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PHOSPHORUS NITROGEN CHEMISTRY. VI.
PREPARATION AND PROPERTIES OF
THIOPHOSPHORUS TRI-N-METHYLIMIDE,
P,S,Ng(CH;) "

ROBERT R. HOLMES? and JAMES A. FORSTNER

Contribution from the Department of Chemistry,
Carnegie Institute of Technology, Schenley Park, Pittsburgh, Pennsylvania

(Received May 25, 1962)

Thiophosphorus tri-N-methylimide, P,S,N,(CH,),, was prepared in high yield by the reaction of ele-
mental sulfur and solid P,N,(CH,), at room temperature. Physical properties support a structure anal- ,
ogous to the cage structure for P,O,S,. Additional properties of the related compounds, P,N(CHS,),
and As,N(CHs,),, are reported. Comparison of proton n.m.r. spectra and mass spectral cracking patterns
substantiates a common structural basis for these molecules.

The properties of phosphorus tri-N-methylimide, P,N4(CHs,)s, recently reported,>
suggested a cage structure similar to the structure observed for phosphorus trioxide,
P,O¢. In later work! reaction of P,N4(CH;)s with oxygen led to an apparent
polymeric material having the empirical composition P,O,N;(CH,),. One might
anticipate the formation of a molecular derivative as well. The latter expectation
was realized on studying the properties of thiophosphorus tri-N-methylimide,
P,S,Nsx(CHs),, the subject of the present paper.

EXPERIMENTAL AND RESULTS

Apparatus

The apparatus used for making physical measurements is the same as that reported
previously.! Proton n.m.r. measurements were made at 60 Mc. at room temper-
ature. For the most part vacuum line procedures were used in conducting the various
reactions.

Materials

Phosphorus tri-N-methylimide was prepared and purified according to our previous
method.? Sulfur (Baker and Adamson, flowers) and arsenic trichloride (Baker and
Adamson, reagent) were used directly. Tank hydrogen chloride (Matheson) was
fractionated in the vacuum line. The vapor pressure at —111.7° was 125 mm. Tank
methylamine (Matheson, anhydrous) was dried with barium oxide before use.
Benzene (Fisher certified reagent, anhydrous) was dried over calcium hydride.

Reprinted with the permission from Inorg. Chem., 2, 377 (1963). Copyright 1963 American Chemical
Society.
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Petroleum ether (Hommel Company, 30—60°) was distilled and dried over sodium
ribbon. Toluene (Hommel Company, C.p.) was distilled (b.p. 107.5-107.8° at 748
mm.) and dried over calcium hydride. Other solvents were dried with an appropriate
agent and used directly.

Preparation of Thiophosphorus Tri-N-methylimide

Freshly sublimed phosphorus tri-N-methylimide, P,N4(CH,)4, was pressed into
pellets in a 6-mm. glass tube using a concentric glass rod. The operation was
performed in a nitrogen-filled drybox. After the pellets had been placed in a
weighing bottle and the total weight determined, the pellets were dropped into a
reaction ampoule which consisted of a tube 25 mm. in diameter and 50 mm. in
length connected to an 8 mm. tube ending in a male 12/30 ground-glass joint. The
bottle was reweighed. A known amount of sulfur then was introduced in a similar
fashion. One reaction utilized 0.6105 g. (2.05 mmoles) of phosphorus tri-N-meth-
ylimide and 0.2630 g. (8.20 mmoles) of sulfur; i.e., stoichiometric amounts.

The ampoule and contents were attached to the vacuum line and evacuated.
Shortly thereafter a vigorous exothermic reaction took place; the solids were con-
verted to a liquid. On cooling, the liquid became a white solid. No pressure was
present at the end of the process. To ensure complete reaction, the tube was sealed
off under vacuum and placed in an oven which was brought slowly to a temperature
of 185°. The latter temperature was maintained for 5 hr. Then it was lowered to
160°. After one day the ampoule was removed from the oven and the product was
scraped out, transferred to another tube, and sublimed at 180° under vacuum. Little
residue remained on sublimation, indicating the formation of thiophosphorus tri-
N-methylimide in near quantitative yield. The product is a white crystalline solid
which melts with decomposition at 240°.

Anal. Calcd. for P,S;N;C;Hy: C, 16.90; H, 4.22; N, 19.72; P, 29.07; S, 30.09.
Found: C, 16.57; H, 4.06; N, 19.34; P, 29.29; S, 30.00.

In one preparation sulfur and P,No(CH;)¢ were mixed in an ampoule in near
stoichiometric quantities in a dry helium atmosphere. The purpose of the experi-
ment was to see if the lack of reaction of the two solids in the presence of a nitrogen
atmosphere was due to surface adsorption of the gas. Helium presumably would
be adsorbed to a lesser degree on the solid surface; however, on addition of sulfur
to P,N((CH,), in the presence of helium no reaction occurred. The sulfur was
present in an angular glass appendage which could be rotated by means of a glass
joint to allow the sulfur to drop on the imide. After 1 hr., during which no reaction
was visible, the ampoule was evacuated. As before, vigorous reaction took place.

Properties of Thiophosphorus Tri-N-methylimide. General

P,S,N¢(CHs;), is soluble in benzene, chloroform, carbon disulfide, pyridine, and
carbon tetrachloride. Slight solubility was noted on contact with water, increasing
stowly over a period of weeks. Upon exposure to air for 4 months, a 0.1228-g.
sample was not visibly changed but a 29% increase in weight was noted. No
observable reaction took place when hydrogen chloride was condensed on a ben-
zene solution of P,S,N(CH,), at —78° and allowed to warm to room temperature.
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The infrared spectrum of P,S,N,(CHs,), dissolved in CS, showed these bands:
2970 (w), 2310 (w), 2155 (m), 1560—1450 (s), 1255 (w), 1175 (m), 1045 (s), 905
(s), 775 (w), and 730 (w). The CS, showed bands at 2275 (w), 2125 (s), 1740 (w),
15601430 (s), and 850 (w).

Vapor Pressure

The vapor pressure was determined in a tensimeter similar to that used previously.®
After the highest reading was recorded, the sample was cooled to room temper-
ature. A residual pressure of (.2 mm. remained, indicating little decomposition.
The residual pressure was removed and the vapor pressures were redetermined
(run 2). The results are shown in Table L.

Molecular Weight

A freshly sublimed sample of P,S,N¢(CH,)s was dissolved in benzene solution for
ebullioscopic measurements using a Menzies-Wright apparatus. Molecular weights
in good agreement with the formula P,S,;N¢(CH,), resulted (theory, 426). Values
of 418 using 0.1341 g. of solute in 32.4 ml. of benzene and 420 using 0.2287 g. of
solute in 32.0 ml. of benzene were obtained.

N.m.r. Measurements

The proton n.m.r. spectrum was determined at 60 Mc.p.s. on two samples of
thiophosphorus tri-N-methylimide which had been synthesized independently by
starting with phosphorus trichloride and methylamine forming phosphorus tri-N-
methylimide,* followed by reaction of the latter with sulfur. The n.m.r. results
were identical.

A typical spectrum is shown in Figure 1 and compared with the spectrum of
P,N4(CHs;),.° Tt is seen that the fine structure is enhanced in the sulfur derivative.
The chemical shift of the central peak of the multiplet in the spectrum of P,S,Ng(CH,)
relative to benzene (internal reference), +4.05 p.p.m., is in the range found for
protons of N—CH, groups.’” The spectrum may be interpreted as a triplet showing
a one-two-one intensity pattern with spacing of 14 c.p.s. and additional structure
of reduced intensity. Such a spectrum is consistent with one type of proton, the
multiplet structure arising from spin-spin coupling with two near phosphorus atoms
and additional coupling effects due to two phosphorus atoms further removed.

TABLE I
Vapor pressures of thiophosphorus tri-N-methylimide
- Temp., °C.
176 180 190 200 210
Run 1, p, mm, 0.1 0.5 1.8 2.7 6.0
Run 2, p, mm, 0.2 0.7 1.3 3.0 6.0
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FIGURE 1 Proton n.m.r. spectra of benzene solutions of (a) P,S,Ny(CHs), and (b) P,N((CH,),. The
chemical shift is relative to benzene.

X-Ray Data

Single crystals of P,S,N4(CH;), were readily grown by heating a sample of the
material in an evacuated tube at 150°. Oscillation and zero and first order Weis-
senberg photographs were obtained on the crystals sealed in 0.3-mm. diam. bo-
rosilicate capillaries. The camera diameter was 57.3 mm. Ni filtered CuKa radiation
was used. Interpretation showed the crystal to have at least orthorhombic symmetry
with unit cell dimensions: @ = 9.52 = 0.02 A., b = 9.92 + 0.02 A., and ¢ = 9.50
+ 0.02 A. The resulting volume was 897.16 A.* Density determinations gave a
value of 1.59 g./cc. (single crystal suspended in a tetrachloroethane-trichloroeth-
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ylene mixture). Using the latter information 2.01 molecules per unit cell are cal-
culated. The X-ray density is 1.579 g./cc.

Preparation and Properties of Arsenic Tri-N-methylimide

The reaction of methylamine (64.6 ml., 1.60 moles) and arsenic trichloride (7.43
ml., 0.145 mole) was performed in the absence of solvent using the identical ap-
paratus and procedure described for the preparation of P,N4(CH,),.” The product
obtained after petroleum ether extraction was a sublimable white solid melting
with decomposition in the range 126—132° (previously reported,® 122-125°). It was
moderately soluble in water, chloroform, and benzene and slightly soluble in tol-
uene, cyclohexane, acetone, and ethanol. It dissolved in phosphorus trichloride
with bubbling. Infrared data were in good agreement with previous data.?

The proton magnetic resonance spectrum using benzene as an internal reference
showed a single sharp peak at +4.21 p.p.m.

Further Properties of Phosphorus Tri-N-methylimide

When placed in contact with distilled water most of a 1-g. sample of P,N¢(CHs),
had not dissolved at the end of 2 weeks.? Heating the sample at 65° for 30 hr. in
contact with 2 N aqueous ammonia failed to cause solution; however, continued
hydrolysis effected solution after 3 days. On standing in air, a 0.5-g. sample ex-
perienced a 23% weight increase after 1 week. After 3 weeks, the crystalline sample
had changed to a clear viscous liquid.

A study of the action of hydrogen chloride (16.93 moles) on P,N,(CHj;), (0.4728
mole) at —78° showed that after 6 days the reaction

P,N(CH,); + 18HCl — 4PCl, + 6CH,NH,*Cl-

had proceeded to 98.3% completion based on the amount of HCl consumed. The
white solid remaining was identified as CH;NH;*Cl~ by its m.p., 226°. PCl, was
identified by its v.p., 35.3 mm. at 0°.

Mass Spectral Data

Using a heated inlet system attached to the mass spectrometer, the molecular
weights of P,No(CH;),, P,S,N¢(CH;)e, and As,N(CH,), were substantiated from
observations of the highest mass peak’® in the spectrum of each obtained at 250°
(operating voltage, 70; ionizing current, 37.5 ma.). Proceeding from the parent
peak to lower mass numbers in the mass spectrum of P,N¢(CH,;)s and As,Ng(CHj;),
peaks corresponding to fragments having CH; groups successively removed were
observed. Phosphorus-sulfur bond breakage acted as a competing process in the
fragmentation of P,S,N4(CH;),. In the case of P,Hc(CHj;), the vapor pressure at
250° was high enough to observe the parent peak at a lower ionizing voltage, 11.5.
The latter peak was the most intense and the only additional peak observed were
283, 268, 253, 238, and 60, corresponding to the unipositive fragments P,N,(CH,)s,
P,N¢(CH;),, P,N4(CH,);, P,N(CH;),, and PNCHj, respectively.
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DISCUSSION

From the results presented here it is apparent that P,S,N¢(CHj;), and As,;N(CHj;);
have the same structural basis as that cited*> for P,N,(CH,),, a2 phosphorus oxide
molecular cage structure.

For example, the most intense peaks observed in the mass spectrum of P,Ny(CH;)s,
obtained at either an ionizing voltage of 11.5 or 70, agree well with fragmentation
expected from such a structure. Accordingly, there are no prominent peaks alone
assignable to unipositive fragments of the type P;N, P,Ng, PN(CH;),, etc. Ex-
amination of the mass spectra of P,S;N¢(CH;), and As;Ns(CH,)s leads one to a
similar conclusion.

The proton n.m.r. spectra of P,N,(CH;), and P,S;N¢(CH,)s compared in Figure
1 also offer good support for the structures suggested.!' The shift from +4.33
p-p-m. in P,N((CHj3), to 4.05 p.p.m. in P,S,;N¢(CH,), is consistent with an electron
drift toward sulfur, S«~P—N-—C—H. The fact that a simple sharp peak is observed
in the proton n.m.r. spectrum of As;N¢(CH;), in CHCI, solution is in accord with
a P,O, cage structure as well.'>'* Quadrupolar effects of As’> most likely render
spin-spin splitting inoperative in this case and hence fine structure is not seen.

As a consequence of the interpretation of a cage structure for these compounds
and the presence of but one type of proton, the methyl group must on the average
be in the planes of the P—N—P linkages. As in the ammonia molecule,'* the
bonding most likely involves a pyramidal distribution with rapid inversion occur-
ring. "

i i
N\ H
H—C CZy
= /
p--- P-----N

\

‘N
\ \
P P

The possibility of a non-planar arrangement around nitrogen in As,Ng(CHj;)4
involving rapid inter- or intramolecular exchange could exist and if so would result
in a sharp singlet. Such a possibility would be ruled out in P,N,(CH,)s and
P,S,N¢(CHs,), since definite spin-spin splitting patterns are observed.
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