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Transannular additions of sulfur dichloride to  various cyclic and bicyclic di- and poly-olefins 
have been disclosed recently. Our observations on the reaction product from cis,cis-cyclo- 
octadiene are reported inasmuch as they supplement the previous findings. 

INTKODUCTION 

Attempts to synthesize novel sulfur-containing heterocyclic con~pounds have led us to 
the observation of the transannular addition of sulfur dichloride to bicycloheptadiene (2). 
This addition reaction of sulfur dichloride provides a convenient synthesis for a large 
number of novel cyclic P,P'-dichlorosulfides (1-4). The  versatility of that reaction and 
unusual features of the reaction products were reported recently (4). 

RESULTS AND DISCUSSION 

One of the first questions in the structural evaluatio~l of the products from the intra- 
inolecular addition reaction of a diolefin with sulfur dichloride is to  ascertain which of the 
possible ring systems is formed. For this, a simple approach was considered, xvhich is of 
general validity for the resulting ring systems and is of particular value if  the reaction 
products cannot be converted into a Itnow-n sulfide. 

Addition to a cyclic diolefin can lead to a dicl~lorosulfide ~vit11 both chlorine atoms either 
on one side (In) or on both sides (I) of the sulfur atom. Two sulfoxides should be obtained 
in the first case, but only one in the latter, provided a syillmetric diolefin such as  c.is,c.is- 
cyclooctadiene-l,5 is considered. The sulfoxides are interconvertible with triethyloxoniuill 
fluoroborate in the first case, but  no isomer is obtained in the second case. In the nuclear 
magnetic resonance spectrum, shielding by the sulfoxide oxygen affects either both CHCl 
g r o ~ p s  or none in the first type, but onlj. one CHCl group should be affected in the second. 
An example of the first type is the reaction product from bicycloheptadiene (2). The  
product obtained froill cyclooctadiene-1,5, the structure of which was demonstrated by a 
sequence of unambiguous reactions (1,3) ,  provides an  example of the second type. 

The  nuclear magnetic resonance spectrum of I a t  70 "C on a Varian A-60 spectrophotoin- 
eter sholvs a multiplet for the -CI-IC1- proton a t  4.62 p.p.m., whereas its sulfone I X  
(1) exhibits that  proton a t  4.43 p.p.m. In contrast, the nuclear magnetic resonance spec- 
trum of its sulfoxide VIII  (1) a t  70 "C in hexachlorobutadiene shows t ~ v o  resonances for 
the -CHCl- groups, of equal intensity, a t  4.63 p.p.m. and 4.06 p.p.m., respectively. 
The chemical shifts are independent of temperature (20 and 150 "C) and remain unchanged 
on dilution (5 and 10 mole %). The magnitude of the observed shielding effect of the 
sulfoxide oxygeil on the --CHC1- group (A = 0.57 p.p.m.) is in very good agreement 
nritll that effect observed on exo,exo-4,S-dichloro-2-thiatricyclo[3.2.1.03~7]octane 2-oxide 
(VII) (A = 0.53 p.p.m.) (9, suggesting the similar proxilnity of the sulfoxide oxygen 
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to  tlie hydrogen of the -CHCl- group in both ring systems, and therefore identical 
configuration of tlie chlorine a t o ~ n s  with respect to  the sulfur atom and identical conforma- 
tion, In contrast, in the hypothetical sulfoxides of In, the proton of both -CEIC1- 
groups is symmetrically oriented 1~4th respect to the sulfoxide oxygen in all conforinations, 
provided the chlorine groups are cis to each other. The  significant shielding of onll. one 
-CHCl- group cannot therefore be explained on the basis of tlie [4.3.l] ring system. 

As expected, attenipted inversion of the sulfoxide to an  isomer by its reaction \\.it11 
trietliyloxoniun~ fluoroborate failed (5). The successful inversiol~ of a tric)~clic P,P-dicl~loro- 
sulfoxide under identical conditions \\.as reported previously (2). 

Although a dipole moment cletermination is not expected to distinguish bctu.een the 
[-1.2.1] ancl [3.3.1] ring systems, conclusions about the conformation and configuration of tllc 
dichlorosulficle can be clrn\vn from the observed moment if tlie [3.3.1] s~.s tem is accepted. 
Tlie twin-chair coilfoi-mation for I has bee11 suggested 011 the basis of the coupling con- 
stants between tile proton of t.he ---CIICl- group and the acljacent ~neth\.lenic protons 
(31, and 011 the basis of the 'abnormal' infrared band a t  14S5 =t 5 cm-' ( I )  which results 
from non-bonding interaction betu.een tlie two met11l.lcnic groups in that conformation. 
This conclusion is supported l ~ y  the observed dipole moment. 
X moment of 0.85 I) for I in benzene a t  20 "C is very close to the value of 0.S 1) for VI 

(1). The  tlliane ring in the latter compound has a rigid chair conformation, xi th  both 
chlorine r~toms ec~uatorial (2). Inspection of molecular models of I and VI shows that  the 
resultant ~noiiient of both clilori~ie groups forms an angle of lSOO \\.it11 the moment angle 
of C-S-C in the twin-chair coi1fo1-mation X I  and in tlie rigid system VI. The observecl 
moment is therefore best explaiiled by tlie assumption of a txvin-chair conformation for I. 
Tlie moment is lo\ver than calculated (1.4 D), assuming group moinent-s oi 1.8 I) for 
C-C1 (G) ancl 1.G D for C-S-C (7). Aloments of 1.6 L) ancl 1.9 L) are calculated for the 
chair-boat and boat-boat conformations of I ,  respectively. For a configuration 1vit11 the 
chlorine groups trans to each other, a mon~ent  of 2.G U is calculated for tlie chair-boat 
conformation, 3.1 D for the chair-chair conformation, and 1.3 D for the boat-boat 
conformatio~~. The  isonler n.it11 both chlorine atoms cis to  each other and cis wit11 respect 
to the sulfui- atom n;ould sho\v mo~uents of 3.7 D for the chair-chair, 3.8 D for tlie chair- 
boat, ancl 1.6 L) for the boat-boat conformations. 

The diclilorosulfide I xvas s110\~11 to exhibit the characteristic reactivity of P,P1-dichloro- 
sulfides towards nucleophilic substitution ( I ) .  The diol I1 call be obtainecl in polymorpl~ic 
f o r ~ n s  with melt in^ points froin ISS to 25G "C. Tlie low-melting polymorph melts wit11 
clecomposition by elimination of water. A sample melting close to that  reported bl- ITJeil 
(I) nlas obtained by hydrolysis with aqueous sodiuiil carbonate. Recrystallization of tlie 
lo~v- and high-melting species from toluene did not affect their melting points. LIThereas 
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tlie high-melting polymorph is unaffected by crystallization from methanol or I\-ater, the 
inelting point of the Ion--melting polyiiiorph is increased to 245-250 "C on a single 
cr)~stallization from inethanol and to 215-220 "C 011 crystallization froiii \\.ater. Botli diols 
slion~ identical infrared absorption in potassium bromide, althougli in Nujol small differ- 
ences in the relative intensities of several peaks appear, particularly those of the three 
unidentified peaks a t  SG5, SSO, and S95 cin-I. Both tlie higher and lower melting poly- 
morplis slio\\: a single peal< for the 01-1 stretching frequency a t  3 443 =t 2 ciii-I in dioxane 
and a t  3 620 f 2 cm-' in carbon tetracliloricle. The diol \\-as oxidized to its sulfone S with 
hydrogen peroxide in glacial acetic acid. The nuclear magnetic resonance spectrum of the 
sulfone X shows a single resonance a t  4.45 p.p.111. in pyridine for tlie proton alpha to the 
liydroxy group, n.hich is 0.13 p.p.m. do~vnfield from tlie resonaiice of that proton in 
the diol 11. 

The dimercaptan 1 7  -\\.as obtained from the dichlorosulfide I via its thiouronium salt 
in a yield of 417,. 

Attempts to isolate tlie isomeric [4.2.1.] ring system \\:ere u~lsuccessful. The absence of the 
isoineric dicliloros~ilfide In in the reaction product of sulfur dichloride and cyclooctadieile 
Ivas indicated bl. gas cliroi~iatographic analysis, ~vliich shows a single peal; for I. Also, 110 
evidence for the [4.2.l] ring system was fou~ld in products resulting from heterolytic 
substitution reactions in \vliicli isomerization via an intermediate episulfoniunl ion \\-as 
expected (8). The diol I1 u-as recovered from its solution in 97% sulfuric acid in a yield of 
GS% by neutralization with aclueous sodium bicarbonate. Treatment of I1 n-it11 concen- 
trated hydrochloric acid leads to I in n yield of 97%. Tlle crude product slio\\is a melting 
point of 09-101 "C, coiiipared n.itli 101-102 "C for I.  Similarly, tlie bro~nide 111 and the 
iodide IT7 (1) were obtained from I1 in yields of SO and (kkyO, respectively, by use of the 

acids. The iodide IT7 is identical \\.ith the procl~ict obtaiilcd froiii tlie chloride 
1 \\-it11 soclium iodide in acetone. I-Iydrolysis of the iodide IV n.itli aqueous soclium bicar- 
bonate leads to I1 in a yield of (30%. 

'The participatioii ol tlie free electrons on sulfur in the stabilization oi the carbonium ion 
is demonstrated by comparison of the rcactivit!. in ~i~icleopliilic reactions of sulfide versus 
sulfoxicle and sulfone. In contrast to the cliliydroxys~~lfide 11, tlie clihydrox)~sulfoiie X 
can be recovered unchanged from its solution in concentrated liydrocliloric aricl. Also, 
the dicliloros~~lfoxide VIII is not hydrolyzed in hot aqueous sodium carboilate, ;ilthough 
rapid l~yclrolysis of I to I1 proceeds under these conditions. 

absence of the [4.2.1] ring system is surprising i f  an episulfonium ion is involved in 
the addition of sulfur dichloride to tlie dieiie and in sul~stitutioii reactions. Botli tlie [4.2.1] 
and [3.3.:1.] ring systems of bicyclononaiie \\.ere isolatecl in tlie acetol>rsis of 4-c)rclooctene-l- 
methylbros)~late (9), and a l~riclged internlediate \\-as suggested 011 tlie basis of the observed 
products. Analogous to tlie reaction of sulfur dicliloride with bicycloheptadiene, an e?zdo 
approach of tlie cliloros~~lfeiiiu~i~ ion (10) is suggested in tlie addition step. The flexibility 
of the bicyclic ring systenl obtained from c~~clooctadiene allon;s tlie formatioi~ of a COIF 

figuration and conformation of tlie most favorable staggering of the carbon-hydrogen 
bonds, ~ ~ l i i c l i  c o ~ ~ l d  be the cleciding factor in tlie observed formation of the 13.3.11 ring 
system in preference to tlie [4.2.1] 1-iiig system, and n~liicl~ distinguishes betn-een the 
reactioil of sulfur clichloride with cyclooctadiene and that with bic~~clolieptndiene. 

'I'lie dielectric constants ncre determi~lcd with the instruments described earlier (11). ?'he melting points 
nrcre determined i n  a I-Iallenl<:uiip bloclc and are u~lcorrected. Gas chromatographic a~ialysis was carried out  
01, a Perkin-1;lmer 800 chromatograph a t  17.3 "C, with Apiezon as the staticiiary phasc and helium as the 
carrier gas. 
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2,6-Dicl~loro-0-thiabicyclo[S.S.l]~zo~za~~e ( I )  
A suspensio11 of 1.75 g (0.01 mole) of the diol I1 (n1.p. 188 "C) in 50 ml of concentrated hydrochloric acid 

was stirred for 8 h a t  room temperature, and the product was filtered oSf and air-dried to give 2.05 g (97%) of 
I, m.p. 99-101 OC. The product was identified as  I by mixed melting point with a sample obtained from the 
reaction of cyclooctadiene-1,s and sulfur dichloride, and by its infrared absorption in potassium bromide. 
Gas chromatographic analysis of that product and a crude reaction product of sulfur dichloride and cyclo- 
octadiene slio\ved a single peal; for I. 

This agrees with the result of the thin-layer chromatography reported by Corey and Blocl: (3). 

9- Tlziebicyclo[S.S.l]~zo~sa.ne-2,6-diol (II) 
(a) To a refluxing solutiou of 6.2 g (0.05 mole) of sodiu~n carbonate in 100 ~ n l  of water was added 10.5 g 

(0.05 mole) of I ,  with high-speed stirring, over a period of 10 min. A clear solution formed, from which 
colorless crystals separated when it xvas cooled, yield 7 g (SOY,), 111.p. 189 "C (decoinp.). The aqueous solutioii 
was continuously extracted with diethyl ether to  give another 1.1 g (13y0) of the dihydroxy co~npound, 
1ii.p. 205 O C  (decomp.). 

Anal. Calcd. for CsII1.IO?S: C, 55.13; H, 8.10; S, 18.40. Found (for the fraction with 111.p. 189 "C): C, 
.55.36; I-I, S.02;S, 18.5'7. 

(b) I-Iydrolysis under the same conditions in a repeat experiment led, with a yield of 87Y0, to a diol having 
1n.p. 252-2.53 "C. 

i-\rial. Found: C, 55.20; 1-1, 8.1.5; S, 18.:;. 
(c) To a solution of 5.3 g (0.025 mole) of I in 100 rnl of tetrahydrofuran were added 10 1111 of w:~ter ~ I I I ~  2 g 

.of sodii~m bicarbonate. The suspension was refluxed, with stirring, for 64 h, and evaporated to d r y ~ ~ e s s  on a 
rotary evaporator; the residue was ground and exhaustively extracted with 400 ml of benzene. After evapora- 
tion of the benzene solutions, 1.6 g of I1 was obtained, m.p. 188 OC (decomp.). The benzene-insol~tble residue 
was extracted three times with 50 1111 of acetone. On evaporatio~l, another 2.35 g of 11 was obtained, 111.p. 
254-256 "C. When a solution of the high-melting product in boiling methanol or water was allowed to  evapo- 
rate, the ~nelting point of the recovered material was unchanged. Similar solutions of the low-melting material 
led to  a product with a melting point of 248-250 "C after recovery from methanol, and 215-220 "C after 
recovery from water. 

(d) 11 suspension of 12 g (O.0:i mole) of 11' in 100 ml of water containing 16.8 g (0.2 mole) of sodium bicar- 
bonate was stirred under reflus for 10 mill. The solutio~l was filtered to  remove traces of undissolved material, 
and continuously extracted with diethyl ether. The ether solution was dried with ~ n a g ~ ~ e s i u m  sulfate and 
evaporated to  give 3.4 g (65%) of 11, 111.p. 255-25'7 "C, shown by its infrared absorption in po ta s s i~~~ i l  bronlide 
and by mixed melting point to be identical with the product described under method c. 

11 (2 g) was dissolved in 10 g of 97% sulfuric acid a t  room temperature. The clear, colorless solution was 
allowed to drop into 50 ml of a satui-ated sodium bicarbonate solution with rapid stirring, the i~lternal temper- 
ature being kept a t  5-10 OC. The resulting suspension was continuously extracted with diethyl ether, and the 
extract was dried and evaporated to give 1.6 g (SOYo) of a product which, on exhaustive sublimation, yielded 
1.25 g (My0) of diol, 1n.p. 196-203 "C (deconip.). The diol was identified as  I1 by its infrared spectrum in 
potassium bromide and Nujol. 

2,6-Dibro1r~o-9-thiabicyclo[S.S.I]n01sane (111) from II with Hydrobronsic Acid 
In 50 1111 of fuming hydrobromic acid was dissolved 3.5 g (0.02 mole) of 11 (m.p. 255-257 "C). The SLIS- 

pension was stirred for 2 h and filtered, and the residue was washed with water and dried over calcium 
chloride to  yield 5.8 g (97y0) of product, lll.p. 124 "C (decomp.). By sublimation, 1.2 g of polymeric material 
was separated. A n  analytical sample was obtained by recrystallization of 2.5 g from 25 n ~ l  of hesane, 111.p. 
136-137.5 "C. 

Anal. Calcd. for CsI-I1.SRr.: C, 32.02; 13, 4.03; Br, 53.27; S ,  10.68. F o ~ ~ n d :  C, 32.21; H, 3.89; Br, 53.05; 
S, 10.60. 

2,6-Diiodo-0-thiabicyclo[3.3.l]~so~za?se ( I  V) jrorn 11 with Hydriodic Acid 
Into 50 rnl of 47% hydriodic acid was stirred 3.5 g (0.02 mole) of I1 (m.p. 255-257 OC). After the solution 

was stirred for 2 11 a t  room temperature, the colorless product was filtered oSf, washed with water, and dried 
over calcium chloricle to  yield 7.8 g (99%), 111.p. 128 "C (decomp.). Sublimation (an initial colored fraction 
was discarded) produced a colorless sample, yield 5 g (64%). m.p. 143-145 "C. 

The product was shown to  be identical by mixed melting point and infrared absorption with the product 
obtained fro111 I with potassium iodide (1). 

~-Thiabicyclo[3.3.l]nonane-d,6-thioz~ronium Chloride 
To a solutioil of 4.22 g (0.02 mole) of I in 100 ml of ethanol was added 6.1 g (0.05 mole) of thiourea; the 

suspension was refluxed for 14 h, allowed to cool to room temperature, and filtered; the residue was washed 
with ethanol and air-dried to give 4.8 g (GI%), m.p. 232 "C (decomp.) (A). The solvent was evaporated froin 
the corubined ethanol solutions, and the crystalline residue was extracted with 50 ml of tetrahydrofuran and 
50 ml of hot ethyl acetate to  leave another 2.4g (30y0) of product, m.p. 200-212 OC (decomp.) (B). 

Anal. Calcd. for C I ~ H ? O S ? N ~ C I ~ :  H,  5.51; S, 26.45. Found: H,  5.30; S, 26.83. 
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2,6-Din~ercapto-9-tkiabicyc~o[S.S.l]nonane (V) 
T o  a solution of 5.4 g (0.015 mole) of the thiouro~lium salt A in 23 1111 of \\rater was added 25 ml of concen- 

trated ammonium hydroxide. Traces of insoluble material were filtered off and the filtrate was acidified with 
dilute hydrochloric acid, with cooling, the internal temperature being kept between + 5  and +10 "C. T h e  
crystalline product was separated with 20 ml of methylene chloride, and the extract was washed with water, 
dried with magnesium sulfate, and evaporated to give 2.5 g of a crystalline product, m.p. 23-43 "C. Subli- 
mation gave 1.5 g (41%) of V, m.p. 44-46 "C. An analytical sample was obtained by drying over paraffin 
chips and repeated sublimation. 

Anal. Calcd. for C81-I11S3: C, 46.55; I-I, 6.84; S, 46.G1. Found: C, 46.84; I-I, 6.88; S, 46.86. 

ilttentpted Hydrolysis of VIII 
A suspension of 2.27 g (0.01 mole) of VIII in a solution of 10 g of sodium carbonate in 50 ml of water was 

refluxed, with high-speed stirring, for 30 min. After the solution was cooled, 2.05 g of VIII was recovered, 
m.p. 121.5-122.5 "C, identified as VIII by mixed melting point and by its infrared absorption. 

Attempted Conversio?~ of VIII 
To a solution of 3 g (0.013 mole) of VIII in 50 ml of methylene chloride was added 2.85 g (1.3 moles) of 

triethylosonium fluoroborate (12). After the solution had stood for 8 h, 1.5 g (26%) of a crystalline adduct 
was filtered off, m.p. 163 OC (decomp.). On complete evaporation, another 3.2 g of product was obtained. 

Anal. Calcd. for CloH17C12F40S: C, 35.0; H, 5.00. Found: C, 34.8; N, 5.07. 
T o  a soIution of 0.2 g of sodium hydroxide (0.05 mole) in 20 ml of water was added 1.1 g (0.0032 mole) of 

the adduct. After the solution was stirred a t  30 "C for 15 min, the crystalline product was filtered off, washed 
with water, and air-dried to  give 0.7 g (9Gy0) of VIII,  m.p. 122.5-123.5 "C. The product was identified by 
mixed melting point and by its infrared and nuclear magnetic resonance spectra in carbon tetrachloride. 

2,6-Dihydroxy-9-thiabicyclo[S.S.l/nonane 9,9-Dioxide ( X )  
T o  a so l~~ t ion  of 17.5 g (0.1 mole) of I1 (m.p. 255-257 OC) in 500 nll of glacial acetic acid was added 17 g 

of 50% aqueous hydrogen peroxide. The solution was stirred a t  room temperature for 48 11 and then allowed 
to  evaporate to  dryness to give 20 g (100%) of crude X, m.p. 160-190 "C (decomp.) ; 15 g was recrystallized 
from 80 rnl of dioxane to  give a first fraction of 4 g. A second fraction of 4 g was obtained by reducing the 
volume of the dioxane solution to  40 ml. An analytical sample was obtained by a second recrystallizatioll 
from diosane and drying a t  60 OC and 0.1 nun for 54 11. The conlpound is discolored when heated above 
250 "C. 

Anal. Calcd. for C&~I.~SO?: C, 46.57; F1,6.83; S, 15.54. Found: C, 46.87; I-I, 6.79; S, 15.53. 
The dihydroxysulfone X is recovered unchanged from its solution in concentrated hydrochloric acid (0.5 g 

in 5 ml) after evaporation of the solution. 
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