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for a day, t'le product mas precipitated by twofold dilu- 
tion with water, filtered, and washed with 2 x 1.5 ml of 
ice-cold ethanol and 2 x 2 ml of water. In runs 8,23, and 
32 the crude products mere strongly contaminated mith 
high melting green~sh illaterlals and were not easy to 
purify. These by-products are obtainable alone from the 
mixture of aldehydes and ketones so that they are not 
self-condensation products. 
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Dialkyl phosphorothioic acids (1) in benzene solution and in the presence of a tertiary amine react 
with cyanogen bromide to forin the corresponding dialkyl phosphoroisothiocyanatidates (2). Under 
the reaction conditions these are partially decomposed to yield the alkylthiocyanates (3) and the alkyl- 
metaphosphates (4). 
Canadian Journal of Chemistry, 47, 1258 (1969) 

Several years ago Schrader obtained a German 
patent (1) for the preparation of thiophosphoryl- 
carbimides by the action of cyanogen bromide 
on 0,O'-dialkyl tl~ionophosphoric acids. Al- 
though Schrader refers to the products as thio- 
carbimides and writes the structure as containing 
a P-N=C=S linkage, no evidence is presented 
which either supports the proposal, or excludes 
the presence of a P-S-CGN type linkage. In 
the present work the reaction of cyanogen 
bromide with dialkyl phosphorothioic acids (1) 
has been studied under conditions similar to 
those used by Schrader with the resulting forina- 
tion of the dialkyl phosphoroisothiocyanatidates 
(2)  

When diethyl phosphorothioic acid (la) in 
benzene solution and in the presence of triethyl- 

amine is treated with cyanogen bromide, a 
violent reaction occurs attended by a series of 
color changes (yellow-green-red-brown) and 
the forlnation of a precipitate. Upon removal of 
the precipitate (triethylamine hydrobromide) and 
the solvent, ethylthiocyanate (3a), a nondistill- 
able viscous liquid, presumably ethylmetaphos- 
phate (4a), (soluble in benzene and carbon 
tetrachloride) and diethyl phosphoroisothio- 
cyanatidate (2a) are isolated. Considering the 
decomposition material isolated, the primary 
reaction of diethyl phosphorothioic acid with 
cyanogen bromide proceeded to the extent of at 
least 60 %. 

The formation of ethylthiocyanate was con- 
firmed by comparison of infrared (i.r.) and 
nuclear magnetic resonance (1i.m.r.) spectra with 
those of an authentic sample prepared by the 
action of potassium thiocyanate on ethyl iodide 
in acetone solution. 

The structure of the viscous residue was 
deduced as ethylmetaphosphate (4a) from its 
n.m.r. spectrum (symmetrical triplet at 1.42 6, 
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J = 7 c.P.s., area of 3 protons; quintet centered 
at 4.23 6, J = 7 c.p.s., area of 2 protons)' and its 
i.r. spectrum which exhibited a phosphoryl band 
a t  1297 cm-' (calculated position: 1308 cm-') 
(2). The diethyl phosphoroisothiocyanatidate 
structure (2a) was assigned to the remaining 
product after comparison of its spectral and 
chemical properties with those of an authentic 
sample prepared by a modification of the 
method of Kulka (3,4) in which potassium thio- 
cyanate in acetone solution was allowed to react 
with diethyl phosphorochloridate. Kulka (3) has 
shown the compound prepared under his experi- 
mental conditions to contain the P-N=C=S 
linkage by its formation of a thiourea in reaction 
with a secondary amine. Likewise, the material 
(2a) reacted violently with secondary amines 
even at 0'. 

The i.r, spectrum of the compound prepared 
by both routes were identical exhibiting a broad 
band at 2005 cm-' with a strong shoulder at 
2065 cm-l. This type of absorption has been 
noted (5) for -N=C===S linkages as opposed to 
the sharp bands for -S-CEN systems. Also, 
both exhibited a phosphoryl band at 1290 cm-' 
and had identical n.m.r. spectra (symmetrical 
triplet at 1.42 6, J = 7 c.p.s., area of 3 protons; 
multiplet centered at 4.20 6, area of 2 protons). 

The diethyl phosphoroisothiocyanatidate is 
presumably the primary reaction product which 
undergoes subsequent decomposition under the 
reaction conditions to yield ethylthiocyanate 
(3a) and ethylmetaphosphate (4a). This de- 
composition route has previously been observed 
for the compound (3). Indeed, further heating of 
the compound (2a) isolated from the cyanogen 
bromide reaction yielded additional ethylthio- 
cyanate and ethylmetaphosphate. 

Similarly, upon treatment of dibutyl phos- 
phorothioic acid (16) with triethylamine and 
cyanogen bromide, butylthiocyanate (3b), butyl- 

'All positions given relative to tetramethylsilane ob- 
served on a Varian A-60A instrument purchased under 
NSF Grant GP6926. 

metaphosphate (4b), and the dibutyl phosphoro- 
isothiocyanatidate (2b) were obtained. 

Butylthiocyanate (3b) was identified by com- 
parison of i.r. and n.m.r, spectra with those of 
an authentic sample prepared as above in the 
ethyl case. 

The butylmetaphosphate (46) was identified by 
its n.m.r. spectrum (triplet centered at 1.05 6, 
J = 6 c.p.s., area of 3 protons; multiplet 
centered at 1.63 6, area of 4 protons; multiplet 
centered at 4.13 6, area of 2 protons) and the 
position of the phosphoryl band in its i.r. 
spectrum (1298 cm- I). 

As with the ethyl case, the dibutyl phosphoro- 
isothiocyanatidate (2b) structure was assigned on 
the basis of its spectral and chemical properties 
compared with those of an authentic sample 
prepared by a modification of the method of 
Kulka (3, 4). Both materials in the i.r. spectrum 
exhibited a phosphoryl band at 1285 cm-I and 
a broad band at 2002 cm-I with a strong 
shoulder at 2065 cm-'. The n.m.r. spectrum 
showed a triplet centered at 1.05 6, J = 6 c.p.s., 
area of 3 protons; a multiplet centered at 1.57 6, 
area of 4 protons; and a multiplet centered at 
4.04 6, area of 2 protons. 

A mechanism analogous to that proposed by 
Douglas and Burditt (6) for the reaction of 
cyanogen bromide with salts of aliphatic acids is 
presumed to be operating here as shown in the 
following reaction: 

Experimental 
Reagents 

The dialkyl phosphorothioic acids used were prepared 
according to the method described by Hoffmann et al. 
(7, 8). The cyanogen bromide was commercial material 
(Aldrich) and was used without further purification. 
Benzene solvent was dried by storage over sodium metal. 

The Reaction of CJ anogen Bron~irie ~ i t h  Diethyl 
Pi~osphororhioic Acid 

To a stirred solution of 4.60 g (0.037 mole) of diethyl 
phosphorothioic acid and 3.71 g (0.037 mole) of triethyl- 
amine in 30 ml of benzene cooled in an  ice bath, uas  
added dropwise, over a period of 1 11, 3.93 g (0.037 mole) 
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of cyanogen bromide, dissolved in 30 in1 of benzene. The 
reactioli !nixture was al!o\\cd lo collie lo  room temper- 
ature ol-er a period of I +  li, ai'icl- cornpletion of the  addi- 
tion of cyanogen broinide. After ilie precipitate of trj- 
etl~yiamine iiydrobroniitle had been reiiioved by filtration, 
the solLent -as removed using a roiarj evaporator at 
room tenlperature and reduced pressure. Vacuum distil- 
1ati:)n oi" ihc liq~iid resiiii~c yielded i .73 g (CI.OlC liiole. 
28%) of pure dietii>l phosphoroisot!iioe~anatidate and 
0.53 g (0.006 mole, 16')/6) of' ethyltliiocyanate. Also 
recotered %"%as 1.22 g (0.01 1 mole, 31 7 , )  o.f ethylmeta- 
pliosphare. 

Tlic Keucrion of Cycmogeii Broi:lide 11c.iti1 Dih14?j'/ 
P/zo.vpho~orhioic Acid 

To a stirred solution of 10.0 g (0.042 11ioie) of dibutyl 
phospliorotl~ioic acid and 4.3 g (0.042, mcjle) of t r ie th~i-  
aruine in 40 nil of benzene cooled in an ice bath, \+as 
added drop\+ ise, over a period of 1 h,  4.5 g 10.01-2 inole) 
of cyanogen bromide, dissol~ed in 30 m! of benzene. The 
reaction mixture nas  a!lo~$ed to corn- to room temper- 
ature ovcr a period of 2 h, aftcrcor~-~pletion of the addilion 
of cyariogen broniide. After the removal of the trietl1)l- 

aminellydrobromide by filtration thesolvent was removed 
iising a rotary evaporator at room temperature and 
reduced pressure. \7acuuni distillation of the residue 
yielded 2.13 g (0.0085 ii7ole, 20%) of pure dibutyl 
p!iosphoi-oisotl-~iocyanatidate and 0.63 g (0.0055 mole, 
13%) of butyltl~iocyanate. Also recovered was 1.20 g 
(0.0088 mole, 21 :/,I of butylmetaphosphate. 
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Wexahalocy~lspeatadienes~ 1, A reinvestigation of the reaction of 
hexachlorepcj clopen kadiene n ilh flnsro- and chlorosalfonic scids 

R. G. P~nls  
I?-v&occi.Donr ciilrf .21donoi:iei.s Me.sei!i~l~ trrboroti~i:,., Tiie Dew Cl!ci??icnl Co~??pnily. liiciiirlrr/, ?;.ficbignii 48640 

Recei\red August 26, 1968 

The reaction of lie~:acl~loioc:~c~onei~tadiene wiiii chlorosulfonic acid has been reinvestigated and the 
i>rodnc~ fo:~nd by spectral meil~ods io be thecliioio\iilfate ester of~indecac1~:oropentacyclo [5~.3.0.02*G.03~'- 
.0"~~!dccan-5-ol. Wit11 fl~ioi~os~~ifonic acid. the annliigo~is fliioi-os~~ifaic ester is ihrined and not ocrachloro- 
3n.4,7.7ci- te~rai?~~~dro-4-7-r~ict~iai1oindeie--dioc as reported b) McBee and Ne\\comer. A mechanism 
is proposed for tire reaoion. 

b4cBee zm~d ~ ~ i e ~ ~ ! e o m e r  (1.2) have reijoi-ted that 
i~cxachloi-ocyelo~entaciiene (1) ivhen xi!o\: ei: tr: 
react vith chiorosirlfonic acid ;~icideii a con;- 
polL1i~d (m.p, 446-157 ,! of molecuiur f o r n ~ ~ l l n  
6 '~ , l IH20SCI , , ' '  ~vhereas fluoros~~lfonic aciti 
uz~der- similar conditisils gave octachloso-30~4~7.- 
70-tetra kydro-477-met~~ai~~ini1ei1e- ;8-dionc ( 2 ) .  
The fa -mar im (31 of pentacyclo[3.3.0.02~5.0ii9.- 
04'8 J 1 dodecai:-5-one ( 3 )  on i-iydrolysis of 

"C,,W,O,SC!i," siipgests that ti? latter had tile 
same pentacyc:odecar?e ca~.boi: skeieto!~. Fn this 
note ewe report, firstiy: spectral data wi~ictl are in 
agreement1 v:ith the recently reported X-ray 

'X-Xay ci-qstaliogi-al;lric stridies are gei:crail)~ ai-cepted 
as the uliiinate in slructural eliicidations. The ineihod, 
honc\ei-, is !lot inf~ilible. See for esain!>Jes tile boric on 
triphenylene 14), I?-seleniiim (51, and octayl~cn>!ci;bane 
(6)" 

determination (4) of ""C,,H,O,SC?,," as the 
chlorosulfate ester of undecachloropentacyclo- 
[5.5.0.02~6.03.?.04.s] iieca1.i-5-01 (4~1, and second- 
l y ,  results l>vhich show that 1 and fluorosulfonic 
acid yield 4h and not c o n ~ p o i ~ i ~ d  2 as reported by 
McBee and Nei1;comer. 

Tile mass spectrum of 4n shelved a parent peak 
nzle 620 and the 2resence of tircelve cillorine 
atorns. Other ion peaks ~vhich support structure 
40 were found at  7v/e 251 (C,CI ,OL) and nile 451 
(C,,CI,B'). In further support of 40 110 hydro- 
gens were discer~iibie in the nuclear magnetic 
resonance (11.rn.r.) spectrum and the ultraviolet 
spectruill of the con~pound was trailsparent above 
215 mp. In the inri.ared? the syinmetric and anti- 
symmetric stretching vibrations of the suifoaiy! 
group were found at 2431 and 1209 cm-I re- 
spectively. 
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