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C Y C L O P H A N E  BIS(SULFOXIDES) 

A T H E R M A L  ANALYSIS STUDY 

J. O. H1LL, P. J. JESSUP and J. A. REISS 

Department of  Chemistry, La Trobe University, Bundoora, Victoria 3083, Australia 

A thermogravimetry study of a series of cyclophane bis(sulfoxides) (1-- 6) has shown 
that thermal decomposition of these compounds occurs in two stages with a stepwise 
loss of the sulfoxide groups at well defined decomposition temperatures. The stepwise 
thermal cleavage has been rationalized in terms of the stereochemistry of the sulfoxide 
groups and the strain associated with the resultant elimination products. 

Thermal analysis of sulfoxide compounds has been used as a direct route for 
the introduction of olefinic bonds into organic substrates [1, 2]. The thermal 
decomposition has generally been effected in solvents (toluene, xylene) at tempera- 
tures between 100 and 150 ~ and the method has been used to prepare alkenes [3], 
~,/~-unsaturated carbonyl compounds [2], stilbenes [4] (Scheme 1) and unsaturated 
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cyclophanes [5, 6]. Considerable investigations into the mechanism of the ther- 
mally induced elimination reaction have been made [7], and suggestions as to 
the nature of the transition state have been proposed [8]. The primary byproduct 
of  the elimination of methyl sulfoxide compounds is considered to be methane 
sulfenic acid (CH3SOH) which rapidly disproportionates to methyl methanethiol- 
sulfinate (CH3(SO)SCH3) and water (e.g., Scheme 2). 
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We have used the thermal decomposition of cyclophane bis(sulfoxides) at tem- 
peratures up to 350 ~ (5 x 10 -4 mm) to prepare an extensive range of cyclophane 
dienes [9] (for example, Scheme 2). We report here a thermogravimetry study of  
the cyclophane bis(sulfoxides) 1 - 6  and suggest that a stepwise loss of  the two 
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sulfoxide groups at two discrete temperatures 7'1 and 7"2 is the usual mode of elimi- 
nation for such compounds (Scheme 3). 

Aro . tAro ~--R 1"2 / A r o  .. 
R ' ~  Aro'~ -R T1 ~ ~Aro'  - -  " ~Aro' ~ 

7 8 9 
R = -SO-Me 
Aro, Aro' = Aromotic residues 

Experimental 

Synthesis of cyclophane bis(sulfoxides) 

The preparation of the cyclophane bis(sulfoxides) have been described by Jessup 
and Reiss (compounds I [10], 2 [6], 3 and 4 [11 ], 5 and 6 [12]). Briefly, the methods 
may be summarized as follows. A dithia[3,3]cyclophane was ring contracted to a 
bis(methylthio) [2,2]cyclophane under either a) Witting rearrangement conditions 

R ~ R  R ~ R  R/~R 
't 2 3 

R = S(O) Me 4 5 

(butyllithium/0~ min followed by treatment with methyl iodide) or, b) Stevens 
rearrangement conditions (dimethoxycarbonium tetrafluoroborate to produce the 
bis(methyl tetrafluoroborate) salt followed by treatment with sodium hydride/ 
25~ h). Oxidation of the bis(methylthio)[2,2]cyclophane with 2 equivalents of 
m-chloroperbenzoic acid produced the desired cyclophane bis(sulfoxides) 1 - 6 .  

Instrumental 

TG]DTG]DTA were carried out using a Rigaku-D~nki Thermal Analysis system 
and an atmosphere of dry nitrogen or vacuum (10 -1 Torr). Sample masses of 
approximately 10 mg were employed and a heating rate of 20 ~ rain -1 applied. 
The conditions for thermal analysis are important since at a low heating rate 
under nitrogen' the decomposition of  the cyclophane bis(sulfoxides) is reversible 
and thermal decomposition is incomplete. The decomposition is complete using 
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a high heating rate (20 ~ min -1) under nitrogen or a low heating rate (4 ~ rain -1) 
under vacuum. The TG profiles for each compound are equivalent with these two 
sets of conditions. 

Results and discussion 

Thermal curves for the six cyclophane bis(sulfoxides) 1 - 6  were determined 
and a representative curve for one of these (compound 1) is shown in Fig. 1. Total 
mass loss data and theoretical mass loss data based on complete decomposition 
to the corresponding cyclophane-diene product together with the relevant decom- 
position temperatures T1 and 7"2 (Scheme 3) are given in the Table. 7'1 and T2 
were determined from the relevant peak maxima in the DTG profile for these 
compound s. 

The TG profiles for all six compounds are similar and two mass losses occur 
for each compound at characteristic decomposition temperatures T1 and 7'2. Total 

Table  

T C  da ta  and  decompos i t i on  t empe ra t u r e s  for  cyc lophane  bis(sulfoxides)  

Compound 

I 
Theoretical Total mass 

[ total mass loss, loss, % % 

24 
26 
32 
39 
30 
26 

26.6 
28.0 
31.4 
29.4 
29.6 
29.6 

T,  ~ I T~, ~ 

206 326 
200 330 
224 300 
132 138 
204 335 
270 278 
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Fig. l .  Cyc lophane  bis(sulfoxides) :  A typical  T O  profile 
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mass losses are within 10~o of the calculated values and discrepancies are due 
primarily to partial vapourization of the intermediate 8 and of the cyclophane 
diene 9 (Scheme 3). 

It is important and relevant to provide some independent evidence for the 
existence of the cyclophane sulfoxide intermediate 8, Scheme 3. The mass spectra 
(at 200 ~ of all six cyclophane bis(sulfoxides) studied show no parent molecular 
ion but a base peak is observed in each case located at 128 mass units lower than 
the molar mass of the cyclophane bis(sulfoxide) and thus represents the parent 
ion of the corresponding cyclophane diene 9 (Scheme 3). Also in each case, a low 
intensity peak is indicated at 64 mass units lower than the molar mass of the parent 
cyclophane bis(sulfoxide) and represents the parent ion of the corresponding 
cyclophane sulfoxide 8 (Scheme 3). Thus at 200 ~ 10 -7 Torr, thermal cleavage of 
one and both sulfoxide functional groups occurs. 

The method of preparation of each of the cyclophane bis(sulfoxides) yields a 
statistical distribution of isomers whose structures may be represented as l O a - d  
in which only one bridge of the cyclophane is shown. Structures lOa and c are 
pseudo-axial and 10b and d are pseudo-equatorial. Consideration of the possible 
geometries for structures l O a - d  offers several possible explanations for stepwise 

R H H H 
,,-Am y - ~ H  fAro , ~ H  fAro y . ~ H  ,.-Aro . . ( ~ R  
"-Aro'.J~H \ - A r o ' ~ R  \ - A r o ' " ~ H  '-Aro ~: :~H 

H H R H 
a b c d 

10 

thermal cleavage of the sulfoxide functional groups. An important factor influenc- 
ing the decomposition temperatures 7"1 and T2 is the resultant strain (due to intra- 
molecular non-bonded interactions) in the products of each successive elimination. 
In most of the compounds studied, molecular models suggest that the strain in 
the intermediate products 8 is much less than that associated with the final cyclo- 
phane diene 9. This accounts for the divergent values of T1 and T~. However, 
in the case of compound 6, molecular models indicate that the strain associated 
with the intermediate is approximately the same as that associated with the final 
cyclophane diene 9, and the similarity of T1 and T2 (270 and 278 ~ reflect this 
prediction. 

A second factor is the stereochemistry of the sulfoxide groups in the bridges of 
the cyclophanes. Compounds 4 is restricted to four configurations about each 
bridge, 4a-d .  Two of these structures have equatorial sulfoxide groups and the 
other two structures have axial sulfoxide groups. The temperatures of decomposi- 

Me H Me H 
f A r o . ~ R  ( f A r o - ~  R f A r o - ~  H faro - . . /~  H 
k-Aro'~-T/" H "- Aro ' '~ "  Me t'-Aro"x-T/" H "-Aro' ~ : ~  Me 

H H R R 
a b c d 

R=S(O) Me 4 
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t ion  for  c o m p o u n d  4 are 132 and 138 ~ and the mass  losses are in the ra t io  3 : 1. 
This ra t io  suggests the decompos i t i on  o f  isomers  4 a -  c at the lower t empera tu re  
T 1 and o f  4d at T2. Thus the accessabil i ty  o f  a p r o t o n  on  the f l -carbon to the sulf- 
oxide group  is the  l imit ing factor  ra ther  than  the s tereochemist ry  of  the sulfoxide 
group,  i.e., whether  it  is axial  or  equator ia l .  This is in accord  with a concerted 
process for  the syn f l -el iminat ion o f  the type shown in Scheme 4 which has been 
p roposed  [13]. 

Me Me 
.HI HI 

R-~ 5%0 !/ R H . IR'ijF S'~O - MeSO-~ 

R'+H - -  R,/! -. H." R,/~H 
H H 

The presence of  the methyl  group on  the f l -carbon to the sulfoxide group  in 
c o m p o u n d  4 also facil i tates the decompos i t ion .  The tempera tures  o f  decompos i -  
t ion of  4 are significantly lower than  those  o f  3. This m a y  well reflect the increase 
in s train energy abou t  the sp 3 ca rbon  br idges  in 4 relat ive to  3 due to n o n - b o n d e d  
in t ramolecula r  interact ions in the more  highly subst i tuted cyclophane  4. 

Thus,  in summary ,  T G  da ta  for six cyc lophane  bis(sulfoxides) conf i rm a two-  
step decompos i t ion  mechanism.  The re levant  mass losses and cor respond ing  
decompos i t ion  tempera tures  are ra t iona l i sed  in terms of  the structure of  the pa ren t  
cyc lophane  bis(sulfoxide),  the s tereochemist ry  o f  the sulfoxide funct ional  groups ,  
and the relative s train associated with the e l iminat ion  products .  
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R~SUM~ -- Une 6rude thermogravim6trique d'une s6rie de bis (sulfoxydes) de cyclophane 
(1--6) a montr6 que la d6composition thermique de ces compos6s se d6roule en deux 6tapes 
avec pertes graduelles des groupes sulfoxydes h des temp6ratures de d6composition bien 
d6finies. Le clivage thermique graduel est expliqu6 par la st6r6ochimie des groupes sulfoxydes 
et la contrainte associ6e aux produits 61imin6s. 
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Z U S A M M E N F A S S U N G  - -  Eine thermogravimetrische Studie einer Reihe von Cyclophan-bis- 
(sulphoxiden) ( 1 - - 6 )  zeigte, dass die thermische Zersetzung dieser Verbindungen in zwei 
Stufen unter stufenweisem Verlust der Sulphoxidgruppen bei gut definierten Zersetzungs- 
temperaturen vor sich geht. Die stufenweise thermische Spaltung wurde aufgrund der Stereo- 
chemie der Sulphoxidgruppen und der mit den resultierenden Eliminationsprodukten ver- 
bundenen Belastung er6rtert. 

Pe3roMe - -  TepMorpaBi~MeTprIqecKoe ri3yqe~rte pa)Ia 6ac-cym@orcaztoB IlrtKao~ana noraaadio, 
~ITO TepMrr~ecKoe pa3aomer~e 3rax coe~rmeHHi~ rtpo~tcxo~irtT B JIBe CTa~IrtH, conpoBom~aacb 
cxynen~axo~ norepefi cyJ1B~OKCK)IHI, IX rpyrm, c xopomo BLIpamenHbIMrt TeMneparypaMri paaao- 
~KeHrt~. CTynerv~aToe TepM~IqecEoe pacmenaenr~e O6~,~CHeHO na OCHOBe cTepeoxHMH~I cyJIB- 
~OXCH~HI, IX rpynn rt/Ie~opMa~H~, o6ycnoBJIeHm, tx npo~IyrTaMn pearalrt~ pacmerInenna. 
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