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The dependence of the protolytic decomposition rate of
phosphorus amides on the substituents at phosphorus is
decribed. On treatment with HCI, the N',N',N’,N’-
tetramethylguanidine(= TMG)-substituted ¢*(P) compounds
5 and 9 formed salts that were protonated at the imino
nitrogen atoms and were completely stable in the solid state,
and surprisingly stable in solution. Even with a large excess
of HC], only the imino nitrogen atom underwent protonation,
with formation of HCl,™ as a counter anion, without cleavage
of the P-N bond. The basicity of the imino nitrogen atom
also protected 3(P) species from electrophilic attack, and the
ionic compounds 12, 14, and 20c were formed, providing
examples of the first stable c3(P) amides with one or two
protonated P-N bonds. Such unusual stability is associated
with steric protection by the Ph3C (= trityl) group and charge
delocalization over the TMG-moiety. In contrast, MeP(TMG),
was unstable towards HCIl, whereas treatment with HSbFg
led to the phosphonium salt 24, where protonation had
occurred at phosphorus. The same result was obtained when

triphenylmethylphosphonous dichloride 1 was allowed to
react with 3 equivalents of HTMG, forming the stable
phosphonium salt 19, soluble in water, which was converted
to the bicationic species 20c upon treatment with HCI. — The
basicity of the tritylated phosphorus compounds was found
to increase in the order 5 < 2 < 19 < 13 < HTMG < 21;
the basic centre is the phosphorus atom in 21 and the imino
nitrogen atom in all other compounds. The fluorinating agent
Et3N - 3 HF caused rapid conversion of compound 6 to 25,
the nucleophilic attack of fluoride ion at phosphorus could
not be prevented by the stabilizing effects mentioned. — All
compounds were investigated by 'H- and 3'P-NMR spec-
troscopy. The crystal structures of compounds 5, PhzCP(=0)-
(HITMG,and 6, [5 - 2 HCl], were determined; 6 is protonated
at the imino nitrogen, leading to a longer P-N bond [5:
161.6(2), 6: 168.7(2) pm], and the counterion is HCI, . In the
structure of 20c, [Ph3;CP(TMG),] - 3 HCI, the cation is
protonated at both imino N atoms and the counterions are
CI~ and HCI,™ (one of each).

Introduction

The bond between phosphorus and nitrogen is particu-
larly susceptible to attack by acids; this is exploited in a
general method of forming phosphorus halides from the
corresponding phosphorus amides (Eq. 1). The hydrolytic
cleavage of the P—N bond is complex and takes place under
mild conditions to give an ammonium salt and the corre-
sponding phosphorus halide[!11?],

N

Il
SP—NR, + 2HX —> _P-X + HNRyHX

¢y

(|| =Lone pair or chalcogenide, X= halogen)

Because alkyl groups are the most widely used substitu-
ents at nitrogen, and in connection with our own studies on
N',N',N'',N"'-tetramethylguanidine (TMG)-derivatives[],
we wished to apply the method to TMG-substituted phos-
phorus compounds. In particular, we wanted to prepare the
monochloride of (triphenylmethyl)phosphonous acid 8,
which could, in principle, be formed by the process de-
scribed in Eq. 1, via compound 5.
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In contrast to expectation, the reaction of 5 with HCI
furnished the ionic compound 6, an intermediate that was
reasonably stable in solution and completely stable in the
solid state.

Such cases of protonation of the nitrogen atom with pres-
ervation of the P—N bond are scarce in the literature. How-
ever, a few examples of compounds are known in which the
P—N bond was not affected by protonic acids; e.g., Riess
et al. were able to isolate stable ammonium salts with tetra-
and penta-coordinated phosphorus™.  Furthermore,
Schmidpeter et al. have investigated 5-membered ring sys-
tems containing —P=N— moieties, from which stable am-
monium salts could also be obtained[®. However, c3(P)
compounds with protonated phosphorus-nitrogen single
bonds have only been postulated as reaction intermedi-
ates7IBIPINOL Most reactions of phosphorus amides with
protonic acids proceed via protonation at phosphorus,
which is due mainly to the nucleophilic character of the
phosphorus atom; a few examples of such phosphonium
salts with various counterions have been reported!! 1112,

Thus, the intermediates formed by HCI attack on TMG-
substituted phosphanes need to be identified and investi-
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gated with regard to their stability (e.g., by varying the en-
vironment of the phosphorus atom). The protolytic stability
of the P—N bond must be determined by electronic (a con-
jugative delocalization of the cationic charge on phos-
phorus or at TMG) and steric factors (shielding of the
phosphorus atom by a bulky substituent). In our investi-
gations we used trityl-TMG substituted phosphorus com-
pounds, which proved suitable in forming intermediates of
interest, especially in the acid-catalysed nucleophilic substi-
tution at 6>(P) amides811121113],

Results and Discussion

The phosphonous dichloride 1, which has been known
since 1933014 was used as starting material for the prep-
aration of compounds containing the trityl-moiety bonded
to phosphorus. It reacted vigorously with 2 equivalents of
HTMG, forming compound 2 (Scheme 1).

Scheme 1
1. + LiAIH,
Phy,C—PZ
13 ™G
complex 0
mixture Ph, C—g :
5 ™G
+TMGSiMe; | 80°C
- CISiMe, CDCl, l+ HCl (exc.)
Cl Il _H
Ph,C—P_ PhyC—~PC HCl,
T MG [ ’ \HTMG‘*} :

6

"

+ TMGSiMe, | +2 TMG

-CISiMe; | - HTMG-HCI a
PhyC—PZ cr
o [ ’ \HTMG+}
Ph;C—PZ 12
al
1
| _TMG
+3uT™MG  “PCh {thc LS G:'Cl
+
- HTMG-HCI 10
NM v
_NMe NM
TMG= “N=c HTMG' = | SN=cZ '
NMe, NMe,

Using the less reactive agent Me;SiTMG (Scheme 1) par-
tial aminolysis of 1 was also effected. The reaction of tri-
phenylmethylphosphonous difluoride 3 and HTMG, how-
ever, involved an unusual preferential cleavage of the phos-
phorus—carbon rather than the phosphorus—fluorine
bond, with formation of the known phosphonous difluo-
ride 4131 (Eq. 2); this interesting phenomenon had pre-
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viously been observed by Nixon in connection with amino-
lysis reactions of Cl;CPF,1°l,

F 25°C, 1h

F
Ph;C—P\F + HTMG e TMG—-P(F + PhyCH )

3 4

Treatment of 2 with H,O and NEt; led spontaneously to
triphenylmethylphosphonous N',N',N'’, N''-tetramethylgu-
anidinide 5 (Scheme 1). The attempted preparation of the
monochloride of triphenylmethylphosphonous acid 8 using
excess HCI led to the hydrogendichloride 6 (formally 5-2
HCI), which was stable at room temperature and was con-
verted to Ph;CPCl, 1 and Ph;CPH(O)OH 7 upon heating
in excess HCI at 80°C (Eq. 3).

2 PhC—PT
I_H - Tya ©)
Ph.C—p” -2 HTMG-HC1
3 ~
HTMG' closed tube
80 ° [0)
HCl, C,18h )

toluene, HCI (exc.)

H cl
6 ph,c—P{ + Phc—P{
¥ Son T a

7 1
This result is at variance with the observation that orga-

no(chloro)phosphonous acids are usually stable when they
contain sterically demanding substituents!”.

Figure 1. Structure of 5 in the crystal. The solvent has been omitted
for clarity®

[l Selected bond lengths [pm] and angles [°]: P—O 148.1(2),
P—H(1) 136(2), P—N(1) 161.6(2), P—C(10) 187.5(2), N(1)~C(1)
131.5(3), N(2)—C(1) 137.3(3), N(2)—C(3) 145.5(3), N(2)—C(2)
145.5(3), N(3)—C(1) 134.5(3). N(3)—C(5) 145.0(3). N(3)—C(4)
146.6(4), O—P—N(1) 11735(11), O-P—C(10) 114.13(11),
N(I)=P=H(1) 107.6(9), C(10)—P=H(1) 101.7(9), O—P—H(I)

110.009), N(1)-P—C(10) 104.76(11), C(1)~N(1)~P 126.8(2),
C()-N@2)—-C(3)  1204(2), C()-N@Q2)-C2)  121.8(2).
C3)-N(2)-C(2)  1148(2), C(1)-N(3)—C(5)  120.0(2),
C()-N(3)—-C@d)  1229(2), C(5-N(3)-C@) 115.7(2).
N()-C()-N@)  119.4(2), N(1)-C(1)-N@2)  124.8(2),

N(3)—C(1)—-N(2) 115.7(2).

Discussion of the X-Ray Structures of 5 and 6

Compound 5 crystallises with half a molecule of di-
chloromethane (disordered over an inversion centre) in the
asymmetric unit. The hydrogen atom H2 of the cation of 6
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Figure 2. Structure of 6 in the crystal(@

[l Selected bond lengths [pm] and angles [°]: P—O 147.2(2),
P—N(1) 168.7(2), P—C(10) 186.0(2), P—H(1) 132(2), N(1)-C(1)
137.8(3), N(1)-H(2) 90(3), N(2)—C(1) 133.0(3), N(2)—C(3)
145.8(3), N(2)—C(2) 146.7(3), N(3)—C(1) 132.2(3), N(3)—C(4)
145.8(3), N(3)—C(5) 146.6(3), CIl(1)—H(3) 187(3), CI(2)—H(3)
1353, O—P—N(l) 112.38(10),  O—-P—C(10) 113.61(10),
N(1)=P—C(10) 108.25(11), O—P=H(l) 114.9(8), N(1)~P—H(l)
103.3(8), C(1)-N(1)—P 126.3(2), C(1)-N(1)—H(2) 114.5(1.7),

P-N()-H(Q2)  118.6(1.7), C()=N@2)-C(3)  123.502),
C()-N@2)-C(2)  121.2(2), C(3)-N(2)-C(2) 115.2(2).
C(1)-N(3)-C@d)  121.62), C(1)-N(3)-C(5)  123.1(2)
C4)-N(3)-C(5)  1149(2). N@B)-C()-N@2)  121.6(2),
N3)-C(1)-N(1)  118.8(2), N(@2)-C(1)-N(1)  119.6(2).

CI(1)—H(3)—Cl2) 173(2).

was located at the imino nitrogen NI; this hydrogen and
all other non-C-bonded hydrogen atoms of 5 and 6 were
refined freely.

The P—O, P—C, and P—H bonds are marginally shorter
in 6 than in 5 [5: P-O 148.1(2), P—C10 187.5(2), P—H1
136(2) pm; 6: P—O 147.2(2), P—C10 186.0(2), P—H1 132(2)
pm]. The increase in coordination number at the imino ni-
trogen leads, as expected, to a marked increase in the P—N
bond length [5: P—N 161.6(2), 6: P—N 168.7(2) pm]. In
compound 5 the imino N—C bond [N1—C1 131.5(3) pm]
is naturally shorter than the amino N—C bonds [N2—Cl1
137.3(3), N3—C1 134.5(3) pm]. In compound 6 the N1—-Cl1
bond [137.8(3) pm] is about 5 pm longer than N2—Cl1
[133.0(3) pm] and N3—CI1 [132.2(3) pm]; this indicates that
the positive charge is delocalized over the two dimethyl-
amino groups. The average N—C,,¢qny1 bond lengths differ
insignificantly [5: 145.6, 6 146.22 pm].

The phosphorus atom, as expected, displays somewhat
distorted tetrahedral coordination geometry, with the
largest angles involving the doubly bonded O atom. In the
case of 5 O—P—NI1 [117.35(11)°] is the largest, ClI0—P—H1
[101.7(9)°] the smallest angle; in 6 O—P—HI1 [114.9(8)°] and
C10—P—HI1 [103.5(8)°].

The counteranion in compound 6 is the hydrogendichlor-
ide anion. The angle at H3 is 173(2)°. One Cl—H bond is
significantly longer than the other [ClI1—H3 187(3),
CI2—H3 135(3) pm], so the negative charge is mainly
located at CI1. The Cl—ClI distance is 320.8(1) pm, which
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is normal for hydrogendichloride anions (cf. [(4-
CH;0C¢H,4)(CH3)PClL,] [CIHCI]: CI--Cl 321.0(3) pm; [(4-
C,HsO0C4H,)PCl5] [CIHCI]: Cl-+-Cl 318.9(1) pm)!'8l,

The H2 atom forms a hydrogen bond to Cl1 at [1.5 — x,
0.5 + y, —0.5 — z], with the following dimensions: H2---CI1
237(3) pm, N1---ClI1 321.9(2) pm and N1—-H2---Cl1 157(2)°.
The H1 atom is linked to O [at 1.5 — x, 0.5 + 3, 0.5 — z] via
short contacts that may be interpreted as hydrogen bonds
[H1--O 255(2), P---O 386.6(2) pm, P—H1--O 170.4(1.2)°].

The formation of compounds 1 and 7 from 6 would ap-
pear to be the result of the conversion of Ph;CPH(=0)Cl
8, formed as an intermediate by nucleophilic attack of chlo-
ride anion on 6. This process is complex and will be dis-
cussed in a subsequent publication.

The unusual stability of 6 is caused by the kinetically sta-
bilizing effect of the trityl group®), and the possibility of
charge delocalisation in TMG-substituted phosphorus
compoundsPl. The latter might be the reason for the pos-
sibility of the isolation of compound 10, a doubly pro-
tonated species whose formation was concluded from ana-
lytical data (Eq. 4).

+HCl (exc.) Ii_HTMG" B
t-Bu—P 2
~umat |
o} 10 -
aub MO
T NG @
9 r o} 7
t-B 5/TMG (p-Tol)SC,
u— -Tol)SO
+ (HO)O,S(Tol-p) L “HIMG' | ’
11

The possibility of rearrangement of the dichloride 10 to
the hydrogendichloride in the solid state was considered, in
the mass spectrum, from the observation of only the mono-
protonated parent ion. The cation 11 was formed in good
yield by treatment of 9 with p-tolylsulfonic acid. This coun-
terion, of low nucleophilicity, gave rise to additional stabi-
lization, compared to the chloride ion.

The displacement of halogen by water was of particular
importance and led, as mentioned above, to compound 5 in
the presence of NEts, or to a mixture of 5 and 12, in which
a second molecule of 2 acted as a scavenging agent for the
HCI liberated (Scheme 1). In the presence of excess water
the same treatment afforded compound 6. Compound 12
was also formed by reaction of 2 with HCI (Scheme 1) and
5 with phosgene (Eq. 5), respectively.

o}
Ph,C g’H ~—=  Ph c—P/OH
T NG T MG
5 Sa
1+ Co)Cl,
Q)
cl 1
{PhSC_PiHTMcﬁJ o <= phe—p7o C M g-
T SHTMGT
12 12a
not observed
867
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The latter reaction was preceded by the formation of the
tautomeric parent acid 5a, where the proton was more
strongly acidic than in 5, and the reaction with C(=0)Cl,
took place rapidly. The assumed intermediate 12a was un-
stable and was transformed to 12. This salt was stable as a
solid, but in solution slowly decomposed to 1, 2, and
HTMG - HCI (Eq. 6).

_a .
Ph,c —PZ a- + |phc—pC ol
HTMG™ HTMG™

12 12
344 grvHA (6)
€Dely
cl cl
Ph,c—pP7 + Ph,c—pL
MR V7 T a
2 1

To define the effects causing the unusual stability of 12,
further investigations were conducted that involved varia-
tion of the nucleophilicity and steric congestion at the phos-
phorus atom. Thus, the nucleophilicity of the tritylated
phosphorus compounds should increase if the chlorine
atom in 2 were substituted by hydrogen. This was realized
when 2 was allowed to react with LiAIH, (Scheme 1). The
isolation of 13 was not possible because PhsCH was also
formed and could not be separated from the reaction mix-
ture. A toluene solution of the resulting crude product was,
therefore, treated with excess HCI, and the colourless solid
precipitated was identified as the hydrogendichloride 14,
where protonation had occurred at the imino nitrogen atom

(Eq. 7).

H +HCl
Phy,C—PL —_ Ph3C-—P<H JHCLT
T (exc.) HTMG
13 14
25°C, 12 | - HTMGHC @)
H
Ph,C—PC

cl

15

The identity of 14 was established by analytical and
NMR spectral data, and by its decomposition to triphenyl-
methylphosphonous chloride 15. Compounds like 15 are
sufficiently stable only in the presence of bulky groups, and
only a few examples, mainly referred to as intermediates,
are mentioned in the literature122 Compound 15,
which is completely stable, will be described elsewhere in
connection with alternative synthetic routes and further in-
vestigations.

To exclude the steric hindrance effect of the trityl group,
the protonation reaction was repeated with compound 16
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where, moreover, the nucleophilicity of phosphorus should
be higher than in both 2 and 13 (Eq. 8).

Ph._
- + | o=
+HC Lh/P HIMG ] “ +HCI
17 HTMG-HCI
(8)

+HClL 3 Ph
—(e& >p —Cl
Ph
16 18

Ph_
P—TMG
Ph”

The reaction pathway is not clear. The solid that precipi-
tated from toluene consisted of HTMG-HCI and a phos-
phorus compound separated that could not be isolated (in
a 1:1 ratio). The product soluble in toluene was charac-
terized by 3'P NMR as diphenylphosphinous chloride 18,
which was formed as shown (Eq. 8). The precise location
of the proton in 17 could not be established, because the
'H NMR resonance of the proton bonded to phosphorus
or nitrogen was not observed.

Scheme 2
P|I TMG HCl II//T%/IG
. _
Ph,C—PZ - — Ph,C—] 20
INIMG T HTMGT
19 20a
not observed
) 3d complex
+HTMG-HCl || + HTMG _555? mixture F
TMG HTMG™
Ph,C—PZL Phy,C—PC c1-
T MG [ ’ \HTMG*']
21 20b

l+ HCl

HTMG™ +HCl _HTMGY| 1™
Phy,C—PL <« |Ph,C—P -
{ ¥ SHTMG > T SHTMGH| HCL

20d 20¢

} 2 HCL,™

When the reaction of HTMG with 1 was carried out in
a molar ratio 3:1, the final product was the phosphonium
salt 19, which was also obtained when 2 was allowed to
react with HTMG (Scheme 1). In both cases, the strongly
basic  properties of the phosphorus atom  of
Ph;C—P(TMG), 21 were evident (based on 3'P NMR stud-
ies). The equilibrium between 19 and 21 was established
spontaneously (molar ratio 19/21 = 6:4). After removing
the volatile products, the phosphonium salt 19 was isolated.

The isolation of 21 from this equilibrium mixture was,
however, not possible. After the components were left in
solution in CDCl; for 3 d, a complex mixture was obtained
(Scheme 2). The attempted preparation of 21 via reaction
of 2 with Me;SiTMG was also unsuccessful because under
the reaction conditions (temperature ca. 80°C), decompo-
sition with formation of an oily product took place (Scheme
1). The above-mentioned acid-base equilibrium could not
be observed when 19 was treated with excess NEt;. This
provides additional evidence of the high basicity of 21. The
basic properties of the phosphorus atom in amino-substi-
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tuted phosphorus compounds are well known 23124, How-
ever, it should be noted that in the preparation of
RP(TMG), (R = Me, tBu, and Ph) by treatment of RPCl,
with HTMG (molar ratio: 1:4) these compounds could be
obtained readily and in good yield by distillation of the cor-
responding crude products®l. The formation of 19 took
place quantitatively, but the separation from HTMG-HCl
by washing with H,O resulted in low yields, because 19 also
showed hydrophilic properties. The phosphorus atom in
Ph;C—P(TMG), seemed to be more basic than the imino
nitrogen atom in HTMG and, therefore, 19 showed (in con-
trast to the conversion of compounds 12 and 14) no de-
composition to the chlorinated compound 2 and the unpro-
tonated species 21, respectively (Eq. 9).

H

_TMG | _TMG
Ph,C—PZ a- + | enc—pg -

G + TMG

19 19

60°C.18h & grMmGHCI )
cpc,

al T™MG

Ph,C—PZ +  phc—pC
TMG ™G

2 21

The TMG moieties in [Ph;C—PH(TMG),]* also were
found to display basic properties at the imino nitrogen
atoms and additional HCI should lead to a doubly pro-
tonated species. Surprisingly, the product resulting from the
reaction of 19 with HCI was, instead of the expected com-
pound 20a, the ¢*(P) compound 20b, where both imino ni-
trogen atoms were protonated (Scheme 2).

The migration of the proton in 20a is caused by the elec-
tron-withdrawing effect of the HTMG™ moiety, which is
comparable to that of a chlorine atom. The electron density
at the phosphorus atom in 20b is comparable to that in
12, and a decreasing tendency of electrophilic attack was
established by treatment of 20b with excess hydrogen chlo-
ride, leading to HCl, ™ as counter anion. There was no pro-
tonation at the phosphorus atom. Treatment of 19 with HCI
(ratio 1:1) led to the ionic species 20b with chloride as coun-
terion. Compound 20b was insoluble in CDCl;, whereas the
corresponding hydrogendichloride 20d was well soluble in
chlorinated solvents and, as expected from its structure, in-
soluble in nonpolar solvents. The crystals, obtained from
the reaction mixture (in CH,Cl,/Et,0, ratio: 7:1) at room
temperature by treatment of 19 with HCI (ratio: 1:3), con-
tained both chloride and hydrogendichloride anions (see be-
low). The solubility of this compound (20c) lies between
that of 20b and 20d. Surprisingly, the attempted conversion
of 20c did not afford the expected compounds 12 and
HTMG-HCI, and reflected the increasing influence of steric
congestion by the second HTMG™ moiety (Eq. 10). Thus,
in contrast to 12 and 14, nucleophilic attack at the phos-
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phorus atom was not possible, even on raising the tempera-
ture (60°C).

/HTMG+ Hel,y - HTMGHCI e
Phy,C—P_ —+#—> |Ph,C—P_ cl
HIMG* |CI~  60°C,18h HTMG™* (10)
20¢ CDCly 12

Figure 3. Structure of 20c in the crystal. Methyl and phenyl hydro-
gen atoms and solvent have been omitted for clarity!®!

[l Selected bond lengths [pm] and angles [°]: P—N(4) 171.7(3),
P-N(1) 173.42), P-C(11) 1958(3), N(1)—C(1) 135.4(4).
N()—H(1) 81.940), N2)—C(1) 133.9(4), NQ2)-C(2) 146.1(4).
N(2)—C(3) 146.8(4). N(3)—C(1) 133.4(4). N(3)—C(4) 146.1(4).
N(3)—C(5) 146.5(4). N(4)—C(6) 135.9(4), N(#)—H(4) 74.4(36),
N(5)—C(6) 133.7(4), N(5)—C(7) 146.1(4), N(5)—C(8) 146.8(4).
N(6)—C(6) 133.0(4). N(6)—C(10) 145.8(4), N(6)—C(9) 146.3(4).
Cl2)—-H@2) 170.1(54), CI(3)—H(2) 145.5(54), N(4)—P—N(1)
93.07(12), N(4)—P—C(11) 104.53(12), N(1)—P—C(11) 105.30(12),
C(1)-N(1)=P 130.2(2), P—=N(1)~H(1) 114(3), C(1)=N(1)—H(1)
115(3), C()-NQ2)-C(2) 121.73), C(1)-N(2)=C@3) 120.7(3),
CQ2)-NQ2)-C(3)  1154(3), C1)-N@)~C@)  123.4(2).
C(1)-N(3)-C(5)  121.8(3), C#)-N(3)-C(5) 114703
C(6)~N(#)—P 124.8(2), P-N(4)—H(4) 119(3), C(6)—N(4)—H(4)

115(3), C(6)—N(5)—C(7) 122.1(2), C(6)—N(5)—C(8) 122.8(3).
C(7)-NGB)—C@®)  11492),  C(6)-N(6)-C(10)  121.5Q2),
C(6)-N(6)—C(9)  1232(3).  C(10)-N(6)—C(9)  114.9(2).
NG)-C()-N@2)  120.03), N@B3)-C(1)-N()  122.2(3),
NQ2)-C(1)-N(1)  117.7(3).  N(6)—C(6)-N(5)  121.8(3).
N(6)-C(6)-N@)  118.13), N(5)—C(6)-N(4)  120.1(3),

Cl(2)—H(Q2)—CI(3) 177(4).

Discussion of the X-ray Structure of 20c

Compound 20c crystallises as a dichloromethane solvate.
All three non-C-bonded hydrogen atoms were refined freely.

The P—N bonds in 20c [P—N1 173.4(2), P—N4 171.7(3)
pm] are longer than those of Ph,P(TMG) AP [P—N1
169.6(3) pm]. The NI1—Cl1 [135.4(4) pm] and N4-C6
[135.9(4) pm] bonds are about 5 pm longer [A: P—NI1
129.3(4) pm], but the amino N—C bonds [133.0(4)
(N6—C6) to 133.9(4) (N2—C1) pm] are much shorter than
those of A [N2—C1 138.2(4), N3—C1 136.4(4) pm]. In com-
pound 20c¢ the formal imino N—C double bond is longer
than the amino N—C bonds, which means that the positive
charge is effectively delocalized via m bonding to N2, N3,
N5, and N6. The N—methyl bond lengths vary from
145.8(4) pm (N6—CI10) to 146.8(4) pm (N2—C2 and
N5-C8).
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The phosphorus atom displays a pyramidal configura-
tion, lying 82 pm out of the plane of its a-substituents. The
smallest angle at phosphorus is between the two TMG sub-
stituents [N1—P—N4 93.07(12)°], the angles involving C11
of the triphenylmethyl group are 105.30(12)° (N1-P—C11)
and 104.53(12)° (N4—P—Cl11), respectively. The P—CI11
bond [195.8(3) pm] is extremely long.

The hydrogendichloride anion displays dimensions of
145(5) pm (CI3—H2), 170(5) pm (CI2—H2), 177(4)°
(C12—H2-Cl3). The distance between CI2 and CI3 is
315.5(1) pm. The other counterion is a chloride ion, which
forms hydrogen bonds to both N—H groups; the Cl---H dis-
tances are 247(4) pm (Cl1---H1) and 237(4) pm (Cl1---H4).

In compound 22 the steric hindrance effect of the organic
group was essentially absent, and treatment with excess HCI
afforded the chlorinated product 23, with no P- or N-pro-
tonated intermediates being observed (Eq. 11).

+ HCl (exc.) Cl
> Me—P(
-2 HTMG-HC1 Cl
TMG
Me—PL 23
“STMG 1
22 . (11
H
.+ HSbF, g 1'>/TMG .-
o]
STMG| ¢

24

The *'P-NMR spectrum of the adduct between 22 and
HSbF; also suggested that electrophilic attack on the polar
P—N bond led to the phosphonium cation, an intermediate
that was stable in combination with weakly nucleophilic
anions but not in the presence of chloride ions.

A measure of the relative basicity of compounds 2, 5, 13,
and 19 was obtained through the acid-base reactions out-
lined in Scheme 3.

The basicity of the tritylated compounds increased in the
order shown in Figure. 4 (in comparison to HTMG and
NEt;) and, in agreement with this, the acidity of the corre-

sponding acids (6, 12, 20, 14, and 19) increased in the re-
verse order, as was evident from '"H NMR studies.

Figure 4. The relative basicities of tritylated N’,N’,N'',N''-tetra-
methylguanidino-substituted phosphorus compounds in compari-
son to NEt; and HTMG (bold print: main basic centres)

H
I cl | _TMG
Ph C——P/H < phyc—PL_ < PhC—PL <
TTMMIME T T Mg ) TMG
5 2 19
_H _TMG
Ph,C—P < EuN < < PhC—P
T N mg < BBN < HTMG < PhC—P 6
13 21

Increasing acidity effects an increasing tendency to pro-
ton exchange and influences the observed '"H NMR spectra.
Figure. 5 shows the "H-NMR spectra of 5 observed after
interaction with HCI in various ratios (employing the corre-
sponding mixtures of 5 and 6).

The 'J(PH) values may be considered as diagnostic of
the extent of the protonation of compound 5, and of the
deprotonation of 6. These values lay between 494 Hz (sharp
doublet, compound 5) and 550 Hz (broad doublet, com-
pound 6). If the ratio of HCI to 5 was increased to 1:1,
HCl,™ was formed and because of proton exchange pro-
cesses S('H)(PH) and 'J(PH) could not observed. A dy-
namic phenomenon that can be explained by a fast bond
exchange, relative to the NMR time scale, also led to the
averaging of the NMR signals in the *'P-NMR spectra and
caused the absence of the NH proton resonance in the 'H
NMR. In contrast, in the 3'P-NMR spectra 'J(PH)-coup-
ling of the phosphorus nuclei of 5 was observed, even in the
presence of HCI. The §(3'P) values observed for mixtures of
5 and HCI showed a linear relationship, and ranged be-
tween & = 24.8 (compound 5) and & = 27.4 (compound 6)
(Figure. 6).

Scheme 3
[ Il_H cl 0 H cl
2 |Ph,c—PC HCL,- +  Phyc—PC ——> 1 Ph,C—P( + |phc—pZ cr
™ T SHrMGH T N IMG U S T SHTMGE
6 2 5 12
cl H cl H
Ph,c—PZL cl- + PhC—P] ——>  ph,c—pP( + |ph,c—PZ -
{ ’ \HTMG*:I UNTMG TG P rme | ©
12 13 2 14
Cl III TMG Cl +
HTMG
Ph,C—PL c- + |Phc—p Cr————=  Ph,C—P + —P{ -
T USHTMGT S TMG CP MG AT B
12 19 2 20b
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Figure 5. '"H NMR spectra of mixtures of 5 with various ratios of
HCI

molar ratio

(HCL:5)

[CI-H-Cl)- P-H
A_/d\ /\J \L
1.7
9

i

!
T T >

8 7 &'H) [ppm]

Figure 6. Dependence of 8(*'P) (upper curve) and 'J(PH) (lower
curve) of 5 on the degree of protonation at the imino nitrogen atom
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The 'H NMR signal of the HCl, ™ proton moved signifi-
cantly downfield when the proportion of HCI was increased
(broad hump at room temperature).

The 'H-NMR spectra of compounds 10, 11, and 17 were
also influenced by such dynamic phenomena, whereas the
NMR spectra of 12 and 14 were more informative, and
clear evidence for the presence of hydrogen atoms in both
compounds came from 'H-NMR spectra. The increasing
basicity in the series led to restricted proton interactions,
and the NMR spectra of 12, 14, and 20c¢ exhibited broad-
ened singlets, caused by the protons bonded to the imino
nitrogen atoms. Furthermore, in 14 the resonance of the PH
proton was observed as a broad doublet of doublets, mak-
ing the accurate determination of 'J(PH) and 3J(HH) im-
possible. However, the observed value of J(PH) (ca. 235 Hz)
is typical of 63(P) compounds!?>®], and suggested the struc-
ture proposed for 14.

Eur. J. Inorg. Chem. 1998, 865—875

The restricted proton exchange (as concluded from the
'TH-NMR spectra) was also proved by 3'P-NMR spec-
troscopy. Mixtures of compounds 2 and 13 with the corre-
sponding protonated species (12 and 14) did not give rise
to single averaged peaks. Furthermore, both systems (2/12;
13/14) showed, in contrast to the system 5/6, separate reso-
nances for the protonated and unprotonated species.

For TMG-HCI, the signals of the N(CH3), protons of
all protonated compounds (6, 10, 11, 12, 14, 17, and 20c)
were shifted downfield, compared to those of the related
unprotonated species. All the spectra exhibited sharp sin-
glets, and demonstrated the chemical equivalence of the
N(CH3), groups, caused by a three step isomerisation via,
a: deprotonation, b: inversion of configuration at the imino
nitrogen atom, and c: reprotonation; a mechanism that was
reported previously for other TMG-substituted com-
pounds[27][28][29].

In addition to structural parameters (see X-ray studies),
the 3'P-NMR data also could be used as a sensitive probe
to evaluate the electronic structure of the C=N double
bond. Surprisingly, the 3'P-NMR signals of the protonated
c3(P) species (12, 14, 20c) were markedly shifted to high
field, relative to the corresponding unprotonated com-
pounds (2, 13, 21). This phenomenon can be rationalized
as a consequence of the delocalisation of the positive charge
along the P-N=C(NMe,), grouping (Figure. 7).

Figure. 7. Possible charge delocalisation over the TMG moiety (il-
lustrated for molecule 6)

0 0
| _H NMe Il _H NM
pc—P A /O Ph,C—PZ g
N=C <> N—C:i +
H NMe, H NMe,
6

Thus, the 3'P-NMR data of the protonated species
should generally be comparable to those of the correspond-
ing amino-substituted phosphorus compounds. A compi-
lation of such data is shown in Table 1, supporting this
assumption through similar 8('"H) values of corresponding
N(H)—¢Bu-substituted phosphorus compounds.

Table 1. 3(*'P) values of unprotonated and protonated tritylated
N',N',N"",N''-tetramethylguanidino-substituted phosphorus com-
pounds, compared to those of the corresponding fert-butyl de-

rivatives
R= TMG HTMG* -N(H)t-Bu
130)
_Cl 154.7 ppm 122.1 ppm 129.1 ppm
Ph,C—P
3 R 2 12
| u 24.7 ppm 27.7 ppm 26.3 ppm
-~
Ph3C~—P\R 5 6
H 33.1 154 18.7 ppm
ph,C—PL ppm ppm pp
R 13 14
R 114.3 83.5 -
Ph,C—PL ppm ppm
R 21 20
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The observation that the resonance of the phosphorus
atom in 17 was shifted downfield, in the direction of the
unprotonated precursor 16, cannot be explained. Com-
pounds 19 and 24 were characterized from their 'J(PH) val-
ues, which were typical of ¢*(P) compounds!l,

Reactivity of Protonated Compounds

Because of the protonation at the imino nitrogen atom
of aminosubstituted trityl-phosphane compounds, the
phosphorus becomes more electrophilic and thus more sus-
ceptible to nucleophilic attack (e.g. by H,O). In agreement
with this it has been found that the chemical behaviour of
protonated species is similar to that of the corresponding
halogenated compounds. Thus 6 reacted slowly with H,O,
forming triphenylmethylphosphonous acid 7 (Eq. 12),
whereas hydrolysis of the unprotonated compound 5 was
not observed.

o)
+NEt, 3HF in_H
3 _P\
-2 HF F
-HTMG-HC! 25
Ph,C—P H - Hel
T gmve | Bk (12)
6 0
e
-HTMG-HC] ~ ° ~OH
-HCl 7

However, the sensitivity to nucleophilic attack at the pro-
tonated P—N bond of these species appeared to be lower
than at the P—Cl bond, because hydrolysis of 12 initially
led to the displacement of the chlorine atom (Scheme 1).

The bis(TMG)-substituted phosphorus compound 19
was attacked by H,O to a lesser extent, forming 6 and ad-
ditional phosphorus compounds that could not be charac-
terized (decomposition of 19 after 7d at room temperature
in dichloromethane and excess H,O: ca. 10%). Unexpec-
tedly, 20c was soluble in water, and showed no conversion
to the expected compounds (6 or 7, and HTMG - HCI). This
must be due to steric congestion.

On changing the counterion to F~, the displacement of
HTMG™ took place rapidly. For instance, the reaction of 6
with NEt;-3 HF in a 1:1 molar ratio spontaneously led to
triphenylmethylphosphonous fluoride 25 (Eq. 12), provid-
ing an alternative convenient synthesis to that reported pre-
viously '],

We are grateful to BASF AG, Bayer AG and Hoechst AG for
generous supplies of chemicals used in this research, and to Fonds
der Chemischen Industrie for financial assistance.

Experimental Section

All experiments were carried out with exclusion of air and moist-
ure; solvents were purified and dried according to the usual meth-
odsPIB2l — NMR spectra were recorded in CDCl; (unless other-
wise noted) at 298 K, using a Bruker AC-200 instrument at 200.1
MHz ('H), 81.3 MHz (*'P) and 50.3 MHz ('3C) and referenced
internally to residual solvent resonances. — Electron impact mass
spectra were recorded on solid samples, using a Finnigan MAT
8430 (70 eV) instrument. — Melting points were taken in sealed
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872

0 WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998

capillaries and are uncorrected (Instrument: Biichi 510). — IR spec-
tra were recorded on a BIO-RAD IR-165 instrument. — The ab-
breviation “in vacuo” indicates a pressure of 0.1 mm Hg.

The following compounds were synthesized according to the
literature:  Ph;CPCL!'4,  Ph;CPF,!"%,  (/Bu)P(=0)(TMG),?*3,
Ph,P(TMG) and MeP(TMG),Bl, Me;SiTMGP4. All other com-
pounds were obtained commercially.

Reactions which were investigated solely by 3'P-NMR spec-
troscopy in CDCl; are not described in the Experimental Section,
because the products were synthesized by alternative methods re-
ported in the present work, and also in previous publications.

Chloro  Triphenylmethylphosphonous N',N',N'',N''-Tetramethyl-
guanidinide (2). — Method A: Reaction of Triphenylmethylphos-
phonous Dichloride 1 with HTMG: HTMG (1.80 g, 15.64 mmol)
was added dropwise with stirring over 10 min at room temperature
to a solution of 1 (2.70 g; 7.82 mmol) in 30 ml of dichloromethane.
The solvent was evaporated and toluene (50 ml) was added to the
residue. The precipitate was filtered off and the solvent from the
filtrate was removed in vacuo. The residue was dissolved in 15 ml of
dichloromethane and the product was obtained as an amorphous,
colourless solid. Yield 2.1 g (63.3%); m.p. 145°C (dec.). — 'H
NMR: § = 2.59 (s, 12 H, N(CH3),), 7.16—7.37 (m, 15 H, Ph5C).
C,4H,,CIN3P (423.92): caled. C 68.00, H 6.42, N 9.91; found C
67.70, H 6.64, N 9.91.

Method B: From 1 and Me;SiTMG: To a solution of 1.0 g (2.9
mmol) 1 in 7 ml of toluene, 543 mg (2.9 mmol) of Me;SiTMG was
added at room temperature. After 3 h the precipitate was filtered
off, washed with 5 ml of diethyl ether and dried in vacuo. Yield
1.03 g (83.9%); m.p. 143°C (dec.).

Triphenylmethylphosphonous N',N',N'',N''-Tetramethylguanidi-
nide (5): N',N',N'',N''-Tetramethylguanidine (1.6 g; 13.9 mmol)
was added dropwise with stirring over 10 min at room temperature
to a solution of 1 (2.40 g, 6.95 mmol) in 40 ml of toluene. To this
solution a solution of H,O (0.5 g; 27.76 mmol) in HTMG (0.8 g;
6.95 mmol) was added with stirring at 0°C during 30 min. The
reaction mixture was allowed to reach room temperature and the
precipitate was filtered off. The solvent was removed from the fil-
trate in vacuo, and the product was left as a colourless solid. Yield
2.4 g (85.1%); m.p. 175°C (dec.). — 'H NMR: § = 2.61 [s, 12 H,
N(CHjs),], 7.18—=7.35 (m, 15 H, Ph3C), 7.92 [d, 'J(PH) = 493.7 Hz,
1 H, PH]. — 3C NMR: § = 39.73 (s, CH3), 62.96 [d, 'J(PC) =
90.7 Hz, Ph;C], 143.25 [d, 2J(PC) = 3.1 Hz, C¢Hs], 130.73 [d,
3J(PC) = 6.5 Hz, C4Hs], 127.88 (s, C¢Hs), 126.45 [d, SJ(PC) = 2.0
Hz, C¢Hs), 162.58 (s, C=N). — 3P NMR: § = 24.8 (s). — IR
(KBr): v = 1339 (P=0), 2307 (P—H). — C,4H,sN3;0P (405.48):
caled. C 71.09, H 6.96, N 10.36; found C 70.53, H 6.91, N 10.04.

[ Triphenylmethylphosphonous N',N',N'',N''-Tetramethylguanidi-
nide] - 2 HCI (6): To a solution of Ph;CPH(O)TMG 5 (1.01 g;
2.5 mmol) in 10 ml of toluene were added at room temperature 3
equivalents of HCI (7.5 ml of a 1 m solution in diethyl ether; 7.5
mmol HCI). The precipitate was filtered off and the product was
obtained as a colourless solid. Yield 1.12 g (95.6%); m.p. 220°C
(dec.). — "H NMR: § = 2.88 [s, 12 H, N(CH3)], 7.13—7.32 (m, 15
H, Ph;C), 9.58 (s, 1 H, HCl,™), no resonances for PH and NH
were observed. — C NMR: & = 41.65 (s, CH3), 63.32[d, 'J(PC) =
77.7 Hz, PhsC], 139.12 [d, 2J(PC) = 2.4 Hz, C4Hs], 130.38 [d,
3J(PC) = 7.3 Hz, C4Hs], 129.02 (s, C¢Hs), 128.04 [d, SJ(PC) = 2.6
Hz, C¢Hs), 159.65 (s, C=N). — 3P NMR: § = 27.7 (s). — IR
(KBr): v = 1291 (P=0), 2340 (P—H). — C,4H;,Cl,N;OP (478.40):
caled. C 60.25, H 6.32, N 8.78; found C 60.33, H 6.21, N 8.82.

6 (Preparation of Crystals): A solution of Ph;CPH(=0)TMG 5
(1.01 g; 2.5 mmol) in 10 ml of toluene was combined with a solu-
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tion of 2 equivalents of HCI (5.0 ml; 5 mmol HCI of a 1 M solution
in diethyl ether) in toluene (20 ml). After 4 d the resulting colour-
less crystals were filtered off. Yield 1.15 g (98.1%).

Decomposition of 6; Formation of 1 and 7: A solution of 5 (1.0
g; 2.5 mmol) in toluene (20 ml) was treated with gaseous hydrogen
chloride for (ca.) 2 min but the precipitate (6) formed instan-
taneously was found to be dissolved again after prolonged action
of HCI. This solution was heated in a sealed tube for 18 h at 80°C.
The solvent was removed in vacuo and the products were charac-
terized by 3'P NMR spectroscopy. The data were identical to those
of 1 and 70191,

[tert-Butylphosphonic Bis(N',N',N'',N'"'-tetramethylguanidinide) |
- 2 HCI (10): Addition of 2 equivalents of HCI (4.52 ml of a 1 m
solution in diethyl ether; 4.52 mmol) to a stirred solution of 9 (0.75
g; 2.26 mmol) in toluene (20 ml) at room temperature resulted in
a yellow oil. After decanting the solvent the oil was washed with
n-hexane (2X 10 ml), was dried in vacuo and 10 was obtained as
a colourless solid. Yield 0.89 g (97.3%); m.p. 79°C (dec.). — 'H
NMR: § = 1.42[d, 3J(PH) = 18.72, 9 H, PC(CH,)3]. 3.21 [s, 24 H,
N(CHs),], no resonance for N(H)=C< was observed. — 3'P NMR:
d = 31.70 (s). — FAB-MS chemical ionization with nitrobenzyl
alcohol (= NBA)]: positive m/z (%): 666 (2) [(tBuP(=
O)(TMG),'H),]*, 333 (78) [tBuP(=O)(TMG),-H]", 218 (100)
[(BuP(=0)TMG]*, 71 (12) [HNCNMe,]!; negative (m/z) (%): 188
(100) [CI"*NBA]". — IR (KBr): v = 1253 (P=0). -
C4H;35CLNGOP (405.35): caled. C 41.48, H 8.70, N 20.73; found:
C 41.60, H 8.73, N 20.46.

tert-Butylphosphonic  Bis(N',N',N'',N''-tetramethylguanidinide ) |
- (p-Tol)SOsH (11): A solution of a mixture of 9 (0.45 g; 1.35
mmol) and p-toluenesulphonic acid (0.25g; 1.31 mmol) in 10 ml of
toluene was stirred at room temperature for 16 h. The oily precipi-
tate formed was separated from the solvent and after washing with
n-hexane (two 5 ml portions) 11 was obtained as a colourless solid.
Yield 0.62 g (94.5%); m.p. 135°C (dec.). — '"H NMR: § = 1.23 [d,
3J(PH) = 16.85, 9 H, PC(CH3)s], 2.31 (s, 12 H, MeCgH,-
SO;7), 2.98 [s, 12 H, N(CH3),], 7.10/7.74 [m (AA'XX'), 4 H,
MeCsH,SO;7]. — 3P NMR: § = 20.28 (s). — FAB-MS (NBA):
positive m/z (%): 333 (86) [BuP(=0O)(TMG),'H]", 218 (100)
tBuP(=0)TMG]", 71 (14) [HNCNMe,]*; negative (m/z) (%): 324
(16) [MeCeH4SOs'NBA]~, 171 (100) [MeCqH,SO5]". —
C,1H37NgO4PS (500.60): caled. C 50.39, H 7.45, N 16.79, S 6.40;
found: C 50.02, H 8.07, N 16.53, S 6.21.

[Chloro Triphenylmethylphosphonous N',N',N'',N''-Tetramethyl-
guanidinide] - HCI (12): — Method A : Treatment of 5 with Phos-
gene: A solution of C(=0)Cl, (0.27 g; 2.7 mmol) in toluene (1.4
ml) was added to a solution of 5 (1.1 g; 2.7 mmol) in toluene (20
ml) at room temperature. After 10 min the evolution of CO, had
ceased, and the solid product was separated and washed with di-
ethyl ether (10 ml). The product was dried in vacuo and the product
was obtained as an amorphous solid. Yield 1.0 g (80.0%); m.p.
168°C (dec.). — '"H NMR: § = 2.95[s, 12 H, N(CHj3),], 7.13—7.41
(m, 15 H, PhsC), 7.85 (s, I H, NH™ ). — C,4HCLLN;P (460.4):
caled. C 62.61, H 6.13, N 9.13; found: C 62.80, H 6.29, N 8.94.

Method B: Treatment of 2 with HCI: To a solution of 2 (1.0 g,
2.36 mmol) in 10 ml of toluene was added at room temperature 1
equivalent of HCI (2.36 ml of a 1 M solution in diethyl ether; 2.36
mmol HCI). After 5 min the colourless precipitate of 12 was col-
lected by filtration, washed with diethyl ether (5 ml), and dried in
vacuo. Yield 1.0 g (91.7%), m.p. 167°C (dec.).

Method C: Via Hydrolysis of 2: To a solution of 2 (1.0 g; 2.36
mmol) in 10 ml of toluene were added at room temperature 0.5
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equivalents of H,O (21 mg; 1.18 mmol). After 15 min the colourless
precipitate of 12 was collected by filtration, washed with diethyl
ether (5 ml), and dried in vacuo. Yield 0.48 g (88.4%), m.p.
166°C (dec.).

Triphenylmethylphosphonous N',N',N'',N''-Tetramethylguanidi-
nide (13): To a solution of 1.3 g (3.1 mmol) of 2 in 20 ml of diethyl
ether 0.2 g (5.3 mmol) of LiAlH, were added at 0°C with stirring.
The mixture was allowed to warm up to room temperature and
stirring was continued for another hour. The reaction was
quenched by addition of water (20 ml), using a water bath for cool-
ing. The precipitate was filtered off and the solvent was removed
from the filtrate in vacuo. To the residue 10 ml of diethyl ether was
added and the product was obtained as a colourless amorphous
substance, containing small amounts of Ph3;CH (4%), on cooling
this solution to —20°C. Yield 0.81 g (67.8%); m.p. 118°C (dec.). —
'H NMR: § = 2.55 [s, 12 H, N(CH3),], 7.25 (s, 15 H, Ph3C), 5.67
(d, 'J(PH) = 188.4 Hz, 1 H, PH).

[ Triphenylmethylphosphonous N',N',N'',N''-Tetramethylguanidi-
nide]-2 HCI (14): To a solution of Ph;CPH(TMG) 13 (0.6 g; 1.5
mmol) in 10 ml of toluene were added at room temperature 3 equiv-
alents of HCI (4.5 ml of a 1 m solution in diethyl ether; 4.5 mmol
HCI). The precipitate was filtered off and the product was obtained
as a colourless solid. Yield 0.51 g (71.6%); m.p. 145°C (dec.). —
'H NMR: § = 2.84[s, 12 H, N(CH3),], 7.09—7.43 (m, 15 H, Ph;C),
5.81 [dd, 1 H, J(PH) = 235.6 Hz, J(HH) = 4.6 Hz, P-H], 7.99 (m,
1 H, NH), 10.60 (s, 1 H, HCl, ). — C,4H;3,CIl,N;P (462.4): calcd.
C 62.34, H 6.54, N 9.08; found C 62.49, H 6.52, N 8.96.

Decomposition of 14: A 60 mg (0.13 mmol) sample of 14 was
dissolved in CDCl; (0.5 ml) and placed into a 5S-mm NMR tube,
capped with a rubber septum. The decomposition was monitored
by 3'P NMR; it was complete after 18 h. Product 15 was charac-
terized by comparison of its 'H and *'P NMR data to those of an
authentic sample3%,

[ Diphenylphosphinous N',N',N'',N''-Tetramethylguanidinide] -
HCI (17): A solution of 16 (0.61 g; 2.01 mmol) in toluene (30 ml)
was treated with gaseous hydrogen chloride until precipitation of a
colourless solid commenced. The solid product was separated by
filtration and investigated by 3!P- and '"H-NMR spectroscopy. The
spectra indicated a mixture of 17 and HTMG-HCL. In the 3'P-
NMR spectrum of the filtrate a signal was observed which was due
to Ph,PCl [6(3'P) in C¢Dg = 82.2B3%]. — 'TH NMR: § = 2.98 [s,
12 H, N(CH3),], 7.12—=7.79 (m, 5 H, Cg¢Hs); no resonance for
N(H)=C< was observed. — 3P NMR: § = 41.2 (s).

Bis(N',N',N'',N'"'-tetramethylguanidino) Triphenylmethyl Phos-
phonium Chloride (19): N',N',N'',N''-Tetramethylguanidine (2.0 g;
17.4 mmol) was added dropwise with stirring over 10 min at room
temperature to a solution of 1 (2.0 g, 5.80 mmol) in 20 ml of di-
chloromethane. After stirring for 0.5h at room temperature the re-
action mixture was washed with water (10 ml) and was cooled to
0°C. The dichloromethane layer was separated from the mixture
and dried over Na,SOy, (5.0 g). The solvent was removed in vacuo,
and the residue was washed with 10 ml of diethyl ether, resulting
in a colourless, amorphous substance. Yield 1.59 g (50.9%); m.p.
146°C (dec.). — '"H NMR: § = 2.70 [s, 24 H, N(CHj),], 7.05—7.25
(m, 15 H, Ph;C), 8.23 [d, 'J(PH) = 471.5 Hz, 1 H, PH]. — 3'P
NMR: § = 5.1. — CyoHygCINgP (539.1): caled. C 64.61, H 7.48, N
15.59; found C 62.19, H 7.63, N 14.24.

[ Triphenylmethylphosphonous Bis(N',N',N"',N'"'-tetramethyl-
guanidinide) | 3 HCI (20c): To a solution of [Ph;CPH-
(TMG),]*C1™ (19) (0.5 g; 0.93 mmol) in 10 ml of dichloromethane
were added at room temperature 3 equivalents of HCI (2.8 ml of a
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Table 2. Crystal data of 5, 6, and 20c¢

5-0.5 CH,Cl, 6 20¢-CH,Cl,
Formula Cp4.5HpgCINZOP  CygH3gChN3OP  C3qHyyClsNgP
M, 447.93 478.38 696.93
Crystal habit colourless prism  colourless prism  colourless prism

Crystal size (mm) 0.60x0.40x 030 0.60x0.45x0.20 0.80x0.65x0.20

Temperature (°C) -130 -100 -130
Crystal system triclinic monoclinic triclinic
Space group Pi P2;/n Pi
Cell constants

a (pm) 883.9(2) 1271.2(2) 881.6(2)
b (pm) 937.5(2) 913.18(12) 1248.9(3)
¢ (pm) 1465.4(3) 2134.6(3) 1624.3(3)
a(°) 80.99(3) 90 72.51(2)
BC 85.76(3) 95.734(8) 87.95(2)
v (©) 77.87(3) 90 85.81(2)
U (nm-3) 1.1716(4) 2.4656(6) 1.7010(6)
z 2 4 2

Dy Mgm-3) 1.270 1.289 1.361
4 (mmely 0.253 0.349 0.504
F(000) 474 1008 732
20max (©) 50 50 50
absorption correction none none psi-scans
min. and max. transmission 0.794 and 0.906
No. of reflns.:

measured 4415 4375 8507
independent 4130 4338 6013
Rint 0.018 0.034 0.019
WR(F2, all refl.) 0.121 0.090 0.135
R(F>4c(F)) 0.049 0.040 0.054
No. of parameters 297 296 399

N 1.04 0.89 1.02
max. Ao <0.001 <0.001 <0.001
max. Ap (e nm-3) 296 368 1843

1 M solution in diethyl ether; 2.79 mmol HCI). After leaving the
resulting solution at room temperature for 18 h the product was
obtained as colourless crystals. Yield 0.55 g (84.8%); m.p. 146°C
(dec.). — 'HNMR: § = 2.92 [s, 24 H, N(CH3)], 7.06—7.41 (m, 15
H, PhsC), 8.55 (s, 2 H, NH), 12.2 (s, 1 H, HCI,7). — 3'P NMR [a
striking solvent effect on 5(*'P) was noted]: & (CDCl3) = 83.5, &
(D,0) = 614, 5 (CD;0OD) = 72.5. — CyH4,ClsNgP-CH,Cl,
(696.96): calcd. C 51.70, H 6.36, N 12.06; found C 52.96, H 6.55,
N 12.65.

Attempted  Preparation  of  [Methylphosphonous  Bis-
(N',N',N'',N'""-tetramethylguanidinide) ] - 4 HCI; Formation of
Methylphosphonous Dichloride (23): The reaction was carried out
in a manner similar to that for 17, using MeP(TMG), (0.5 g; 1.82
mmol) in toluene (30 ml). The 3'P-NMR spectrum of the filtrate
exhibited one signal only, which was due to 23 [3(*'P) in C4Dg =
191.2]8361,

Methyl — Bis(N',N',N'"',N''-tetramethylguanidino ) phosphonium
Hexafluoroantimonate (24): Addition of HSbF¢ (0.50 g, 2.11 mmol)
to a stirred solution of 22 (0.54 g; 1.97 mmol) in n-hexane (10 ml)
at room temperature resulted in a colourless oil. After removal of
the solvent, the oil was redissolved in dichloromethane (5 ml) and
reprecipitated by addition of n-hexane (10 ml). This process was
repeated twice, giving only a mixture of 24 and HSbF,. — 'H
NMR: 6 = 0.81 (s, br, 3 H, PCH3), 2.61 [s, br, 24 H, N(CH3),],
6.82 [d, 1 H, J(PH) = 483 Hz, PH]. — 3P NMR: § = 17.43 (s).
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Attempted  Preparation  of  [Triphenylmethylphosphonous
N',N',N"',N'"'-Tetramethylguanidinide] - 2 HF; Formation of Tri-
phenylmethylphosphonous Fluoride (25): Et;N-3 HF (337 mg; 2.1
mmol) was added dropwise with stirring over 2 min at room tem-
perature to a solution of 6 (1.0 g, 2.1 mmol) in 10 ml of dichloro-
methane. The solvent was evaporated in vacuo, and toluene (20 ml)
was added to the residue. The precipitate was filtered off and the
solvent from the filtrate was removed in vacuo. The product was
obtained as an amorphous, colourless solid. Yield 0.6 g (92.5%);
m.p. 159°C (dec.)!"l.

Determination of Crystal Structures — Data Collection and Re-
duction: Crystals were mounted on glass fibres in inert oil and
transferred to the cold gas stream of the diffractometer (Stoe
STADI-4 for 5 and 20c, Siemens P4 for 6, both with LT-2 low
temperature attachment). The cell constants for 5 and 20c were
refined from *® angles of 52 reflections in the 26 range 20—23°.
The orientation matrix for 6 was refined from setting angles of 62
reflections in the 20 range 5—25° (monochromated Mo-K, radi-
ation).

Structure Solution and Refinement: The structures were solved by
direct methods and refined anisotropically on F? (program system:
SHELXL-93, G.M.Sheldrick, University of Gottingen). H atoms
were included using a riding model or rigid methyl groups, except
for P-H, N—H and Cl—H hydrogens, which were refined freely.
Weighting schemes of the form w™! = [6%(F,?) + (aP)> + bP] were
employed, with P = (F,>4+2F2)/3. Full details of the crystal struc-
ture determinations (except structure factors) have been deposited
under the number 100815 at the Cambridge Crystallographic Data
Centre. Copies may be obtained free of charge from: The Director,
CCDC, 12 Union Road, GB-Cambridge CB2 1EZ [Telefax: Int.
+44 (0)1223/336—033; E-mail: fileserv@chemcrys.cam.ac.uk.]

* Dedicated to Professor Manfied Weidenbruch on the occasion
of his 60th birthday.
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