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Electrophilic Methylthiomethylation of Enol Ethers and Activated Arom- 
atic Compounds. Application of the Former Reaction to the Synthesis of 
the Macrocycle, 3,3,7,7,11 ,I 1 ,I 5,15-Octamethyl-I ,9-dithia-5,13-diaza- 
cyclo hexadecane 

By Robert McCrindle," Alan J. McAlees, and Donald K. Stephenson, Guelph-Waterloo Centre for Graduate 
Work in Chemistry, Guelph Campus, Department of Chemistry, University of Guelph, Guelph, Ontario, 
Canada N1G 2W1 

Enol ethers of dialkylacetaldehydes, either as such, or generated in situ from the corresponding acetals, undergo 
ready methylthiomethylation when heated with dimethyl sulphoxide-acetic anhydride (or methylthiomethyl acetate) 
in the presence of boron trifluoride-diethyl ether. These same reagent combinations can be used to methylthio- 
methylate certain activated aromatic compounds. The synthetic utility of the former reaction is demonstrated in the 
synthesis of 2,2,6,6-dimethyl-4-thiaheptanedial (4) which has been converted into 3,3,7,7,11 ,I 1,15,15-octa- 
methyI-l,9-dithia-5,13-diazacyclohexadecane (7). 

IN the course of studies of the complexing properties of 
polydent ate ligands which have quaternary carbon atoms 
in the backbone, we required an efficient route to 2,2- 
dialkyl-3-(alkylthio)aldehydes (1) .  By analogy with 
the boron trifluoride-diethyl ether catalysed condens- 
ation 1 of methylal with ethyl isobutenyl ether to give a 
1,1,3-trialkoxy-2,2-dimethylpropane, it was anticipated 
that methylthiomethyl acetate might react with enol 
ethers under similar conditions. Since this sulphide can 
be generated by heating dimethyl sulphoxide with acetic 
anhydride,2 a mixture of these and methyl isobutenyl 
ether was heated in the presence of a catalytic amount 
of boron trifluoride-diethyl ether whereupon an essenti- 
ally quantitative (by lH n.m.r.) conversion into 1- 
acetoxy-l-methoxy-2,2-dimethyl-3-methylthiopropane 
(2) was observed. Since (2) undergoes ready hydrolysis 
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t o  2,2-dimethyl-3-methylthiopropanal (1 a) the general 
scope of the reaction appeared to warrant exploration. 

When a mixture of dimethyl sulphoxide, acetic an- 
hydride, and methyl isobutenyl ether was heated in the 
absence of boron trifluoride-diethyl ether, lH n.m.r. 
spectroscopy indicated the formation of compound (2) 
in small yield (ca. lo%), although virtually all of the 
dimethyl sulphoxide had been consumed, largely in 
formation of the Pummerer product, methylthiomethyl 
acetate.2 Formation of compound (2 )  under these 
conditions suggests that a t  least one intermediate in the 
Pummerer rearrangement has some carbocationic char- 
acter. Addition of the catalyst a t  this stage, followed by 
heating, resulted in the disappearance of the methyl- 
thiomethyl acetate and the formation of compound (2). 

The method was extended to include the preparation of 
the homologous aldehydes ( lb)  and (lc). In  these 
syntheses, acetals were used in the expectation that the 
boron trifluoride would catalyse their in situ cleavage to 
vinyl ethers, an extra molar equivalent of acetic an- 
hydride being added to remove the alcohol generated. 
Indeed, hydrolytic work-up of these reactions, followed 
by distillation, gave the aldehydes, ( lb) and (lc), which 
were characterised as 2,4-dinitrophenylhydrazones, in 
yields approaching 50%. 

An investigation of the behaviour of variously sub- 
sti tuted enol ethers with methylthiomet hyl acetate- 
boron trifluoride-diethyl ether showed that this reaction 
is not generally applicable. Thus, none of the desired 
products was detected in the reactions of ethyl vinyl 
ether, 3-methoxypent-2-ene (Z + E ) ,  a mixture of 2- 
methoxy-3-met hylbut -1-ene and -2-ene, 1 -methoxycyclo- 
hexene, or-methoxy- or p-methoxy-styrene. The failure 
of this reaction with enol ethers, other than those de- 
rived from 2,2-dialkylacetaldehydes, is consistent with 
the intermediacy ot an alkoxycarbenium ion (3). This 
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ion may initiate polymerisation of the vinyl ether 
(particularly if unhindered) or it may suffer deproton- 
ation to a new enol ether which can, in turn, undergo 
polymerisation or further alkylation. Recently repor- 
ted successful transformations of this type involve 
Lewis acid-catalysed reactions of chloromethyl methyl 
sulphide with vinyl silyl ethers. 

A number of methylthiomethylations and related 
reactions of aromatic systems have been r e p ~ r t e d . ~  
While many of these involve intramolecular reactions of 
activated aromatic systems, two report intermolecular 
Lewis acid-catalysed reactions of chloromethyl methyl 
sulphide 4e and of methylthiomethyl We 



307 1 

have found that the combination, methylthiomethyl 
acetate-boron trifluoride-diethyl ether, achieves this 
reaction for certain activated aromatic compounds. 
Thus, anisole gave mainly $-met hy I t  hi omet h ylanisole 
along with some 9-methoxybenzyl acetate. A similar 
(lH n.m.r.) product mixture was obtained by heating 
anisole with acetic anhydride and dimethyl sulphoxide in 
the presence of the catalyst. Under the earlier con- 
ditions, mesitylene gave a good yield of the monosub- 
stituted product along with some dimesitylmethane. 
Phenol reacted rapidly to gi1.e only viscous polymeric 
material] while toluene and NN-dimethylaniline gave 
little evidence of reaction. Presumably, in the last case 
the catalyst is tied up by the amine. Selective methyl- 
thiomethylation of thiophen, in the 2 position, was 
achieved in reactions involving an excess (7 molar 
equivalents) of thiophen. Alkylation of thiophen usu- 
ally leads to substantial amounts of substitution at both 
the 2 and the 3 positions, possibly because ' highly 
reactive carbonium ions discriminate poorly between u- 
and p-positions ' .5 Interestingly, a-alkylation tends to 
predominate in Mannich-type reactions of thiophen. 
On decreasing the relative amounts of thiophen in the 
reaction mixture, increasing amounts of polysubsti- 
tution occurred. IH N.m.r. spectra of fractions recov- 
ered by preparative t.1.c. are consistent with the presence 
of the 2,5-di-, 2,3,5-tri-, and 2,3,4,5-tetra-substituted 
thiophens. 

Our successful syntheses of the aldehydes (la-c) open 
up routes to a variety of polydentate ligands with quater- 
nary carbon atoms in the backbone since the aldehyde 
groups offer the possibility of facile synthetic elaboration. 
However, since dialdehydes of the type (4) would provide 
e1.m more versatile synthetic intermediates we examined 
the possibility of adapting the methylt hiomet hylation 
reaction of enol ethers for the production of such species. 
Indeed this has pro\Ted possible, and the resulting dialde- 
liycle (4) has been converted into three useful polydentate 
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ligands, namely, the dioxime (5) ,  the diamine (6), and the 
macrocycle (7). 

Oxidation of 1 -ace t oxy- 1 -methoxy-2,2-dimethyl-3- 
methylthiopropane (2) with m-chloroperbenzoic acid in 
methylene chloride afforded the corresponding sulphoxide 
(8), which was characterized as the oxime (9) of the de- 
rived aldehyde (10). The sulphoxide (8) was then 
heated with acetic anhydride and methyl isobutenyl 
ether in the presence of boron trifluoride-diethyl ether. 
The disappearance of (8) and the enol ether was readily 
monitored by 1H n.m.r. spectroscopy. Hydrolysis of the 
reaction mixture containing the diacetal (11) afforded 
a good yield of the dialdehyde (4) which was converted 
into the crystalline dioxime (5). The known dinitrile 
(12) and diamine (6) were produced from (5) by succes- 
sive dehydration, with acetic anhydride] and reduction, 
with borane in tetrahydrofuran. Reduction, with the 
same reagent, of the products of condensation of (4) and 
(6), gave a mixture from which the crystalline macro- 
cycle (7) sublimed on heating in vacuo. Reaction of this 
macrocycle with palladium( 11) chloride has given a 
product which is quite soluble both in chloroform and in 
water and which on crystallisation from ethanol has 
analyses consistent with its formulation as PdCl,. (7) .H,O. 
Its structure is under investigation. 

EXPERIMENTAL 

M.p.s were determined with a Kofler hot-stage apparatus. 
lH K.m.r. spectra were recorded with a Varian A-60A or 
T-60 spectrometer for solutions in [2H]chloroform. Micro- 
analyses were performed by Guelph Chemical Laboratories 
Limited, Guelph, Ontario. T.1.c. plates were spread with 
Kieselgel G (Merck). 

Starting Materials.-Methylthiomethyl acetate was ob- 
tained by the method of Horner and Kaiser., Enol ethers 
were obtained commercially (P-methoxystyrene, ethyl vinyl 
ether) or by cracking of acetals as described by House and 
Kramer (1-methoxycyclohexene) or Newman and Van der 
Zwan using acetic anhydride instead of succinic anhydride 
[a-methoxystyrene, a mixture of 3-methoxypent-(E)-2-ene 
and -(Z)-2-ene, a mixture of 2-methoxy-3-methylbut-1-ene 
and -2-ene; in the preparation of these two mixtures colli- 
dine was used in place of pyridine]. 

1 -A cetoxy- 1 -methoxy-2,2-dinzethyl-3-metlzylthiopro~ane (2). 
-A mixture of dimethyl sulphoxide (7.8 g, 0.1 mol), acetic 
anhydride (10.2 g, 0.1 mol) and 1-methoxy-2-methylpropene 
(8.6 g, 0.1 mol) was heated under reffux in the presence of 
boron trifluoride-diethyl ether (0.75 cm3) for 5 h. The 
reaction mixture was stirred with an excess of cold, aqueous 
sodium hydrogen carbonate, extracted with ether, and this 
extract was dried over anhydrous sodium sulphate. Dis- 
tillation of the dried extract a t  the water pump gave 1- 
acetoxy- l-nzetlzoxy-2,2-dimetl~y1-3-vnethylthiopropane (2) (1 6.8 
g, 82%), b.p. 105-106 "C (water pump) ; 6 1.03 (6 H, s, C- 
iwe's), 2.13 (6 H,  s, OAc + S-Me), 2.58 (2 H, s, S-CH,), 3.45 
(3  H, s, 0 -Me) ,  and 5.68 (1 H, s, CMe,CH) (Found: C, 
52.3; H, 8.7; S, 15.75. C,HI8O3S requires C, 52.36; H,  
8.81; S, 15.540/,). This compound was hydrolysed by 
stirring it at ambient temperature for 24 h with aqueous 
sulphuric acid (2 mol dm-3) to give the known aldehyde 
(la) [b.p. 65 "C (water pump); lit.,, value 65-75 "C (16 
mmHg)l. 
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2-ButyZ-2-ethyZ-3-methyZthiopropanaZ (lb) .-A mixture of 

dimethyl sulphoxide (7.8 g, 0.1 niol), acetic anhydride (20.4 
g, 0.2 mol), and 2-ethyl-1,l-dimethoxyhexane 10 (17.4 g, 
0.1 niol) was heated in an  oil-bath a t  100 "C for 5 h with 
boron trifluoride-diethyl ether (0.75 cm3). The resulting 
mixture was stirred with an  excess of aqueous sodium 
hydrogen carbonate and extracted with ether. The ether 
was evaporated and the residue hydrolysed by stirring i t  a t  
ambient temperature for 72 h with aqueous sulphuric acid 
( 2  mol dm-3) to  give 2-butyZ-2-ethyl-3-methyZthiopropanaZ ( lb )  
(8.4 g, 45%), b.p. 112-116 "C (water pump); 6 0.5-2.0 
(14 H, complex m, n-C,H, + C,H,), 2.13 (3 H, s, S-Me), 2.75 
( 2  H, s, S-CH,), and 9.25 (1 H,  s, CHO) ; it  was characterised 
as the 2,4-di?.t i trophenyl~~~drazone, m.p. 126-128 "C ex 
dichloromethane-methanol (Found: C, 52.35; H, 6.65; 
TJ, 15.25. C,,H,,N,O,S requires C, 52.13; H,  6.58; N, 
15.21y0). 

2,2-Dieth~Z-3-methyZthiopropanal (lc) .-The reaction of 
2-ethyl-1,l-dimethoxybutane (14.6 g, 0.1 mol) was carried 
out as described above except that  the reaction product was 
poured directly into the aqueous sulphuric acid. Distill- 
ation of the ether extract from the hydrolysis gave 2,2-  
diethyl-3-methyZthiopropana1 (lc) (7.7 g, 48%), b.p. 87- 
91 "C (water pump); 6 0.86 (6 H,  t, C-Me, J 7 Hz), 1.67 (4 H,  
q, Me-CH,, J 7 Hz), 2.15 (3 H, s, S-Me), 2.75 ( 2  H, s, S-CH,), 
and 9.60 (1 H,  s, C H O ) ;  i t  was characterised as the 2,4- 
dinitrophenylhydrazone, m.p. 148-149 "C. ex dichlorome- 
thane-methanol (Found: C, 49.4; H, 5.95; N,  16.45. 
C,,H,,N,O,S requires C, 49.36; H, 5.94; N, 16.47%). 

Reactions of Other EnoZ Ethers.-The enol ether (0.1 mol) 
was heated a t  80--120 "C in the presence of boron trifluoride- 
diethyl ether (0.75 cm3) with either methylthiomethyl 
acetate (0.1 mol) or dimethyl sulphoxide-acetic anhydride 
(0.1 mol each). Monitoring by 1H n.m.r. in all cases showed 
peaks attributable to the presence of an  appreciable amount 
of methylthiomethyl acetate although all of the enol ether 
had been consumed. The reaction mixtures were stirred 
with an excess of cold, aqueous sodium hydrogen carbonate 
and extracted with ether. Attempted distillation (water 
pump) of the dried (anhydrous sodium sulphate) extracts 
gave only small amounts of distillate, which appeared 
complex (lH n.m.r. and analytical t.1.c.) and were not 
examined further. In  general a considerable amount of 
non-distillable residue remained in the distillation flask. 
Similar results were obtained when the enol ethers were 
added dropwise to  the reaction mixture at various temp- 
eratures. 

Reaction with Anisole.-A mixture of anisole (14.5 g, 0.13 
mol), methylthiomethyl acetate (16.0 g, 0.13 rnol), and 
boron trifluoride-diethyl ether (0.75 cm3) was heated a t  
100 "C for 3 h. Work-up involved stirring with an excess of 
aqueous sodium hydroxide ( 2  mol dm-3), extraction into 
ether, and distillation (water pump) of the dried extract. 
This gave fractions, b.p. 40-42 "C (4.8 g) and 130-150 "C 
(9.2 g) and a substantial residue in the distillation flask. 
Preparative t.1.c. (toluene) of a portion (520 mg) of the 
higher boiling fraction gave ('H n.m.r. and mass spectro- 
scopy) p-methylthiomethylanisole 11J402 mg) [contamin- 
ated with a minor amount (< 10%) of what appeared to  be 
(1H n.m.r.) the ortho-isomer] and p-methoxybenzyl acetate 
(107 mg) . The lower-boiling fraction, which contained 
anisole and bis(methy1thio)methane (lH n.rn.r.), gave more 
p-methylthiomethylanisole on heating with a few drops of 
boron trifluoride-diethyl ether a t  100 "C. 

Reaction with MesityZene.-Reaction of mesitylene (12.0 g, 

0.1 mol) with methylthiomethyl acetate (1 2.0 g, 0.1 mol) and 
work-up, as described above for anisole, gave 2,4,6-trimethyl- 
(methylthiomethy1)benzene 4e (1 1.9 g, 66%), b.p. 128- 
131 "C [water-pump; li t . ,4e value 90-91 "C (1 inmHg)!. 
Trituration of the distillation residue with acetone gave 
slightly impure (lH n.ni.r.), crystalline dimesitylmethane 1 2  

(800 mg), m.p. 128-134 "C after recrystallisation from 
toluene-ethanol followed by sublimation (lit. ,12 value 129- 
130 "C). 

Reaction with Phenol.-No perceptible reaction occurred 
('H n.m.r.) when a mixture of phenol (1.88 g, 0.02 rnol), 
inethylthiomethyl acetate (2.40 g, 0.02 mol), and boron 
trifluoride-diethyl ether ( 5  drops) was kept a t  ambient 
temperature for 20 h. At 120 "C the methylthiomethyl 
acetate was consumed in less than 1 h with the formation 
of a syrup (probably a phenol-formaldehyde polymer) that  
would not dissolve in deuteriochloroform. 

Attempted Reaction with ~'N-Dzmethyln?.iiZine.-~o per- 
ceptible reaction occurred ('H n.m.r.) when a mixture of 
NN-dimethylaniline (5 cm3), niethylthiomethyl acetate 
(0.6 g), and boron trifluoride-diethyl ether (5 drops) was 
heated a t  100 "C for four days. 

Reaction with Thiophen.-A mixture of thiophen (1 1.8 g, 
0.14 mol), niethylthiomethyl acetate (2.4 g, 0.02 mol), and 
boron trifluoride-diethyl ether (4 drops) was heated to 80 
"C for 50 min by which time the acetate had been consumed 
(lH n.m.r.). Work-up as before and distillation gave 2- 
methylthiomethylthiophen l3 (1.4 g, 49y0), b.p. 104-106 "C 
[water pump; lit.,13 value 101-103 "C (15 mmHg)]. 
When the reaction was repeated using thiophen (1.7 g, 0.02 
mol) and methylthiomethyl acetate (4.8 g, 0.04 mol) a t  
80 "C for 90 min a mixture of products was formed. Prepar- 
ative t.1.c. (benzene-hexane; 1 : 3) of this material gave, in 
order of increasing polarity, 2-methylthiomethylthiophen 
(1 3% of plated material), 2,5-bis(~neth~~ltkiomet~~~l) tk iopt ien 
[260//0, 6 2.0 (6 H,  s, S-Me's), 3.8 (4 H, s, S-CH,'s), and 6.7 
(2 H, s, aromatic H's )  ; &If 204.0097 (calc. 204.0101)], and 
a more-polar fraction (31 yo). The last was rechromato- 
graphed (benzene-hexane ; 1 : 1) and gave 2,3,5-tris(methyl- 
thiomethy1)thiophen [6 2.05 (3 H ,  s, S-ive), 2.09 (3 H, s, 
S-Me), 2.12 (3 H, s, S-Me), 3.65 (2  H ,  s, S-CH,),  3.83 ( 2  H, s, 
S-CH,), 3.86 (2 H, s, S-CH,), 6.88 (1 H, s, aromatic)], and 
2,3,4,5-tetrakis(methylthioniethyl)thi~plien [S 2.10 (6 H, s, 
S-Me's),  2.13 (6H, s, S-Me's), 3.83 (4 H, s, S-CH, 's) ,  and 3.88 
(4 H, S, S-CHZ's)]. 

1 -A cetoxy- l-methoxy-2,2-dinaethyZ-3-nzetkylsulplzin3,1- 
propane (8) .-A solution of m-chloroperbenzoic acid (85%, 
43.0 g, 0.20 mol) in dichloromethane (500 cm3) was added 
dropwise to a solution of (2) (41.2 g, 0.20 mol) in dichloro- 
methane (100 cm3) with ice cooling. On completion of 
dd i t ion  (4 h) ,  the reaction mixture was stirred overnight a t  
room temperature. The mixture was neutralised with 
aqueous sodium hydrogen carbonate and the dichloro- 
methane layer separated, dried (anhydrous sodium sulph- 
ate), filtered, and evaporated to give the oily sulphoxide (8) 
(54.5 g) which was characterised as the oxime (9), m.p. 116- 
120 "C, ex. hexane-ethanol, 6 1.27 (3 H, s, C-;2.i'e), 1.32 (3 H, 
s, C-Me), 2.60 (3 H ,  s, S-Me), 2.90 ( 2  H, s, S-CH,),  7.27 (1 H, 
s, N=CH), and ca. 8 (1 H,  br s, N-OH) (Found: C, 44.35; 
H, 8.25; N, 8.9. C,H,,NO,S requires C, 44.15 ; H, 8.05 ; S, 
8.6%). 

2,2,6,6-TetramethyZ-4-t~iiaheptaner(ial (4) .-The crude 
sulphoxide (8) (54.5 g) was heated to ca.  100 "C for 50 min 
with methyl isobutenyl ether (18.1 g, 0.21 mol), acetic anhy- 
dride (20.4 g, 0.20 rnol), and boron trifluoride-tfiethyl ether 
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(0.75 cm3) after which the 1H n.m.r. spectrum revealed coni- 
plete consumption of the en01 ether. Dilute sulphuric acid 
(200 cm3, 1 mol tlm 3, wasatldecl to the mixture xvhich was then 
stirred vigorously a t  room temperature for 2 days. It was 
then neutralisecl lvith sodium hydrogencarbonate, extracted 
with diethyl ether ( 3  x 100 cni3), dried (anhydrous sodium 
sulphate) , filtered, and evaporated to give crude dialdehyde 
(4) (35.8 g ) ,  S 1.20 (12 H, s, C - M e ) ,  2.67 (4 H, s, S-CH,),  and 
9.42 (2 H, s ,  C H O ) ,  which on Kugelrohr distillation (60- 
80 "C, 5 x 

The dialdehyde was characterised as the dioxime (5), 
which was prepared as follows. The crude dialdehyde (20.2 
g) was heated with hydroxylamine hydrochloride (13.9 g, 
0.20 niol) and sodium acetate trihydrate (27.2 g, 0.20 mol) 
in methanol-water ( 1  : 1, 150 cm3) under gentle reflux for 
2 11 ancl then stirred overnight a t  room temperature. The 
solvent was evaporated, and water was added to the residue. 
Extraction with diethyl ether (2  x 100 cm3), drying, filtr- 
ation, antl evaporation of the solvent gave the crude dioxime 
(21.4 g). A small sample of this material was subjected to 
preparative thin-layer chromatography (2% metlianol- 
dichlorometliane) and then crystallisation from diethyl 
ether-pentane to give pure dioxime ( 5 ) ,  m.p. 65-66 OC, 6, 
1.20 (12 H, s, C - M e ) ,  2.63 (4 H, s, S-CH,),  7.30 (2  H, s, 
N=CII) ,  ancl ca. 8 (2 H, br s, 011) (Found: C,51.95; H, 
8.75;  N, 12.35. CI,H,,,X20,S requires C ,  51 .7 ;  H, 8 .7 ;  N, 
12.05%). 

2,2,6,6- Tetvanaetliyl-4-thial~eptanedi?zitrile (1  2) .-The crude 
dioxime was treated with acetic anhydride (20.4 g) a t  20 OC, 
whereupon an exothermic reaction occurrecl. The mixture 
was then heated to 80 " C  for 1 11, after which time lH n.m.r. 
revealed complete consumption of the dioxime. The acrtic 
acicl was evaporated a t  the water pump and the crude 
dinitrile distilled under reduced pressure ( 1  Torr) to give an 
impure fraction (b.p. 120-135 "C; 10.7 g) which was crys- 
tallisetl from tolueiie-liexane to give the pure dinitrile [6.7 g, 
30"~1  overall from (2)],  m.p. 67-68 " C  (l i t . ,6 m.p. 66 T), 6 
1.48 (12 H, s, C-,lle) and 2.92 (4 H, s, S-CH,).  

solution of borane in tetrahydrofuran ( 1  mol 150 mi3) 
was adtletl in one portion to  an ice-cooled solution of (12)  
( 1 0 . 6  g,  0.054 niol) in tetrahydrofuran (50 cni3) under nitro- 
gen. The solution was allo\vetl to come to room tempera- 
ture and was then stirred overnight; methanol and then 
water were added to decompose tlie excess of borane. The 
resulting mixture was hydrolysed in dilute hydrochloric 
acid ( 1  niol dni 3, 250 cm3) for 2 days a t  room temperature 
and then evaporated to small bulk on the rotary evaporator. 
Trcatnient with sodium l~ydroxide ( 5  mol ~ l n i - ~ )  and estrac- 
tion into diethyl ether yielded the known diamine (6) (9.9 
g, 89.9%), 6 0.97 (12 H, s, C-lZle), 1.35 (4 H, br s, hTH,), and 
2.52 and 2.56 (8 H, overlapping singlets, S-CH, and S- 
CH,). Addition of hydrochloric acid (6 mol 100 ~111~) 

and evaporation gave the dihydrochloride which was taken 

Torr) gave a purer sample (14.8 g). 

2,2,0,6-Tetvnmeth~l-4- t lz ia-1,7- l ie~tane~in~~zi~e (6) .-ll 

u p  in hot absolute ethanol from which it precipitated as a 
granular solid on cooling. 

3,3,7,7,11,1 l , l f i , l 5 -Oc ta~ i ze t l i y l -1 ,9 -~~ i~ l i za -5 ,13 -d i~zac~~~lo -  
Iiexadecnne (7 )  .-To a niisture of the dihyclrochloride of (6) 
(0.277 g, 1 mmol) and anhydrous sodium carbonate ( 1 . 1  g) in 
tliclilorometliaIie (30 cm3) was added a solution of tlie dialde- 
hyde (4) (0.210 g, 1.05 mmol) in the same solvent ( 5  cm3). 
This mixture was stirred for 2 days a t  room temperature, 
filtered, and the solvent evaporated. The residue was 
dissolved in tetrahydrofuran and treated with borane in 
tetrahydrofuran ( 1  mol dm-3; 5 cn?) a t  ice-bath tempera- 
ture under nitrogen. This solution was allowed to come to 
room temperature and stirred overnight. The excess 
borane was then decomposed with methanol and water, the 
solvent evaporated ancl dilute hydrochloric acid added ( 1  
mol 100 an3). ,After being stirred for 2 days, the 
mixture was neutralized with aqueous sodium hydroxide 
antl tlie product recovered by extraction with diethyl ether. 
The crude iizacvocycle (7) was sublimed (Kugelrohr, 90- 
115 " C ,  5 x lop3 Torr; 0.179 g, 47.3%).  An analytical 
sample was crystallised from methanol-diethyl ether and 
had n1.p. 110--114 "C,  6 0.95 (24 H, s ,  C - M e ) ,  2.34 and 2.50 
(both 8 H, s, S-CH,  and S - C H , )  (Found: C,63.8;  H, 11.15; 
N, 7.6.  C,,H,,N,S, requires C, 64.1; H, 1 1 . 3 ;  N, 7 . 5 % ) .  
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