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Abstract-The oxidative addition of thiocyanogen to triphenylphosphine has been investigated by “P NMR spec- 
troscopy showing the formation of the isothiocyanatophosphonium salt 8. The analogous ieaction between thio- 
cyanogen and afkyl o-phenylene phosphites 7 leads to diisothiocyanatophosphoranes 9. The same products were 
prepared via ligand substitution from the corresponding chlorophosphonium salt 12 and alkyldichlorouphenylene 
phosphoranes 13 by the action of potassium thiocyanate in the presence of IS-crown&ether or more conveniently 
using lead thiocyanate. The phosphonium salt 8 and phosphoranes 9 were employed as convenient novel reagents 
for converting hydroxy groups into thiocyanate and isothiocyanate functions with high stereoselectivity under very 
mild conditions. The efficient synthesis of acylisothiocyanates RCONCS. R:PtO)NCS and R:P(S)NCS via addition 
of thiocyanogen to mixed anhydrides is of special interest. 

The chemistry of halogen addition to u&ordinate 
phosphorus compounds has been the subject of intensive 
investigations over the years since the studies in this area 
were initiated in the nineteenth century. More recently, 
exploratory and mechanistic investigations of those 
reactions have become the targets of detailed “P NMR 
studies.’ In contrast, reactions of pseudohalogens with 
the tricoordicate phosphorus systems were, until our 
present work, a void tield.2 Our expectation was that the 
reactions of P(II1) compounds with pseudohalogens, and 
especially with those containing disulphide redox sys- 
tems might held mechanistic, stereochemical and syn- 
thetic interest. For this reason we initiated exploratory 
studies starting with the classic pseudohalogen, thiocy- 
anogen (SCN)? 1. The oxidative additions of 1 to P(II1) 
compounds gave highly reactive isothiocyanatophos- 
phonium salts 8 and diisothiocyanatophosphoranes 9. At 
the same time these products were found in our studies 
of ligand displacements in the halogenophosphonium 
salts 12 and the halogehophosphoranes 13.* These two 
areas of work became complementary in both structural 
studies and synthetic uses of the products. 

RESULTS AND DECUSSION 

Addition of thiocyanogen to triphenylphosphine and o- 
phenylene alkylphosphites 

The reactions of 1 with dialkyl phosphites 2 and the 
related systems > P(O)H. which lead to the isothiocy- 
anidates 4, have been investigated by Michalski and 
Wieczorkowsk? and reinvestigated recently in this 
laboratory.. 

(RO)$‘(O)H + (SCN), - (RO)>P(O)SCN 
I 3 

F (RO),P(O),P(O)NCS 
4 

It has been demonstrated that this reaction proceeds via 

phosphorothiocyanidates 3 which rearrange into 4 under 
the reaction conditions. 

The reaction of trialkyl phosphites (RO),P with 1 
studied by the same authors has been demonstrated to be 
more complex.’ The major isolated products were 4, 
trialkylphosphorothionates (RO)jP=S and alkyl thiocy- 
anate RSCN 5. Spectroscopic techniques of that time did 
not allow the study of this system in more detail. Using 
the recently developed techniques of low temperature 
FT “P NMR spectroscopy to follow reactive inter- 
mediates we repeated the earlier work and found it 
essentially correct. However, our main efforts were 
directed towards the other models such as tert-phos- 
phines and o-phenylene alkyl phosphites 7. 

Thiocyanogen (SCN& 1 reacts with triphenyl- 
phosphine PhsP 6 and phosphites 7 below the ambient 
temperature. For example 6 and 7 react readily with 1 
even at -85°C. In the liquid nitrogen, however, no 
detectable reaction takes place, making it possible to 
bring the substrates together without reaction. In a typi- 
cal experiment the tricoordinate compounds 6 and 7 were 
dissolved in methylene chloride or ethyl chloride, the 
solution was could in the liquid nitrogen and a small 
excess of the thiocyanogen solution in methylene 
chloride was added. When the temperature was allowed 
to rise to -8YC, the “P NMR spectra indicated the 
formation of isothiocyanatophosphonium salt 8 in the 
case of 6 and diisothiocyanatophosphorane 9 in the case 
of 7. 

The structure of 8 and 9 was also evident from their IR 
spectra. Compounds 8 and 9 were stable at - 40°C and in 
the case of 9 (R=Ph) even at the room temperature. 
Phosphoranes 9 underwent a smooth reaction with the 
elemental chlorine at -80°C in toluene in a manner 
typical for compounds containing the isothiocyano 
group. 

The reaction was carried out by treating 9 with an 
appropriate amount of chlorine to give the adduct 10 
which was allowed to react without isolation with ano- 

417.5 



4176 J. BURSKI et al. 

85’C 

Ph3P + (SCN)2 - PII,:-N-C-S SCN- 

6 

a = 1 
O\ 
/P-OR + ( SCN 12 

7 

N-C(CI)SCI 
2CI) 

s- 

N = C(CI)SCI 

ther two moles of chlorine to give the phosphorane 11. 
The five-coordinate structures of 9, 10 and 11 were 
clearly evident from their “P NMR spectra (see Table 
I). 

Synthesis of rriphenylisothiocyanafophosphonium salt 8 
and o-phenylenealkyl diisothiocyanatophosphoranes 9 
via l&and substitution 

The commercially available triphenyl chlorophos- 
phonium chloride 12, which may also be prepared in situ 
from the elemental chlorine and triphenyl phosphine, 

9 

N-C-S 
-*ST 
- o\b-OR 

0'1 
N-C-S 

_ N-CC12 

ICI, a ; I O\I 
2SCI) 

N = Ccl? 

was converted into the phosphonium salt 8 as follows: 
the salt 12 prepared at -WC from 6 and the elemental 
chlorine in the methylene chloride solution was allowed 
to rhact with a small excess of potassium thiocyanate in 
the presence of 18crowrAether at - 30°C and gave 8 in 
a quantitative yield. In a similar manner the di- 
chlorophosphorane 13, prepared in situ from the phos- 
phite 7, gave 9 by a stepwise ligand substitution. The 
intermediate chloroisothiocyanatophosphorane 14 was 
clearly detected using “P NMR spectroscopy. 

Interestingly enough it proves much easier to convert 

Compounds “P NMR 

6, ppn; J, in Hz 

C6H40ZP(NCS)20Et -77 

C6HqOZP(NCS)ZOCHZBuf -76 

C6H,02P(NCS)ZOCH(t.k)C6H,3 -77 

C,,tl402P(NCS) 2B”’ -41 

C#402P(NCS) 2NEt2 -79 

C&~~N~:e)SC~~O~ -39 

C6H,~PIN~(CnSC1120CH2Bu’ -40 

C611402P(N-CC12) 2OEt -42 

C,H402P(N=CC12) 2OCH2Bu tG 
-43 

+39 

+29 

C6t1402PC1(NCS)OEt -54 

Ph$OEt ‘kN l 61.7 

Ph$OBu SCN +61.5 

Pn$NCS :CN 
+ 

C,li402P(NCS)OC(O)Ne SCN 

C,H,&(NCSK)-P(OHOEtb~ 

SCN 
+ 

sa C#402P(NCS)OP(S) (OEt)2 SCN 

C,H402&NCS)OP(S)(Ph)Buf SCN 

- 9.9 (d); l 3.3 (d) 

2Jrq,,, 2OHz _. 

‘54.3 (d); -1.85 (d) 

25 POP 25.5 

l 111.9 (d); l 1.4 (d) 

2J pop 42.17 

Table I. “P NMR data of phosphoranes and phosphonium salts 
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6 + Cl2 - P&Cl Cl- 

12 

Cl 

O\ 1 
7 + Cl;! - _P-OR 

13 

compounds 12 and 13 into the corresponding isothiocy- 
anato derivatives 8 and 9 by treatment with a 20% excess 
of lead thiocyanate in the in the absence of the crown 
ether under the same reaction conditions. The spectral 
properties of 8 and 9 prepared by oxidative addition of 
the thiocyanogen and by ligand substitution were iden- 
tical. 

The isothiocyanatophosphonium salt 8 can be readily 
converted into the alkoxyphosphonium salt 15 by reac- 
tion with an appropriate alcohol ROH at -30°C. The 
synthetic applicability 

8 + ROH - Ph,;-OR SCN 15 

of this unstable salt will be discussed in a later section 
devoted to the applications of 8 and 9 in converting the 
-OH groups into the -SCN or -NCS functions. The data 
presented here clearly indicate the pentacoordinate 
nature of the structures 9. 10, 11 and 14; they do not 
give, however, an unambigous answer concerning the 
positions of ligands in the trigonal bipyramide involved. 
In view of a lack of spectral differences between the 
isothiocyanato ligands in 9 one could either assume that 
both are situated in an equatorial position or a fast ligand 
exchange takes place below the NMR time scale. IR and 
“C NMR spectroscopy also failed to distinguish be- 
tween the isothiocyanato ligands. It is interesting to note 
that introduction of a group with a known tendency to 
occupy the equatorial position,’ such as t-butyl or dialk- 
ylamino, did not induce any essential changes in “P 
NMR spectra. Therefore another possibility should also 
be considered: in spite of different spatial arrangements, 
the isothic-cyano ligands may have ‘P NMR shifts and 
IR vwx frequencies which are indistinguishable under 
the experimental conditions used. 

The first step in the oxidative addition of thiocyanogen 
1 to tricoordinate phosphorus compounds merits parti- 
cular attention. Although the concerted addition’ with 

7 + (SCN)z p 

9 = 

m=m, 8 
-_) 

ml 

-_) 

the formation 

S-CN , SCN 
Ph3P + I 4 PhaP’ 

S-CN ‘SCN 

Ph$-SCN SCN- 

I 

t 
16 

Ph&N=C=S SCN- 

8 

of a phosphorus-sulphur bond is depicted in the above 
scheme, the alternative process involving direct for- 
mation of the phosphonium salt 16 cannot be ruled out. It 
seems most likely that the isomerisation of the structure 
16 into 8 proceeds via nucleophilic displacement at the 
phosphourus centre by the ambident SCN- nucleophile. 
A scheme describing the conversion of the intermediate 
7 into 9 would be of the same nature. 

The return of ion pairs to the pentacoordinate struc- 
tures proceeds according to the SHAB principle with the 
formation of the stronger phosphorus-nitrogen bond. The 
isomerisations postulated here are reminescent of thio- 
cyanidato-isothiocyanidato isomerisation > P(O)SCN 
- > P(O)NCS discovered in this laboratory.* 

Although the isothiocyanato phosphonium salts and 
phosphoranes are only spectroscopically detectable spe- 
cies in these systems, it is necessary to assume the 
existance of a fast equilibrium between structures 16 and 
8 strongly shifted towards the latter. Such equilibria 
would explain in a satisfactory manner the reaction 
between triethyl phosphite (EtO),P and 1 leading to the 
parallel formation of the phosphorothionate (EtO),P = S 

SCN 

= 
O\I 

0’ 

P*-OR 

SCN SCN- 

17 

NCS SCN 

O\I 
P-OR 

SCN- 
0’1 

NCS 



and the phosphoroisothiocyanidate (Et0)2P(0)N = C = 
S. 

* 
(EtO),P-S-C = N- (EtO),P = S + S(CNh 

Jr- SCN 

(EtO)&N = C = S - (EtO)zP-N = C = S + EtSCN. 

SCN- bl 

It would also explain the observation by Tamura that the 
adduct PhjP(SCNh acts as a cyanating reagent towards 
indoles and pyroles with formation of triphenyl- 
phosphine sulphide Ph,P = S? 

P&-S-C-_=N SCN- 

+ 
+ Ph3P= S 

m I I> 
N 
I 
ti 

+ HSCN 

This cyanation reaction seems to be catalysed by the 
thiocyanic acid formed. 

Application of thiocyanogen adducts with triphenyl- 
phosphine 8 and o-phenylenealkylphosphires 9 for con- 
verting hydroxy groups into thiocyanate and isbthiocy- 
anare functions 

The isothiocyanatophosphonium salt 8 prepared in 
situ from triphenylphosphine and thiocyanogen reacts 
smoothly with alcohols to produce the corresponding 
thiocyanates. The sequence of reactions can be outlined 
as follows: 

I -NCS + 

The experimental procedure involved the preparation 
of thiocyanogen in methylene chloride by addition of a 
calculated amount of bromine to a suspension of dry lead 
thiocyanate. Led bromide and polymeric substances 
were decanted and the solution of 8 was allowed to react 
with the appropriate primary alcohol at -30°C. The 
reaction mixture was allowed to warm to the room 
temperature and the thiocyanates formed were separated 
either by distillation or with the aid of silica gel chroma- 
tography. Secondary alcohols give a mixture of thiocy- 
anates and isothiocyanates. In contrast, tertiary alcohols 
react with 8 to give the isothiocyanates. Control experi- 
ments indicated that, in the case of secondary alcohols, 
isothiocyanate formation is related to the ambident 
character of the SCN- anion and the “hardness” of the 
R-group as alkylating electrophile, rather than to an 
isomerisation R-SCN -R-NCS as suggested by 
TanUIZ9 

Ph,&R+SCN- ’ R-y=N 
\ R_N=C=S’ 

The formation of alkyl isothiocyanates was observed in 
the case of substituted benzyl derivatives which ought to 
display a pronounced SNI character. The formation of 
alkyl isothiocyanates is accompanied by the inversion of 
configuration at the chiral carbon centre. This is in full 
agreement with the mechanistic scheme presented above. 

The reaction of 8 with carboxylic acids and phos- 
phorus 0x0 and thioacids provides a new access to acyl 
isothiocyanates R’-CO-N = C = S, R;P(O)N = C = S, 
R;P(S)N = C = S. The yields of acyl isothiocyanates are, 
however, lower than those of alkyl thiocyanates and 
usually do net exceed 50%. The mechanistic inter- 
pretation of the reaction with acids is analogous to that 
presented for alcohols. The intermediate anhydride 
structures 18 and 19 decompose by the nucleophilic 
attack of the thiocyanate anion on the carbonyl or phos- 
phinyl group. 

R’-C-OH + 8 - R’C-0-PPhl - R’CN=C =S+Ph,PO 

II -HSCN 11 II 
0 0 0 

18 

-NCS 

RIP-OH + 8 - R;PLPPh 3 -R;P-N=C=StPh,PO 
II -HSCN II 
x X 

19 

x = 0,s. 

1+6 - Ph,b-N-C-S L The nucleophilic displacements by SCN- anion which 
HSCU apparently take place in these reactions are most likely 

‘SCN to proceed according to the SHAB rules. This means that 

6 
the carbon-nitrogen bond or phosphorus-nitrogen bond 

Ph$-OR -b 

are formed directly without formation of the inter- 

R-SCN + ph3po mediate R-COSCN or R;P(X)SCN structures. Attempts 

-SCN to characterize the phosphonium intermediates 18 and 19 
by low temperature “P NMR spectroscopy were not 

15 successful. 
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The thermal decomposition of the diisothiocyanato- 
phosphoranes 9, prepared either by the addition of thio- 
cyanogen or ligand substitution, offer an alternative and 
attractive route to thiocyanates and isothiocyanates. The 
necessary starting phosphites 7 can be readily obtained 
in a quantitative yield under very mild conditions from 
the chloridite 20 and the appropriate alcohol in the 
presence of a tertiary amine. This reaction may be fol- 
lowed by “P NMR spectroscopy and there is no need 
for isolation of 7. 

P-Cl + HOR 

20 

7 

After preparation of 9 in the manner described in the 
first part of this paper, the reaction mixture is warmed to 
-30°C. kept at this temperature for 0.5 h and then 
brought to the ambient temperature. 

N-C-S 

- R-SCN(RNCS) + 

N-C-S 

9 

0 \ //O 
0 

AP\ 
N-C-S 

26 

Alkyl thiocyanates or isothiocyanates are isofated 
either by distillation or silica-gel chromatography in high 
yields. Formation of thiocyanates and isothiocyanates is 
accompanied by the inversion of configuration at the 
chiral carbon atom. The mi’xed anhydrides 21 and 22 are 
also readily available by condensation of the chloridite 
20 with the corresponding acid at 0°C in the presence of 
a tertiary amine. Isolation of 21 and 22 is not recom- 
mended because of their instability. 

20 + R’COOH -% 

0 
‘NCS 0 

\+P-O-[-R’ - 
o’$_c_s 

20 + R’2PIX)OH 0 
X 

x - 0,s 

O;P-O-?R; 

i 

24 

1 0 

i 
26 + R’zP-NCS 

Ncs s 
O\l+ I 

,P-0-PR2 

0 
SCN- 

26 

1 
& 

S 
26 + R’pP, 

NCS 

After the addition of thiocyanogen in the methylene 
chloride solution below 0°C the reaction mixture is al- 
lowed to warm to the room temperature. The acyl iso- 
thiocyanates are obtained here by this method in very 
good yield. It is of interest to note that according to the 
“P NMR spectra the compounds 23 and 24 and 25 have 
phosphonium structure. 

The termal decomposition of 9 and 24 involves most 
likely a phosphonium intermediates 25 which undergo 
the S,.,2 or &I type displacement reactions leading to 
thiocyanates or isothiocyanates. 

9 (24) - SCN - 

25 

:sc\,: - 

21 

26 + R’-C-N-C-S 

23 
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Table 2. Preparation of thiocyanato and isothiocyanato derivatives 

Alcohols and 
Methods Yielda/ RSCNb/t RNCSb/% b.p.. OC/nd(g 

,\c ids RSCN RNCS 

Mull 

Etoll 

Pr”Ull 

ButCI12011 

IreC(OJOll 

(LtOJ 21’(SJOIl 

A 

B 

A 

A’ 

B 

B’ 

A 

A 

A’ 

B 

8’ 

A 

0 

1)’ 

A 

A 

A’ 

B 

A’ 

B 

B’ 

A’ 

A’ 

B 

B’ 

A’ 

n 

A’ 

A’ 

75 

80 

80 

8S 

85 

83 

04 

BS 

82 

80 

85 

PO 

YS 

9: 

80 

BS 

BS 

86 

72 

50 

51 

7s 

65 

55 

54 

75 

55 

80 

92 

100 

loo 

100 

100 

100 

loo 

99 

60 

60 

IO0 

100 

100 

too 

IOU 

76 

,“,f’“150 

‘5 

2o -s2.s” Ial ” 

JG, :og13s.090 

40 

40 

5 

22 

101; -56.2’ 

2s 

Ia: to -56.9’ 

9 

I.01 F -S6.5’ 

loo 

100 

100 

100 

loo 

100 

loo 

100 

loo 

100 

100 

SO-1112 

45-6/ 10 

so/11 

48120 

49120 

s2/23 

?2/ IO 

9B-9/ 16 

102/17 

102-3/17 

9S-6/ 15 

130-912 

14213 

ISS-6/l 

140-l 

90 .s-914 

95-6117 

92-S/ 15 

I 37-a 

9S-6!4 

YS-6/3 91-9/J 

97-a/4 95-614 

40121 

38/20 

45/23 

BS-B9/0.01 

63-S/0.03 

69-:O/O.OS 

6B-9fO.05 

60-l/0.0: 

SB-D/O.OI 

90-3/o. I 

SS-b/O.OS 

’ Total yields of pure compounds are bvvcd on the alcohols and acids u,ad 

’ The percentage of RSCS and RSCS refer to their ratio in the products 

All products have ,r. nmr spectra consistent with the assigned structures; thm microanalyses we” in 

SaClsfactory agreement with tho c~lculstcd voluos. 

EXPERIMENTAL 

Solvents were purified bJ conventional methods. Octan-2-01 
was resolved as described.’ Alkyl I .2-phenylene phosphites was 
synthesised by a known method.” Mixed anhydrides were pre- 
pared as described by Michalski et of.,‘* “P NMR data: 
ChH102POC(0)Me. 6 t 129.2 ppm; CnH402POC(O&,H~-p- 
OCHI. 6 + 130.6 ppm: GHJO?POP(O)OE~):. 8 + 123.8 ppm. - 
10.9 ppm: CoH102POP(S) (OEth, 6 + 123.8 (d) ppm, + 54.2 (d) 
ppm. ‘Jpop 25.3 Hz: C&02POP(S)(Ph)Bu’, 6 t 128.6 ppm. t 
97.3 ppm. All reactions were done in sealed tubes and standard 
vacuum techniques were used throughout. “P NMR Spectra 
were recorded at 24.3 MHz with a JEOL R-6OH Spectrometer 
operating in the pulsed Fourier transform mode. A heteronuclear 
spin decoupler JNM-SDHC was used for chemical shifts 

determination and integration. All “P chemical shifts are repor- 
ted in ppm relative to 85% phosphoric acid (external) where 
positive sign is downfield from the standard. All spectra were 
recorded on samples which Consisted of the compound (ca 
0.001 mol) in solvent (2 ml). IR spectra of samples were recorded 
on UR-IO (Zeiss), lntracord 137 (Perkin-Elmer) Spectropho- 
tometers as thin films. Optical activity measurements were made 
with a Perkin-Elmer 141 photopolarimeter. 

General preparative procedure for synthesis of alkyl thiocyanates 
and alkyl isothiocyanates (Table 2) 

Merhod A. Chlorine (0.1 mol) was added with efficient stirring 
to a solution of an alkyl I ,2-phenylene phosphite (0. I mol) in dry 
CH$.X (I00 ml) at - 80°C. The mixture was stirred for I h at the 
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same temperature and then the small excess of lead thiocyanate 
(0.1 I mol) was added at -40°C to give the diisocyanatophos- 
phorane 9 (v Ncs 1975-1985 cm-‘). Stirring of the soln of 9 was 
continued for 2 h at ambient temperature. The precipitate (PbClr) 
was filtered off and solvent was evaporated in uocuo. Alkyl 
thiocyanates (MeSCN, EtSCN. Pr”SCN) were purified by dis- 
tillation from phospboroisothiocyanidate whereas the others by 
silica gel chromatography. Pure products were obtained by 
redistillation under the conditions listed in the Table 2. The 
mixture of alkyl thiocyanate and alkyl isothiocyanate was 
separated by column chromatography on silica gel (100-200 
mesh) using benzene as eluent. 

Method A’. Into the soln of freshly prepared thiocyanogen” 
(0.1 I mol) in CHICI? (80 ml) at - 40°C was added dropwise with 
stirring the soln of the corresponding alkyl l.2-phenylene phos- 
phite or mixed anhydride (0. I mol) in the same solvent (50 ml). 
Stirred for additional I h under the same conditions to give the 
desired diisothiocyanatophosphorane with a quantitative yield. 
The soln of phosphorane was allowed to warm to room tem- 
perature, kept at room temperature for I h and concentrated in 
cacuu. The residual alkyl thiocyanate (RSCN) or acylisothiocy- 
anate (RC(O)NCS). or phosphoroisothiocyanidate ( > P(O)NCS) 
as well as the mixture of alkyl thiocyanate and alkyl isothiocy- 
anate were separated and purified in the manner as described in 
method A. 

Method B. Into the soln of triphenylphosphite (0.1 mol) in 
CH:CI: (lOOmI) an equivalent amount of chine (0.1 mol) was 
added dropwise with stirring at -40°C. To this mixture lead 
thiocyanate (0.12 mol) was added under the same conditions to 
give a desired isothiocyanatophosphonium salt 8. A solution of 
appropriate alcohol or mixed anhydride (0.1 mol) in CH?CI> 
(IO ml) was added to a freshly prepared salt 8 at - 30°C and then 
the reaction mixture was stirred in the same temperature for 2 h. 
Lead chloride was filtered off and the residue was kept at room 
temperature overnight. The solvent was evaporated in ractto and 
the residual alkyl thiocyanate. acylisothiocyanate. phosphoroiso- 
thiocyanidate and the mixture of alkyl thiocyanate and alkyl 
isothiocyanate were separated and purified as described in 
method A. 

Method B’. Isothiiocyanatophosphonium salt 8 was prepared 

by dropwise addition of triphenylphosphite (0.1 mol) in CH:CI: 
(50 ml) at -40°C to a stirred solution of a freshly prepared 
thiocyanogen (0. I I mol) in the same solvent (80 ml). After the 
addition. the reaction mixture was stirred for I h at -40°C. Then 
a soln of appropriate alcohol or acid (0.1 mol) in CH:Clr (IO ml) 
was added dropwise at - 30°C. The mixture was kept overnight 
at the room temperature. After evaporation of solvent in wcuo, 
the product was separated and purified as described in method A. 
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