 mmol) In 100ml dry THF was added , under nitrogen a t -7 0 °C, 

a so lu tion  of 2 .45  M n -B u li (3 .9 m l, 9 . 6 mmol) in  n -h ex an e . The re ­

ac tion  mixture w as allow ed to  s tir  a t room tem perature for one hour. 

The resu lting  reac tion  solution w as quenched w ith an  ex cess  of



- 164 -

ace ta ld eh y d e , and w as warmed to room tem perature for another one 

hour. After pouring into 150ml of cold w ate r, the reaction  mixture 

w as extracted  repeated ly  w ith  e th er. The ether layers were com bined, 

dried over anhydrous MgSO^ and evaporated off. The residue was 

chromatographed on alumina (grade II) and elu ted  with benzene to  give 

1 .2 lg  (71% yield) of the title  compound, w hite c ry s ta l, mp 59-60°C 

afte r recry sta lliza tio n  from p e t. e th er. Nmr (C C l^): 6 1.27 (d,3H ), 

6 1 .3 4  (s ,3 H ), 6 4 .16  (quintet, 1H). Ir (CC14) : 3450cm "1 (OH, w eak).

Anal, calcd for C7H 14O S2 : 0 ,4 7 .1 5 ;  H ,7 .9 1 ;  0 , 8 . 9 7 ;

S , 35.96 .

Found: C , 46 .98  ; H , 7 .87 ; s ,  35.92 .

Dehydration of methvl (2 -m e th v l- l,3 -d ith la n -2 -v l)  carblnol

M L

The solution of carblnol 88. (3g , 16.8 mmol) and a ca ta ly tic  

amount of p -to luenesu lfon ic  acid (ca. 0 . 2  g , 1.16 mmol) In 200  ml of 

benzene w as re fluxed in a D ean-Stark apparatus under nitrogen for 

4 hours. Before pouring into 200ml of 15% aqueous NaHCO^ , the 

reaction  solution w as concentrated under reduced p ressu re . The reac ­

tion mixture w as extracted repeated ly  with e th e r. The ether layers 

were com bined, dried over anhydrous MgSO^ and evaporated off.

The residue w as chromatographed (silica  g e l, p e t. ether) to  give 1 .88g  

(70% y ie ld ), a s  co lo rless liqu id , bp . 52-53°C (0.05 mm) and 0 .7 5 g 

(25%) of starting m aterial. Nmr: 6 3 .3 0  (t, 4H , J 's 7 H z), 6 2 .0 6
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(quintet, 2H , J 's  7 Hz ) and 6 1 .7 8  ( s , 6H). Ir (neat) : 1613cm 1 

( C O .

Anal ca lcd  for : C , 52.45 ; H , 7 .5 5 ;

S , 4 0 .0 0 .

Found: C , 5 2 .4 8 ; H ,7 .3 9 ;  S, 3 9 .8 7 .

Preparation of methyl (2 -m eth y l-1 .3 -d lth iep ln -2 -y l) ca r­

blnol (95)«

To a stirring solution of 2-m e th y l-1,3 -d ith lep ln  (0 .8 8 6 g ,

6 .15 mmol) in 25 ml dry THF was added , under nitrogen a t -7 0 °C , a 

solution of 2 .45 M n-BuLi (2.54 m l, 6 .15  mmol). The reaction  mixture 

was allow ed to s tir  a t room temperature for one hour.

To the resu lting  solution w as added an ex cess  of aceta ldehyde 

a t  -7 0 °C . After stirring a t room tem perature for one hour, the reaction  

mixture w as poured into 150ml of cold w ater and extracted  repeated ly  

with e th e r . The ether layers were com bined, dried over anhydrous 

MgSO^ and evaporated off. The residue w as d is tilled  under vacuum 

to give 0 .9 5 g (82.5% yield) of the title  compound, a s  yellow o il, 

bp . 83° C (0.05 mm), nmr: 6 6 .20 (br s , 4H), 6 4 .06  (q ,lH ), 6 2 .72 

(br s ,  exchanged with DgO)* 6 1.61 (s,3H ) and 6 1.31 (d ,3H ).

Ir (n e a t) : 3448cm 3145cm 1615cm

Anal, calcd for C g H ^ O S 2 : C , 5 1 .0 3 ; H ,6 .4 2 ;

O , 8 .50  ; S , 34.05 .

Found: C , 5 0 .8 4 ; H ,6 .3 9 ;  S, 33.98 .
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D ehydration of m e th y l-(2 -m e th v l-l,3 -d lth lep ln -2 -v l)  ca r­

blnol (95).

The solution of carblnol 95 (0.31 g , 1.65 mmol) and a c a ta ­

ly tic  amount of p -to luene sulfonic ac id  (ca. O .lg )  in 50 ml of d is ­

tilled  benzene w as refluxed in a D ean-Stark Apparatus under nitrogen 

for three hours. The reaction  mixture w as checked by GC and t ic .

No o-xy lene appeared on GC, and the tic  showed a se rie s  of sp o ts . 

The m aterial seem ed decom posed, no further study w as done.

Preparation of methyl (2 -m e th y l-1 ,3 -d lth lep ln -2 -y l)  methanol 

(95a).

To the stirring so lu tion  of 2 -m eth y l-l ,3 -d ith iacyclohep tane  

(72a) ( l g ,  6 . 8  mmol) in 100 ml dry THF w as ad d e d , under nitrogen at 

-7 0 °C , a solution of 2 .45  M n-B uli (2 .8 m l, 6 . 8 mmol) in n -h ex an e . 

The reaction  mixture w as allow ed to warm a t room tem perature for one 

hour. To the resu lting  solution w as added an ex cess  of aceta ldehyde 

a t -7 0 °C . After stirring to room tem perature for one hour, the reaction  

mixture w as worked up in the usual m anner. The residue w as chroma­

tographed (AlgOg • benzene) to  give 1 . 1  g (85% yield) of the title  com­

pound, a s  a pale yellow  liq u id , bp. 103°C (1.5 mm), Nmr: 6 1.21 

(d ,3 H ), 6 1.46 (s ,3 H ), 6 1.9 (br. m , 4H ), 6 2 . 8 6  (br. m, ca  5H) and 

6 3 .74  (q ,lH ). Ir (neat): 3480cm * (OH).
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Anal, calcd for C 0H 16O S2 : C , 4 9 .9 6 ; H , 8 .3 9 ;

0 ,  8 .32  ; S , 33 .34  .

Found; C , 4 9 .8 7 ; H ,8 .2 8 ;  S , 33.26 .

Dehydration of methyl (2 -m ethv l-l ,3 -d lth lep ln -2 -v l)  meth­

anol f95a) .

The mixture of carblnol 98_ (0.8 g , 4 .2  mmol) and a ca ta ly tic  

amount of p -to luenesu lfon ic  acid (ca 0 . 0 1  g ) In 1 0 0 ml of benzene w as 

refluxed under nitrogen in a D ean-Stark Apparatus for 4 h o u rs . After 

concentrated under reduced pressure ( the reaction  mixture w as poured 

into 150ml of cold 15% of aqueous NaHCO„ , and worked up in the 

usual manner. The residue was chromatographed (silica g e l, p e t. 

ether) to give ca 0 .3 g of co lo rless  liquid w hich has iden tica l on 

t ic ,  re tension  time on GC and nmr spectrum with 1 ,2 -d ith ian e  

(71) . Nmr; 6 1 .98 (m ,4H ) and 6 2 .80  (m ,4H ).
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PART II

Preparation of 1,4 -d lth ia -2 -cy c lo h ep ten e  f 102> .

To a stirring solution of 23 g sodium (1 mole) in 500 ml ab ­

solute ethanol w as added 5 4 g (0 .5 mole) of p ro p an e-1 ,3 -d ith io l under 

n itrogen. The reaction  mixture w as heated to reflux and 5 0 g (0.515 

mole) of c i s - 1 , 2 -d ichloroethylene w as added slow ly over a period of 

five hours. The reaction  mixture w as refluxed overnight. After cooling 

to room tem perature, the reaction  mixture w as poured into 2 lite rs  of 

cold brine w ater and the organic m aterial w as extracted repeated ly  with 

e th e r. Some polymeric m aterial did not d isso lv e  in e th e r . The ether 

layers were com bined, dried over anhydrous MgSO^ and evaporated 

off. The oily residue w as d is tilled  under vacuum to give 6 3 .4 g (48% 

yield) of the tit le  compound, as  co lo rle ss  liq u id , bp . 91-93°C  (15 mm).

Nmr: 6 2 .17  (q ,2H ), 6 3 .5 0  (t,4H) and 6 5 .95  (s ,2 H ); ir (neat) :
— 1 —1 FfcOH3018cm , 1530 cm ; UV: X 294 nm (shoulder, e4326), Xmax

287 nm (c4805) and X 235 nm (shoulder, e l4 7 3 ) ;  m ass spectrum: 

m /e : 132 (M+), 103, 99, 73 , 45 .

Anal calcd  for C5H0S2 : C , 4 5 .4 1 ; H ,6 .1 0 ;  S , 4 8 .4 9 .

Found: C , 4 5 .3 2 ; H, 5 .9 9 ; S , 48 .40  .

Preparation of 1,4 -d lth la -2 -c v c fo h e p e n e -6 -o l (106).

In a three 1 ,3 -necked  flask  equipped w ith a m echanic s tirre r , 

reflux condenser and dropping funnel are placed two 1 abso lu te  e th a ­
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n o l. Sodium (166g, 7 .22 moles) w as added in portions and after 

sodium w ent in to  so lu tion , 1 ,3 -d lm ercapto-2-propanol (202g , 1.63 

moles) w as added slow ly under nitrogen a t room tem perature. The so lu ­

tion w as heated  to  reflux . One hour la te r , c is -1 ,2 -d ic h lo ro e th y len e  

(160g, 1.65 moles) was added through the dropping funnel over a per­

iod of 8 hours to  the so lu tion . After refluxing overnight, ethanol was 

d is tille d  out (ca . 1800ml) and the concentrated  reaction  mixture w as 

poured into 2 lite rs  of cold brine w ate r. The organic m aterial w as ex­

tracted repeated ly  with e th e r. The ether layers  were com bined, dried 

over anhydrous MgSO^ and evaporated off. The o ily  residue w as d is ­

tilled  under vacuum to give 146g (60.5% yield) of the ti t le  com pound> 

bp . 85-100°C  (1mm). After recry sta lliza tio n  from b en z en e -p e t. ether 

to give w hite c ry s ta l, mp. 53-54° C ; *H nmr : 6 3 .06 ( s , lH ) ,

6 3 .35 -3 .3 5 1  (m ,5H), 6 6 .03 (2H); 13C nmr: 6 121, 6 69 .5  ,

6 38 .4  ; ir: 1613 cm" 1 (C=C), 3509 cm" 1 (OH).

Anal, calcd  for C5 H0O S 2 : C , 40.51 ; H , 5 .44  ;

O , 1 0 .7 9 ; S , 43 .25  .

Found: C , 40.44 ; H , 5 .28  ; S , 43 .19  .

Preparation of 1,4 -d lth ia -2  .5 -cvclohep tad lene (44).

A) Pummerer Reaction.

To a stirring solution of 1,4 -d ith ia -2 -cy c lo h ep ten e  (102)

(7 g , 53 mmol) in  g la c ia l a c e tic  ac id  (65 ml) w as added slow ly a t 5°C ,
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a solution of 30% HgOg (6.5 m l). After stirring for one and one half 

hours (the starting m aterial d isappeared  on t ic ) ,  the solvent w as re ­

moved under reduced pressure and the oily residue w as d isso lved  in 

50m l ac e tic  anhydride. The solution w as heated to reflux under n itro ­

gen . The solution turned dark and some brown ta r  was form ed. Tic 

indicated  the formation of a le s s  polar compound (solvent system : 

p e t . e ther/benzene 2 : 1 ) .  After refluxing for 3 hours, the dark mix­

ture w as poured on 500ml cold w ater and left overnight in order to 

hydrolyze the a c e tic  anhydride. The ace tic  ac id  was neu tra lized  with 

Nag CO ̂  and the organic m aterial w as ex tracted  repeated ly  with 

e th e r. The ether layers were com bined, dried over anhydrous MgSO^ 

and evaporated o ff. The residue w as d is tille d  under vacuum to  give 

3 .8 5 g  (ca . 55% y ield) of a constan t boiling o il ,  9 0 -92°C , (15mm), 

which contained 65% of the t i t le  compound, 2 2 % of the starting m ater­

ia l and 12% of other product (based on GC a n a ly s is ) .

B. Elimination of Benzene sulfonate

A mixture of dry powdered potassium  hydroxide (2 .2 7 g ,

5 0 .6 mmol) and 300ml anhydrous ether was p laced in  a 500m l, th ree 

necked f la sk . To the above e therea l mixture w as added, under n i­

trogen at 0 -5 °C , 6 g of 1 ,4 -d lth ia -2 -cy c lo h ep ten -6 -o l (4 0 .5 mmol) 

which was dried under high vacuum before u s in g . After stirring for 

one hour (the alcohol d isappeared on tic ) , a solution of benzenesu l- 

fonyl chloride (4 .7 5 g , 4 0 .6 mmol) in 50m l anhydrous ether was
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then added dropw ise. After stirring for 2 hours, potassium  t-b u t-  

oxide (9 . 1 0 g, 8 1 .2 mmol) w as quickly suspended to the e therea l 

so lu tio n . The reac tion  mixture was allow ed to r ise  gradually to room 

tem perature and w as stirred  for a further three h o u rs . (Tic Indicated 

a le s s  polar spot) . The reac tion  mixture w as poured into 500 ml 

cold aqueous NH^Cl, and the organic m aterial was extracted  re ­

peated ly  with e th e r . The ether layers were com bined, dried over 

anhydrous MgSO^ and evaporated o ff. The residue w as contained 

c a . 90% of desired  product (based upon GC a n a ly s is ) . The residue 

was d is tille d  under vacuum to  give 4 .3 8 g  (83.1% yield) of 1 ,4 -d ith ia -

2 ,5 -cy c lo h ep tad ien e  as a yellow  o il ,  bp . 31°C (0 .1 2 mm).

1 13
H nmr (60 M Hz): 6 3 .70 (d,2H ), 6 5 .8 0 -6 .7 5  (m,4H) : C nmr:

6 135 ,3 , 6 125.1 , 6 123.2 , 6 117.8 , 6 33 .1  : ir (CDC13):

3020cm 2960cm *, 2920cm V 1608cm UV; 310nm (sh,
EtO H  +

e 1 3 9 3 )  \  28 5  nm (e 3 3 66  ) : m ass spectrum , m /e ; 130  (M 60%),max

129 (32%), 103 (100%), 97 (39%).

*H nmr (220 M H z): 6 5 .83 (d ,d , H g, J2 3 = 1 0 .2 H z , J3 g= 1.74 Hz)

6 6 .03 (d ,d , H_, J . = 9 .2 H z ,J 0 = 1 .7 4 H z)
O O r t) j  f D

6 6 .29 (d, H2 , J2 3 -  10.2 Hz)

6 6 .4 7  (c. of t ,d ,H g , J5 g = 9 .2 H z ,Jg  ?= 7 H z ). 

Anal, ca lcd  for C5HgS2 : C , 4 6 .1 2 ; H ,4 .6 4 ;  S , 49.24 

Found: C ,  45.97 ; H ,4 .6 2 ;  S , 49.04 .
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Reaction o f 1 .4 -d lth la -2 .5 -cv c lo h ep tad len v l anion with 

e lectro  p h lle s .

A. Trlm ethvlsllvl ch lo rid e .

To a stirring so lu tion  of l,4 -d ith la -2 ,5 -c y c lo h e p ta d ie n e  

(1.3 g , 1 0 mmol) In 100ml of dry THF was added, under nitrogen a t 

-7 0 °C , a solution of 2 .45 M n-BuLl (5ml, 12mmol). The resu lting  

deep red anion solution w as slow ly ra ised  to room tem perature and 

stirred for 20m inu tes. The red solution changed to brow n-green and 

a m uddy-like so lid  was developed when the solution w as warmed a t  

-1 5 ° C .

To the resu lting  solution w as added a t -7 0 °C , an ex cess  of 

trim ethy lslly l ch lo rid e . The reac tion  mixture w as allow ed to s tir  a t 

room tem perature for one hour before pouring into 200  ml of cold 

w ate r. After work up In the u sua l manner, the residue  contained 

60.1 -  6 6% of trim ethy lsily lacety l 3-m ercapto-2-propenyl sulfide (112) 

(based on GC an a ly s is ) , and w as d is tilled  under vacuum to give 

1 .0 3 g  (51% yield) of compound 112  . as  a yellow -golden liqu id , 

bp . 55°C (0.12m m ). Nmr: 6 0 .2 0  (s ,9 H ), 6 1 .7 2  ( t , lH ) , 6 3 .3 9  

(br, t .  ,2H ), 6 5 .9 8 -6 .5 4  (m ,2H). Ir (neat): 3077cm "1 (C=C),

3941cm * (alkane), 2577 cm *(SH) , 2128 cm * (C=C), 1613 cm * 

(C=C). *H nmr (220M H z ): 6 1 .2 2  (t, H , J  ,7 .8H z) 6 2 .97  ( d . t . ,fl d f o

2 Hb ' Jb c 7-8H *Jb d  1Hz)£ 5 .6 1 - 5 .7 5  (m, Hc < J ^ d 9Hz , ]q ^7 . 8  Hz)
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6 5 .81 ( d . t . ,H d , J c ^ 9 H z , ^ l  Hz):^3C nmr: 0 .2  ppm (-SIMeg)

2 2 .4 ppm (-CHg-SH), 9 1 .3  ppm, 101.9 ppm (C=C) 123.5 ppm,

131.5 ppm (olefin). M ass spectrum , m /e :  202 (M+ 10.3% ), 169

(M+- SH, 7.3% ), 115(55.6% ), 97 (100%), 83 (-S1M3 , 8 . 8%).

Anal, ca lcd  for C DH. ,S _ S i: C , 4 7 .4 7 ; H , 6 .9 7 ;
8 14 2

S, 3 1 .6 8 ; S i, 1 3 .88 .

Found: C, 4 7 .2 5 ; H, 6 .7 9 ; S, 3 1 .5 9 ; Si, 1 3 .5 6 .

B. M ethyl io d id e .

To a stirring solution of l ,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e  

(0.65 g , 5 mmol) in 25m l of dry THF was ad d ed , under nitrogen a t 

-7 0 °C , a so lu tion  of 2 .45  M n-B uli (2 .3 m l, 5 mmol) in  n -h ex an e . 

The reaction  mixture was stirred  a t room tem perature for about 20 

m inu tes. The deep  red so lu tion  changed to  brown-green and a muddy- 

like so lid  w as observed when the tem perature w as ra ised  to  -1 5 °C . 

To the reaction  solution w as added , a t -7 0 °C , one equivalen t of 

m ethyl iodide (0 .7 1 g , 5 mmol). The reac tion  mixture w as allow ed to 

s tir  a t room tem perature for one hour before pouring into 150 ml of 

cold w ate r. After work up in the u su a l m anner, the residue  w as d is ­

tilled  under vacuum to give 0 .3 2 g (ca. 40% yield) of dim ethyl com­

pound 114. a red liqu id , b p . 51°C (0.04m m ). Nmr; 6 1 .9 2  (s,

3H, -CH *b ), 6 2 .03  (s ,3 H ,-C H ® ), 6 3 .13 (d , 2H, H , J= 8 H z),3 3 c

6 5 .67  (d ,t ,  1H, Hd , J = 8 Hz and 9 Hz) and 6 6 .17  (d, 1H ,J=  9 H z).
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I r : 3077 cm * (C=C), 2940 cm * (alkane), 2130 cm * (C^C, very

-1  + w eak), 1613cm (C=C). M ass spectrum : m /e * 158 (M ,27% ),

143 (M+ , CH , 30%), 111 (100%), 85 (34%), 71 (41%), 47 (18%),

39 (37%).

Anal, calcd  for C^H^qS^ : C , 5 3 .1 2 ; H, 6 .37  ; S, 4 0 .5 1 . 

Found: C , 5 3 .0 4 ; H, 6 .2 8 ; S, 40 .43  .

C . W ater.

To a stirring so lu tion  of 1 ,4 -d lth la -cy c lo h ep tad ien e  

(1 .3 g , 10mmol) in 100ml of dry THF w as added , under nitrogen a t 

-7 0 °C , a solution of 2 .45  M n-BuU (5m l, 12mmol) In n -h ex an e . The 

resu lting  deep  red so lu tion  w as warmed gradually to room tem perature 

for one h o u r. The red solution changed to brow n-green and a muddy- 

like so lid  w as observed in th e  reaction  m ixture.

The reac tion  mixture w as poured into 200ml of cold w ate r.

After workup in the u su a l m anner, the residue showed th e  same 

value and reten tion  tim e on tic  and GC a s  the starting  m ateria l. 

After d is tilla tio n  87% of the starting  m aterial w as recovered . The 

nmr spectrum w as id en tica l with 1 ,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e .

D . M ethanol-O D .

To a stirring  so lu tion  of 1 ,4 -d ith ia -2 ,5 -cy c lo h ep tad ie n e  

(1 .3 g , lOmmol) in  100ml of dry THF, w as added , under nitrogen
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a t -7 0 °C , a solution of 2 .45  M n-BuLl (5ml, 12 mmol) in  n -h ex an e . 

The resu lting  deep red so lu tion  w as stirred  a t room tem perature for 

one hour. The brow n-green solution w as cooled a t -7 0 °C and an  ex ­

c e ss  of m ethanol-O D  w as added . The reaction  mixture w as stirred  

a t room tem perature for a further hour before pouring into 2 00  ml of 

cold w ate r. After workup in  the u sua l manner, the residue w as d is ­

til le d  under vacuum to  give 1.05 g of yellow  liquid , nmr : 6 3 .75  

(d,4H) and m ultiplet a t 6 6 .0 8  -  6 .73 (5H).

De uter a t Ion of trim ethv lsilv lacetv l 3-m ercapto-2-propenvl

s u l f id e  ( 1 1 2 ) .

A sm all p iece of potassium  hydroxide (ca. 0 .01 g) w as dropped 

In a solution of c a .  50mg of sulfide 112 in 0 .4 m l CCl^ and four 

drops of DgO. The mixture was shaken a few m inutes and afte r

eigh t m inutes the solution w as poured into ice w ater and ex tracted

with e th e r . The ether layers were com bined, dried over anhydrous 

Mg SO ̂  . The residue  was d is tille d  under vacuum after the removal of 

so lvent to  give 2 ,3 -d id e u te ro - l,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e  in 

quan tita tive y ie ld . *H nmr (C C l^): 6 3 .73  (d, 2H), 6 6 .07  (d, H ,.,

Jc = 10 Hz), 6 6 .5 0  ( t ,d , H , ,  Jc c = 9 H z , Jc ,  = 7H z). 13Cnmr:
9 ^ 0  D j  f D D * /

6 135.7 (100%, C6 ), 6 125.6  (24%, C2 ), 6 123.8 (77%, C&),

6 118.4 (24%, Cg) and 6 33 ,4  (94%, C ^ ) . M ass spectrum : M+ a t
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m /e 132 (60%), 131 (M+- l ,  31.6% ), 105 (100%) and 99 (38,8% ).

Ir (neat): 3049cm * (alkene), 2941cm * (alkane), 2890cm * (C-D) 

and 1618 cm * (C=C).

M e th v la t lo n  o f  t r lm e t h v l s l l v la c e t v l  3 - m e r c a p t o - 2 - p r o p e n y l

sulfide (1 1 2 ).

To a stirring solution of compound 112 (0 .3 9 g , 1.9  mmol) in 

20m l of dry THF w as added, under nitrogen a t -7 0 °C, a solution of 

2 ,25  M n-BuLl (0 .61m l, 2 .0 mmol) in  n -h ex an e . The reaction  mix­

ture w as allow ed to  stir a t 0°C for one hour, and m ethyl iodide 

(0 .2 9 g , 2 .Ommol) w as then  added qu ick ly . The reaction  mixture was 

stirred  a t room tem perature for one hour before workup. Tic ind icated  

only one sp o t. The residue  w as d is tilled  by simple d is tilla tio n  under 

vacuum to  give 3 .8 9 g (94% yield) of the corresponding m ethylated 

product 113. bp . 61-63°C (0.12m m ). Nmr: 6 0 .18 (s,9H ), 6 2 .08  

(s ,3 H ), 6 3 .1 9  (d,2H) and 6 5 .58  -  6 .33 (m, 2H),

Anal, ca  led for CgH jgSgSl: C, 4 9 .9 5 ; H , 7 .4 5 ;

S, 29.63 ; S i, 12.98 .

Found: C , 4 9 .8 1 ; H, 7 .3 3 ; S, 2 9 .4 9 ; S i, 1 2 .9 1 .

3 - T r i m e t h v l s l l v l - 1 . 4 - d i t h i a - 2 . 5 - c v c l o h e P t a d i e n e  (1 1 5 a ) .

To the stirring solution of l,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e  

(1 ,3 g , 1 0 mmol) in  100ml of dry THF w as added , under nitrogen at
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-70° , a solution of 2 .45 M n-BuLi {5ml, 10mmol) in n -hexane .

The resu lting  deep red anion solution w as allow ed to warm at -35° C 

for one half hour. An ex cess  of freshly  d is tilled  trim ethy lsily l chlor­

ide w as added quickly to th e  solution a t -7 0 °C , and the reaction  

mixture w as allow ed to r ise  gradually to room tem perature. After 

stirring for a  further hour, the mixture was worked up in the u sua l 

m anner. The residue contained 5 5 .4 -6 9 %  of 3 - tr im e th y ls ily l- l ,4 -  

d ith ia -2 ,5 -cy c lo h ep tad ien e  115a and 14% of open-chained  com­

pound 112 (based on GC a n a ly s is ) . After d is tilla tio n  the residue 

gave 1.71 g (42% yield) of 3 - tr im e th y ls ily l- l , 4 -d ith la -2 , 5-cyclohep- 

tad iene (115a). yellow  liqu id , bp . 61°C (0.18m m ). Nmr: 6 0 .1 5  

(s,9H ,S i(C H 3)3), 6 3 .75 (d ,2H ,H 7 , J 6 7 = 7 H z), 6 6 .00 <d, 1H, Hg , 

J_ c= 9 H z), 6 6 .4  ( s , lH ,H z )  and 6 6 .45 (center of d , t , lH ,H _ ,5,0 O

T5 ,6 = 9 H z ' * 6 ,7 *  7 H z ) *

Anal, ca lcd  for C8H 14S2Si : C , 4 7 .4 6 ; H, 6 .9 7 ;

S, 3 1 .6 7 ; S i, 13.89 .

Found: C , 4 7 .3 3 ; H, 6 .8 2 ; S, 3 1 .5 4 ; S i, 1 3 .6 8 .

3 - M e t h v l - l . 4 - d l t h l a - 2 . 5 - c v c l o h e p t a d l e n e  (1 1 5 b ) .

To the above deep red l,4 -d lth la -2 ,5 -c y c lo h e p ta d le n y l anion 

solution w as added , under nitrogen a t -7 0 °C, an ex cess  of methyl 

io d id e . The reaction  mixture was allow ed to s tir  a t room tem perature 

for one hour before pouring into 200m l of cold w a te r. The organic
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m aterial w as ex tracted  repeated ly  with e th e r. The e ther layers were 

com bined, dried over anhydrous MgSO^ and evaporated o ff. The 

residue w as d is tille d  under vacuum to give 0 .9 g (ca . 6 6% yield) of 

3 -m e th y l-l,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n e  115b. a s  red liqu id , bp . 

43°C (0.18m m ). Nmr: 6 1 .94 {d,3H, J = 2 Hz), 6 3 .51 (d ,2 H ,H ? ,

J = 7 Hz ), 6 5 .84  (d ,lH ,H s , J = 9 H z), 6 6 .10 (s, 1H, H2 ), 6 6 .2 6  

(center of d , t ,  1H, Hg, 1- 7  Hz and 9 Hz).

A nal. ca lcd  for CgHgSg : C , 4 9 .9 6 ; H, 5 .5 9 ; S, 44.45 .

Found: C , 4 9 .6 9 ; H, 5 .4 7 ; S, 4 4 .1 9 .

Diphenyl (1.4 -d ith ie p in -3 -v l)  carblnol (115 c) .

To the above deep red l,4 -d ith ia -2 ,5 -d ith ia c y c lo h e p ta d ie n y l 

anion solution w as added , under nitrogen a t -7 0 °C , a solution of 

benzophenone ( l ,8 2 g ,  lOmmol) in 5 ml of dry THF. The reaction  

mixture w as stirred  a t room tem perature for one hour, followed by 

workup in  the u sua l m anner. The residue w as chromatographed on alum ­

ina column (grade II) and e lu ted  w ith 3 :1  of p e t . e th er/b en zen e  to 

give 0 ,9 7 g (3 1% yield) of d ip h en y l-(1 ,4 -d ith ie p in -3-y l) carblnol 

115c. After rec ry sta lliza tio n  from p e t . e th e r-e th er (3 :1 )  gave white 

c ry s ta l, mp. 1 0 4 .5 -  106°C . Nmr: 6 3 .52 (s, 1H, exchanged with 

D20 ) ,  6 3 .83  (d, 2H ( H? , J= 7 H z ) , 6 5 .8 1  (s ,H 2) , 6 6 .1 1  (d ,H g, 

J = 8 .5 H z ) , 6 6 .52  (center of m ., Hg, J = 8 .5 H z a n d  7 Hz) and 

6 7 .33 Cm, 10H).
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Anal, ca lcd  for C j g H j g O : C , 6 9 .2 0 ; H, 5 .1 6 ; O , 5 .1 2 ;

S, 20.52 .

Found: C , 6 9 .1 1 ; H, 5 .0 4 ;  S, 2 0 .4 8 .

3 - D e u t 6 r o - 1 .4 - d l t h i a - 2 . 5 - c v c l o h e P t a d l e n e  (1 1 5 d ) .

To the above deep red l,4 -d ith ia -2 ,5 -c y c lo h e p ta d ie n y l anion 

w as added , under nitrogen a t -70° C , an ex cess  of D2O . The d e ­

colorized solution w as allow ed to s tir  a t room tem perature for one hour 

before pouring into 200ml of cold w ate r. The organic m aterial was 

ex tracted  repea ted ly  with e th e r . The ether layers were com bined, 

dried over anhydrous MgSO^ and evaporated o ff. The residue was 

d is tille d  under vacuum to  give 3 -d e u te ro - l ,4 -d ith la -2 ,5 -c y c lo h e p ta -  

d lene fllS d ) in 88% y ie ld . Nmr: 6 3 .7 5  (d ,2 H ), 6 6 .0 3  (d ,lH ),

6 6 .29  (S ,1H ) 6 6 .4 7  ( d , t , lH ) .  I r :  2890cm "1, 1620cm "1,

2 - T r l m e t h v l s l l v l - l . 4 - d l t h l a - 2 - c v c l o h e P t e n e  (1 2 7 a ) .

To a stirring solution of 1 ,4 -d ith ia -2 -cy c lo h ep ten e  (0 .6 6 g ,

5 mmol) in  50ml of dry THF w as added , under nitrogen a t -7 0 °C , a 

so lu tion  of 2 .4  M n-BuLi (2 .1 m l, 5 mmol) in  n -h ex an e . The resu lting  

red so lu tion  was stirred  for one hour a t th is  tem perature.

To the above anion solution w as added a t -7 0 °C, an ex c ess  of 

trlm ethy lslly l ch lo ride . The reac tion  mixture w as allow ed to s tir  a t 

room tem perature for another hour. After workup in the u sua l m anner,
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the residue  w as d is tilled  under vacuum to give 0 .4 8 g (47.7%) of 

the t i t le  compound. Nmr: 6 0 .10  (s ,9 H )r 6 2 .1 7  (quintet, 2H, Hg, 

J5 6 , J 6 7 6 H z), 6 3 .5 0  (t, 2H, J6 7 6H z), 6 3 .53 (t, 2H, H g,

J_ .  6 Hz) and 6 6 . 1 2  (s , 1H, H j .
5 , 0  Z

Anal, ca lcd  for CgHjgSgSi : C , 4 7 .0 0 ; H, 7 .8 9 ;

S, 3 1 .3 7 ; S i, 13.74 .

Found: C , 4 6 .7 1 ; H, 7 .8 0 ; S , 3 1 .4 5 ; S i, 1 3 .6 5 .

However, the resu lting  anion solution w as stirred  a t  -40° -  

-7 0 °C for half hour before an e x c e ss  of trim ethy lsily l chloride 

was ad d ed . After stirring a t room tem perature for one hour, the re ­

ac tion  mixture w as worked up in the u sua l m anner. Based on GC 

a n a ly s is , the products contained 33% of starting  m aterial and 61% 

of 2 - tr im e th y ls ily l- l,4 -d ith ia -2 -c y c lo h e p te n e  and 5.3%  of ring- 

opened s ily la ted  compound.

D lp h e n v l  ( 1 .4 - d l t h l a - 2 - c v c l o h e P t e n - 2 - v l )  c a r b ln o l  ( 1 2 7 b ) .

To the above l,4 -d ith ia -2 -c y c lo h e p te n y l anion so lu tion  w as 

added , under nitrogen a t -7 0 ° C, a solution of benzophenone (0.91 g 

5 mmol) in  2 ml of dry THF. The reac tion  mixture w as allow ed to  s tir  

a t room tem perature for one hour. After workup in  the u su a l m anner, the 

residue  w as chromatographed on alum ina (grade II) and eluted with 

benzene to  give 0 .8 3 g (ca . 53%) of the tit le  compound, mp. 96 .5  -
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98° afte r rec ry sta lliz a tio n  from p e t, e th er. Nmr: 6 2 .14  (quintet, 

2H, J 's  6 H z), 6 3 ,25  and 6 3 .35  (superimposed t . ,  4H, J 's  6 Hz),

6 3 .72  (s, 1H exchanged with D^O), 6 5 .68  (s , 1H) and 6 7 .31 

(sharp m . , 10H).

Anal. Calcd for C ,QH .0O S . : C , 6 8 .7 5 ; H , 5 .7 7 ;A O i  O Z

O , 5 .0 9 ;  S, 20.39 .

Found: C , 6 8 .4 1 ; H, 5 .4 2 ; S , 20 .46  .

2 -M eth v l-1 .4 -d lth la -2 -cv c lo h eP ten e  (127 c ) .

To the above l,4 -d ith ia -2 -c y c lo h e p te n y l anion solu tion  w as 

added , under nitrogen a t -7 0 ° C, an ex cess  of m ethyl Iod ide. The 

reac tion  w as allow ed to s tir  a t room tem perature for one hour before 

pouring into 100ml of cold w ate r. The organic m aterial w as ex trac ­

ted  repeated ly  w ith e th e r. The ether layers were com bined, dried 

over anhydrous MgSO^ and evaporated off. The residue  w as d is tille d  

under vacuum to  give 0 .5 8 g (79%) of the ti t le  compound, pale yellow  

liqu id , b p . 55 -  57°C (0 .3m m ). Nmr: 6 1.85 (d, 3H, J 's  1H z),

6 2 .15 (m, 2 H) , 6 3 .40  and 6 3 .45  (superimposed t . , 4H , J’s 

6 Hz) and 6 5 .75  (quartet, 1H ).

Anal, calcd  for C g H ^S ^  : C , 4 9 .2 9 ; H, 6 .89  ; S, 4 3 .8 4 .

Found: C , 4 9 .4 7 ; H, 6 .6 4 ; S, 4 4 .0 5 .
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2 -D eu te ro -l ,4 -d lth la -2 -cv c lo h eP ten e  f!27d).

To the above 1 ,4 -d lth la -2 -cy c lo h ep ten y l anion w as added, 

under nitrogen a t -7 0 °C , an  ex cess  of deuterium ox ide . The re a c ­

tion  mixture was allow ed to  s tir  a t  room tem perature for one hour b e ­

fore pouring Into 100ml of cold w ate r. The organic m aterial w as ex­

trac ted  repeated ly  w ith e th e r . The e ther layers were com bined, dried 

over anhydrous MgSO^ and evaporated off. The residue was d is t i l ­

led  under vacuum to  give 0 .59  g (89% yield) o f th e  ti t le  compound. 

Nmr: 6 2 .1 7  (quintet, 2H, J 's  6 Hz), 6 3 .50  (t, 4H, J 's  6 Hz) and 

6 5 .7 5  (b r., S . ,  c a .  0 .9 H ).

Reaction of 1 .4 -d lth la -2 -cv c lo h ep ten v l anion w ith trlm ethvl-

s llv l chloride a t 0 °C .

To a stirring solution of l,4 -d ith ia -2 -c y c lo h e p te n e  (1 .3 2 g ,

10mmol) In 100ml of dry THF w as added, under nitrogen a t -7 0 °C , 

a solution of n-B uIi (4 .6 m l, 11 mmol) in  n -h ex an e . The resu lting  

red so lu tion  w as allow ed to  s tir  gradually  to  0°C and held a t th is  

tem perature for one hour. The reaction  mixture w as cooled at -70°C  

ag a in , and an  ex cess  of trlm ethy lslly l chloride w as added . The re ­

ac tion  mixture w as allow ed to s tir  a t room tem perature for a further 

hour, followed by workup in  the u su a l m anner. The residue w as d is ­

tilled  under vacuum to  give 1 .24 g (59% y ield) of the ace ty len ic  t r i -  

m ethylsilane 128c formed as  pale yellow  liqu id , bp . 5 1 - 5 3 .5 ° C
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(0 .02m m ). Nmr: 6 0 .1 7  (s ,9H ), 6 1 .4 0  ( t , lH ) ,  6 2 .1 1  (center 

of sym m ., 2H), 6 2 .77  (center of sym . m ., 4H) . Ir (CDClg):

2564 cm" 1 (S-H), 2105cm "1 (C=C).

Anal, ca lcd  for C g H ^ S ^ S l: C , 4 7 .0 0 ; H, 7 ,8 9 ; S, 31 .37;

Si, 1 3 .7 4 .

Found: C , 4 7 .1 3 ; H, 7 .5 6 ; S, 3 1 .4 4 ; S i, 1 3 .6 9 .

Reaction of 1 .4 -d ith la -2 -cv c lo h ep ten v l anion with methvl

Iodide a t 0° C .

To a stirring solution of l,4 -d ith ia -2 -c y c lo h e p te n e  (2 .6 4 g , 

20mmol) in  100ml of dry THF w as added , under nitrogen a t -7 0 °C , 

a so lu tion  of 2 .45  M of n -B u li (11m l, 25mmol) In n -h ex an e . The 

red resu lting  solution w as allow ed to warm gradually to 0°C and 

w as held at th is  tem perature for a further hour. To the reaction  mix­

ture w as added a t -7 0 °C an  ex c ess  of methyl Iod ide. The mixture 

w as stirred  a t room tem perature for another hour. After workup in  the 

usua l manner, the residue w as d is tilled  under vacuum to  give 1.54 g 

(48%) of ace ty len ic  dim ethyl compound 128b, formed a pale yellow  

liqu id , b p . 70 -73°C (0 .3m m ). Nmr: 6 1.78 (s, CHg), 6 2 .08  (s,

CHg) and 6 2 .4 8 - 3 .1 2  (m, 6H). Ir (neat): 2120cm 1 (C=C , very 

w eak). M ass spectrum : M+ a tm /e  160 (46%), m /e 145 (47%),

121 (8%), 111 (18%), 97 (20%), 89 (57%), 85 (23%), 75 (7%),
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71 (38%), 61 (100%), 39 (35%).

Anal, ca lcd  for C7H 12S2 : C , 5 2 .4 5 ; H, 7 .5 5 ; S, 4 0 .0 0 .

Found: C, 5 2 .1 6 ; H, 7 .3 2 ; S, 3 9 .6 4 .

2 .3 -D id eu te ro -1 .4 -d lth la -2 -cv c lo h eP ten e .

To a stirring solution of 2 -d e u te ro -l,4 -d lth ia -2 -c y c lo h e p te n e  

(127d) (1 .3 3 g , 10mmol) In 100ml of dry THF was added , under n i­

trogen a t -7 0 °C , a solution of 2 .45  M n-BuLi (4 .2 8 m l, l lm m o l) in  

n -h ex an e . The reaction  mixture w as allow ed to  s tir  a t room tem pera­

ture for one hour. An ex cess  of D20  w as then added quickly Into 

the anion solution a t -70° C . The mixture w as held for a few minutes 

a t  th is  tem peratu re , and then w as stirred  a t room tem perature for 

another hour. After workup In the u sua l manner, the residue w as d is ­

til le d  under vacuum to  give c a .  l g  (ca . 75% yield) of 2 ,3 -d id eu te ro - 

l ,4 -d lth ia -2 -c y c lo h e p te n e . Ir (n e a t) : 2174cm * (C-D), 1615cm * 

(C=C); nm r: 6 2 .18  (qu in tet, 2H), 6 3 .52 (t, 4H) and a trace  of o le -  

fin ic proton a t 6 5 .75  .

The reac tion  of 2 -m eth v l-1 .4 -d lth la -2 -cv c lo h eP ten e  with

n-B uIi a t higher tem perature.

To a stirring solution of 2 -m e th y l-l,4 -d ith ia -2 -c y c lo h e p ten e  

127c (1 .2 g , 7 .7 mmol) in  50m l dry THF w as added , under nitrogen 

a t -7 0 °C , a solution of 2 .45  M n-BuLl (3.16 m l, 7 .75  mmol) in 

n -h ex an e . The reaction  mixture w as allow ed to s tir  a t  room tem pera­
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ture for about 1 hour. An ex cess  of trlm ethy lsily l chloride w as 

added quickly into the reac tion  mixture a t -70° C . The reaction  

so lu tion  was warmed a t room tem perature and stirred  for a  further 

hour before pouring Into Ice w ate r. After workup in the u su a l m anner, 

the residue  was d is tille d  to  give 1 .1 4 g  (65% yield) of a llen e  trim eth- 

y ls ilan e  130. I r : 2564 cm * (S-H), 1925 cm * (a llene); N m r: 

6 0 .1 0  (s), 6 1 .37  (t, exchanged with D20 ,  S -H ), 6 1 .9 7  (center 

of m ), 6 2 .70  (center of m) and 6 4 .72  ( s , a l le n e ) .

Anal, ca led  for CgHjgS2S i: C , 4 9 .4 8 ; H, 8 .3 1 ;

S, 29.35 ; Si, 12.86 .

Found: C , 4 9 .1 7 ; H, 8 .5 4 ; S, 2 9 .0 8 ; S i, 1 2 ,5 9 .

The reac tion  of 2 -m eth v l-1 .4 -d lth la -2 -cv c lo h ep ten e  with 

n-BuLi a t lower tem peratu re .

To a stirring solution o f 2 -m e th y l-l,4 -d ith ia -2 -c y c lo h e p te n e  

(1.4 g , 8 .9  mmol) in 50 ml of dry THF w as ad d ed , under nitrogen a t 

-9 0 °C (acetone/liqu id  nitrogen) a solution of 2 .45  M n-BuLi (3 .65m l, 

8 .9 5 mmol) In n -h ex an e . The reac tion  mixture w as stirred  betw een 

-7 0 °C and -90°C  for one hour, then w as cooled in ace tone-liqu id  

nitrogen bath a g a in . An ex cess  of m ethyl Iodide w as added into the 

so lu tion . After stirring for c a . 3 0 m inutes a t -9 0 °C , the reaction  

solution w as allow ed to warm a t room tem perature. After stirring for
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another hour, th e  reac tion  mixture w as worked up in the u su a l 

m anner. The residue  was chromatographed on s il ic a  g e l to give 2 ,3 -  

d im ethy l-1 ,4 -d ith la -2 -cy c lo h ep ten e  (91) In 1-2% y ie ld . 91. Formed 

a s  co lo rle ss  liquid and had an  id en tica l lr  and nmr spectra with 

th e  dehydration product of carbinol 8 8 . The more polar products 

(two spo ts on tic  p late) were elu ted  out together and were not further 

s tu d ie d .

Preparation of 1 ,4 -d lth lacv c lo h ex ad len e .

In a 500 ml th ree necked round bottomed flask  equipped with 

a d ry -ic e /a ce to n e  condenser, was condensed 250ml of liquid ammonia. 

A solu tion  of cls-(b isbenzy lm ercap to)ethene (1 3 .6 g , 0 .0 5 mmol) in 

50m l of dry THF w as added slow ly . To the cloudy ammonia so lu tion , 

sodium (3g , 0.13 mole) w as added In sev era l portions under n itrogen . 

The solution changed from w hite to  orange and finally  turned a brown- 

b lu e . The resu lting  brow n-blue ammonia so lu tion  w as stirred  for 2 

hours and c i s - l , 2 -d ich loroethy lene (6 g , 0 .0 6 2 mole) w as then added 

dropwise slow ly over 1 hour (with sh ie ld ). The reac tion  mixture w as 

allow ed to  s tir  overnight before pouring into 500 ml of 15% NH^Cl 

aqueous so lu tion . The organic m aterial w as ex trac ted ,d ried  over anhydrous 

MgSO^ and evaporated o ff. The residue  w as d is tille d  under reduced 

p ressure to give c a . 2 .9 g  (ca . 50%) of yellow  liquid w ith p leasan t 

sm ell, bp . 63-67°C  (9 mm); nm r: only one sing let a t  6 6 .1 9 .
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2 -T rlm e th v ls lly l- i. 4 -d lth lacvclohexad lene (133b).

To a stirring solution of 1 ,4 -d lth iacyclohexad iene  (0.58 g ,

5 .0 mmol) in 30m l of dry THF w as added slow ly, under n itrogen, a t 

-7 0 °C , a so lu tion  of 2 .4 M n-B u li (2 .1 m l, 5 .1  mmol) in  n -h ex an e . 

The reac tion  mixture w as stirred  a t -70° C for one hour before an ex ­

ce ss  of trim ethy lsily l chloride w as added . The reac tion  mixture was 

allow ed to  warm a t room tem perature. After stirring for a further hour, 

the  reac tion  mixture w as worked up in the  u su a l m anner. The residue 

w as d is tille d  in  vacuum to  give 0 .3 7 g  of the t i t le  compound (40% 

y ie ld ), a s  a pale yellow  liq u id , b p . 42°C (0.06m m ), nmr (CDCl^):

6 0 .19 (s,9H ), 6 6 .2 8 -6 .5 0  (m ,3H ); i r : 3030cm -1 (C=>C), 1260cm -1 

(Si-CHg), 1615 cm" 1 (C=C).

Anal, ca lcd  for C7H 12S2S i : C , 4 4 .6 3 ; H , 6 .4 2 ;

S, 3 4 .0 4 ; S i, 14.91 .

Found: C , 4 4 .4 7 ; H, 6 .3 8 ; S, 3 4 .4 2 ; S i, 1 4 .7 6 .

The reac tion  of 1 .4 -d ith iacvclohexad lenv l anion w ith methvl

iodide a t room tem perature.

To a stirring solution of 1 ,4 -d ith lacyclohexad lene (0 .5 8 g ,

5 mmol) in  50m l of dry THF w as added , under nitrogen a t -7 0 °C, 

a solution of 2 .4  M n -B u li (2.1 m l, 5 .1  mmol) in n -h ex an e . After 

stirring for half an  hour, the reac tion  mixture w as warmed a t room
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tem perature (the solution became w hite cloudy a t  -60° C), and sitrred  

for a further hour. An ex cess  of methyl iodide w as then added a t 

-70° C . The reac tion  mixture w as allow ed to  s ltr  a t room tem perature 

for one hour. After workup in the u sua l manner, the residue was d is ­

tilled  under vacuum to  give 0 .4 0 g  (56% yield) of the ace ty len lc  d i­

methyl compound 134. a s  a pale yellow  liqu id , bp. 50° C (0.06 mm). 

Nmr: 6 1 .9 2  (s ,3 H ), 6 2 .27  (s ,3 H ), AB type a t 6 5 .95 and 6 6 .1 5  

(2H, J=9H z), i r : 3049 cm 1 (C=C), 2105 cm 1 (C=C, very w eak ),

1430 cm * and 1280 cm 1 (S-CH ^). M ass spectrum: m /e : 144 (M+ , 

100%), 129 (78.3% ), 105 (1.6%) 97 (15.4% ), 84 (7%), 73 (7.7%),

71 (37%), 60 (3%), 47 (15%), 39 (16.4%)

Anal, calcd  for CgHgSg: C , 49 .96 ; H , 5 .5 9 ;

S, 44.45

Found: C , 50.13 ; H , 5 .45  ; S , 44.12 .

Following the same procedure, the 1 ,4-d ith iacyclohexad leny l 

anion solution w as stirred  a t -4 0 °C for half hour and then quenched 

w ith methyl iodide a t -7 0 °C . After w ork-up in the u sua l manner, the 

reac tion  products showed on GC contained 40% of starting  m aterial 132 

and 49.8% of ace ty len lc  dim ethyl 134.

The reaction  of 1,4 -d lth lacyclohexad ieny l anion w ith trlm ethyl-

s llv l chloride and methyl iod ide .

To a so lu tion  of 1 ,4 -d ith iacyclohexad iene  (0.58 g , 5 mmol) in 

30ml of dry THF w as added , under nitrogen a t -7 0 °C , a solution of
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2 .4 M n-BuLi (2.1 ml, 5 .1  mmol) In n -h ex an e , The resu lting  white 

cloudy solution w as allow ed to s tir  a t room tem perature for one hour.

To the solution w as added quickly  a t -70° C an equivalent of tr i-  

m ethylsllyl chloride (0.55 g , 5 mmol), the reaction  mixture w as then 

stirred  a t room tem perature for one hour. To the resu lting  reaction  mix­

ture w as added a t -70°C  a solution of 2 .4  M n-BuLi (2.1 m l, 5 .1  

mmol) In n -h ex an e . The reaction  mixture was stirred  for a few minutes 

and then w as allow ed to warm up to  room tem perature. The solution 

w as cooled a t -70°C  ag a in , and methyl iodide (0 .7 1 g , 5 mmol) was 

added qu ick ly . The reaction  mixture w as stirred a t room temperature 

again  for one hour. After workup In the usual manner, the residue w as 

d is tille d  under vacuum to give ca 50% of the expected acety len lc  

methylm ercapto tri methyl s i lane derivative 135 which formed a s  yellow  

liqu id , bp . 64° (0,06m m ). Nmr: 6 0 .17  (s ,9 H ), 6 2 .35  (s ,3 H )a n d  

AB type a t 6 6 .11 and 6 6 .48  (2H, J=9 H z ); Ir (neat): 3050cm *(C=C), 

2130 cm” 1 (C=C), , 1440 cm" 1 and 1290 cm' 1 (S-CHg),

1266 cm" 1 (Si-CH3).

Anal, ca lcd  for CgH i 4S2S i : C , 4 7 ,4 6 ; H , 6 ,9 7 ;

S , 3 1 .6 7 ; S i, 13.89 .

Found; C , 4 7 .3 8 ; H, 7 .0 9 ; S , 3 1 .5 4 ; S i, 1 3 .9 6 ,

The p r e p a r a tio n  o f  1 . 4 - d l t h l a - 5 - c v c l o h e P t e n e  ( 1 4 2 ) .

76The method of Fuson was adopted to  prepare the 1 ,4 -d ith ia -  

cyc lohep tan -6 - o l .
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Powdered potassium  hydroxide (3.42 g , 61 mmol) w as su s ­

pended In a solution of l ,4 -d ith iac y c lo h ep tan -6 -o l (9g , 60mmol) In 

150ml anhydrous e th er. The mixture w as stirred  a t 0°C under n itro­

gen for 2 ho u rs . A solution of freshly  d is tille d  benzenesulfonyl chlor­

ide (12 g , 67 mmol) In 45 ml of dry ether w as added dropwise into the 

e therea l so lu tion . The reaction  mixture w as stirred  a t room tem pera­

ture for one and a half hours before potassium  t-bu tox ide  (13.5 g , 120 

mmol) w as added . The resu lting  yellow -brow n mixture solution w as 

stirred for 2 hours and then  was poured into 400ml of cold w ate r.

The organic m aterial was ex tracted  repeated ly  with e th e r . The ether 

layers were com bined, dried over anhydrous MgSO^ and evaporated 

off. The residue w as d is tilled  under vacuum to give a constan t boiling 

a t 35°C (0.23m m ), a s  a co lo rless  liqu id , in  54-73% y ie ld . Based on 

GC an a ly s is  th is  liquid contained 90-93% of the t i t le  compound (142) 

and 7 -  10% of the ring contracted by-product 143. The 1 ,4 -d lth ia -  

5 -cycloheptene 142 w as separated  by column chromatograph (silica 

g e l, p e t . ether) from th is  m ixture. *H nmr: 6 2 .93 (center of

AA'BB*, 4H), 6 3 .33  (d, 2H, J = 6 .7 H z) and 6 6 .19 -  6 6 .47 (m, 2H).

13C nmr: 137.8ppm , 1 2 6 .3 ppm, 36 .3ppm , 34.611m  30.4 ppm.

Anal, calcd  for C cH0S . : C , 4 5 .4 1 ; H, 6 .1 0 ; S, 4 8 .4 9 .

Found: C , 4 5 .4 1 ; H , 5 .9 4 ; S, 48 .22  .
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7 -M e th v l- l . 4 -d lth la -5  -cvcloheptene (145d).

To a stirring solution of 1 ,4 -d ith ia -5 -cy c lo h ep ten e  (0 . 6 6  g ,

5 mmol), in  50m l of dry THF was added, under nitrogen a t - 7 0 ° C, 

a  solution of 2 . 4 M n-BuLi (2 .1 m l, 5 mmol) In n -h ex en e . The re ­

ac tion  mixture w as allow ed to  stir a t -1 0 °C for 1 hour. An ex cess  

of methyl Iodide w as added quickly to  the resu lting  anion a t -7 0 °C . 

After stirring a t room tem perature for one hour, the reaction  mixture 

was poured into Ice w ater and ex tracted  repeated ly  with e th e r. The 

e ther layers were com bined, dried over anhydrous MgSO^ and evapo­

rated  o ff. The residue w as d is tilled  afte r the removal of so lvent to 

give 0 .3  g (42%) of the t i t le  compound, bp . 39-40°C  (0.06 mm); nmr 

(CDC13 , TMS): 6 3 .15 (center of AA'BB', 4H), 6 3 .8 5 - 4 .1 2  (m ,lH ), 

6 6 .1 8 - 6 .3 8  (m,2H) and 6 1.32 (d, 3H, J 's  7 H z).

Anal, calcd  for CgH1{JS2 : C, 4 9 .2 7 ; H , 6 .89  ; S, 4 3 .8 4 .

Found: C, 4 9 .0 7 ; H, 6 .5 4 ; S , 43 .66  .

7 -T rlm e th v ls llv l- l, 4 -d lth la -5 -cv c lo h ep ten e  (145b).

To a solution of l ,4 -d ith ia -5 -c y c lo h e p te n e  (0 .6 6 g , 5 mmol)

In 50ml of dry THF was added , under nitrogen a t -7 0 °C , a solution 

of 2 .4  M n-BuLi (2.1 m l, 5 mmol) In n -h ex an e . The resu lting  brown- 

red solution w as allow ed to s tir  a t -10°C  for one hour.

An ex cess  of freshly  d is tille d  trlm ethy lslly l chloride was 

added quickly to  the anion solu tion  a t  -70° C , and the mixture was
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stirred  a t room tem perature for one hour. After workup In the u sua l 

manner, the residue was d is tille d  under vacuum to  give 0 .3 4 g (33%) 

of the  tit le  compound, b p . 57° C (0.2 mm); nm r: 6 0 .13  (s ,9 H ), 

6 3 .0 8  (AA'BB', 4H), 6 3 .35  (broad d , 1H) and 6 6 .1 1 - 6 .3 1  (m ,2H).

Anal, ca lcd  for C _ H .-S ^ S i: C , 4 7 .0 0 ; H , 7 .8 9 ;
o lb  £

S, 3 1 .3 7 ; S I, 13.74 .

Found: C , 4 7 .1 2 ; H, 7 .7 5 ; S, 3 1 .6 1 ; SI, 1 3 .5 5 .

7 -D e u te ro - l. 4-d ith la -5 -cvclohep tene (145c).

To a stirring solution of l,4 -d ith ia -5 -c y c lo h e p te n e  (0 .7 8 g ,

5 .9  mmol) in 6 0 ml of dry THF w as added , under nitrogen a t -7 0 ° C 

a solution of 2 . 4 M n -B u li (2 .5 m l, 6 mmol) in n -h ex an e . The re ­

sulting brown-red solution w as stirred  a t -10°C  for one hour.

An ex c ess  of D^O w as added quickly to  the anion solution 

a t  -7 0 °C , and the solution w as stirred  at room tem perature for one 

hour. After workup in  th e  u sua l m anner, th e  residue  w as d is tilled  

under vacuum to  give 0 .6 g (77%) of product, b p . 35°C (0.23mm); 

nmr: 6 2 .93  (AA’BB’ , 4H), 6 3 .36  (d, 1H) and 6 6 .2 0 - 6 .4 7  (m,2H); 

ir (neat): 2890cm * (C-D), 1620cm * (C=C).

5 . 7 - B l s ( t r im e t h v l s i l v lH .  4 - d l t h l a - 5 - c v c l o h e P t e n e  ( 1 4 6 ) .

To a stirring solution of l,4 -d lth ia -5 -c y c lo h e p te n e  (0 .6 6 g ,

5 mmol) in  50m l of dry THF w as added , under nitrogen a t -70°C ,
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a solution of 2 . 4 M n-B u li (4 . 2 m l, 10mmol) in n -h ex an e . The re ­

su lting  brown-red solution w as stirred  a t -10°C  for one hour. An 

ex c ess  of fresh ly  d is tille d  trim ethy lsily l chloride w as added quickly 

to  the anion solution and th e  reac tion  mixture w as stirred  a t room 

tem perature for one hour before pouring into ic e  w ate r. The organic 

m aterial w as ex tracted  repeated ly  w ith e th e r. The e ther layers were 

com bined, dried over anhydrous MgSO^ and evaporated o ff. The 

residue w as chromatographed (silica  g e l, p e t . ether) a fte r the rem oval 

o f so lvent to g ive 0 .4 g  (29%) of th e  t i t le  compound; nmr : 6 0 .13  

( s ,9 H ) , 8 0 .1 6  (s ,9 H ), 6 3 .01  (center of AA'BB', 4 H), 6 3 .4 6  (d,

1H, J= 8 H z), 6 6 .3 3  (d ,lH  , J = 8 H z).

Anal, ca lcd  for : C , 5 3 .1 6 ; H, 9 .7 3 ;

S, 2 5 .8 0 ; Si, 11.30 .

Found: C , 5 3 .4 3 ; H, 9 .6 9 ; S, 2 5 .6 4 ; S i, 1 1 .1 7 .

The r e a c t io n  o f  3 - m e t h v l - l . 4 - d l t h l a - 2 . 5 - c v c l o h e P t a d le n e  

with n - b u t v l l l t h lu m .

To a stirring solution of 3 -m e th y l- l ,4 -d ith ia -2 ,5 -c y c lo -  

heptadlene (0 .7 9 g , 5 .4 mmol) in  100ml of dry THF w as added , un­

der nitrogen a t -7 0 ° C, a so lu tion  of 2 .4  M n -B u li (2*3m l, 5 .4  

mmol) in n -h ex an e . The resu lting  dark grape color so lu tion  w as 

allow ed to  s tir  a t 0°C for one hour.
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An ex cess  of m ethyl Iodide w as added quickly  to  th e  anion 

so lu tion  a t  -70° C , and the reac tion  mixture w as stirred  a t room 

tem perature for another hour before pouring Into 50m l ice  w ate r.

The organic m aterial w as ex trac ted  repeated ly  with e th e r . The e ther 

layers were com bined, dried over anhydrous MgSO^ and evaporated 

o ff. The residue  w as chrom atographed on s il ic a  gel (eluted w ith p e t. 

ether) to  give c a .  0 ,41 g (ca . 48%) of dim ethyl p roduct. Nmr:

6 1 .8 6  (d, 3H, J = 1 .0 H z ) ,  6 1 .92 (d, t ,  3H, J=  1.5 Hz and 0 .8 H z ) ,

6 3 .6 9  (brf d , 2H, 7 .5 H z), 6 5 .89  (br, d , 1H, J= 1 .0 H z )  and

6 6 .14  ft, q , 1H, J = 7 .5 H z  and 1 .5 H z ) ; m ass spectrum : m /e  158 

(M+, 8 6 . 8%), 143 (100%), 131 (52.9%) and 125 (23.0% ).

Anal, ca lcd  for : C , 5 3 .1 2 ; H, 6 .3 7 ; S , 4 0 .5 1 .

Found: C , 5 3 .0 3 ; H, 6 .1 4 ; S , 4 0 .7 8 .

Preparation of 7 ,7 -d ib rom ob lcyc lo (4 ,1 ,0 ) - l .4 -d ith la c v c lo -  

h e o t-2 -en e  (157).

To the stirring  so lu tion  of phenyl (trlbromomethyl)mercury 

(2 ,6 5 g , 5 mmol) in  50m l of dry benzene w as added a so lu tion  of 

1 ,4 -d lth lacyclohexad iene  (0 .5 8 g , 5 mmol) in  10ml of dry ben zen e . 

The reac tion  mixture was refluxed under nitrogen for 20 m inutes, the  

solution changed from yellow  to red-brow n and c ry s ta ls  were develop­

ed . After stirring for a further 15 m inutes, th e  reac tion  mixture w as 

cooled Into Ice bath  and filte red  off the c ry s ta ls . The residue was
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chromatographed on s il ic a  g e l afte r the removal of solvent to 

give 0 .1 4 1 g  (9,8% yield) of the  t i t le  compound 157. mp 74-76° C 

and c a .  l g  (ca. 70%) of a white lachrymatory c ry sta l having m p. 

110°C, (decomposed a t 120°C), nmr: 6 7 .35  (br, s ) .

Compound 157. m p. 73 -74°C after rec ry sta lliza tio n  from 

chloroform; nm r; 6 2 .8 2  (s, 2H), 6 6 .1 8  (s, 2H), ir (CDCl^):

1615 cm * .

Anal, ca lcd  for C g H ^ B T g : C , 20.85 ; H, 1 .4 0 ;

Br, 55.49 ; S, 22 .26  .

Found: C, 2 0 .5 1 ; H, 1 .1 5 ; Br, 5 5 .7 4 ; S , 2 2 .4 2 .

Preparation of endo-7-bromoblcvclo (4 .1 .0 ) -1 .4 -d lth lacv c lo -

h eo t-2 -en e  (154).

To a stirring solution of dlbrom oderlvative 157 (0 ,2 9 g , 

lm m ol) in  30m l of dry benzene w as added , under nitrogen a t 0°C ,

1 equ iv . of tribu ty ltin  hydride (0.27 m l, 0 ,29 g ). The reac tion  mix­

ture w as stirred  a t 50°C (oil bath tem perature) for 2 hours and then 

evaporated off th e  so lvent under reduced p re ssu re . The residue 

formed a s  a mixture of so lid  and liquid (tributyltin bromide) which 

can be Iso la ted  e ith e r by rec ry s ta lliza tlo n  from carbon te trach lo ride  

or chromatography on s ilic a  gel to give exc lu sive ly  endo-7-brom o- 

bicyclo ( 4 ,1 ,0 ) - 1 ,4 -d ith iacy c lo h ep t-2 -en e  154 in quan tita tive  

y ie ld . M p: 8 6 - 88° C , w hite c ry s ta l . Nmr: 6 2 .45 (d, 2H, J= 7 Hz),
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6 3 .86  (t, IH ,J  = 7Hz) and 6 6 .3 4  (s ,2 H ), ir (CD Clg): 1615cm "1 

(C=C); m ass spectrum : M+ a t m /e  208 (20.6% ), m /e  210 (22.8% ), 

129 (M+ -B r, 65.8% ), 103 ,6 6 .5 % ), 97 ( ( |)  28.1% ), 85

(38.6%) and 45 (S = CH, 100%).

Anal, ca lcd  for CgH^Sgftr: C , 2 8 .7 2 ; H, 2 .4 1 ;  S, 30.66;

Br, 38.21 .

Found: C , 2 8 .4 9 ; H, 2 .3 2 ; S, 3 0 .6 0 ; Br, 3 8 .1 1 .

The reac tion  of endo-7-bromoblcvclo(4. 1 , 0 )- l .4 -d lth lacv c lo - 

h eP t-2 -en e  (154) w ith lithium .

A p iece of clean  lithium (ca. O .Olg) w as dropped in a so lu ­

tion  of monobromoderivative 154 (0.1 g , 0 ,48  mmol) in 10 ml of dry 

THF a t -70° C . The mixture w as stirred  a t -70° C under nitrogen 

for one hour (no change a t a ll)  and then  w as warmed up to  room tem ­

perature . After stirring for a  further 2 h o u rs , severa l p ieces  of dry 

ice  (CO2 ) were dropped into the solution and kept to  s tir  for one 

hour. (Tic showed only one spot corresponding to the starting  ma­

te r ia l .)  The so lu tion  w as poured into aqueous KDH and the organic 

m aterial was ex tracted  w ith e th e r. The aqueous layer w as neutra­

lized  with d ilu ted  hydrochloric ac id  and ex tracted  with e th e r. The 

ether layers were com bined, dried over anhydrous MgSO^ and evapo­

ra ted  o ff. The starting  m aterial w as recovered afte r the removal of
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solvent in  c a . 95%. The same re su lt was ob ta ined , using potassium  

Instead  o f lith ium .

The reac tion  of endo-7- bromoblcvclo f4.1 .0 1 -1 .4 -d lth iacv c lo -

h eo t-2 -en e  (1541 w ith n -bu tv llith ium .

To a stirring solution of 154 (0 .1 4 g , 0 .6 7 mmol) in 20m l 

o f dry THF was added under nitrogen a t -7 0 °C , a so lu tion  of 2 ,45  M 

n-BuLi (0 .28m l, 0 .6 7 mmol) in  n -h ex an e . After stirring a t -70°C  

for 30 m inutes, th e  solution becam e deep v io le t-red  co lo r. W ithout 

warming up an  ex c ess  of trlm ethy lsily l chloride w as added qu ick ly . 

The reaction  mixture w as allow ed to  s tir  a t  room tem perature for one 

hour, followed by aqueous workup. The reaction  mixture decom posed 

and a green polymer w as obtained during the  removal of solvent under 

the reduced pres su re . (Temperature a t 30-35° C .)  After chroma­

tography a trace  of compound having a nmr spectrum 6 0 .25  (s),

6 2 .4  (AB system , J’s c a .  7 H z), 6 6 . 8  (s) w as obtained; = 0 .57  

(solvent; 1 /2  b e n z e n e /p e t. ether) on s ilica  g e l tic  p la te .

The therm al rearrangem ent of endo-7-bromoblcvclo ( 4 . 1 . 0 ) - l .

4 - d l t h i a c v c l o h e P t - 2 - e n e  ( 1 5 4 ) .

W ithout any so lv en t, endo-7- bromobicyclo (4 ,1 ,0 ) -1 ,4 -d ith ia -  

cy c lo h ep t-2 -en e  (154) w as heated  under nitrogen a t 90°C for 30 

m in. The m aterial m elted and becam e a dark brown liqu id , some 

b lack powder appeared . About 4 ml of carbon te trach lo ride w as
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added to  d isso lv e  the m aterial and filte red  off th e  b lack  so lid . After 

the solution w as co ncen tra ted , the nmr spectrum showed an  id en ti­

ca l spectrum with the starting  m ateria l.

S o l v o l v s i s  o f  e n d o -7 -b r o m o b lc v c lo M . 1 .0 1 -1 .4 -d ith lacv c lo h eP t-

2 -ene  (154) in  Acetic Acid.

A. Compound 154 (0 .1 4 g , 0 .6 7 mmol) w as d isso lved  In 

sodium a c e ta te /a c e tic  ac id  bulffer so lu tion  (0 ,4 g , of sodium a c e ta te  

In 3 ml of a c e tic  acid) and heated  a t 65° C (oil bath tem perature) 

under nitrogen for 2 d a y s . Tic showed the  starting m aterial s t i l l  r e ­

maining in  so lu tion . The tem perature w as ra ised  to 84°C and the 

solution was held a t th is  tem perature for a further two d a y s . After 

neu tra lized  with 15% NaHCOg, the reac tion  mixture w as ex tracted  

with e th e r . After the removal of so lv en t, th e  starting  m aterial w as 

recovered in  c a .  85%.

B. Compound 154 (0.1 g,  0 .4 8 mmol) w as d isso lv ed  in 

s ilver a c e ta te /a c e tic  ac id  bulffer solution (0 . 2  g of s ilv er a ce ta te  in  

3 ml of a c e tic  a c id ) . The solution w as heated  a t 65°C under n itro ­

gen for one d ay . Tic showed one spot which is  the  starting  m ateria l. 

The reac tion  solution w as heated  a t 85°C for a further two d a y s .

A se rie s  of spots w as observed on t i c . The m aterial seem ed to  be 

decom posed. No further study w as done.
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