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406 (molecular ion); pmr (DAISO-dj) N 6 2.36 (s, 3, CHs), 
2.43 (s, 3, CHS), 2.8-3.8 (pair of triplets, 4, NCHBCHZN), 3.22 
[s, 2, NCH:C(X)<], 5.1 (d, 2, >CHz), 7.1-7.7 (ni, 8, aromatic 
CII).  Anal .  Calcd for C I ~ H ~ ~ N Z O & :  C, 56.14; H,  5.45; 
?;, 6.89. Found: C, 56.2%; H, 5.27; N,6.70. 

The structure assigned to the previously described4 Z-piper- 
azinemethanethiol hydrobromide (7a) was confirmed *by pmr 
(DZO, DSS internal standard) data: -6 2.8-3.2 (m,  2, CHBS), 
3.1-4.1 (m, 7, NCH). 

Registry No.-5, 36748-77-3; 7a, 36748-78-4; 8, 
36748-79-5. 
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We report here a new high yield procedure for the 
preparation of thiocyanogen and thiocyanates, and the 
use of this procedure to synt'hesize three nehy halo- 
alkylene bisthiocyanates. 

The procedure consisted of the use of a two-solvent 
system (water and water-immiscible hydrocarbon) for 
thc reaction between a thiocyanate salt and a halogen. 
The thiocyanogen formed in t'he aqueous phase was 
ext'ract'ed into the hydrocarbon phase. With sodium 
thiocyanate and chlorine as tjhe reactants, and toluene 
as the hydrocarbon solvent, S5-90% yields of thio- 
cyanogen were routine. The thiocyanogen solution, 
after physical separation from t'he water phase and 
sodium chloride and without drying, could be used 
immediately or stored at' reduced temperat'ure for 
subsequent use. 

The efficacy of this procedure was undoubtedly due 
to the presence of the wat'er-immiscible phase during 
the generation of thiocyanogen, which ext'racted and 
preserved the' thiocyanogen as it' was formed. Until 
now, anhydrous conditions were generally considered 
t'o be essential for the satisfactory preparation of 
thiocyanogen. Although aqueous systems (without 
a water-immiscible phase) have been tried, the con- 
versions t,o t'hiocyanogen were not 

hIany well-known react'ions of thiocyanogen have 
become economically feasible as a result' of the two- 
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solvent procedure, which depends on sodium thio- 
cyanate and chlorine rather than the customary silver 
or lead thiocyanate, and bromine. 

Also, a previously unknown reaction, the synthesis 
of haloalkylene bisthiocyanates,8 has been carried out 
for the first time. The fluoro, chloro, and bromo 
analogs (l), crystalline solids with pungent odors, were 
prepared in good yield by the addition of thiocyanogen, 
prepared by the two-solvent procedure, to the corre- 
sponding vinyl halides, with diisopropyl peroxydi- 
carbonate as the catalyst. Earlier attempts to add 
thiocyanogen to vinyl bromide and other halogenated 
olefins had been unsuccessful. 

XCHSCN 

AHa8CN 
1, X = F, C1, Br 

Experimental Sectiong'1O 

Preparation of Thiocyanogen Solution.-rlddition of 28.9 g 
(0.407 mol) of gaseous chlorine beneath the surface of a well- 
stirred mixt'ure of 379 g of toluene, 50 g of water, and 64.9 g 
(0.800 mol) of sodium thiocyanate over a period of 1 hr with the 
temperature at 2-8' gave a mixture of yellow toluene layer and 
wet sodium chloride. After filtration, toluene wash of t,he cake, 
and physical separation of the water layer, 475 g of the upper 
toluene phase was obtained, containing 42.6 g of thiocyanogen, 
a 90% yield (iodimetric assay). The yellow solution, although 
wet, was moderately stable a t  reduced t,emperature. Thus, in 
17 hr at 0-2', the concentration of such a thiocyanogen solution 
fellfromO.Ai to 0.,54A7. 

Chloroethylene Bisthiocyanate (CET1.-To all of the above 
thiocyanogen solution at 0-<3' was added the catalyst solution, 
2.15 g (0.0104 mol) of diisopropyl peroxydicarbonate (PPG 
Industries, Inc.) in 13 g of toluene. After the apparatus was 
flushed with nitrogen, 28.6 g (0.437 mol) of vinyl chloride was 
added as a gas beneath the liquid surface at, 0-5". The solution 
was heated to :io" in 15 niin and held at 50-57" for 2 hr. An 
exotherm lasting 20 min raised the temperat,ure from 50 to 37". 
Iodimetric titration showed that less than 2% thiocyanogen re- 
mained. The slurry was filtered to remove parst,hiocyanogen . 
The yellow filtrate contained 1 g of CET, a 777, overall yield 
based on sodium thiocyanate. 

Crystalline CET was recovered by removing the toluene sol- 
vent at reduced pressure, mp 46-46.5" (from ethanol). It was 
soluble in cold methanol, acetonitrile, methylene chloride and 
benzene, and hot ethanol, and difficulty soluble in hot water and 
petroleum ether (bp 30-60"). 

Anal .  Calcd for CtHICIN&: C, 26.89; H, 1.69; S,  1.5.68; 
S, 35.89; C1, 19.85. Found: C, 27.00; H, 1.60; N, 15.84; 
S, 35.84; C1, 19.13. 

Bromoethvlene Bisthiocvanate (BET) .-BET was ureuared in 
707, overalf yield by t,he addition of 62.9 g (0.59 mbl) Aof vinyl 
bromide to the same quantity of catalyst-containing thiocyano- 
gen ,solution as above, followed by heating for 1 hr at 3,3-37', 
filtration, and removal of i?olvent, mp 43.5-44' (from ethanol). 

Anal .  Calcd for CtH8BrX&: C, 21.53; H ,  1.35; Br, 
35.82; S,  12.56; S, 28.74. Found: C, 21.73; H,  1.2!5; Br, 
36.19; N, 12.58; S, 28.45. 

Fluoroethylene Bisthiocyanate (FET).-In order to contain 
the volatile vinyl fluoride, the reaction was carried nut in an 
autoclave, within a glass liner. Excess vinyl fluoride (14.7 g, 

(8) Although the preferred Chemical Abstracts name for such a compound 
is haloalkylene thiocyanate. there is some precedent for either bis- or di- as  a 
multiplying prefix (K. L. Loening, Chemical Abstracts Director of S o m e n -  
clature, private communication). 

(9) .All melting points are corrected. The ir spectra were recorded on a 
Perkin-Elmer Model 521 spectrophotometer. The nmr spectra were run  on 
both the Varian A-60 and HA-100 instruments. The  U Y  spectrum was re- 
corded with a Cary 14 spectrophotometer. 

(IO) Thiocyanogen has been characterized as "probably highly toxic," 
See N.  Irving Sax, "Dangerous Properties of Industrial Materials," 3rd ed, 
Reinhold, Ken. York, N.  Y. ,  1968, p 1160. KO difficulty was experienced i n  
this work, bu t  the toluene solution of thiocyanogen should be considered 
irritating to  the  skin, and highly irritating to  the eye. 
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0.32 mol) was added as a liquid to 190 g of frozen benzene solution 
containing 14.5 g of thiocyanogen and 0.8 g of catalyst a t  -80". 
After heating for 2 hr a t  40-54", under a nitrogen pressure of 
62.5 psi, venting, and removal of solvent, the residue was extracted 
with methvlene chloride to provide a 5757 overall yield of crvstal- 
line FET, mp 35.5-36" (fron? ethanol). 

Anal .  Calcd for CaH3FS2S2: C, 29.62; H, 1.86; F,  11.71; 
N, 17.28; S, 39.j3. Found: C, 29.65; H, 1.57; F, 11.4; 
K, 17.08; S, 39.19. 

Soectra.-The three haloalkvlene bisthiocvanates had mostlv 
simiiar ir spectra with the following bands in common: 2900 (sf, 
2130-2160 (s, sharp)," 1415-142.7 (SI, 1245 (s), 1150 (in), 
900 (s),  and 408 cm-1 (w) .  Distinctive bands were seen at 
1300 (m), 1010 (m),  and 632 em-' (m) for FET, 702 cm-l im) 
for CET, and 660 cm-' (m)  for BET. 

GET had a weak absorption band in the near-ultraviolet region 
[w3 151 (in methanol)]. 

The nmr specira were all consistent with the proposed struc- 
tures. For BET and CET, the CH2s were equivalent, giving 
only a doublet; FET showed an extra 
coupling from the fluorine, so that the CH was a doubled triplet, 
and the CH2 showed a slight nonequivalence. The CH and CH, 
peak positions and CHCHz couplings (absolute values) were as 
follows: BET, d 5.27, 3.79 ( J  = 7.0 Hz) ;  CET, 6 j.36, 3.70 
( J  = 6.7 Hz) ;  PET, 6 6.10, -3.63 ( J  = 6.0 Hz). In addition, 
for FET the CHF coupling was 47.2 Hz. 

Registry No. -Thiocyanogen, 503-14-6; CET, 24659- 
59-2; BET, 26799-59-7; FET,  26799-60-0. 
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the CH was a triplet. 

(11) Organic thiocyanates (RSCN) show a medium-strong sharp ir hand 
a t  2170-2136 cm-1 caused by the C E N  stretch vibration. Organicisothio- 
cyanates (RKCS) have a very strong broader ir  band a t  2160-2050 cm-1 
caused by the out-of-phase N=C=S vibration. See N. I3. Colthup, L. H. 
Daly,  and S. E. Wiberley, "Introduction to  Infrared and Raman Spectros- 
copy," Academic Press, Xew York, K. Y . ,  1964, p 201. 
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oxidation has been reported by D a v i d  to afford only 
exo- 2- methylsulfonylbicyclo [2.2.1 ]heptane. 

The ambient temperature reaction of methyl vinyl 
sulfone (1)5 with cyclopentadiene (2) was monitored by 
means of nmr, and the formation of two cycloadducts 3 
and 4 was observed. Chromatography on silica gel 

+n- 
2 
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1 

S02CHl H 
3 4 

afforded pure samples of each isomer. In accord with 
the endo rule6 and on the basis of chemical shift data, 
the structure of the major cycloadduct, mp 55-53.5", 
was assigned t o  the er~clo-methylsulfonyl isomer 3. The 
-S02CH8 nmr absorption of 3 is observed at  a higher 
field than the corresponding absorption of the minor 
cycloadduct 4, mp 41.5-42.5'. The shielding of endo 
protons or of protons attached to endo functional 
groups in bicyclo [2.2.l]hept-2-enes and inversely the 
deshielding of exo protons or of protons attached to exo 
functional groups are well-recognized p h e n ~ m e n a . ~  
Holyever, care should be taken to ensure that these 
effects are due predominantly to the anisotropy of the 
double bond and not to that of the b-8 CT bond.s Thus, 
removal of the double bond by hydrogenation should 
result in a downfield shift for the enclo-methylsulfonyl 
hydrogens and an upfield shift for the ezo-methyl- 

\ 
S02CHj 
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In  the course of another problem2 a need arose for 
relatively largc quantities of the Diels-Alder adducts of 
methyl vinyl sulfone and cyclopentadiene and the cor- 
responding dihydro derivatives and for a knowledge of 
the respective stereochemistries in each series. The 
methyl vinyl sulfone-cyclopentadiene reaction was in- 
vestigated previously by Snyder,3 but mention was 
made only of one adduct isomer, mp .55-56', and no 
data or speculation concerning its stereochemistry 
xere reported. Also, the addition of methyl mer- 
captan to norborncne followed by hydrogen peroxide 
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sulfonyl hydrogens.7 The expected chemical shifts 
were indeed observed as can be seen in Tablc I. Fur- 
ther confirmation of the above structural assignments 
was obtained by comparison of the ezo-methylsulfonyl 
isomer 6 with authentic material.4 The two sulfones 
were identical in all respects. 
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