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Macrocyc l ic  po ly th iaethers have been synthesized a n d  some of t he i r  propert ies have been determined.  T h e  
compounds repor ted comprise a homologous series conta in ing two,  four, or six su l fur  a toms in the  macrocycl ic 
r ing.  One example o f  a f ive su l fur  a t o m  macrocycl ic i s  inc luded.  T h e  synthet ic  methods a l low for  symmet r i ca l  
or unsymmet r i ca l  b r i dg ing  o f  t he  ring sul fur  a toms by ethylene, tri-, te t ra- .  penta-, a n d  hexamethy lene bridges. 
These methods are contrasted t o  prev ious ly  repor ted methods for macrocycl ic polyoxaether a n d  m i x e d  polyoxa- 
po ly th iaether  synthesis. 

The preparation and properties of numerous macrocy- 
clic polyoxaethers have been previously reported? In ad- 
dition, a limited number of macrocyclic p ~ l y t h i a e t h e r s ~ . ~  
and mixed azo-oxa-thia m a c r o ~ y c l i c ~ b , ~ ~  and macrobicy- 
clic5 polyethers containing four or more sulfur atoms in 
the macrocyclic ring have been described. 

The macrocyclic polyoxaethers have generated particu- 
lar interest through stable complex formation with cations 
of the alkali and alkaline earths, ammonium, and sil- 
ver.2 96 As model compounds, they have allowed extensive 
thermodynamic correlations to structurally related macro- 
cyclics, both biological and synthetic in origin, which ex- 
hibit varying degrees of biological activity in the processes 
of active ion transport.? Relative to the oxaethers, the thia 
and mixed oxa-thia macrocyclics exhibit lower selectivity 
and coordinatability of active metal ions.2c,6 To date, ma- 
crocyclic polythiaethers have not been given consideration 
as possible ion transport agents owing to their less discri- 
minating coordination chemistry and lack of defined bio- 
logically related macrocyclics. However, in the absence of 
other ring heteroatoms, macrocyclic polythiaethers exhibit 
substantial c ~ o r d i n a t a b i l i t y ~ ~ ~ ~  and selectivityl.8 toward 
posttransitional element cations in agreement with hard 
and soft acids and bases t h e ~ r y . ~  On the basis of the es- 
tablished correlations between biological activity and ma- 
crocyclic structure,?JO more detailed selectivity and coor- 
dinatability studies and chemotherapeutic evaluations of 
macrocyclic polythiaethers, as related to purging of Hg(I1) 
from test animals, are presently in progress in our labora- 

tories. The scope and purpose of this paper is to report on 
the convenient preparation of a series of new and some 
previously reported macrocyclic polythiaethers containing 
no azo- or oxaether functionality which may be exploited 
for other than active metal coordination chemistry. 

Results and Discussion 
A search of the literature has disclosed only several ref- 

erences to macrocyclic polythiaethers containing four or 
more sulfur atoms. With the exception of thioformal- 
dehyde polymerization,ll all other methods of thiaether 
ring closure were based on a-mercaptide displacement of 
an w-halide function. The a-mercapto-w-halopolythia- 
methylene intermediates are available only by in situ gener- 
ation from condensation of a,w-dihaloalkanes with active 
metal sulfide,4a a,w-polymethylene d imer~apt ides ,~b  or 
precondensed a,w-polythiapolymethylene d imer~ap t ides .~  

Unlike the strong template effect and corresponding 
high yields of macrocyclic polyoxaethers offered by oxygen 
coordination of alkali metal ion during cyclization of poly- 
oxa units,2,12 low sulfur-active metal ion coordination 
renders template effects of little consequence. Thus, the 
competition between cyclization and predominant linear 
polymerization is more statistically defined, entropy con- 
straints of cyclization favoring linear polymerization 
whereas high dilution favors cyclization kineti~a1ly.l~ 
However, no prior study has elaborated the specific fac- 
tors effecting relative distribution of cyclic products for 
the present reaction. By the methods outlined in Scheme 
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Scheme I cantly, only two examples of macrocyclic hexathiaeth- 
ers had been previously r e p ~ r t e d . ~ a , ~ b  Since many of these 
polythiaethers have very cumbersome names, the pro- 
posed abbreviated nomenclature in Table I is designed to 
impart some of the salient structural formula features 
during repeated reference.14 The terms of the trivial name 
in Chart I refer, in order, to (1) the number of sulfur 
atoms contained in the cyclic structure, (2) consecutive 
sequence of polymethylene bridging between sulfur atoms 
found as a repeated unit, and (3) total number of atoms 
comprising the polythiaether ring. 

o = p ,  q =  r =0,1 
m = n  

m + n  
Method B 

or =3,4,5,  .... 

/(CHJ,-Cl 
S 
\(CH&-Cl 

1. (N€&CS-EtOH /(CH?)rsH 

2. KOH-H,O 
* S  

(CH,),-SH 
n = 2 , 3 , 4 ,  ' . . .  
p-1.3, "" 

I NninBuOH 

\ 

P 

m = n = p  
or q = l , 2 , 3 ,  .... 

Method D-2 

I, we have defined these factors and have refined practical 
synthetic routes to macrocyclic polythiaethers, particular- 
ly those of greater than trimethylene bridges. 

Table I summarizes the macrocyclics isolated. Signifi- 

Chart I 
Relation of the Trivial Name to Structure 

n 

7 15 
Se-Ethano-Propano-21 S,-Pentano-24 

In the absence of template effects, the entropy of cycli- 
zation may be considered to parallel the enthalpy of the 
end product and a relative assessment of these thermody- 
namic factors is provided by cyclic product distribution 
obtained by method A, Scheme I. Table I1 summarizes 
product ratios of two-sulfur codimerization to four- and 
six-sulfur copolymerization cyclic products a t  conditions 
experimentally optimized to favor cyclization kinetically. 

Method A is most suitable for the preparation of tetra- 
and pentamethylene-bridged macrocyclic tetrathia- and 
hexathiaethers and may be disregarded as a method for 
the large ethylene- or trimethylene-bridged rings. The 
S4/S2 product ratios are in agreement with internal ring 
strain, which is a t  a minimum for 6, 14, and greater than 
17 polymethylene rings.15 With inclusion of two through 
four sulfur atoms, internal crowding would minimize ring 
strain in the 9- through 13-ring atom systems.16 The en- 
tropy constraints of cyclization appear to converge with 
the kinetics of linear polymerization a t  macrocyclic po- 
lythiaethers of greater than approximately 24 ring atjoms. 

In order t@ avoid six- and seven-membered ring forma- 
tion by method A in the ethylene- and trimethylene- 
bridged system, and to improve the overall kinetics of cy- 
clization, methods B-E were investigated. Cyclization of 
the minimum number of precondensed polythia units 
would exclude two sulfur medium-ring products. Methods 
B and D should yield rings containing even numbers of 
sulfur atoms, whereas methods C and E could yield both 
odd and even sulfur atom numbers. 

Method C-1 has been utilized previously for the synthe- 
sis of Ss-ethano-18 (3).3a,4b We have reinvestigated meth- 
od C-1 and devised alternative method C-2 with results 
tabulated in Table 111. Although identical products are 
isolated, total conversion to cyclic products and product 
distribution differs as a function of halide group leaving 
ability, bromide (28.9%) us. chloride (15.2%). The unex- 
pected and previously unreported formation of 1 and 2 can 
be rationalized in terms of cyclic sulfonium ion forma- 
tionly (Scheme 11) by means of chain-interior thia dis- 
placement of an co-halo group from the linear intermedi- 
ates. 

Sulfonium ion formation should be more favored in 
polar media. Accordingly, 1 to 3 product ratios of 2:l  and 
5:l were found respectively in 1-butanol and ethanol 
media. Parallel leaving group and solvent effects were also 
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Table I 
Code Numbers  and Systematic and Trivial Nomencla ture  of Cyclic Polythiaethers 

Trivial name Compd SyPtematic name 

p-Dithiane Sz-Ethano-6 1 
2 1,4,7,10-Tetrathiacyclododecane S4-Ethano-12 

Sfi-Ethano-18 3 1,4,7,10,13,16-Hexathiacyclooctadecane 
4 1,4,7,10,13-Pentathiacyclopentadecane Ss-E thano-15 
5 1,4-Dithiepane S2-E thano-Propano-7 
6 1,4,8,11-Tetrathiacyclotetradecane Sa-E thano-pro pano-14 
7 1,4,8,11,15,18-Hexathiacycloheneicosane Ss-E thano-Propano-21 

1,5-Dithiocane S2-Propano-8 8 
9 1,5,9,13-Tetrathiacyclohexadecane Sa-Propano-16 
10 1,5,9,13,17,21-Hexathiacyclotetracosane Sfi-Propano-24 

1,6-Dithiacyclodecane Ss-Butano-10 11 
12 1,6,11,16-Tetrathiacycloeicosane Sa-Butano-20 
13 1,6,11,16,21,26-Hexat hiacyclotriacontane S6-BUtanO-30 
14 1,7-Dithiacyclododecane S2-Pentano-12 

Sa-Pentano-24 16 1,7,13,19-Tetrathiacyclotetracosane 
16 1,7,13,19,25,31-Hexathiacyclohexatriacontane S6-PentanO-36 
17 l&Dithiacyclotetradecane S2-Hexano-14 
18 1,8,15,22-Tetrathiacyclooctacosane S4-Hexano-28 

S6-Hexano-42 19 1,8,15,22,29,36-Hexathiacyclodotetracontane 

Table I1 
Product Ratios of Four- and Six-Sulfur t o  Two-Sulfur 

Cyclothiaether Products  by  Method A ---- Ring size---- 
Compd Compd Compd --Product ratiosa bb-- 

Bridge size s2 SI SS s6/sZ Sa/% 

Ethylene 6 12 18 0.065 0.0069 
Ethylene-Tri- 

methylenec 7 14 21 0.277 0.284 
Trimethylene 8 16 24 0.850 1.19 
Tetramethylene 10 20 30 1 .05  2.02 
Pentamethylene 12 24 36 1 .21  7.00  
Hexamethylene 14 28 42 1 .16  0.867 

Q Based on quantitative separation and recovery, sub- 
preparative scale, utilizing liquid-liquid chromatography. 

a,w-Dimercaptide, 0.2 M in 1-butanol a t  room temperature, 
a,w-dibromide, 1 M in 1-butanol, 3 ml/min addition rate. 
c From ethanedithiol and 1,3-dibromopropane reactants. 

Scheme I1 
Intrachain Cyclization 

I l - t  I 

1 
2 

observed via method D for the mixed ethylene-trimethy- 
lene rings: 5 was isolated in 13.6% yield in addition to  
12.6% of 6. Consistent with lesser nucleophilic character 
of the oxa relative to the thia function, and further nu- 
cleophilic deactivation of the former by alkali metal ion 
coordination and resulting template effects, intrachain cy- 
clization does not appear to intervene in macrocyclic po- 
lyoxaether synthesis.2 Since the anticipated yield3a of 3 
could not be attained even a t  extreme dilution by method 
C, method F, Scheme 111, was devised. 

Method F minimizes intrachain cyclization by appro- 
priate choice of chloride leaving group and solvent polari- 
ty, thus yielding 3 as the smallest ring product from nor- 
mal cyclization of reactants 21 and 23. The method offers 

Table I11 
Product  Distribution for Ethylene-Bridged 

Cyclopolythiaethers via C Methodsa 
--Yield, %-------- 

Productb Method C-1 Method C-2 

1 16 .O  8.1 
2 4 . 8  1 . 2  
3 8, 5 . 9  
Linear polymer 

and larger rings 64 .O  78.0 

a Based on liquid-liquid chromatography isolation. No 
1,4,7-trithiacyclononane was observed by methods C-1 or 
C-2. c A 31% yield reported under identical  condition^.^* 

A 1.7% yield reported in ethanol media. 4b 

greatly simplified bulk isolation of 3 by liquid-liquid 
chromatography owing to virtual elimination of smaller 
ring products. However, the commercially unavailable in- 
termediates, 21, 22, and 23, are potent vesicants which re- 
quire extreme care in handling. 

Scheme I11 
Method F 
SC1, + CH,=CH, - 

1. (NH2),CS-EtOH 

c1 
20 

HS 

2t5-35% 
3 

21 

1 SO,Cl, 
Ne-n-BuOH 

c1s QqSC1 
22 

1 CH?=CH2 < c1 c1 
23 

Some optimized yields of macrocyclic polythiaethers 
synthesized by the methods outlined in Schemes I and I1 
are summarized in Table IV. Only representative exam- 
ples are cited. All methods of Scheme I11 are of general 
utility by adapting procedures outlined in the Experimen- 
tal Section. 
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Table IV 
Macrocyclic P o l y t h i a e t h e r s  Isolated by Liquid-Liquid Chromatography 

Compda Mp, o c b  Method Elution solvent' Yield, 7od 

2 224-225 
3 91-93 

4 97.5-99 
5 47-49 
6 121-122.5 

7 64-65 

8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 

bp 86-87 (1 Tor r )  
57.5-59 

29-30 

94-95.5 
31-32 
67-70 
81-82,5 
33-33.5 

36.5-38 
77-78 
30-32 
56-59.5 

B 
A 
c-1 
c-2  
F 
E (B + D-2) 
A 
A 
D-2 
A 
D (D-1 + D-2) 
A 
A 
D-2 
A 
c-2 
A 
A 
A 
A 
A 
D-1 
A 
A 
A 
A 

Methylene chloride 6.3e 

8.11 
10: 90 ethyl  acetate-hexane 0 . 8  

21.7 
35.0 
11 .o  

5: 95 ethyl  acetate-hexane 16.20 
4 . 6  

22. l h  
5: 95 e thy l  acetate-hexane 0 .5  

20: 80 ethyl  acetate-hexane 

5: 95 e thy l  acetate-hexane 
5: 95 ethyl  acetate-hexane 

5: 95 e thy l  acetate-hexane 

1: 99 ethyl  acetate-hexane 
1: 99 ethyl  acetate-hexane 
Hexane 
Pen tane  
50: 50 pentane-hexane 

50: 50 pentane-hexane 
Pen tane  
Pen tane  
Pen tane  

9 .7  
5.20 
6 .2  

19.5 
7 . 3  

1 5 . 1  
1.98 
3 .9% 
1 . 7  
0 . 8  
5 . 3  
3 . 6  
6 .8  
1.4g 
3.9 
3 .2  

a Proof of s t ructure  based on  acceptable elemental analysis a n d  molecular weight measurements in solution, a n d  consistent 
nmr a n d  infrared spectra.  Uncorrected Thomas-Hoover capillary melting point values. c Volume ratios. d Based on  t h e  poly- 
merization process, representing in  hand-multigram quantit ies of analytical  grade material. e Reference 3c reported 4 % yield. 
f Reference 3a reported 31% yield. 0 By-product of S4 a n d  Ss macrocyclics via method A. Reference 3d reported 7.5% yield. 

A 19.7% yield was obtained on  a small reaction scale b y  simultaneous addition of reactants  t o  a bulk diluting solution; effec- 
t ive concentration of reactants  below ca. M .  

Conclusions 
T h e  use of chloro leaving groups a n d  low solvent polari- 

t y  favored larger rings within total  cyclic product .  How- 
ever, cyclic t o  l inear product  conversion was more favor- 
able with a bromo leaving group. Under t h e  former condi- 
tions, a number  of eight-sulfur macrocyclics were isolated 
b y  methods C and D, al though no  quant i ta t ive or opt imi-  
zation attempts were m a d e  t o  isolate rings of greater t h a n  
six sulfurs. For ring systems containing larger than pro- 
pane  bridging, formation of two-sulfur cyclic products  is 
less favored t h a n  larger cyclic products  owing t o  ring con- 
s t ra ints .  Thus, me thods  of greater synthet ic  complexity 
than me thod  A would no t  generally justify the slightly i m -  
proved yields of cyclic product .  However, me thod  A gives 
rise t o  complications during a t t empted  isolation of pure 
products  owing t o  similari ty in  physical properties of mix-  
tu re  components .  Moreover, odd  sulfur a tom numbered  
rings are  available only b y  method E. 

Experimental Sec t ion  

General. Nuclear magnetic resonance (nmr) spectra were ob- 
tained on a Varian Associates T-60 spectrometer with tetrameth- 
ylsilane as internal reference. Infrared (ir) spectra were recorded 
on either a Beckman IR-8 or a Perkin-Elmer 727. Molecular 
weights were determined with a Hitachi Perkin-Elmer 115 vapor 
pressure osmometer and compared to values obtained by manual 
cryoscopic determinations based on colligative freezing point de- 
pression of purified solvents. Optimum chromatographic solvents 
were established on microanalytical air-dried tlc plates prepared 
by immersion coating in a chloroform suspension of Merck silica 
gel H (neutral). Iodine vapor was used for spot development. Pre- 
parative column chromatography was carried out on Baker Ana- 
lyzed silica gel (60-200 mesh). Crystallization and chromato- 
graphic elution solvent mixtures are volume ratios. 

Intermediate Reactants. When not obtained from commercial 
sources. a,w-dibromoalkanes were prepared from the correspond- 
ing a,w-dihydroxyalkanes by reaction with 48% hydrobromic acid 
according to a modification of the procedure by Kamm and Mar- 
vel.18 

Generation of a,w-bisisothiuronium bromides from the corre- 
sponding a,o-dibromoalkanes and subsequent hydrolysis by a 
modification of the procedure as described by Speziolelg yielded 
simple a,w-dimercaptoalkanes. Hydrolysis of ap-bisisothiuron- 
ium chlorides prepared in like fashion from cup-dichloroalkyl sul- 
fides (20) yielded a,w-dimercaptoalkyl sulfides (21). Alternative- 
ly, a,w-dihydroxyalkyl sulfides (3,7-dithianonane-l,g-diol) were 
converted directly to the dithiols by in situ generation and hy- 
drolysis of a,w-bisisothiuronium chlorides according to the proce- 
dure described by Rosen and B ~ s c h . ~ b  All three methods are of 
general utility, affording preparative yields of a,w-dirnercaptoal- 
kanes in excess of 50%. 

Simple a,o-disulfenyl chlorides, as well as a,w-dichlorosulfenyl- 
alkyl sulfides (22), were prepared from the corresponding dithiols 
by a modification of the procedure according to Mueller and 
Dines.zo 

a,w-Dichloroalkyl sulfides were prepared by two general meth- 
ods. B-Chloroethyl sulfides (23) were prepared by reaction of the 
a,o-disulfenyl chlorides with ethylene by a modification of the 
procedure according to Brintzinger, e t  The preparation of 
1,5-dichloro-3-thiapentane (20) from ethylene and sulfur dichlo- 
ride is an extension of this procedure,zz The alternative method 
involves reaction of a,w-dihydroxyalkyl sulfides with thionyl chlo- 
ride by a modification of the procedure according to Bennett and 
W h i n ~ a p . ~ ~  Extreme vesicant properties were observed for all 
halo sulfides prepared. 

Preparation of 1,4,7,10-Tetrathiacyclododecane (2). Method 
R .  To a sodium butoxide solution, generated and maintained 
under a nitrogen atmosphere by dissolving sodium (2.2 mol) in 2 
1. of 1-butanol, was added 154 g (1 mol) of 3-thiapentane-1,5-di- 
thiol (21) .  The solution was equilibrated for 1 hr and cooled to 5" 
and 168 g (1 mol) of l,5-dichloro-3-thiapentane was added all at 
once. The reaction was stirred below 10" for the first 2 hr, then at 
room temperature for an additional 16 hr. The solution was fil- 
tered, the filtrate was concentrated, and the oil residue was taken 
up in 1 1. of chloroform, washed with 0.5 1. of water, and dried 
with magnesium sulfate. The filter cake was vigorously stirred 
with 3 1. of water t o  dissolve salts. Insoluble solids were recovered 
by filtration, air dried, and combined with the chloroform solu- 
tion of filtrate residue. The chloroform mixture was refluxed for 2 
hr and filtered hot and insolubles were discarded. The solvent 
was vacuum evaporated and the residue was leached under reflux 
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with 5 X 100 ml of 5:95 ethyl acetate-hexane. The leachings con- 
tained traces of I ,  4,  and higher polymers. The residue containing 
2 was refluxed for 1 hr with 130 ml of methylene chloride. From 
the cooled methylene chloride filtrate was recovered 15.1 g (6.3%) 
of 2 (S4-Ethano-12) as a fine, white, granular product. 

Preparation of 1,4,7,10,13,16-Hexathiacyclooctadecane (3). 
Method C-1. Dimercaptide 21 (61.7 g, 0.40 mol) was converted to 
the disodium salt in the usual fashion in 0.5 1. of 1-butanol. This 
solution was added simultaneously over 2.5 hr, with the dropwise 
addition of ethylene bromide (75.2 g, 0.4 mol) in 0.5 1. of l-buta- 
nol, to 2 1. of 1-butanol under nitrogen. The reaction was main- 
tained below 10" for the first 10 hr, then stirred a t  room tempera- 
ture for 36 hr. The solution was filtered and the filtrate was con- 
centrated under vacuum while the filter cake was treated with 2 
1. of water. The filtrate residue and air-dried, salt-free solids were 
extracted with 6 X 400 ml of refluxing pentane. The combined ex- 
tracts were concentrated, and the residue was taken up in 0.5 1. of 
methylene chloride, washed with 300 ml of 5% potassium hydrox- 
ide, dried with magnesium sulfate, and reconcentrated to a thick, 
oily mass of 53.8 g. The mixture was eluted through a silica gel 
column with 30:70 ethyl acetate-hexane to remove immobile 
polymers and reconcentrated to 32.2 g of residue. The residue was 
rechromatographed on silica gel. Elution with 280 ml of pentane 

' yielded 7.65 g (16%) of 1, followed by elution of 3 with 600 ml of 
10:90 ethyl acetate-hexane. Crude 3 was recrystallized from 5:95 
ethyl acetate-hexane, yielding 5.78 g (8.1%) of 3 (Ss-Ethano-18) 
as a single crop of white crystals. From the pentane extraction 
residue was recovered 4.60 g (4.8%) of 2 according to  the proce- 
dure for 2, method B. 

Method (2-2. Solutions of 20 (58.9 g, 0.37 mol) dissolved in 0.5 
1. of 1-butanol and the disodium salt of 1,2-ethanedithiol, 34.8 g 
(0.37 mol) of dimercaptan treated with butoxide in 0.5 1. of l-bu- 
tanol in the usual fashion, were simultaneously added dropwise to 
2 1. of 1-butanol under nitrogen over 2.5 hr below 10". After stir- 
ring at  room temperature for an additional 36 hr, products were 
isolated in identical fashion with method C-1. The final chroma- 
tographic elution yielded 3.60 g (8.1%) of crude 1 and 14.43 g 
(21.7%) of 3 after recrystallization of the crude elution product, 
and 1.15 g (1.2%) of 2 was recovered from extraction residues. 

Method F. Dimercaptan 21 (30.8 g, 0.2 mol) was converted to 
the disodium salt in 2 1. of 1-butanol in the usual fashion. To the 
solution was added all a t  once 45.8 g (0.2 mol) dichloride 23 and 
the reaction mixture was stirred below 25" for 48 hr. Products 
were separated according to the procedures in method C-1. Only 
0.15 g (0.6%) of crude 1 was isolated, while recrystallization of the 
crude column concentrates of 3 yielded 11.7 g (32.8%) of analyti- 
cal product. 

Preparation of 1,4,7,10,13-Pentathiacyclopentadecane (4). 
Method E (B + D-2). 1,8-Dichloro-3,6-dithiaoctane (50.4 g, 0.23 
mol), prepared in 83% yield from the reaction of ethylene with 
1,2-ethanedisulfenyl chloridez1 or in 96% yield from 3,6-dithiaoc- 
tane-l&diol reaction with thionyl chloride,23 was dissolved in 400 
ml of 50:50 ether-1-butanol. Dimercaptan 21 (35.5 g, 0.23 ml) was 
converted to the disodium salt in 400 ml of 1-butanol in the usual 
fashion. The two solutions were simultaneously added dropwise 
over 2.5 hr to 2.2 1. of 1-butanol at  60" under nitrogen. The reac- 
tion mixture was stirred for an additional 15 hr a t  60" and cooled 
and solids were separated by filtration. The filtrate was concen- 
trated under vacuum, while the filter cake was treated with 2 1. of 
water to dissolve salts. The combined residues were extracted 
with 5 X 300 ml of refluxing hexane. The combined extracts were 
concentrated, taken up in 300 ml of methylene chloride, washed 
with 5% potassium hydroxide, dried with magnesium sulfate, and 
reconcentrated. The oily residue was eluted through a silica gel 
column to remove immobile polymers with 50:50 ethyl acetate- 
hexane, then rechromatographed with 20:80 ethyl acetate-hexane 
to yield traces of 1 and 2 and a concentrated band of 4. The crude 
4 (S~-Ethano-15), recrystallized from 10:90 ethyl acetate-hexane, 
yielded 7.59 g (11%) of fine white crystals in a single analytical 
batch. 

Preparation of 1,4,8,11-Tetrathiacyclotetradecane ( 6 ) .  Meth- 
od D-2. 1,9-Dichloro-3,7-dithianonane was prepared from 3,7-di- 
thianonane-1,9-di01~~ by the general method previously de- 
scribed.z3 The dichloride (69.9 g, 0.3 mol) was dissolved in 400 ml 
of anhydrous ether and added simultaneously with a 400-ml 1- 
butanol solution of 1,3-propanediol disodium salt (0.3 mol) to 0.5 
1. of 1-butanol under nitrogen over 6 hr a t  room temperature. 
After 12 hr, the reaction mixture was filtered, the filtrate was 
concentrated, and the filter cake was treated with water. The 
salt-free filter cake residues were extracted with 300 ml of cold 
ethylene chloride and the extracts were combined with the origi- 

nal filtrate residue. The solution was washed with two 200-ml 
portions of 5% sodium hydroxide, dried with anhydrous sodium 
sulfate, and reconcentrated to yield 34.1 g of paste residue. The 
residue was eluted with ethyl acetate through a silica gel column 
to remove immobile polymers, then rechromatographed with 5:95 
ethyl acetate-hexane to yield a trace (0.08 g) of 5 as the first el- 
uent. Recrystallization from 10:80 ether-hexane of subsequent 
crude column concentrates yielded 17.8 g (22.1%) of 6 (S4-Eth- 
ano-Propano-14) as a single crop of white crystals. 

Preparation of 1,4,8,11,15,18-Hexathiacycloheneicosane (7) .  
Method D (D-1 + D-2). Condensation intermediates, 3,7-dithi- 
anonane-1,g-dithiol and l,l0-dichloro-4,7-dithiadecane, were pre- 
pared from the corresponding diols as previously illustrated. The 
a,o-dichloro precursor was prepared from 1,2-ethanedithiol diso- 
dium salt and 3-chloropropanol (Aldrich) . In identical fashion 
with the preparation of 6 (method D-2), 400-ml solutions of 68.4 g 
(0.3 mol) of dithiol disodium salt and 73.8 g (0.3 mol) of dichlo- 
ride were simultaneously added to 0.5 I. of 1-butanol. Following 
16 hr of reaction, crude product was concentrated according to 
the procedure for 6. This residue (95.4 g) was eluted with 30:70 
ethyl acetate-hexane through a silica gel column to remove im- 
mobile polymers, then rechromatographed with 5:95 ethyl ace- 
tate-hexane. In order were recovered a small amount (0.34 g) of 5, 
a trace (0.02 g) of 6, and 11.7 g (9.7%) of 7 (S6-Ethano-Propano- 
21) as a single crop of white crystals, the latter by crystallization 
of elution concentrates from 5 9 5  ether-hexane. 

Preparation of 1,6,11,16-Tetrathiacycloeicosane (12) and Iso- 
lation of By-products 11 and 13. Method A. In 3.5 1. of 50:50 
ethanol-1-butanol, 161 g (1.32 mol) of 1,4-butanedithiol was con- 
verted to the disodium salt. To the cooled solution was added all 
at  once 282 g (1.32 mol) of 1,4-dibromobutane under nitrogen. 
The reaction mixture was stirred for 3 hr below 15", then for an 
additional 14 hr at  50". Products of interest (11, 12, and 13) were 
concentrated by combining filtrate oil residue with four 500-ml 
ether extracts of the filter cake residue. This solution was washed 
with three 500-ml portions of 10% potassium hydroxide, dried 
with sodium sulfate. and reconcentrated to 42.6 g of paste. Higher 
polymers were removed by elution through a silica gel column 
with 10:90 ether-hexane. Complete separation of components in 
order of ring size, I1 first, was achieved by rechromatographing 
with 1:99 ethyl acetate-hexane. Recrystallization of aliquot con- 
centrates yielded 4.50 g (1.90/0) of 11 (Sz-Butano-10) and 6.00 g 
(1.7%) of 13 (S6-Butano-30) from hexane, and 8.99 g (3.9%) of 12 
(S4-Butano-20) from pentane. Products I 1  and 12 were isolated as 
fine white needles, and 13 as a white powder. 
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I n t ramo lecu la r  U l l m a n n  cycl izat ions o f  several o-halobenzoic anhydrides have been shown t o  take  place in 
h i g h  yields a t  temperatures near 60-70" in tetramethylethylenediamine (TMEDA), d ime thy l fo rmamide  (DMF), 
N-methy lpy r ro l i done  (NMP), hexamethy lphosphoramide (HMPA), a n d  pyr id ine.  In a l l  cases except t h a t  of 
pyr id ine,  appreciable (10-30%) t o  large (50-82%) amounts of reduc t i on  products  accompany the  coupl ing prod-  
uc t .  T h e  coupl ing of a l i pha t i c  a-bromo-unsaturated anhydrides under  comparable condi t ions has also been 
demonstrated. 

The Ullmann coupling of 2-halo esters, 1, to dialkyl di- 
phenates, 2, has often been e f f e ~ t e d . ~  In general the reac- 
tion has been carried out by long heating with copper a t  
temperatures over 200". We wished to find out if this type 
of reaction could be carried out under milder conditions 
than usual by changing the reaction from an intermolecu- 
lar to an intramolecular type. In one case tried here ear- 
lier the synthesis of 6,6'-diethyldiphenic acid was marked- 
ly better when 3-ethyl-2-iodobenzoic anhydride was used 
instead of methyl 3-ethy1-2-iodoben~oate.~ A few isolated 
cases in which intramolecular Ullmann reactions were 
tried are mentioned3 but little study of this type of ring 
closure has been made. We had hoped that the synthesis 
of unsymmetrical diphenic acids might be improved by 
the use of unsymmetrical halo anhydrides, but this hope 
was not fully realized (see later, below). 

ROOF qOOR qco0, @@ 
I x 

1 2 

We have found out that Ullmann reactions are carried 
out much more easily if anhydrides are used instead of 
halo esters. Two general types of reactions have been 
studied: method A, in which the 2-halobenzoic acid anhy- 
drides, 3, are cyclized to diphenic anhydrides, 4, in a vari- 
ety of nitrogenous solvents by heating with copper powder 
a t  60-70"; and method B, in which the anhydrides, 3, are 

heated with copper powder in benzene containing catalyt- 
ic amounts of nitrogenous complexing agents. The com- 
plexing agents were chosen with the thought that they 
might complex with any hypothetical organocopper inter- 
mediate which might be involved in the For 
analysis of the results of most experiments the reaction 
mixtures were treated with methanol and with diazo- 
methane to convert anhydrides into the corresponding 
methyl esters. 

co-o-c\o 

5 3 4 

The choice of solvent is important because the ratio of 
ring-closed product, a diphenic anhydride, 4, to reduced 
product, a benzoic anhydride, 5, is markedly solvent de- 
pendent. 

The experiments (method A) which illustrate these 
points are listed in Table I. In our experience, the best 
solvent for this type of reaction is pyridine. In 1 hr a t  60- 
70" not only is the starting anhydride almost completely 
reacted but the ratio of diphenic anhydride to benzoic an- 
hydride formed is greatest (see expt 5 ,  11, and 17 in Table 
I) .  Surprisingly, appreciable to large amounts of reduction 
product were obtained in all of the other solvents stud- 
ied.8 That reduction occurs prior to, and not on, quench- 
ing of the reaction mixture with water was shown in the 
case of 2-bromobenzoic anhydride in tetramethylethylene- 
diamine (TMEDA) by quenching with &So4 in D20. 


