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Di~ncthylamine reacts with thiophosphoryl fluoride with non-integral stoichiometry to yield the 
volatile conlpound dimethylaminothiophosphoryldifluoride and the solid products contained hexafluoro- 
phosphate and difluorodithiophosphate ions, and an unstablc complex ion containing phosphorus and 
fluorine. Thc reaction of dimethylaminotl~iophosphoryldifluoride with dimethylamine to form bis- 
(dimethyla~nino)thiophosphorylfluoride has also been studied. The solid residues of this reaction 
contained hexafluorophosphate and difluorodithiophosphate ions and an unidentified phosphorus-fluoride 
salt. Din~ethyla~ninothiopl~osphoryldifluoride did not complex with boron trifluoride but reacted with 
hydrogen halides to yield the halogenothiophosphoryldifluorides. Physical and spectroscopic data on 
the alkylan~inothiopl~osphoryl fluorides are reported. 

C a n a c l ~ ~ ~ n  Journal of Chemjstry, 46, 613 (1968) 

Introduction 
A variety of alkyl- and aryl-amiaothiophos- 

plioryl fluorides have been prepared from tlie 
appropriate amine and either thiopliosplioryl- 
fluoride or iiionochlorotliiophosplioryldifluoride 
(2, 3). In all cases the reactions were done in a 
solvent and were presumed to follow the equa- 
tion 

(I] SPF3 2R2NH + SPF2.NR2 R2NH2+F-, 

analogous to the behavior of phosphorus 
chlorides (4). Our previous studies have shown 
that tlie a~lii~iolysis reactions of phosphorus 
fluorides are not siiiiple analogues of the chloride 
reactions; for example dimethylamine reacts 
witli phosphorus trifluoride to yield the bijluo~.ide 
rather than the fluoride salt (5), 

[II] 2PF3 -' 3(CH3)2NH -) 2(CH3)2NPFz -1- 

(CH&H~ M F ~ ,  

and with pl~osplioryl fluoride (1) to yield the 
liexafluoropliosphate and difluorophosphate salts 
according to the equation 

[111] 4POF3 '- 4(CH3)2NH -) ~ ( C H ~ ) Z N P ( O ) F ~  + 
( C H ~ ) & H ~  P F ~  -1 ( c H ~ ) ~ G H ~  ~0zg2. 

The reaction of thiopliosphoryl fluoride witli 
dimetliylamine is also complex. 

Results and Discussion 
The Ar~iirzolysis of Tlziophosphor.yl Fluori~le 

In accord witli tlie behavior of phosphoryl 

1Part 11. ref. 1. 

fluoride, gaseous thiophosplioryl fluoride reacted 
immediately and exotliermally on contact with 
di~iiethylamine to form a white solid and volatile 
di~iietliylaminotliiophosplioryldifluoride. Instead 
of tlie equimolar stoichiometry observed (1) in 
the case of phosplioryl fluoride however, 1.3 
iiioles of dimethylamine reacted witli each mole 
of tliiopliosphoryl fluoride. Although this stoicli- 
ionietry is close to that expected for tlie forma- 
tion of bifluoride ion accordiiig to eq. [IV], 

the reaction is considerably Inore complicated. 
Small aiiiounts of hydrogen sulfide were also 
recovered in the volatile products. 

In the si~iiplest case (illustrated in Fig. lb) tlie 
residues were found to contaia the difluorodi- 
thiopliosphate (A) and hexafluorophosphate (C) 
ions, identified by comparison of the measured 
fluorine nuclear magnetic resonance (n.m.r.) 
parameters (Table I) witli the literature (6, 7). 
Also present in the spectra were two broad 
singlets (E, G) which rnay be due to fluoride or 
bifluoride ions or both. 

The priiicipal reaction therefore appears to be 
the analogue of the arniiiolysis of pliosplioryl 
fluoride (1). 

[V] 4(CH3)2NH -k 4SPF3 + 2(CH3)2NP(S)Fr -i- 
+ + 

(CH3)2NH2.PF, + (CH3)2NH2.PS2F?. 

Secondary reactions and decompositions may 
account for the observed non-integral stoichiom- 
etry. For example, the observed hydrogen sulfide 
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8000 CYCLES 

FIG. 1. Fluorine nuclear magnetic resonance spectra of acetonitrile solutions of the solid reaction residues from 
the reaction of dimethylamine with thiophosphorylfluoride. Spectra were measured at 56.4 Mcycles/s against an external 
(capillary) CC13F standard. (a) Freshly prepared solution of the residues of a low concentration reaction. (b) Freshly 
prepared solution of the residues from high concentration reactions or solution (a) after 24 h at room temperature. 
Parameters are given in Table I. 

TABLE I 

Fluorine n.m.r. data for solid residues from aminolysis 
of thiophosphoryl fluoridea 

Coupling 
constants 
(cycles) 

Chemical shift -- 
Line Description +(~ .p .m.  vs. CC13F) JI>-p JFF 

A Doublet +4.3 1146' - 
B Pair of doublets +22.0 909 48 
B' Pair of quintetso +71 .O 718 47 
C Doublet +73.0 707d - 
E Singlet $132 - - 
G Singlet $148 ( 1 5 )  - - 
aSpectra illustrated in Fig. 1. 
bOnly three central lines of quintet (intensity 1 :1.5:1) observed. 
cSIPF2-, see ref. 7. 
dPFi-, see ref. 6. 

may arise from arninolysis of the P-S unit. The 
presence of fluoride or bifluoride ion in the salt 
residues, in contrast to the an~inolysis of phos- 
phoryl fluoride where only the fluorophosphorus 
ions were observed in the salt products (I), may 
indicate incomplete formation of the pl~os- 
phorus-fluoride complex ions or decomposition. 

If the reaction was done under conditions of 
low reagent concentration, the residues con- 
tained, as illustrated in Fig. la, another species 
in addition to those already identified above. The 
multiplet patterns (B, B') are assigned to a single 
species because of the similarity of the small 
splitting within the individual parts of the multi- 
plet and because the whole multiplet disappears 
simultaneously when the solution is aged. The 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

N
O

R
T

H
E

A
ST

E
R

N
 U

N
IV

E
R

SI
T

Y
 o

n 
11

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



CAVELL: CHEM~STRY OF PHOSPHORUS FLUORIDES. PART 111 615 

spectrum of the solution reverted to that illus- 
trated in Fig. lb upon aging and a black precipi- 
tate was formed. The species appears to be de- 
composing rather than reacting with the solvent 
because dry reaction residues, which initially 
gave the spectrum shown in Fig. la, decomposed 
slowly at rooin temperatures to form hydrogen 
sulfide and dimethylamine and the residues 
remaining after deconiposition gave the simple 
spectrum shown in Fig. Ib. The observed n.m.r. 
parameters of the B-B' multiplet are not consis- 
tent with any known phosphorus-fluorine species. 
They cannot be assigned to any species contain- 
ing P-H or P-N(CH3)2 functions because the 
hydrogen n.m.r. spectra showed only the reso- 
nances of the diinethylammonium cation. All of 
the line spacings are regular so the spectrum is 
probably first order. The B' component is best 
regarded as a doublet of quintets in view of the 
1 : 1.5 :1 intensity ratio of the three lines in each 
half, which is in better agreement with the 
expected 4:6:4 intensity ratio for the three central 
lines of a quintet than with the 1 :2:1 intensity 
ratio expected for a triplet. We suggest that the 
spectrum arises from the hexacoordinate SPF j2- 

ion with the structure 

in which the doublet of doublets (B) is due to the 
equatorial fluorine atoms (F,) split into a doublet 
by the phosphorus (J(P-F,) = 909 cycles) fur- 
ther split by the single axial fluorine atom (F,) 
(J(F,-F,) = 48 cycles) and the pair of quintets 
(B') is due to the resonance of the single axial 
fluorine atom split by pl~osphorus (J(P-F,) 
= 718 cycles) further split into a quintet by four 
equivalent equatorial fluorine atoms (J(F;,-F,) 
= 47 cycles). These values of axial-equatorial 
fluorine coupling and the two P--F coupling 
constants are similar to those reported (8) for the 
substituted fluoropl~ospllates CH3PF5- and 
C6HSPF5-. Conclusive assignment of the spec- 
trum is not possible in view of the approximate 
nature of our intensity data. The pentacoordinate 
SPF4- ion is a likely alternative although recent 
studies suggest that this would probably show 
only a simple doublet due to the 'pseudorotation' 
averaging process (9) rather than a resolved 
multiplet. 

The unstable complex fluorophospl~orus anion 
was obtained only under conditions of low 
reagent concentration probably because the exo- 
thermicity of the reaction can be dissipated 
effectively under these conditions. The complex 
ion may be a thermally unstable intermediate 
which eventually decomposes to l~exafluoropl~os- 
phate and difluorodithiophosphate ions. 

It seems reasonable to suggest that the amino- 
lysis reaction proceeds through the formation of 
dimethylammonium fluoride or bifluoride by 
means of an initial acid-base association of tliio- 
phosphoryl fluoride with dimethylan~ine followed 
by elimination of hydrogen fluoride from the 
complex. The complex fluoropl~osphate ions may 
be formed in a second step involving 'eaction 
between the fluorophospl~orus compound and 
fluoride or bifluoride ion. In the former case the 
SPF4- ion would be a likely intermediate ana- 
logous to our previous suggestion (1) of the 
POF4- ion as the intermediate ion in the 
aminolysis of phosphoryl fluoride. The latter case 
could lead to an ion such as SPF5'-, e.g. 

[VII] SPF3.(CH3)2NH 4- ( c H ~ ) ~ N H ~ , H F ~ - - +  

[(CH3)zNH2]l.SP F5?-. 

Fluoride salts have been reported to react with 
tl~iopl~ospl~oryl fluoride (see footnote in ref. 10) 
to yield the difluorodithiophosphate and hexa- 
fluoropliosphate ions but the intermediates are 
unknown. In the present case the internlediate 
may have been identified by the i1.m.r. spectrum 
but further studies must be undertaken before a 
definite conclusion can be reached. 

The aminolysis of dimethylaminotl~iopl~os- 
plloryldifluoride proceeds slowly, with equiinolar 
stoicliionletry, in contrast to the rapid spon- 
taneous reaction of thiophospl~oryl fluoride. 
Similar behavior has been observed in the 
aminolysis of dimethylamino-phosphoryldifluor- 
ide (1) and -difluorophosphine (5) and can be 
attributed to the increased basicity of the di- 
methylamino derivatives which inhibits the 
reaction by retarding the formation of the 
primary acid-base adduct of the phospl~orus 
fluoride with the ainine. 

The stoichiometry of the anlinolysis is equi- 
molar as in the case of the phosphoryl analogue 
(1) and the principal residual ions, identified by 
comparison of the fluorine n.m.r. parameters 
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FIG. 2. Fluorine nuclear magnetic resonance spectrum, measured at 56.4 Mcycles/s, of an acetonitrile solution of 
the solid residues resulting from the reaction of dimethylamine with dimethylaininothiophosphoryldifluoride. Pararn- 
eters are given in Table 111. 

obtained on the residues (Fig. 2 and Table 11) 
with the literature (6, 7), are the analogous 
difluorodithiophosphate (A), hexafluorophos- 
phate (C), and either fluoride or bifluoride (G) 
ions. In addition, however, a conlplex niultiplet 
(D, D') was observed which did not decompose 
over an extended period of time. As before the 
hydrogen i1.m.r. spectra show only the reso- 
nances duc to the din~ethylan~n~onium cation so 

TABLE 11 

Fluorine n.m.r. data for solid residues from aminolysis 
of dimethylaminophosphoryl fluoridea 

- ------ 

Coupling 
constants 
(cycles) 

Chemical shift --- 
Line Description 6 (~.p.m. vs. CC13F) JP-F JFF 

A Doublet +4.0 1150b - 
C Douhlet -t73.0 7OSr - - - 
D Pair of doublets -;- 70 .9 796 52 
D' Complex multipletd -79.0 740 ?" ?" 
G Broad, single line +I50 - - 
[~Spsctrum illuslrnted in Fig. 2. 
~JS,PF,-. see ref. 7. 
CPF,:, see ref. 6. 
dApparently second order since the spacing between ndjaccnt lines 

is irregul;~r. 
CA consiant scpnration of 740 cycles is observcd between e;ich cor- 

respondins line in the two hnlves of the D'  doublet. 

species containing P-N(CH3)2 and P-H func- 
tions can be excluded as well as all known 
fluorophosplior~~s anions. Since the spectrum 
appears to be second order we cannot assign a 
structure to the inultiplet without additional in- 
formatio~~ although the line spacing is reminis- 
cent of the hexacoordinate RPF5- ions (8). 

It is somewhat surprising that unusual corn- 
plex ions have been observed only in the ainino- 
iysis of the tl~iopliosphoryl compounds and not 
the phosphoryl conipounds, suggesting that 
species formed in the thiophosphoryl system are 
more stable. Conclusive identification of the 
species which give rise to the B-B' and D-D' 
muitiplets is necessary before coinplete under- 
standing of this system can be achieved. 

Properties of' the AlkylamitzotlziophospIzoryl- 
fluorides 

Dimetl~ylaininothiophosphoryldifluoride is a 
clear liquid with a foul odor. Its vapor pressure 
obeys the equation 

giving an extrapolated boiling point of 117", heat 
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of evaporation of 9530 cal/mole and a Trouton 
constant of 24.4. 

Dimetl~yla~ninotl~iopl~osphoryldifluoride has 
also been prepared by fluorination of dimethyl- 
aminothiophosphoryldicl~loride with antimony 
trifluoride at 70-80". Fluorination of the P=S 
group was not observed in contrast to the facile 
conversion of alkylpl~ospl~ine sulfides to the 
fluoropl~osphoranes by antimony trifluoride 
under similar conditions (10). The difference in 
fluori~lation reactions can be attributed to the 
substitution of electron-withdrawing substituents 
such as chlorine or fluorine for alkyl groups on 
tlle phosphorus (11). Various other fluorinating 
agents were also tried: potassium fluorosulfinate 
produced a mixture of the phosphoryl and thio- 
phosphoryl fluoride compounds and zinc fluoride 
gave a very low yield of impure dimethylamino- 
tl~iopl~ospl~oryldifluoride and no other volatile 
products. 

Hydrogen chloride and hydrogen bromide 
react slowly at room tenlperatures with dimethyl- 
aininotl~iophosphoryldifluoride (in contrast to 
the rapid reaction with dimethylaminodifluoro- 
phosphine (5)) to yield the halogenothiopl~os- 
phoryl difluorides in high yield according to the 
equation 
[VIII] (CH3)2NP(S)F2 -+ 2HX -+ XP(S)F2 i- 

(c I - I~)~&H~X.  

Previous reports of low yields from the analogous 
reaction with the diethylamino derivatives may 
b: due to the higher reaction temperatures used 
(3). 

Thiopl~ospl~oryl fluoride does not complex 
with boron trifluoride (12). We suggested above 
that the increase in basicity of the molecule upon 
substitution of a di~nethyla~nino group for a 
fluoride results in much slower reaction of the 
substituted molecule with basic reagents. It was 
of interest therefore to see if the increased basic- 
ity of dimethylami~~othiopl~ospl~oryldifluoride 
was sufficient to permit formation of a complex 
with boron trifluoride as has been demonstrated 
for din~ethylaminodifluorophosphi~le (5, 13). 
Boron trifluoride did not complex with dimethyl- 
aminothiophosphoryldifluoride, even at -78 "C, 
so neither the sulfur nor the nitrogen atom ap- 
pears to be an effective donor. The lack of basic- 
ity associated with the nitrogen atom, wllicl~ ap- 
pears to be the effective donor in dimethylamino- 
difluorophospl~ine (13), suggests that the lone 
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pair is delocalized onto the phosphorus, although 
we cannot exclude the possibility that stable 
complex formation is prevented by steric con- 
siderations. 

TABLE I11 
Nuclear magnetic resonance parameters for 

methylaminothiophosphoryl fluorides 
---- - .- 

Chemical shift 
T 1H vs. TMS 

(7 = 10.0) 6.67 7.42 
4 'W p.p.m. vs. CCI3F -1-51.6 +62.3 

Coupling constant 
(cycles) 

J(P-F) 
J(P-H) 
J(F-H) 

Partial mass spectra of the mono- and di- 
substituted alkylaminothiopl~osphoryl fluorides 
are given in Table IV and the n.m.r. parameters 
are given in Table 111. The hydrogen and fluorine 
n.m.r. spectra of dii~~ethyla~ninothiopfiospl~oryl- 
difluoride show a pair of triplets and a doublet of 
septets respectively as expected for first order 
spin coupling interaction of six equivalent Ily- 
drogens and two equivalent fluorine atoms with 
pl~osphorus. The hydrogen spectrum of bis(di- 
methy1amino)thiophosphorylfluoride showed the 
expected pair of doublets but the fluorine spec- 
trum showed only a pair of fairly broad lines 
with unresolved fluorine-hydrogen coupling. 

The infrared spectra of the two compounds, 
given in Table V, are similar to each other and to 
the pllosplloryl analogues. The assignments are 
based on-the analysis of the vibrational spectrum 
of diinethylaminodifluorophosphine (14) and the 
available data on alkylaminophosphoryll~alides 
(1, 15) and alkylaminotl~iophosphoryll~alides 
(15, 16). 

Dimethylaminothiophosphoryldifluoride does 
not have the absorption band a t  1365 cm-1 
which was assigned to the P=O stretch of the 
phosphoryl compound (1) and instead of two 
bands in the 950-700 cm-1 region there are 
three. There are four vibrational inodes to be 
assigned; the symmetric and antisynlnletric P F  
stretch, the P=S, and the P-N stretch. Since 
these vibrations may be mixed, particularly the 
last named which has been reuorted as a weak. 
easily mixed band (14), we can only make a tenta- 
tive assignment at present. The 910 cm-1 band is 
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TABLE IV 

Mass spectra of methylaminotliiophosphoryl fluoridesa 
- 

(CH~)ZNP(S)FZ [(CH3)~Nl2P(S)F 

nlle Rel. int. Assienment m le Rel. int. Assignment 

146 3.5 M + 1 isotope of parent 171 3 M + 1 isotope of parent 
145 74 C2H6NPS Fz 170 52 C4HlrNlPSF 
144 13 C2H5NPSF2 
143 tr" C~HANPSF, 137 8 C ~ H I I N Z P S F  
142 tr C2H3NPSF2 128 1 M + 2 isotope of 126 
130 1 CH3NSPF2 127 2 C2H7NPSF or 

M + 1 isotope of 126 
129 tr CHINSPFz 
128 1 CHNSPF, 126 18 C2HsNSPF 
126 2.8 CzHsNPSF, CNPSF2 
116 1 ? 95 3 M + 1 isotopc of 94 
115 tr NSPF2 94 100 C2HoNPF 
113 4 C2H6NPF2 93 1 C2145NPF 
112 100 C2H5NPFz 83 2 SPFH 
110 1.5 CzHlNPF2 
103 1 M + 2 isotope of 101 78 3 CHlNPF, N2PF 
102 2 SPFzH 
101 11 SPF? 65 2 NHPF 
98 1.5 CH3NPFz, CzNPF 
96 1.5 NPSF 63 1.3 SP 
94 1.5 C7Hr;NPF 

C;H;NPF 
N?S, SPFH 
S PF 
H2CNPF 
CzH6NP 
PF2 
PS 

CH3NP 

P F  

51 1 PFH 
50 0.5 PF 
45 4 C2H7N, NP 
44 91 C2H6N 
43 5 C?HzN 

uOnly "S mass assignments indicated. 
btr = trace. 

therefore assigned to tlie antisyinnietric and the 
858 cm-1 band to tlie symmetric P-F stretching 
motions leaving the 790 cni-1 band to be 
assigned to a vibration which is principally P=S 
stretching, noting, however, that tlie last two are 
probably mixed with the P-N stretch. 

Tlie spectrum of the monofluorothiophos- 
phoryl compound is similar to that of the 
difluoro analogue except for doubling of the 
1000 cm-1 absorption band into two strong 
absorption bands at 975 and 995 cin-1 respec- 
tively. Tlie band observed at 910 cm-1 in tlie 
difluoro comuound is not observed in the rnono- 
fluoro derivative. Instead absorption bands are 
found at 820 cin-1,765 cin-1, and 745 cm-1. The 

first is probably tlie PF stretcliing vibration and 
tlie second tlie N2P valence vibration cliarac- 
teristic of N2P compounds. Comparison of the 
spectra of bis(dimethylamino)tliiophosplioryl- 
fluoride with the phosplioryl analogue (1) indi- 
cates that the medium intensity band at 745 cni-1 
is unique to the thiopl~osphoryl compoulld and 
hence is reasonably assigned to tIie P=S stretch. 
Considerable mixing of vibrations may occur, 
however, which may require modification of 
tliese assignments (14). 

Experimental 
Standard vacuum techniques were used throughout. 

Infrared spectra were measured with Perkin-Elmer 421 or  
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TABLE V 

Infrared spectra of alkylaminothiophosphoryl fluorides* 
-- -- 

(CI-I3)zNPSF2 [ (CH~)~NIZPSF 
(gas) (film) Assignment 

3000 (w) 
2940 (s) 
2910 (sh) 
2865 (m) 

1313 (s) 

1 182 (s) 

1070 (w) 
1005 (s) 

9 10 (vs) 
858 (s) 

- 
620 (w) 
425 (m) 

3000 (w) 
2940 (s) 
2890 (m) I CH3 antisymmetric stretch 

2850 (m) 
2810 (m) , 

CH3 symmetric stretch 

1473 (sh) 
1458 is)' CHI deformation 

i302 (sf CH3 symmetric deformation ~~~~ ti' } Antisymmetric C-N stretch 
1060 (m) CH3 rocking 
'OoO (vs) ) Symmetric CINP stretch 
978 (vs) 
825 (vsj ' P-F stretch 

- - i See text 

765 (vs) PN? skeletal vibration 
745 (m) P=S stretch 
- 
- Symmetric PF2 deformation 

"All values given in cm-'. br = broad, w = weak, m = medium, s = strong, sh = 
shoulder, v = very. 

337 spectrophotometers covering the ranges 5000-600 
and 4000-400 cm-1 respectively. Hydrogen nuclear 
magnetic resonance spectra were measured with Varian 
HA100 or A60 instruments and compared with the tetra- 
methylsilane (7 = 10.0) reference. All fluorine n.m.r. were 
measured at 56.4 Mc/s with a Varian HA60 instrument. 
Mass spectra were measured with A.E.I. MS-9 double 
focussing spectrometer. Thiophosphoryl fluoride was 
prepared from zinc fluoride and thiophosphoryl chloride 
(100, 17). 

The Renctio~l of Tl~iopl~osphoryl Fl~roride with Dirnethyl- 
nrnilie 

(0) Dimethylamine (0.518 g, 11.7 mmoles) was added 
slowly to an equimolar quantity of gaseous thiophos- 
phoryl fluoride (1.404 g, 11.7 mmoles) at room tempera- 
ture in a 1 1 reaction vessel similar to that described pre- 
viously (5). A white solid precipitated immediately on 
mixing the gaseous reactants and a volatile liquid was also 
formed in the reaction. The reagents were allowed to mix 
thoroughly for approximately 1 h and then the volatile 
materials were withdrawn from the reaction vessel and 
fractionated to yield, in the most volatile fraction, an 
inseparable mixture of unreacted thiophosphoryl fluoride 
(0.337 g, 2.8 mmoles), identified by its infrared spectrum, 
and hydrogen sulfide (0.3 mmole), identified by its n.m.r. 
chemical shift (6). The consumption of thiophosphoryl 
fluoride by 11.7 mmoles dimethylamine was thus 8.9 
mmoles for a reacting ratio of amine/SPF3 of 1.311. The 
least volatile fraction, collected at -78", contained 
dirnethylaminothiophosphoryldifluoride, identified by 
molecular weight (M) (Found: M, 145. Calcd. for 
C2H6F2NPS: M, 145), analysis (Found: P, 21.10; S, 

22.15; F, 26.41; N, 9.63. Calcd. for C2H6F2NPS: P, 
21.34; S, 22.05; F, 26.2; N, 9.65%), and by measurement 
of the accurate mass of the molecular ion at 145 atomic 
mass units with the MS-9 spectrometer (Found: rn/e, 
144.9934. Calcd. for C2HsF2NP32S: mle, 144.9926). 

(b) In a second experiment, about 30 mmoles of thio- 
phosphoryl fluoride was combined with a 1.30 molar ratio 
of dimethylamine in the same reaction vessel. No un- 
reacted thiophosphoryl fluoride was recovered; the most 
volatile reaction product was identified as impure hy- 
drogen sulfide (0.028 g, about 0.6 mmoles). The only 
other volatile product obtained was dimethylaminothio- 
phosphoryldifluoride, identified by comparison with an 
authentic sample prepared earlier. 

The residual solid remaining in the reaction bulb after 
removal of the volatile reaction products was kept at 
room temperature for 4 weeks in the evacuated bulb. 
After this period of time it was found that the reaction 
bulb contained impure hydrogen sulfide, identified by 
molecular weight (Found: M, 38. Calcd. for H2S: M, 
34.0) and accurate mass measurement by mass spectrom- 
etry (Found: mle, 34.9875. Calcd. for H232S: m/e, 
34.9877). Dimethylamine was also identified as a minor 
constituent of the volatile products by its mass spectrum. 

(c) Several small scale experiments were done to provide 
samples of the solid reaction products for nuclear 
magnetic resonance studies. Gaseous dimethylamine and 
thiophosphoryl fluoride were combined in an equimolar 
ratio in a 100 cc reaction vessel. In each case unreacted 
thiophosphoryl fluoride was recovered (contaminated 
with hydrogen sulfide) in sufficient quantity to yield a 
reacting ratio of amineISPF3 of 1.311. A 0.5711 molar 
ratio of dimethylaminothiophosphoryld~uoride relative 
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to the amount of aminc taken was recovercd in each case. 
Reactions done on a 1 mmole scalc in the 100 cc vessel 
and those done in thc 1 I vesscl described abovc (section 0 )  
yielded solid residucs with the fluorine n.m.r. spectrum 
illustrated in Fig. lrr. Reactions done on a 5 mmoles scale 
in thc 100 cc vesscl gave solid residues with thc n.m.r. 
spectrum shown in Fig. I b. 

The solid residues were dissolved in carcfi~lly dried 
acetonitrile or dcuterated acetonitrile in vacuum by 
distilling 0.5 n11 of the solvent into thc reaction vessel 
after rcnloval of the volatile products. The residues 
appeared to dissolve quickly and co~ilpletely in acetoni- 
trile. The reaction vessel was then opened to a nitrogen 
atmosphere and the solution pipetted quickly into a n.m.r. 
tube containing a reference CC13F capillary, degassed, 
and sealed. The initial n.m.r. spectra wcre run within 2 h 
of the sample preparation. The rcsults are given in Fig. I 
and Table I. Rigorous exclusion of moisture from the 
solvent and apparatus was necessary during preparation 
of the residue solutions for n.m.r, studies otherwise 
additional doublet resonances due to the PO(S)F2- (18) 
and P02F2- (60) ions were observcd in thc spectrum. 

Tire Vnpor. Pre~srrrc of 
clif(rror.i~/e 

The vapor pressure was measured with a glass spiral 
microtensimctcr over thc range 0 to 68 "C. The data are 
given in the following table (descending temperature). 

t ("C) 20.5 26.8" 29.5 43.1 50.95 
P(n1m) 13.0 18.3 22.3 43.5 62.2 

t ("C) 51.4" 58.1 67.9 
P(n1m) 62.9 85.3 123.6 

Tire Re~riiotr of Ditrret/7j2/fltlrirre niit/r Dirtretlrj~lcrririrrot/rio- 
plrosl~lroq~lriif~toride 

(a) A ~nixture of dirnethyla~ninothiophosphoryl- 
difluoride (0.76 g, 5.23 mmoles) and 0.32 g (7.06 mrnoles) 
dimethylamine was heated to 80" for 6 11. Fractionation of 
the volatile products yielded, in the most volatilc fraction, 
unreacted dimethylamine (0.074g, 1.65 mmole) thus 
indicating a ratio of amine consunled to  dimethylamino- 
thiophosphoryldifluoride taken of nearly 1 :l. The least 
volatile fraction was bis(dimethylan1ino)thiophosphoryl- 
fluoride, identified by analysis (Found: P, 17.74; S, 18.30; 
F ,  10.56; N, 16.29. Calcd. for C4H1?FN2PS: P, 18.2; S, 
18.6; F, 11.2; N, 16.48) and mass measurement of the 
molccular ion with the MS-9 mass spectrometer (Found: 
t t~le,  170.0438. Calcd. for C J H ~ ~ F N ~ P ~ ~ S :  tr:/e, 170.0442). 
Bis(dinicthylamino)thiophosphoryl fluoride was not very 
volatile and appeared to react with mercury, thus the 
vapor pressure could not be determined accurately. The 
conlpound has a vapor pressure of approximately 1.4 mm 
at 27 "C. 

The while solid residue which remained in the reaction 
vessel was dissolved in acetonitrile in vacuum and trans- 
fcrred, in an atmosphere of nitrogen, to  a nuclear 
magnetic resonance tube which was then degassed and 
sealed in vacuum. The spectrum was obtained within a 
few hours of preparing the sample and again after several 
weeks at room temperatures. The results are given in 
Fig. 2 and Table 11. 

Flitor.irlntior~ of Dirileti~~~~flrrlirrot/riop/ros~~/ror.j~~r~ic/~~orir~e 
Dimethylaniinothiophosphoryldichloride was prepared 

as described in the literature (4) and chamcterized by 
n.nl.r. spectroscopy (19). 

(a )  Wiflr Potnssilrtn Fluorosulfit~nte 
Din~ethylaminothiophosphoryldichloride (25 g) was 

heatcd with 60 g KSO2F. Reaction began at 60'. The 
products were collected and identified by infrared and 
n.m.r. spectroscopy as sulfur dioxide, thiophosphoryl 
fluoride, din~ethylaminothiophosphoryldifluoride, and 
diniethylan~inophosphoryldifluoride, as well as traces of 
din~ethylan~inothiophosphorylchlorofluoride. 

(b)  Will1 Zir~c Flzroricle 
Dimethylaniinothiophosphorylclichloride (20 g) was 

heated to  80' for 3 h with zinc fluoride (50 g) in a sealed 
evacuated vessel. Fractionation of the volatile products 
yielded silicon tetrafluoride, thiophosphoryl fluoride, and 
a material of low volatility which could not be identified, 
but was not tlie desired dimethylaminothiophos11I1oryl- 
difluoride. The products were identificd by n.nl.r, and 
infrared spcctroscopy. 

(c )  Witlz Atrti~notry Triflrtoiide 
Antimony trifluoride (10 g) was slowly addcd to 5 g of  

dimethylaminothiophosphoryldichloride in an evacuated 
flask with stirring. No reaction was obscrved until the 
vessel was warmcd to 70-SO0, whel-eupon the reaction 
procceded smoothly. Fractionation of the products in the 
vacuum system yielded mainly dimethylarninolhiophos- 
phoryldifluoride plus a small amount of thiophosphoryl 
fluoridc impurity, both idcntified by infrared and n.m.r. 
spcctroscopy. 

Tire Renction of Dir~ret/r~/nti~itrot/riop/rosplror.yldijz~or~i~/e 
wit lr liyc/r.ogerr Clilor.icle 

Dimcthylaniinothiophosphoryldifluoride (0.200 g. 1.37 
nlmoles) was combined with hydrogen chloride (0.101 g ;  
2.78 mmoles) in a large bulb. N o  visible signs of reaction 
werc observed at room temperature even aftcr scveral 
hours, so tlie contcnts of thc reaction vesscl were trans- 
ferred to  a smaller sealed tubc whereupon visible signs of  
reaction appcared within 112 h at room temperature 
(probably because of the greater hydrogen halide pres- 
sure). Separation of the volatile products from the white 
crystalline solid yielded a trace of hydrogen chloride and 
0.173 g of chlorothiopl~osphoryldifluoride, identified by 
molecular weight (Found: M, 139. Calcd. for CIFzPS: M, 
136.5) and mass spectrometric measurement of the accu- 
rate mass of the parent ion (Found: n ~ l e ,  135.91 10. Calcd. 
for 35C1F2P32S: rtrle, 135.91 16). The yield was 1.27 nlmoles 
or 93 % of theoretical (eq. [VIII]). 

f i e  Reuctiorr of Din~et/rj~/rrtr1itrot/riop/rosp/ior3/r 
wiflr Hyclrogerl Bro)nide 

Dirnethylaniinothi~pl~ospho~yldifluoride (0.391 g, 2.7 
mmoles) was combined with excess hydrogen bromide 
(0.484 g, 6.0 mmoles) in a sealed glass anlpoule. Long 
white needle-like crystals formed within 15 min of warm- 
ing tlie vessel to room temperature and the reaction was 
co~npletc after 1 h. Separation of the volatile products 
yielded unreacted hydrogen bromide (0.042 g, 0.55 nirnole) 
corresponding to a consumption of 2.1 molcs of hydrogcn 
brornidc by each mole of dimethylaminothiophosphoryl- 
difluoride. The least volatile fraction was identified a s  
rnonbroniotliiophosphoryldifl~ioride by molecular weight 
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(Found: M, 178. Calcd. for BrF2PS: M, 181) and nlass 
spectrometry (Found: mle, 179.8609. Calcd. for 
79BrF2P32S: n~le,  179.861 1). 

Tlre Renctiorz of Dirnet l~lnr~~irrothiophospl~orylr l i f l  
with Bororl Tr~y~roride 

Dimethylaminolhiophosphoryldifluoride (0.1 34 g, 0.94 
mmole) was combincd with boron trifluoride (0.134 g, 
1.98 mmole) in a sealed glass ampoule and allowed to 
react at room temperature for 2 days. Fractionation of the 
volatilc materials through a -78 trap led to nearly 
quantitative (98 %) recovery of each of the starting mater- 
ials. The purity of the recovered reactants was verified by 
molecular wcight and infrared measurements. 

The author thanks Mr. G. Bigam and Mr. M. 
Hogben for their assistance in measuring the 
nuclear magnetic resonance spectra, Mr. A. I. 
Budd for ineasurement of the mass spectra, and 
the National Research Council of Canada 
(Ottawa) for financial support. 
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