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Abstract - When generated at 100 OC, aliphatic and aromatic 
thioaldehydes without electronic bias are shown to undergo 
addition reaction9 to both alipbatic and aromatic 1,3-dienes. 
The reaction is shown to have application in an intramolecular 
example. 

INTRODUCHON 

Early attempts to prepare thio- 

aldehydes invariably led to the 

isolation of oligomeric and polymeric 

species. ’ These often had the desired 

empirical formula, strongly suggesting 

that the elusive monomeric thioaldehydes 

were indeed being formed, but were not 

stable under the reaction and isolation 

conditions. It was not until 1960 that 

the first stable, monomeric compound 

containing the thioformyl group was 

reported. 
2 

The significant feature 

which conferred stability upon this 

thioaldehyde was the conjugation of the 

carbon-sulphur double bond with an 

electron-rich pyrrole ring. This 

stabilisation by an electron-rich centre 

was soon reproduced in other systems, 

and so now several such thioaldehydes 

are known. 
3 

Thioaldehydes without this electronic 

stabilisation have only been isolated in 

a few cases. Thiobenzaldehyde and 

thioacrolein have been Isolated at 

liquid nitrogen temperatures, 4,s and 

thioformaldehyde6 and thioacrolein ’ in 

the gas phase at above 380 ‘C. Recently 

the preparation of 2,4,6-trl-f-butyl- 

thlobenzaldebyde as a stable, purple 

solid under ambient conditions was 

reported, 
8 

which represents a new class 

of thioaldehydea stabllised only by 

steric crowding of the thiocarbonyl 

group. In none of these cases were the 

reactions of the prepared thloaldehydes 

investigated. 

Our interest in the generation and 

reactivity of thioaldehydes not 

stabilised by electronic factors 

derives from their recurrence in the 

literature as proposed intermediates 

despite the scarcity of experimental 

evidence concerning the reactions of 

their thioformyl group. Electron- 

deficient thloaldehydes have unequivo- 

cably been generated and their Dlels- 

Alder reactions with electron-rich 1,3- 

dienes described. 
9 

Other reports 

mention the isolation of products which 

strongly suggest the intermediacy of a 

thioaldehyde, 
10 

and the nature of the 

isolated product provides information 

on the thioaldehyde’s reactivity. 

We have shovn previously l1 that 

thiobenzaldehyde and thioacetaldehyde 

may be generated by thermolysis of the 

appropriate thiosulphinate, and that 

such thioaldehydes can be trapped with 
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a variety of reagents. 

reactlvities of simple 

further presented. 

JACX E. BALUWN and 

Here, the 

thioaldehydes are 

RESULTS AND DISCUSSION 

Symmetrical alkyl thiosulphinates are 

readily prepared by oxidation of the 

corresponding rlisulphlde (scheme l).12 

Thus, s-ethyl ethanethiosulphinate (1) 

dlsulphide. l3 was prepared from diethyl 

0’ 

R, ,A+ 
S ‘R 

111 R = Et 

Scheme 1 

[The boiling point for thlosulphinate 

(1) observed (47 OC at 0.5 tig) was 

below that in the literature l3 (67 ‘C at 

0.5 mnHg), which instead corresponds to 

the boiling point of H-ethyl ethane- 

thiosulphonate l4 (56 ‘C at 0.2 innBgl.1 

On the other hand, it was found more 

convenient to prepare S-benzyl phenyl- 

methanethiosulphinate (2) by oxidation 

of benzyl mercaptan. 
15 

Thiobenzaldehyde (p), generated by 

the thermolysis l6 of thlosulphinate (2) 

R. C. Gouu, Loffz 

in toluene, was trapped efficiently by 

anthracene (scheme 21, 9,10-dimethyl- 

anthracene and 2,3_dimethylbutadiene, 

giving adducts (41, (5) and CS) 

respectively. Benzene was found to be 

ISI R’= R* = Me 

121 l/l R’-H. R*=OEt 

ltjl R’ - OEt , R* A H 

as good a solvent as toluene, but 

dimethylformamlde reduced the yield of 

adduct (1) from 97% to 33%. 9,10-Di- 

acetoxyanthracene, which had to be used 

in dlmethylfonnamide, gave no adduct 

when thiobenvlldehyde (2) was generated 

In its presence, and was recovered 

unchanged. Reaction times greater than 

one hour reduced the yield of adduct (1) 

as did using only one equivalent of the 

diene trap. 

When the unsymmetrical P-ethoxybuta- 

diene vas used as trap, dihydrothiopyrans 

(1) and (1) were formed, which were 

hydrolysed to thianones (2) and (0). 

The yield of thianones (2) and (lo) 

based on thiosulphinate (2) was 31% and 

Ph- 
,S,/Ph _ Ph-SOH +- 'y 

Ph 

S+ 

o- 
H 

121 131 

2 Ph-SOH - 121 + H20 
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Ph Ph 

191 1101 

13% respectively. As expected, the 

regloselectlvlty observed In this 

reaction of thlobenzaldehyde Is poorer 

than when strongly electron-deficient 

thloaldehydes, which have a more 

effectively polarised thlocarbonyl 

system, react with the same dlene at 

room temperature. ’ The regloselectlvlty 

1s also In the opposite sense to these 

cases. Nevertheless, the thermolysls 

reaction does produce the desired 

adducts of thlobenzaldehyde unlike the 

photochemical reaction, 9 and suggests 

that the difference In temperatures may 

be crucial to making thlobenzaldehyde 

usefully reactive. 

When the thermolysls of thlosulphin- 

ate (2) was performed In toluene la the 

absence of a trap, a blue colour was 

observed and the visible spectrum of the 

solution (figure) correspond. closely to 

the spectrum of thlobenzaldehyde at 77 K 

obtained by the pyrolysis of benzyl 

ally1 sulphlde. 5 

reaction pathway 

thlobenzaldehyde 

discrete species 

the dlene trap. 

This supports the 

of scheme 2, where 

(2) Is formed as a 

which then reacts with 

ice ,a, bco ‘X 

Figure. Visible sDectrum of 
thiobenzaldehyde (3) generated by 
tbermolysls of thlosulphlnate (2) 
1x1 toluene, (Wavelengths In nm) 

Xa a similar manner, thloacetaldehyde 

(u) was generated from thlosulphlnate 

(11, and adducts (21, (s) and (z) 

Isolated when anthracene, 9,10-dlmethyl- 

anthracene and 2,3_dlmethylbutadlene, 

respectively, were used as traps (scheme 

3). 

The anthracene adduct of thlobenzal- 

dehyde (4) Itself proved to be an 

efficient and clean source of thlobenzal- 

dehyde (2). Beating adduct (4) In 

toluene In the presence of 2,3-dlmethyl- 

butadlene cleanly gave anthracene and 

dlhydrothlopyran @> (scheme 4). 

However, the anthracene adduct of thlo- 

acetaldehyde (z> was far more resistant 

to thermolysls. Adduct Cs> was 

expected to be more labile to heat, 

since the retro Dlels-Alder reaction 

would eliminate the sterlc Interaction 

111 

I 
R 

@ 

S 

s 1 ; &-- “AMe - Me 

L I s 
Me Me 

R Me 1111 

1121 R-H 1141 

1131 R -Me 
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Me 

scheme 

between the tbioacetaldehyde methyl 

group and the anthracene methyl group, 

which is not present in adduct (121, and 

this was borne out in practice (scheme 

4). A similar strategy of dlenophlle 

protection by 9,10-dimethylanthracene 

has been employed in the reactions of 

nitrosocarbonyl compounds. 
17 

Adducts between thioaldehydes and 

anthracenes, such as (91, (21, (G) and 

(Ml, have a carbon-sulphur bond which 

Is doubly benzyllc. Reductive cleavage 

of such a bond after adduct formation 

provides a novel entry into Q-substitu- 

ted 9,10-dihydroanthracenes from the 

parent anthracene (scheme 5). The 

reduction was found to proceed smoothly 

and in high yield with sodium in liquid 

-nial' in the case of thioacetaldehyde 

adduct (z), giving thlol (g), which 

was acetylated to derivative (u). 

Bowever, thiobenzaldehyde adduct CA) 

gave thiol (II>, which was characterised 

as acetyl derivative (g), only when the 

reduction temperature was lowered to 

-78 Oc. In refluxing ammonia, only 

9,10-dihydroanthracene was recovered: 

a triply benzyllc carbon-carbon bond 

being cleaved in addition to the carbon- 

sulphur bond. 

An Intramolecular Diels-Alder 

trapping of an aliphatic thioaldehyde 

fl?l R = Me 

iqi R -Ph 

1121 R’=Me. R*=H 

IJ_Sl R’=Me. R*=COMe 

11-71 R’=Ph. R*=H 

ll!jl R’= Ph. R*=COMe 
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vas performed successfully. Thlosulpbl- 

nate (El vas prepared from bromodiene 

(20) (scheme 6). The method of Descoins 

and Benrick” vas used to prepare 

bromodiene (g) and 300 ?Riz proton n,m.r, 

spectroscopy shoved a ratio of 85:lS of 

(3g, SE) to (32, SE) isomers, which 

remained constant in the subsequent 

transformations. The bromodiene (20) 

vas converted into the Grlgnard reagent, 

vhich vas treated vith ethylene oxide to 

give alcohol (3) on work up. Tosylation 

02 alcohol (2) vas best carried out by 

forming the sodium salt in tetrahydro- 

furan, followed by reaction vith 

toluene-l-sulphonyl chloride 
20 

to give 

derivative (22). This vas superior to 

the alternative procedure of stirring 

alcohol (2) with toluene-4-sulphonyl 

chloride in pyridine. 
21 

Displacement of 

the tosylate group with potassium 

thioacetate22 in dimethyl formamide gave 

thioacetate (9) In excellent yield. 

Anhydrous potassium thioacetate vas 

prepared from thioacetic acid and 

potassium hydride in tetrahydrofuran. 

This procedure vas more satisfactory 

than displacement of the tosylate group 

vith thiourea in dimethylsulphoxide 

followed by alkaline hydrolysis of the 

z-alkyl thiouronium salt. 23 
Thioacetate 

(3) vas hydrolysed to thiol (241, which 

vas oxidised to the disulphide (23). 

Disulphide (3) vas oxidised vith one 

equivalent of _mchloroperhenwic acid 

to thlosulphinate (z!), which vas not 

purified, but shoved an absorption band 

in the infra-red spectrum at 1075 cm”, 

Indicative of thiosulphlnate SNI 

stretch. The crude thiosulphinate (S> 

vas heated in toluene in order to 

produce thioaldehyde (g), and thia- 

bicyclononenes (3) and (28) were 

isolated in 40% yield, based on 

disulphide <s), in a ratio of 1:l 

(scheme 7). The yield takes into 

account disulphide (2) containing 15% 

of (52, 7E) isomers. 

Bicyclononenes (27) and (28) could 

only be separated by capillary gas 

liquid chromatography, vhlch also 

shoved the presence of 5% of a third, 

so far unidentified component. This 

may be an isomer such as bicyclononene 
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Scbecne 

(2), derived from the (52, 7H_) thio- 

aldehyde (E) (scheme 8). 

The successful intramolecular 

trapping of a tbioaldehyde shows that 

this is a feasible ring-forming reactioa 

Thiobenzaldehyde (21, generated by 

the therolysis of thiosulphinate (21, 

gave a mixture of adducts (x) and (s) 

with P-pinene, in a ratio of 2:1 (schams 

9). The two products arise from 

different orientations of thiobenzalde- 

hyde addition with respect to p-pinene. 

Diastereomer mixture (a) gave an acetyl 

derivative mixture (s) upon aCetylatiOn 

while sulphide <z> was recovered 

unchanged after the same treatment. 

131 + db 
Ph 

An attempted ‘ene* reaction with 

cyclododecene only gave back the olefin 

in quantitative yield. 

CONCLUSION 

The success encountered in trapping 

thiobenzaldehyde (2) and thioacetalde- 

hyde (u) frun the thermolyses of 

thiosulphinates (2) and (1) with kth 

aromatic and aliphatic dienes in high 

yields suggests that these reactions 

could be exploited with a variety of 

structural and electronic elements in 

the diene and dienophile not used 

previously. 

The reversible trapping of thioalde- 

hydes on aromatic dienes represents a 

valuable synthetic supplement to the 

straightforward thermolyses of thiosul- 

phlnates. The regeneration of the 

thioaldehyde takes place with the form- 

ation of the relatively inert anthraDerrs 

or 9,10-dimethylanthracene as the only 

other product, avoiding sulphenic acids 

and water which are produced in thio- 

sulphlnate thermolysis, and avoiding 

potentially destructive irradiation 

intrinsic to the photochemical methods 

of preparation, 

These results, in conjunction with 

the successful intramolecular trapping 

of a thioaldehyde with a 1,3-diene 

system and the preliminary 

investigation into the ‘ene’ reaction, 

contribute towards exploring the limits 

of thioaldebyde reactivity and towards 

establishing simple thioaldehydes as 

potentially useful synthetic intermed- 

iates In carbon-carbon bond forming 

reactions. 
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EKPERIMWIAL 

Uelting points were recorded on a 
Kofler hot stage apparatus and are 
uncorrected. Ultra violet-visible 
spectra were measured on a Perkin-Elmer 
555 spectrophotometer. N.m.r. spectra 
were obtained on a Bruker UB 300 
spectrometer and chemical shifts (b) are 
presented in p.p.m. downfield from TRS. 
Infra-red spectra were measured on a 
Perkin-Elmer 297 spectrophotometer. 
Bass spectra were recorded using a VCi 
Micromass ZAB 1P or 10P spectrometer. 

Preparation of 9.lD-Dihvdro-9.10-(2- 
pheny I l- -thiaethano)anthracene (41, 
S-Benzyl 
7262 me: 

phenylmethanethiosulphinate (21 
1.00 nxnol) and anthracene (1.78 

g; lO.ii'&l) in dry toluene (15 mli 
wore stirred and heated at 98-100 OC 
under dry nitrogen for 1.0 h. Cooling 
the solution to room temnerature 
precipitated out anthrackne (1.16 g; 
65%) as white flakes. which was filtered 
off. The filtrate was evaporated and 
the solid obta 
ch-tograThy4a 

ed separated by flash 
(70% 40-60 pet ether, 

30% benzene giving anthracene (266 mg; 
15%) as a white solid and adduct (i) 
(580 mg; 97%) as a white solid. 
Recrvstallisation of the adduct (4) 
(toluene-hexane) gave white pri&, m.p. 
160-163 OC (decomp.1. (Pound: C. 84.20: 
H, 5.40; S, 10.90; C2lBl6S requires C,. 
63.96; A, 5.37; S, 10.67%), ~,,,&CE3CNl 
212 (360001 and 279 (3000) nm, y,x(KBr) 
3025 and 1450 cm-l, b(CD3SOCD3) 4.57 and 
4.69 (2 x 1A 2 x d, J 2.5 Hz, Ar2Ci$B + 
Ar2CHCH(Ph)Sj, 5.59 (iH, s, Ar2CES), 
6.77-6T68 (3H, m, A@), 7.05 (1HT m, 
ArH), 7.10-7.29 (6H m, ArH), 7.42 (ill, 
-ArH) and 7 46-7 45 (2B m, A@>, and 

22 178 (100)'and i21 (2Qj. 

Preparation of Q.lO-Dihvdro-Q.lD-dl- 
methyl-9.10-(2-nhenvl-1-thiaethano)- 
antbrace e (51, 
S-Benxylnpbenylmethanethiosulphinate (2) 
7257 mg; 0 96 nxnol) and Q,lO-dimethyl-- 
anthracene25 (2.02 g; 9.8 mnol) in dry 
toluene (15 ml) were stirred and heated 
at 96-99 oC under dry nitrogen for 20 h. 
Cooling the solution to room temperature 
precipitated 9,10-dimethylanthracene 
(1.11 g; 55%) as yellow crystals, which 
was filtered off. The filtrate was 
evaporated and the solid obtained 
separated by flash chromatography (70% 
4OL60 pet ether, 30% benzene),.givin 
Q,lO-dimethylanthracene (509 mg; 25% 7 
and adduct (51 (557 mg; 87%). 
Recrystallis~tion of the adduct (toluene 
-hexanel gave pale 
140-150 OC (deccmp. 

reen needles, m.p. 
(Found: C, 84.11; 

Preparation of 3.6-Dihydro-4.5-dimethyl- 
Dbe ~1. atI DY 

S&&l-pb$~etfraMnethiosulphinate (2) 
(61, 

7262 mg; 1.00 nxnol) and 2,3-dimethyl- - 
butadiene (1.64 g; 20.0 nvnol) in dry 
toluene (13 ml) were sealed in a tube 
and stirred and heated at 96-99 oC for 
20 h. Evaporation and flash chrcmato- 
graphy (70% 40-60 pet ether, 30% 
benzene) gave thiopyran (21 (385 mg; 
95%) as a colourless oil, b.p. 130- 
135 OC at 0.4 nMIg (Kugelrohr), (Found: 
C, 76.45; 8, 7.80; S, 15.54. Cl3Hl6S 
requires C, 76.41; H, 7.89; S, 15.69961, 
v x(fllm) 31OD-2820 1500 and 1450 cm-l 
s?&Cl3) 1.73 and l.i8 (2 x 3H, 2 x br 
s, Cl?3C-CCg31, 2.40-2.49 and 2.53-2.65 
(2 x 18, 2 x m, PhCHC&), 2.93 and 
3.48 (2 x lH, 2 x m, SCE C-1, 3.98 (lH, 
dd, J 6, 9 Hz, PhCI$l an 7.25-7.38 3 
(58, m, Ar!), and m/c 204 (60, e) and 
122 (100). 

Preparation of Thlanones (9) and (10) 
S-Benzyl phenylmethanethiosulphlnate 2) 

2.00 rmnol) and O-ethoxybuta- 
(3.92 g: 40.0 nxnol) In dry 

toluene (30 mlj.were stirred and heated 
at 98-101 OC in a sealed tube for 1.0 h. 
Evaporation gave a pale yellow oil 
which was dissolved in TBF (20 ml) and 
2.0 i hydrochloric acid (10 ml) added. 
The mixture was refluxed for 10 mln, 
diluted with water (SO ml) and 
extracted into ether (3 x 100 ml). The 
combined extracts were washed with 
water (2 x 100 ml) and saturated brine 
(SO ml), dried (Na2SOq) and evaporated, 
giving a yellow oil. Flash chromato- 
graphy (dichlorcmethanel gave a 7: 
mixture of 2-phenylthian-l-one (21 $7 
and 6phenylthian-3-one (0) (338 mg* 
44%) as a colour 

f 
ess oil, V WBC13I 

1710 and 700 cm' 
5.7B, ml, 

&(CD2C12yq.55-3.12 
3.67 (0:3H, d, J 13 Hz, one 

of COCl&S), 4.24 (0.7H, d;, J 11.4, 
3.4 Hz COCH CH(Ph)S), 4.35 70.38, dd, 
1 10.6; 3.2 fix;- COCH2CB2Cz(Ph)S) and 
7.26-7 43 (JH, m, ArH), and dg 192 
(41, nfl and 104 (105). Analytical gas 
chromatography (10% OV 17 colwnn; 3.5 
mn internal diameter; 1.5 m length; 
200 OC) showed two peaks, ratio 72:28 
in order of elution. 

Thermolysis of S-Benzyl Phenvlmethane- 
thiosulphinate without a Trap, 
S-Benzyl phenylmethanethiosulphinete (2) 
7262 

"k; 
1.00 mnol) in dry toluene 

(15 ml was heated at 98-100 OC under 
dry nitrogen. After 5 min, a portion 
of the solution (1.0 ml) was withdrawn, 
diluted three-fold with toluene and the 
u.v.-visible spectrum showed amax 580- 
390 and 610 (shoulder) nm. 

(695*mg; 3.9 rrmol) and anthracene - 
(8.9 P: 50 mnoll in dry toluene (75 ml) 
were sealed in a tube and stirred and 
heated at 97 OC for 14 h. Cooling 
orecipltated anthracene (6.37 II: 71%) 
bs white flakes, which wis- iii&red 
off. Bvaporation of the filtrate and 
flash chromatography (70% 40-60 pet 
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ether, 30% benzene) gave anthracene 
(1.36 g; 15%) and adduct (2) (1.53 g; 
82%) as a pale yellov solid. Recryst- 
allisation of adduct (2) (toluene- 
hexane) gave white crystals, m.p. 169- 
171 oC, (Pound: C, 79.96; 8, 5.75; S, 
13.20. Cl6Bl4S requires C, 60.63; H, 
5.92; S, 13.45%), Xmax(CB3CN) 225 (8200) 
and 278 (2700) nm V 
1470 and 1433 cm-i, 
d, 16 Hz, CIisCH), 
Bz, CB CBS), 4.54 (lH, d, J 3 Hz, 
Ar2CBCi!)- 5 25 (lli s Ar2&IS) 7.10- 
7.23-(411' m* ArH) kd'7.32-7.45 (4H m 
Ara), an: r$g 238 (5, e', and 178 CiOO!. 

PreDaratlon of 9.10-Dihvdro-9.10-di- 
methyl-Q.lO-(2 -met vl-l-thiaethanol- 
anthracene (131, 
94% *Ethyl ethanethiosulphinate ( 

t 
) 

(231 mg; 1.57 mnol) and 9,10-dimet yl- 
anthracene (3.09 g; 15.0 mnol) in dry 
toluene (25 ml) were sealed in a tube 
and stirred and heated at 99-101 OC for 
1.0 h. Cooling precipitated Q,lO-di- 
methylanthracene (1.11 g; 36%) as yellow 
prisms, which was filtered off. The 
filtrate was evaporated and the solid 
residue separateh by flash chromatogra- 
phy (70% 40-60 pet ether. 30% benzene). 
ii;ing Q,lO-dim&hylanthkacene (1,24 gi 
40%) as a yellow solid and adduct (u) 
(632 mg; 76%) as a pale yellow solid, 
m.p. 128-133 OC (decomp.), (Pound: C, 
81.40; H, 7.05; S, 11.70. C18H18S 
requires C 81.15; 8, 6.81; S, 12.04%), 
I x(CH3CN! 278 (2300) rm Ymax(KBr) 
3~5-2895 1435 790 765' 740 710 655 
and 625 c&l, &iCD2Ci2) 0:98 (!iB, d: J 
6.6 Hz, CH$H), 2.04 and 2.21 (2 x 3Hy 2 
x s, 2 x &2CCi3), 3.24 (lli, q, J 6.6 Hz 
Cli3CBS) And 7.16-7.43 (88, m ArH), and 
d* 367 (15 
and 193 (24). 

H+1+1, 207 (100!, 2'6s (44) 
All attempts at recryst- 

allisation gave crystals of lower m.p. 

Preparation of 3.6-Dlhvdro-2.4.5-tri- 
thyl-2B-thiopvrs (14) 

R s-Kthyl ethanethiosuiphinate (1) 
(181 mg; 1.0 mnol) and 2,3-dimethyl- 
butadiene (1.64 g; 20.0 mnol) in dry 
toluene (10 ml) were sealed in a tube 
and stirred and heated at 95-97 OC for 
20 h. Evaporation and flash chromato- 
graphy (90% 40-60 pet ether 10% 
benzene) gave thiopyrao Cfij (235 mg; 
83%) as 8 mobile, colourless oil, b.p. 
70-87 OC at 17 tig (Kugelrohr), pound: 
C, 67.74; 8, 9.91; S, 22.64. C8H 4S 
requires C, 67.54; H, 9.92; S, 2 1 54%), 
V (film) 2960-2820 and 1450 cm-1 
&!ikl3, 1.27 (38, d, J 7 Hz, Ci&i), 
1.63 and 1.69 (2 x 3H,-2 x br s, 
C&$-CC&), 1.93-2.06 and 2.17-2.26 (2 x 
lH, 2 x m, CH3CHC&2), 2.78-2.95 (2H, m, 
one of -CC&S + CR3Cl&S) and 3.33 (1H 
one of -CCi&S), and m/e 142 (100, H+!. 

m, 

Beatinn Q.lO-Dihvdro-Q.lO-(2-phenyl-l- 

dimethylbutadiene (840 mg; 
dry toluene (10 ml) were sealed in a 
tube and stirred and heated at 98-99 oC 
for 1.0 h. The solution was evaporated 
and the residue separated by flash 
chromatography (80% 40-60 pet ether, 20% 
benzene), giving anthracene (16s mg; 

92%) and thiopyran (2) (188 me; 92%). 

Hestinn 9.10-D~hvdro-9.l0-di~thyl-9.lO- 
x2-methyl-1-thlaethanolanthracene (131, 
Adduct (2, (266 1 00 1) and 2 3- 
dimethylbutadienem?830*me:~.1 -1)' 
in dry-toluene (10 ml) w&e sealed in a 
tube and stirred and heated at 129-131 
OC for 24 h. The solution was 
evaporated and the residue separated by 
flash chromatography (90% 40-60 pet 
ether, 10% benzene), giving 9 lo-di- 
methylanthracene (142 mg; 6991 +IS a 

'f 
reen-yellow solid and thiopyran (fi) 
69 mg; 49%) as a c‘,\o:lrless oil. 

Reduction of Q.lO-Dihvdro-9.10-(2- 
methyl-1-thieethano)snthracene (ls), 
Adduct (2, (119 05olnnol) 
stirred in liquidmkoAia (25 ml';'Lit 
-33 OC under argon and sodium added 
portionwise until the solution remained 
blue, Methanol (3.0 ml) was added, 
decolourising the solution which was 
then evaporated. The residue was 
dissolved in water (20 ml) and ether 
(40 ml), the aqueous phase extracted 
into ether (2 x 40 ml) and the combined 
ethereal solutions dried (Na2S04) and 
evaporated, giving a pale yellow oil. 
Chromatography CSiO,,YI\ pet ether, jot 
benzene) gave 1-(Q;lO-dihydro-9- 
anthryl)ethanethiol (15) (99 m ; 84%) 
as a colourless oil, V ,(filmY 3070- 
2820, 2570, 1480 and 14 cm-l, 
;':+; ) 1.27 (3A, d, J 7 Hz, CH CH), 
. i SHT 3 27 (3 m, 

SCE), 3.e5 
d, d 6 Hz, 
(lH, d, J 13 kz,'one of' 

Ar$X+), 3.93 (lH, d, 2 7 Bz, ArFCH), 
4. S lH, d, J 18 Hz, one of Ar2 H ) 
and 7.23-7.42 (7H, m, ArEI, and 
179 (100). 

-s 

Acetylation of l-(Q.lO-Dihydro-Q- 
anthrvl)ethanethiol (151, 
Thiol (15) (80 0.33 -1) in 
dichlorzthanem?A ml) was stirred at 
27 OC with acetyl chloride (0.2 ml; 
2.8 ma011 and pyridine (1.0 ml) added. 
After 20 min, water (5 ml) was added, 
the aqueous phase acidified to pH 1 
with 2 n hydrochloric acid, and the 
organic layer separated. The aqueous 
phase was extracted with dichloromethane 
(2 x 10 ml) and the combined organic 
solutions dried (Na2SOq) and evaporated. 
Flash chromatography (20% 40-60 pet 
ether, 80% benzene) gave S-[l-(Q,lO-di- 
hydro-Q-anthryljethyll thioacetate (u) 
(52 mg; S.S%) as a colourless oil, Y, 
(CHCl ) 3020, 1690 (C-0) and 1455 cm-f, 
b(CD2&2) 1.13 (3H d 
2.21 (3H, s, CH Co! 

J 7 Hz, CH CH), 
i.sl-3.93 ($ 

:n&ofA:;2iiii 
T3CH kHS) 4 13 (1H 'dm'J 
) 4 35-Cl;l ii J 18'Az; - 

one*Af Ar2& )'ani 7.19-;.4i 78H, m, 
ArH), and m e 283 (11, H+l+), 207 (17) 3 
an3 179 (1OOT. 

Reduction of Q.lO-Dibvdro-Q.lO-(2- 
be ~1 1 
ddkt 

-- thiaetbanoja nthracene (41 
(4) (151 mu: 0.50 -1) in liquid 

amnonia 720 ml) was cooled to -78 OC 
under argon, and while stirring, sodium 
was added portionwise until the 
solution remained blue. The solution 
was then stirred for 3 h at -78 OC, 
methanol (2.0 ml) added discharging the 
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blue colour. and the mixture evaporated, 

1495 

pressure gave a colourless oil, b.p. 
48-60 oC at 0.008 dg, which was 
purified by flash chromatography(CE2C12 

The residue-was dissolved in water (150 
ml) and ether (150 ml), the aqueous 
phase separated and extracted with 
ether (2 x 100 ml) and the combined 
ethereal solutions dried (Na2SOq) and 
evaporated. Flash chromatography (75% 
40-60 pet ether, 25% benzene) gave 
(9,10-dihydro-9_anthryl)(phenyl)- 
methanethiol (11) (101 mg; 67%) as a 
colourless oil, ~~x(CIlCl3) 3020, 1485 
and 1455 cm-l, h(CD2Cl ) 1.98 (18, d, J 
5 Hz, SB), 3.60 and 3. 3 0 (2 x lA, 2 x 
d, J 18 Hz, Ar 

8 
&I, 4.28 (lH, dd, J 

7, 5 Hz CHCHS 1, 4.35 (lfi, d, J 7 AZ, 
Ar2CHCHj and-6.90-7.47 (13E, m, ArEI, 
and i/e 268 (3) and 178 (100). 

Acetylation of (S.LO-Dihvdro-9-anthryl& 
(phenyl)methanethiol (17L 
Thiol (17) (76 * 0 25 mnol) in dry 
dichlorzethanem?iO kl) was stirred at 
22 OC with acetyl chloride (0.2 ml; 
2.8 nvnol) and pyridine (0.3 ml) added. 
After 15 min, water (5 ml) was added, 
the aqueous phase acidified to pg 1 
with 2 4 hydrochloric acid, and the 
organic layer separated. The aqueous 
phase was extracted with dichloro- 
methane (2 x 10 ml) and the combined 
organic solutions washed with 
saturated brine (5 ml), dried (Na2S04) 
and evaporated. Flash chromatography 
(40% 40-60 oet ether. 60% benzene) 
gave S_o(-(9;~0-dihydro-9-anthryl)benxyl 
thioacetate (18) (80 mu: 92%) as a 
white solid. --Kecrystaiiisation 
(toluene-hexane) gave white crystals, 
m.?. 105-108 OC, (Found: C, 79.98; H, 
5.83; S, 9.44. C23H2@S requires C, 
80.19; H, 3.85; S, 9.31%), V 

PhCHS + ArCHCH), 6.55 (2H, m,-ArH),. 
6.95-7.30 P lsH, m, ArH) and 7.50 TlH, 
m, ArH), and 1&2 179 TlOO). 

Prepa ti of 5.7-Nonadien-l-01 (2l.)i 
Fresh:; d(litilled 1-bromo-5,7-hepta- 
diene 120) (9.71 g; 55.5 mnol) in dry 
ether (3 ml) was added under dry 
nitrogen to magnesium turnings (1.33 g; 
55.6 mnol) in dry ether (50 ml) over 
15 min, maintaining gentle refluxing. 
The mixture was refluxed for 1 h, 
cooled to 0 oC, and ethylene oxide 
(11 ml* 9.9 g' 225 nrnol) in dry ether 
(20 ml) at 0 &C added over 10 min. The 
solution was heated, and solvent 
distilled off reducing the volume of 
the solution (to 80 ml) over 20 min. 
Dry benzene (100 ml) was added and the 
mixture rcfluxed gently. After 45 min, 
the solution had set to a clear gel, so 
it was allowed to stand at room 
temperature under dry nitrogen for 14 
h. Addina water (3 ml) turned the gel 
fluid and amnonium chloride (10 g;- 
187 mnol) in water (SO ml) was added 
too, followed by 2 fi hydrochloric acid 
to dissolve the precipitate. The 
aqueous phase was separated, extracted 
into ether (2 x 100 ml) and the 
combined organic solutions dried 
(Na S04) 

T 
and evaporated, giving a pale 

ye1 ow oil. Distillation under reduced 

giving 5,7-nonadien-l-01 (21) 
followed by 90% CE2C12, 10% BjjgA~;:~~~; 

17%) as a colourless oil,Vmax(film) 
3340 br, 3020, 

9 1066 and 985 cm 
30, 2860, 1455 1440, 

139 (211, 123 (24) 
and de 140 (t, w3+), 

111 7331, 99 (z4), 
83 (Se), 83 (71) Al (74) 71 (59) 
(461, 55 (841, 4; (100) a;d 41 (68j. 

67 

@, El-5,7-Nonadien-l-01 MCDCl3) 1.42- 

Preparation of 5.7-Nonadien-l-y1 
Toluene-4-sulpbonate (22), 
m Sodium hydride dispersion in oil 
(530 mg; 11.04 rmnol NaH) was washed 
under dry nitrogen with 40-66 pet ether 
(2 x 4 ml) and dry TEE' (20 ml) added. 
5,7-Nonadien-l-01 (2 

# 
) (1.27 g; 9.07 

orno in dry THF (2 ml) was added, 
and the mixture stirred under dry 
nitrogen at 60 OC for 16 h. The 
sus 
-5 g 

ension was cooled in a bath at 
C and toluene-4-sulphonyl chloride 

(1.90 g; 9.97 mnol) in dry THF (20 ml) 
added over 10 min. The mixture was 
stirred at 7-12 OC for 6 h, ether (50 
ml) added, and the solution washed with 
ice-water (3 x 30 ml), dried (Na2SDq) 
and evaporated. The pale orange oil 
was separated by flash chromatography 
(50% 40-60 pet ether, 50% CH Cl 
followed by 90% CH2Cl 10% PtoL, 

7 
iving toluene-4-sulp onyl chlorid; E' 
92 mg; 5%) as white needles, 5,7-nona- 
dien-l-y1 toluene-4-sulphonate (22) 
(1.74 g; 65%) as a colourless oil, 

g z$9;* c#?$3:O;?u:;:; 2860, 
1606, 1456, m0, 1190, llj5, 1050, 
980, 955 br, 930, 810, 730 and 66Ocm-1 
and d% 294 (3, ti), 122 (511, 107 (241 
94 (loo), 93 (647, 91 (591, 79 (911, 
67 (12). 65 (19). 55 (16) and 41 (21): 
(E, El-5,7-nonadien-l-y1 toluene-4- . 
sulphonate &CDCl?) 1.42 and 1.65 (2 x 

Preparation of S-(5.7-Nonadien-l-v11 
Thioacetate (231, 
5,7-Nonadien-l-y1 toluene-4-sulphonate 
(22) (1.3 g; 4.4 mnol) and potassium 
t=oacetate (1.0 K: 8.8 mnol) in dry 
DHF (1s ml) were stirred under nitrogen 
at 20-21 OC. After 20 h, water (100 
ml) was added and the turbid white 
solution extracted into ether (3 x 100 
ml). The combined organic solutions 
were washed with water (2 x 100 ml), 
dried (Na2904) and evaporated. The 
pale yellow oil was purified by flash 
chromatography (70% 40-60 pet ether, 
30% CH C12), 
yl) f 

giving S-(5,7-nonadien-l- 
th oacetate (3) (840 mg; 95%) as a 
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mobile, colourless oil, (w* 198.1075. 

Hydrolysis of S-(5.7-Nonadien-l-r11 
Thioacetate (23)& 
1 0 H Potassium hydroxide in methanol 
(i.S-ml; 11 nraol ROE) was added to 
(5,7-nonadien-l-y11 thioacetate 
(1.01 g; 5.10 ml) in methanol ( 
and the solution stirred under nltroaen 
at 19-21 OC for 16 h, cooled and 2.0-U 
hydrochloric acid (5.5 ml: 11 aanol HCi) 
added slovly taking the pE to 1. 
Water (30 ml! vas added and the mixture 
extracted into ether (3 x 40 ml), the 
combined extracts dried (Na2SO4) and 
evaporated. Flash chrrnnatography (90% 
40-60 pet ether, 10% benzene) gave 5,7- 

a colourless oil, 
requires 156.09731, V 

Preparation of Di-5.7-aonadien-l-y1 
Disulphide (251, 
Thiol (24) (559 mg; 3.58 nrnol) vas added 
over 3 min to 96% sodium hydroxide (146 
mg* 3.50 nxnol) and potassium iodide (21 
mg I in water (2 ml) cooled in an ice- 
water bath. A white precipitate fell 
out. Dioxan (1 ml) vas added, the 
mixture vanned to 18 'C, and iodine (450 
ma: 1.77 mnol) added with stirrinu. The 
p&fpitate dissolved, an oil separated 
and after 15 min, a little thiol (fi) in 
dioxan (0.3 ml) vas added to discharge 
the colour of the solution, Water (20 
ml) and ether (30 ml) were added, the 
aqueous phase separated, extracted with 
ether (2 x 30 ml) and the combined 
organic solutions dried (Na2SO4) and 
evaporated, 

-20 OC under dry nitronen and while 
stirring, 80-9d m-chl&operbenxolc 
acid (73 mg; 0.34-0.38 mnol) in 
dlchloromethane (2 ml) vas added over 
15 min, causing a vhite solid to 
precivitate. The mixture vas stirred 
at -26 OC for a further 15 min at -10 
OC for 20 min. and at 19 OC fo: 
the solid dissolving. 

30 min. 
2% Sodium ’ 

hydrogen carbonate solution (2 ml) was 
added and the mixture stirred vigorously 
for 10 min. The aqueous layer was 
separated, extracted into dichloro- 
methane (2 ml) and the combined organic 
solutions stirred vigorously vith 0.5% 
sodium hydrogen carbonate solution (2 
ml) for 10 min. The aqueous layer vas 
again separated and extracted into 
dichloromethane (2 ml). The combined 
organic solutions vere dried (Na2S04) 
and evanorated. uivinu a colourless 
oil (124 mg), d&x(CHiC12) 1075 and 
990 cm-l, vhich vas dissolved in dry 
toluene (6 ml) and sealed in a tube; 
Stirring and heating at 96-97 oC for 
45 min, cooling and evaporation gave a 
yellov liquid. Chromatography (90% 
40-60 pet ether, 10% CH 1 ) gave 3- 
methyl-2-thiabicyclo[4.~O?non-4-enes 
(37) and (28) (38 mg; 40%) as a 
colourless oil, V x(CH Cl21 
2970, 2880 and 14% cm- T 

3020, 

1.35 and 1.43 (3H. 2 x d: 
and d(CDC13) 
J 7. 7 Hz. 

C&CE), 1.55-1.70'(2H, m; &o-of ’ 

Capillary gas liquid chrcmato- 
RrSphy (S.G.E. Superox 0.1 vitreous 
silica capillary column; 0.33 awn 
internal diameter, 25 m length; 130+ 
170 OC) shoved three peaks: in order 
of elution, one bicyclononene m/e 154 
(37, w'>, 139 (131, 125 (121, i2i (421, 
118 (181, 105 (111, 97 (lo), 94 (571, 
79 (100) and 39 (36) other bicyclono- 
nene m/R 154 (100 n-C>, 139 (45) 125 
(93),-111 (421, li)5-(23), 97 (491, 79 
(76) and 39 (411, and impurity m/e 152 
(loo), 137 (19), 123 (66) 121 737) 
110 (34), 97 (271, 91 (731, 45 (45)'and 
39 (45). 

9-Pinene 'Ene' Reaction, 
S-Benzyl phenylmethanethiosulphinate (2) 
7263 mg: 1.00 mnol) and cl)-b-pinene 
(1.36 gi 10 ranol) in dry toluene (15ml) 
vas heated at 95-99 OC for 20 h under 
dry nitrogen, cooled and the solution 
evaporated. Flash chromatography (95% 
40-60 pet ether, 5% benzene) gave (2- 
pinen-lo-yl)(phenyl)methanethiol ( 1 
(193 mg; 37%) as a colourloss oil, ? H+ 
258.1443. Cl7822S requires 258.14421, 
3max(CHC13) 3000-2840, 1495 and 1455 
cm-l, b(CD2Cl ) 0.77 and 0.85 (3H 2 x 

CH C) 0 9% and 1 18 (lH, 2 x A, J 
i'iix3S~) i 28 (3~ '2 x s 
2.0312.z3'(7B, m), $.51-2.$2 

CR Cl, 
+I H, ml, 

4.05-4.18 (lH, m, PhC@H), 5.23 and 
5.38 (lH, 2 x m, -Cg) and 7.20-7.38(5H, 
m, Arfi), and z/R 258 (100, e), 189 
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(90) and 91 (781, and benzyl (2-pinen- 
lo-yl) sulphide (32) (99 mg; 19%) as a 
colourless oil which turned pink on 
standing, (U+ 258.1443. C 822s 
requires 258.14421, V c&L 1 3000- 
2840, 1499 and 1435 cm- rnef, d&Cl2) 
0.88 (3H, s, CH ), 1.18 (lH, d J 8 Hz) 
1.32 (3H, s, C a3 1 2.13 and 2.$2-(2 x 
lH, 2 x ml, 2.8-6.33 (2H, m), 2.40- 
2.47 (lH, ml, 2.98 (2H, m, -CC&S), 
3.02 (2H, s, PhC&S), 5.38 (lH, m, -CH) 
and 7 20-7.33 (5H, m, Arii) and de 238 
(5, $1, 134 (401, 119 (50) and 917100) 
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J.Chem.Soc.Chem.Comwn,, 1974, 409. 
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Can.J.Chem,, 1976, 2, 537. 

6. B.Solouki, p.Rosmus and H.Bock, J,Am 
Chem.Soc,, 1976, 98, 6054. 

7. R.Bock, S.Hohmand, T.Hirabayashi and 
A.Semkow, J.Am.Chem.Soc,, 1982, 104, 
312. Acetylation of (2-Plnon-lo-yl)(phenyl)- 

methanethiol (311, 
Thiol (x1 (118 mg; 0.46 mnol) In 
pyridinc (2 ml) was stirred with acetyl 
chloride (0.2 ml; 2.8 mnol) in dichloxo- 
methane (6 ml) at 27 oC for 15 min. 
Water (5 ml) was added, the aqueous 
phase acidified to pH 1 with 2 E 
hydrochloric acid and the organic layer 
separated. The aqueous phase vas 
extracted with dichloromethane (2 x 10 
ml) and the combined organic solutions 
dried (Na2SOq) and evaporated. Flash 
chromatography (70% 40-60 pet ether, 
30% benzene) gave S-a-(2-plnen-lo- 
benzyl thioacetate (2) (80 mq; 59 i 

l)- 
) as 

a colourless oil, Y,,(CHCl ) 3040- 
2840 and 1690 (C-0) cm-l, &Cl,) 0.67 
and 0.76 (3H, 2 x s, CH CCH3), 0.90 and 
1.04 (lH, 2 x d, J 8 Hz , 1.24 (38, s, 3 

:!?:ch:?:r fi?-~%:% %H?? '4.64- 
4.7'4 (lH, my bhCHS), 5.13 ani S.i6 ilH, 
2 x br s, -CH) azd 7.18-7.33 (5H, m, 
ArH) and m/G 300 (1 H+), 224 (69), 
18i (65) a;d-123 (lob): 
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