ORGANIC CHEMISTRY

SYNTEESIS AND CH-ACIDITY OF N,N-DISUBSTITUTED
AMINCTRIPHENYLPHOSPHONIUM SALTS
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0. E. Kovsheva, M. I. Terekhova, E. S. Petrov,
P. V. Petrovskii, and E. I. Matrosov

Several substituted methylaminotriphenylphosphonium salts (APS) of general for-
mula [Ph, PN(R)CH R'}X” have been synthesized. The CH-acidities of some of the
prepared APS have been measured by the indicator method in DMSO, with X% coun-
terion and 9-phenylfluorene (pK 18.5) as standard, showlng a PK range of 14.7-
24.8. The acidification effect of Ph;PN(Ph) (ocy,” = 0.70) and Ph,;PN(Bu)
(OCH = 0.68) groups has been evaluated. The refults obtained suggest that
there is an effective charge on the nitrogen atom in the APS studied and an
increased multiplicity of the N—P bond.

Substituted methylaminophosphonium salts (APS) are used in preparative organic chemis-
try [1-5]. In the development of synthetic procedures, the reaction of APS with different
nucleophiles has been fundamental. It has been concluded that in these reactions the nu-
cleorhile attacks the positively charged phosphorus atom of the APS. The possibility of de-
protcnation of the CH, group attached to the nitrogen by the action of the nucleophile (i.e.,
the CH-acidity of the APS) has not been examined.

Methods for the preparation of APS have been fairly thoroughly studied although the
selection of substituents on the phosphorus and nitrogen atoms has been restricted to phenyl
and alkyl groups [6-10]. The reactions of APS with bases of different strengths have also
been studied. In reactions with Na alkoxides in aprotic solvents, the alkoxide anion attacks
the positively charged P atom; the P—N bond is thus broken forming alkoxyphosphonium salts
as intermediate products which are alkylated by mercaptans [1] and primary and secondary
amines [2]. By using mixed cuprates of allyl or c-allene alochols in analogous reactions
one can develop regio- and stereospecific preparative methods for olefins and 1,3-dienes
[3-5). N-Methyl-N-benzylaminotriphenylphosphonium bromide [Ph;PN(Me)CH,Ph]Br~ reacts in a
similar manner with sodium methoxide in methanol and triphenylphosphine oxide and methyl-
benzylamine can be isolated from the reaction product [10]. However, when the same APS re-
acts with butyllithium in an aprotic solvent, or with NaOH in MeCN, the main products are
triphkenyl phosphine and benzylidenemethylamine {10]. The authors suggest that these com-

pounds are formed by the decomposition of an unstable zwitterion Ph3§N(MefCHPh.

Thus, the difference in the direction of reaction of the type of APS under discussion
with bases depends on both the CH-acidity of the APS and the basicity of the nucleophile.
In this connection we have studied the CH-acidity of the APS referred to above and of re-
lated structures.

RESULTS AND DISCUSSION

Substituted methylaminophosphonium salts (III) are prepared by the alkylation of N-
phenyltriphenylphosphinimine (I) by the appropriate substituted alkyl bromide (II) for 6-10
h in MeCN at boiling point.

PhaP==NRt + XCH,R' —» [PhyPN(R)CH,R")X~
(N (ITa — j) (I1la — j)
R=Ph(a—j);X=Br(a—¢f, j), I1(8, h, 1);R" = COOEt(a), CH = CH,(b), C=

CH ()5 p-NOJCeH (d), p-BrCeHy(e), p-MeOCsH,(£), Ph(g), CONEts (h), CN (i),
COPh(j).
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TABLE 1. Constants, Yields, and Elemental Compositions of

APS (III)
Found o . ‘ .
Com  lyjeld Mp, °C Calculateds * Empirical
pound % | {solvent) i i ; formula
¢ | on Hal | b
(la | 60.0 192-193 649 | 58 | 160 | 58 | CauleBrNO.P
(CHCHy — EIO;\C) 4.6 5.9 154 6.0
(Il | 54.0 214216 8.6 | 5.4 | 17.0 | 67 | CprHasBINP
(CHGE — LtOAc) 684 | 753 |68 | 65
(e | 63,5 221-223 688 | 4 1167 | 6.6 | CollBrNP
(e = Collr) 687 | T |16 | B
Q9 = 3
(g | 9% 186187 5.2 1 52 [ 440 | 54 | SadloBrNOul
(MeCN = Gl Tl Byt b vyt e
(liey | %80 N 814 | 39 1206 | 52 | CollaBraXNP
| (MeCN - Gl hexane)| T R e TR
(g = | 809 oy a81-181 STA 54 T | 54 L CaaHy BirNORD
(G = E1O ) TUUTES [ TTho | Ba
(g | 98 248-240 22 | 49 227 | 54 | CallesIND
() (52 | 748 17222 |54
0/ . . X )
anny |40 L 21t G057 4 54 1215 | 50 | CoaladN,0P
(43 = CH - nexane) | T 5 TR
. N s . 8 i LA HY ! v ! )
(lz) ) .2 dT 2l _ A4 T | 591 CadleeINeb
_— o (MelN = Gl EXR t 204 6.0 |
(I11k) 55,0 _1;,—2]’»3 600 | e . 6.9 Ca b, BEND
| (MoUN -4 § 600 ‘ o i _m._.

*Crystal hydrate (1IIf)-H,O.
+Found/calculated: N 2.9/2.87.

Alkyl chlorides (II) fail to effect alkylation of (I) even on boiling for 15-20 h; in these
cases the reaction was carried out in the presence of an equimolar quantity [relative to
(I1)] of Nal. Reaction with bromoacetophenone (ITj) (R' = COPh, X = Br) takes place in 6 h
but the reaction product is a ~1:1 mixture of triphenylphosphine oxide and the hydrobromide
of the initial phosphinimine (IV). The 3'P—{!H} NMR spectrum shows, apart from the two main
signals, only a weak signal (~2-37) at 40.3 ppm which could be assigned to the corresponding
APS (IIIj). Probably in this case the CH-acidity of (IIIj) is so high that it reacts with
the intiial (I) forming the hydrobromide of the latter (IV) and the zwitterion (V) which de-
composes forming triphenylphosphine oxide. It would seem that the part of the molecule
which splits off here and contains no phosphorus polymerizes readily and it is not possible
to isolate the monomeric product with the composition PhN—CH=CPh. The mixture of oligomers
which is formed consists in the main of compounds with molecular weights corresponding to
trimer and hexamer.

Preparation of the hydrobromide (IV) in the reaction of (IIj) with the phosphinimine

(I) is also possible via the formation of the carbene \\CH—COPh «> CH=C(0")Ph which, react-

ing with the initial (I), can form PhyPO and the same monomeric fragment PhN-CH=CPh or PhP
and PhCOCH=NPh which ultimately leads to the same result.

(111§) -- (1) == [PhPNHPh]Br~ 4 PhsPN(Ph)CHCOPh

(1v) (V) 1
0=
N Ph
A /',\ //
Unidentified product 4+ PhyPO ~— N . C
PhgP b
N CH
AN s
N~ 7
N
i
Ph
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TABLE 2. IR and NMR Spectra of APS (III)

IR spectra
(KBr disk) 31 PR spectra (CDC1,) §, (J, Hz)
Com- Tem”? P NMR
vV, cm spectra |:
pound (MeCN)
P—N | others® 6: ppm Hap “H, NCH:| YHP others
(Hia) | 1085 1750 417 7.15-7,90 m| 470 4 9.8 4039 (2H. CH.,
(C=0) nn=71): 110 t
{3H. CHa, 3yu=
=7.1)
(b | 1085 46.7 7.48-7.84 m| 445 d.d| 6.8 +
(Hle) | 1095 2128 48,3 7.18-784 m| 4,68 d.d| 9.2 253 t (1H. =CH,
(C=0) nn=2,3)
(111d) 1072 1525, 47,0 7,09-7,98m {586 d 5,7
1325 (NO,)
(Ilie) | 1060 46,2 6,83-7.87m {5,415 d 6.7
(1Hf) 1052 1028 455 % |6.64-787m [493 4 7.2
(C-0-C)
(tig) | 1050 464 ¢ {6,87-7.83m |5,03 d 6.6
(anp 1035 (\—1'(1:5)20) 45,5 7,08-8,02 m | 4,92 d 11 (NELEV) 3324
: (2H. CH.); 090 t
(3H. CH,); 3,19q
(2H. C’'Hy); 084 t
(3H. C'Hj), ¥un=
=71)
) 1100 50,5 7.24-7,85 m|5,412d 8.9
(K 1020 47.2 742-789 ml4.53 4 10,7 3.10-3.25 m (2H,
CH,); 1.44~153m
(2H, CH2): 0.93—
1.05 m (2H,CH.);
0.62 £t (3H, CH;,
Vun=7,1)

*A band at 1118 cm™! (Ph,P) was present in all spectra.
15.79 d.d.t (1H, CH=, *Jyg = 6.8; *Jyg, = 10.2; Jgyp = 16.8);
H o Hy
§4 = 5.13; &g = 5.02 (1HplHg, =l . 3Jgay = 10.2; 3Jppy =
A B (1HplHp, ¢ (\” HAH HpH
f
16-8; ZJHAHB = 1.2)-
$Solvent: MeCN/alcohol.

It conld be suggested that the decomposition of the zwitterion (V) proceeds via a Wittig
type intramolecular reaction, facilitated by the readiness with which (V) assumes the enol
form. It should be noted that in the preparation of APS (IIIa) and (IIIi) which contain
elect-on-acceptor substituents (R' = COOEt, CN) the hydrobromide (IV) was also observed in
the reaction mixture in quantities of 7 and 297, respectively (from their 3*P-{*H} NMR spec-
tra) and this markedly reduced the yield of the desired products. The signal for the hydro-
bromide (IV) (8P 33.9 ppm) can be observed in the NMR spectrum of the reaction mixture only
when “he initial phosphinimine (I) has completely reacted. When both (I) and (IV) are pres-
ent in the reaction mixture the 3!P—{*H} NMR spectrum at 30°C shows one signal of interme-
diate 4P value in place of the two singlets; this is associated with rapid proton exchange.
It was shown in separate experiments that at 30°C the 3!P—{'H} NMR spectra of solutions of
a mixture of (I) and (IV) in MeCN in molar ratio 3:1, 1:1, and 1:3 consisted of singlets at
10.0, 17.8, and 25.8 ppm, respectively, while under the same conditions the signals of (I)
and (TV) had chemical shifts of 2.2 and 33.9 ppm. These results are in good agreement with
an additive relationship between 8P and the mole fraction of (IV) (n) in mixture with (I):
8P = 2.18 + 31.52n. In the preparation of APS (IIIb-h) no hydrobromide (or hydriodide) was
detected in the reaction mixture.

Alkyl bromides (II) having strong electron-acceptor substituents [R = NEt,, P(Phy),
CH;CeH,S0,, (Et0),P(0)], together with 9-bromofluorene, did not react with the phosphinimine
(I) even on boiling for 15-20 h in MeCN, and in the presence of Nal.

H-Butyl-N-benzylaminotriphenylphosphonium bromide (IIIk) (R = Bu, R' = Ph, X = Br) was
prepared by the method of {10] from triphenyldibromophosphorane and N-butyl-N-benzylamine
in the presence of triethylamine.
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TABLE 3. Equilibrium CH-Acidity of APS [Ph PN(R)CHzR X" 'in
DMSO (counterion K*, 298 K).

R } R’ pK Indicator (pk) Kequi och,
Pl Ph 23.4 | 9-t-Bu-Fluorene (24.6) [11] 5.0+0.20 1,06
Ph CONEL 19.7 {9-Ph-Fluorene (18, 5) [11] 0,065+0,02 1,28
Ph COOK! 15.2 | p-0NCeHLCH2COOEt (15,1) [14] 0,78=0,02 1,42
Ph p-0NCelly 15.6 » (15,1) 0,34x0,14 1.44
Ph CN 14,7 » (15.1) 2,96+0,85 1,50
Bu Ph 24,8 | 9-t-Bu-Fluorene (24.6) [11] 0.67+0,20 1.04
9-t-Bu~-Fluorene 24,6 — - 1,06
9-Ph-Fluorene 18.5 - - 1,20
p-0:NCH,CH2COOLL 15,1 - - 1,46

*Average of 3-4 measurements.

The physical constants, yields, results of elemental analyses, and IR, and 31p and H
NMR spectra of compounds (III) are set out in Tables 1 and 2.

Equilibrium CH-acidities (pK values are given in Table 3) were determined by the indi-
cator method of [11] in DMSO with Kt counterion and 9-phenylflourene (pK 18.5) as standard.
Ionic assocciation in the solutions under study was disregarded since K halides and salts
with large organic cations are as a rule fully dissociated in DMSO. It should be noted that
the zwitterions (V) formed by the action of base are unstable. Once the equilibrium concen-
tration of the indicator base had been attained, it continued to fall, although very slowly.
Secondary processes reduce the accuracy of the measurements but nevertheless do not prevent
the determination of the position of equilibrium of the transmetallation reaction in which
the APS participates.

It can be seen from Table 3 that the CH-acidity of APS (III) varies over a wide range
(~10 pK units) in proportion to the acidifying effect of the substituents PhyPN(R) and R'.
To characterize the acidifying action of the substituents, °CH2- constants [12 13] were
used; the values of these for the Ph, PN(R) group were found in the following way. A Hammet
calibration curve was first constructed from the points corresponding to the CH-acidity in-
dicator used:

PA=1043—23,613350  (m=1,2).

it

The OCH, ~ constants of the Ph3?N(R) groups were then calculated for all the APS studied:
for R = Ph, ocH, = 0.70 * 0.03 and for R = Bu, ocy,” = 0.68. These values were verified
using the correlation equation previously derived [13] from the results of Shatenshtein for
CH-acids in DMSO with KT counterion [11], used also in the present work
PA = 48,77—22,83 Zocu,_,

o= 35 o= 0,995 s = 0,62 §, = 0,41,
In this case, for the group PhyPN(Ph), ocg,- = 0.71 * 0.02 and for PhyPN(Bu), ocy, = 0.68.
These results are in good agreement with those given above. Using the values obtained for

oCH,  (0.70 and 0.68) and the results of Table 3 an overall op-correlation was performed
leading to the equation:

PR = 48.72—23,025 EUEHm,
n = 9, o= 0.995. $ == O 45 and Sp = 0785v

which, within the limits of the values found for s, agrees with the general correlations.
Thus, in their acidifying action, the groups Ph,PN(Ph) and Ph,PN(Bu) are only slightly in-
ferior to COOEt and superior to CONEt, groups:

COOEt > PhyPN(Ph) > Ph,PN(Bu) > CONEL,
ocn,: 0,725 0,70 0,68 0,58

It is interesting to note that the acidifying effects of Ph,PN(Ph) and Ph,PN(Bu) are
only slightly inferior to groups with ammonium nitrogen for which UCH2' are known: 0.79
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for Heaﬁ and 0.88 for MezPhN, and are superior to groups with trivalent nitrogen (ocy,” = 0.1

for Me,N and 0.25 for Ph,N). (Calculated from the value of pK 20.3 for PhCOCH,NPh, flS] by

the equation pK(DMSO) = 49.133 - 23.35%ocy,”, derived previously [12] from the results of

the same author.) From this one can readily conclude that the valency state of the nitro-
'

gen in these groups is close to ammonium, evidently on account of the effect Phsﬁ-—-x — R~

PhP s N — R, I
|

This result is confirmed by the IR spectra of the APS studied (Table 2). Assignment
of tle vibrational frequencies was carried out on the basis of results obtained for the
hydrcbromide (IV) [16]. The structure of (IV) and of the APS studied can be presented as
phosthonium (A) or ammonium (B) resonance structures

— - Ne > —P . N—
[ P

(\) (B)
The IR spectrum of the phosphinimine (I) shows a broad intense band at 1350 cm~!, char-
acteristic for the P=N bond. As the hydrobromide (IV) is formed this band disappears and
a new band is found at 975 cm™! which is assigned to vibrations of a P=N bond of reduced
multiplicity. For a single PN bond one would expect a vibrational frequency of 750-870
em™! {17, 18]. 1In the IR spectra of APS (III) the vibrational frequency of the P—N bond is
founé in the 1100-1050 cm™' region (Table 2). Hence, the P—N bond in these compounds has
an intermediate multiplicity which demonstrates the marked contribution of the ammonjum
structure (B).

EXPERIMENTAL

A Bruker WP 200 SY spectrometer was used to record ‘H and 3!P NMR spectra at 200.13
and 81.01 MHz, respectively. HMDS was used as internal standard for PMR spectra, and 857
H,PO, as external standard for 3!P NMR spectra. IR spectra were run on a UR 20 instrument
with {Br disks. Spectroscopic measurements for the determination of CH-acidity were carried
out in fully sealed quartz cuvettes on an SF 26 spectrophotometer. All the reactions were
carried out in anhydrous purified solvents under argon.

N-Phenyl-N-carbethoxymethylaminotriphenylphosphonium Bromide (IIIa). A solution of 4.9
g (12.8 mmoles) (I) and 3.5 g (20.7 mmoles) (IIa) in 40 ml MeCN was stirred at bp for 6 h.
The solvent was distilled off in vacuum and the residue crystallized from a mxture of CHCl,
and EtOAc. The yield was 4.3 g (60.0%) (IIIa), mp 192-193°C. Compounds (IIIb-f) were pre-
pared in a similar way. VYields, melting points, elemental analyses and IR and NMR spectra
are set out in Tables 1 and 2.

N-Phenyl-N-benzylaminotriphenylphosphonium Iodide (IIIg). A solution of 4.9 g (13.8
mmoles) (I), 2.7 g (20.7 mmoles) (IIg), and 3.1 g (20.7 mmoles) Nal in 50 ml MeCN was heated
at br for 8 h. The solvent was distilled off in vacuum and the residue dissolved in 50 ml
CHCl, and the solution washed with water (2 x 15 ml), dried over Na,SO,, and the solvent re-
moved in vacuum. Crystallization from MeCN yielded 7.0 g (88.8%) (IIIg), mp 248-249°C.
Compcunds (IIIh) and (IIIi) were prepared in a similar way (Tables 1 and 2).

N-Butyl-N-benzylaminotriphenylphosphonium Bromide (IIIk). To a solution of 3.4 g (13
mmoles) triphenylphosphine in 50 ml MeCN was added, dropwise with stirring over 20 min at
20°C, a solution of 2.1 g (13 mmoles) bromine in 15 ml MeCN and the solution stirred 20 min
at 20°C. A solution of 2.1 g (13 mmoles) N-benzyl-N-butylamine and 1.3 g (13 mmoles) tri-
ethylamine in 20 ml MeCN was then added dropwise with stirring and the mixture stirred 6 h
at ~20°C. After 48 h (20°C) the reaction mixture was evaporated in vacuum and the residue
dissolved in 40 ml CHCl,, washed with water (2 x 15 ml), and dried over Na,SO,. Removal of
the solvent in vacuum and crystallization from MeCN—benzene yielded 4.3 g (55%) (IIIk), mp
204-205°C.

Reaction of (I) with Bromoacetophenone (IIj). A solution of 4.8 g (13.6 moles) (I)
and 2.8 g (13 mmoles) (IIj) in 40 ml MeCN was heated at bp for 6 h. The solvent was removed
in vacuum and the residue crystallized from MeCN—benzene to yield 2.2 g (74.5%) (IV), mp 195-
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197°C. The mother liquor was evaporated in vacuum and the residue crystallized from THF,
yielding 1.3 g (68.7%) Ph,PO, mp 155-156°C. ‘

Determination of Equilibrium CH-Acidity. The APS under examination was dried in vacuum
before use and the DMSO purified by the method of [13]. The transmetallation reaction was
carried out in dilute solution in DMSO (51072 mole/liter) using apparatus evacuated up to
1.10-* mm Hg and a freshly prepared solution of K dimsyl. The pK were calculated on the
basis of spectrophotometric determination of the equilibrium concentration constant (Kg ui)
for the transmetallation reaction of the CH-acid under study with the K salt of the CH-in-
dicator using the technique of [11]. The pK values were based on three to four determinations
of the equilibrium constant (Kequji)-

‘The carbanions of the. CH-acids examined did not absorb light in the visible region and
hence for the determination of Kgqyj the reduction in optical density (D) at the maximum of
the absorption band of the indicator carbanion was recorded after introducing a weighed
amount of the CH-acid into the solution and (rapidly) reaching equilibrium. The subsequent
fall in the value of D associated with side reactions took place slowly. Nevertheless, in
some cases the equilibrium did not shift back on introducing a further weighed portion of
indicator. In these cases a supplementary experiment was carried out in which a weighed
amount of the; indicator was added to a solution of the K salt of the studied CH-acid under
test, obtained by the action of K 9-phenylxanthenyl (pK 28.3) on the CH-acid. The criterion
for the test-was that the pK values should agree within 0.2-0.3 pK units (the usual accuracy
of the method used is 0.1 pK units [11]).
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