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(73.8), 27 (61.5), 26 (20.9), 25 (3.4). The nmr spectrum wa.3 ob- 
tained in CDCla solution end is described in the text. 

Ana2. Calcd for CSH16ClNz0*: C, 40.25; H, 6.29; N,  11.72; 
C1, 14.90%. Found: C, 40.07; H, 6.29; N ,  11.62; C1, 
15.05%. 
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The unusual behavior of tetrakis(hydroxymethy1)- 
phosphonium chloride (tetrakis) toward base has been 
a subject of interest since its original synthesis.’ Most 
tetraalkylphosphonium salts require temperatures 
above 100” in order to react with metal hydroxides, giv- 
ing phosphine oxide plus hydrocarbon.2 However, tet- 

rakis reacts facilely with base; in fact it is a monoprotic 
acid, having an apparent7 pKa of 5.5 and a true3 pKd of 
7.06. Many authors have written the neutralization 
reaction as 

(HOCHz)PC1 + NaOH ----t 
tetrakia 

NaCl + HCHO + Ha0 + (H0CHa)sP 
THP 

since there is ample chemical evidence for the forma- 
tion of tris(hydroxymethy1)phosphine (THP) and form- 
aldehyde. 3-7,1eb 

Various other species have been suggested as being 
in equilibrium with tetrakis and THP. In his study of 
the hydroxide-induced oxidation of the THPC to tris- 
(hydroxymethy1)phosphine oxide (THPO) , Grayson7 
proposed an equilibrium between THP and structure 1 
or, less favorably, 2 or 3. 
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Figure 1.-Neutralization of tetrakis by NaOH in methanol. 

French workers,* and more recently Filspescu, et aLle 
proposed an equilibrium between THP and tetrakis- 
(hydroxymethy1)phosphonium hydroxide (THPOH) . 

PbCO; 

or MOH 
(H0CHz)PPCl - (H0CHz)aPOH 

(H0CHa)aPOH (H0CHa)sP + HzO + HCHO 

The synthesis of THPOH by the reaction of phosphine 
with formaldehyde in the presence of transition metal 
halide catalystslOasb or pressure1oc has recently been re- 
ported. 

We were therefore encouraged to study the neutrali- 
zation of tetrakis by nuclear magnetic resonance 
spectroscopy. The chemical shifts of tetrakis (-27 
ppm), THP (+25 ppm), and THPO (-48 ppm) are 
widely different. Phosphonium salts absorb over a 
fairly narrow range” around -30 ppm, so that zwit- 
terion 1 and THPOH, should it be ionic, would be rec- 
ognized either by a less than quantitative reduction in 
the -27-ppm peak or by a new peak very near. It is 
not possible to predict with certainty where pentaco- 
valent structures 2 and 3 and a pentacovalent THPOH 
might absorb owing to the lack of suitable models.12 

The course of the neutralization of tetrakis by sodium 
hydroxide in water and in methyl alcohol using 3lP nu- 
clear magnetic resonance spectroscopy was followed. 
The results are shown in Figures 1 and 2 and may be 
summarized as follows: (1) in methyl alcohol the 
concentration of tetrakis diminishes in direct propor- 
tion to the amount of base added. During the early 
portion of the neutralization THP is the only species pro- 
duced. After a third of a mole of base has been added, 
a new peak appears at +29.1 ppm, amounting to about 
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TABLE I 
SIP NMR ANALYSIS OF THPO AND THP IN WATER 

AND AQUEOUS FORMALDEHYDE 
c T H P O  + water- YTHPO + formaldehyd-- 

Chemical Chemical 
shift % shift % 

-48.1 100 -49.6 24 
-48.5 42 
-47.8 34 

Ca. - 47 Trace, appears to be in- 
creasing with time 

YTHP + Water- -THP + formaldehyd-- 
Chemical Chemical 

shift % shift % 
+24.8 52 +25.5 16 

+29.0 28 
+33.7 15 
+38.5 Trace, appears to be in- 

creasing with time 
-52 141 Phosphine 1-52.4 10 
-48.6 29 oxide -50.1 17 

-47.8 6 
-46.5 5 impurities -49.0 8 
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Figure 2.-Neutralization of tetrakis by NaOH in water. 

5% at the equivalence point. (2 )  In water, as in meth- 
anol, the phosphonium peak is diminished in direct pro- 
portion to the amount of base added. The new peak is 
produced in even greater amount here than in methanol, 
reaching about 29% at the equivalence point. At or 
near the equivalence point THPO begins to form. 

Owing to the proximity of the new peak to THP we 
suspected a &phosphine rather than a pentacovalent 
species. It is felt that the new product is probably a 
hemiacetal resulting from reaction of THP with the by- 

product formaldehyde. Alcohols have been shown to 
compete more favorably for formaldehyde than does 
water, ;.e., hemiacetals are more stable than hydrates.13 
Therefore, the tetrakis hemiacetal should be more stable 
in water than in methanol, explaining the solvent effect. 
Additional evidence for the formation of hemiacetal is 
the proton magnetic resonance spectrum of the residue 
obtained by evaporating to dryness a neutralized solu- 
tion of tetrakis. This shows, in addition to a major 
amount of THP, a sharp singlet at 4.74 ppm (to tetra- 
methylsilane reference) and a complex pattern just up- 
field from the THP methylene protons at around 4.08 
ppm in a ratio of cu. 1:2.8. The singlet is in the cor- 
rect place for OCH20, the complex pattern could be two 
types of OCHzP protons in the monohemiacetal, and the 
ratio agrees fairly well with the ratio of 1 : 3 calculated 
for the monohemiacet,al. 

To obtain more information concerning the reaction 
between THP and formaldehyde, the nmr of solu- 
tions of THP and THPO in aqueous formaldehyde was 
studied. The THP employed was a mixture of THP, 
ca. 52%, and phosphine oxides, mainly THPO, and the 
molar ratio of formaldehyde to phosphorus compound 
was about 1.8. Results are shown in Table I and may 
be summarized as: (1) THPO shows a singlet (un- 
resolved multiplet) in water but three to four closely 
lying peaks in aqueous formaldehyde, and ( 2 )  THP 
likewise shows one peak in water and three to four peaks 
in aqueous formaldehyde. No phosphonium peaks are 
present. 

(H0CHz)sP + HCHO e HOCHaOCHzP(CHe0H)a 

(13) J. F. Walker, “Formaldehyde,” 3rd ed. American Chemical Society 
Monograph No. 159, Reinhold Publishing Corp., New York, N. Y., 1964 
p 78. 

It is concluded that THPO reacts with formaldehyde 
to give a mixture of THPO and mono-, bis-, and tris- 
hemiacetals. Since THP also shows one peak in water 

0 
(H0CHa)s B 

+ 
0 
I/ 

(HOCHz)aP----O __+ + 
0 
I1 

+ 
0 
II 
P (CHaOCHiOH )s 

(H0CHa)aPCHzOCHzOH 
HCHO 

HOCHaP ( CHZOCH~OH)~ 

and three to four peaks in formalin, the reaction be- 
tween THP and formaldehyde is most likely hemiacetal 
formation also. The neutralization of tetrakis can, 
therefore, best be presented as 

(HOCHa)SC1 + NaOH + 
( H O C H Z ) ~ ~  + HCHO + N4Cl + Ha0 

(H0CHz)sP + HCHO e HOCH20CHzP(CHzOH)a 

The reaction of formaldehyde with the hydroxyl 
group rather than the phosphorus atom of THP is at- 
tributed to the low nucleophilicity and basicity of phos- 
phorus in this compound owing to the inductive effects 
of the hydroxymethyl groups. THP much more closely 
resembles triphenylphosphine than tributylphosphine 
in nucleophilicity. Thus, the second-order rate con- 
stant for the reaction with ethyl iodide (35”) is calcu- 
lated, from the equation of Henderson, to be 4.5 X 
as compared with the experimental of 162 X 
10-6 for tributylphosphine and 3.78 X lo-’ for tri- 
phenylphosphine. 

(14) W. A. Henderson, Jr., and S. A. Buckler, J .  Amer. Chem. SOC., 89, 
6794 (1960). 
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Some data concerning the equilibrium between t-phos- 
phines and aqueous formaldehyde have been obtained. 

R ~ P  + HCHO -t H ~ O  e R ~ ~ C H ~ O H  OH 
When tributylphosphine was added to a neutral solu- 
tion of formaldehyde in alcohol-water, approximately 1 
mol of hydroxide ion was produced (by titration). 
However, triphenylphosphine or THP produced no in- 
crease in pH. The above equilibrium, therefore, lies 
far to the right for tributylphosphine but far to the left 
for THP and triphenylphosphine. 

Our finding that neutralization of tetrakis and the re- 
action of THP with formaldehyde produces a mixture 
of THP and THP hemiacetal makes questionable the 
structure of THPOH.15-17 The synthesis,’O from phos- 
phine and aqueous formaldehyde, most likely proceeds 
through the intermediacy of THP. The syrup isolated 
was identified by elemental analyses, reaction with hy- 
drochloric acid, and reaction with phosphorus penta- 
chloride.l0c These same results, however, would be 
PHs + 4HCHO + Hz0 + 

P C h  
(C1CHz)nPCl 

obtained from a more probable mixture of hydrated hem- 
iacetals of THP, for example, approximated by 

(HOCH2)zPCHzOCHzOH. HzO 

Experimental Section 

The nmr spectra were recorded on a Varian Associates Model 
HA-100 spectrometer a t  40.47 MHz; chemical shifts are in parts 
per million from external phosphoric acid reference. Chemical 
shifts are accurate to about 0.5 ppm and integrated areas to about 
5%.ls The initial scans were run a t  a sweep rate of 1.2 ppm/sec, 
covering the range of - 75 to $50 ppm, and the analytical scans 
were run at a sweep rate of 0.5 ppm/sec. 

Materials.-The THPO and THP were gifts of our sample 
preparation laboratory and were prepared by methods of Gor- 
don.1”tb The THPO analyzed for greater than 98% purity by 

nmr spectroscopy. The THP analyzed for about 52% THP 
and 48% of a mixture of phosphine oxides, mainly THPO (see 
Table I). The formaldehyde was a Fisher Scientific product, 
40% aqueous formaldehyde. The tetrakis was plant grade ma- 
terial, mp 141443’ (1it.I mp 151’). 

The Neutralization of Tetrakis by Sodium Hydroxide in 
Methanol and in Water.-The following solutions were prepared: 
2.16 M aqueous tetrakis, 2.89 M methanolic tetrakis, 2.95 M 
aqueous sodium hydroxide, and 3.21 M methanolic sodium hy- 
droxide. The concentration of tetrakis was determined by titra- 
tion with standard sodium hydroxide to a phenolphthalein end 
point, and the concentration of sodium hydroxide was deter- 
mined by titration with standard hydrochloric acid. To a small 
volume of the tetrakis solution in a test tube was added the cal- 
culated volume of base. The tube was stoppered under nitrogen, 
shaken well, and after allowing about 1 hr for equilibration the 

(15) One wonders whether THPOH can exist as a stable compound. A 
pentacovalent structure seems unlikely in view of the greater stability of 
quadruple over quintuplsbonded phosphorus16 and the hydrolytic insta- 
bility of oxyphosphoraneu.~~ An ionic structure also seems unlikely in that 
it  would contain both a strong base and a moderately strong acid. 
(16) J. R. Van Wazer, “Phosphorus and Its Compounds,” Vol. I, Inter- 

science Publishers, Inc., New York, N.  Y., p 73. 
(17) F. Ramirez, International Union of Pure and Applied Chemistry, 

Organic Chemistry Division Special Symposium on Organo Phosphorus 
Compounds, Heidelberg, Germany, 1964, p 368. 

(18) J. Colson and A. Davis, “Quantitative Analysis by *lP NMR,” p r s  
sented a t  the Applied Spectrosoopy Meeting, Chicago, Ill., June 1967. 

(19) (8) I. Gordon, U. 9. Patent 3,076,034 (1963); (b) I. Gordon and 
G. M. Wagner, U. S. Patent 3,257,460 (1966). 

*lP nmr spectrum was obtained. In  methanol solution the 
chemical shifts were tetrakis, -27.6; THP, 4-24.8; and other 
phosphine, +29.1. In  aqueous solution the chemical shifts 
were tetrakkis, -26.5; THP, $24.8; other phosphine, $27.7; 
and THPO -48. Results of these experiments are shown in 
Figures 1 and 2. Owing to the high noise level no attempt was 
made to investigate coupling constants by magnetic resonance 
spectroscopy. However, the residue obtained by neutralization 
of an ethanolic water solution of tetrakis, removal of salt, and 
careful evaporation of solvent to constant weight was investi- 
gated by proton magnetic resonance spectroscopy. The spec- 
trum, taken in deuterioacetone with tetramethylsilane as an 
internal reference, showed a singlet a t  4.74 ppm (area 1.0), the 
THP methylene protons as a doublet a t  4.18 ppm (JP-H = 
6.6 MHz) above the broad hydroxyl peak (total area approxi- 
mately 9.5), and a complex pattern (approximate area 2.8) 
centered about 4.08 ppm and partly overlapping the THP 
doublet. The 4.74ppm singlet is in the region expected for 

The Reaction of Formaldehyde with THPO and with THP.- 
The following solutions were prepared using oxygen-free water, 
oxygen-free 40% aqueous formaldehyde, and maintaining a 
nitrogen atmosphere: 50% THPO in 40% aqueous formaldehyde, 
soy0 THP in 4oy0 aqueous formaldehyde, !joy0 THPO in water, 
50% THP in water. After allowing about 1 hr for equilibration 
the 31P nmr spectra were determined. Results are shown in 
Table I. 

The Reaction of &Phosphines with Formaldehyde as Deter- 
mined Titrimetrically.-An ea. 0.3 M stock solution of tributyl- 
phosphine (Carlisle Chemical Works) was prepared by dissolving 
6 ml of the phosphine in about 100 ml of denatured alcohol. A 
10-ml aliquot of this dissolved in alcohol required 50.5 ml of 0.101 
N aqueous iodine, corresponding to a concentration of 0.252 M .  
A 10-ml aliquot of the stock solution was added to a solution of 5 
ml of 40% formaldehyde in 20 ml of 2B alcohol which had been 
made just neutral to phenolphthalein. The pink phenolphthalein 
color immediately appeared. The solution was swirled a few 
minutes, 20 ml of distilled water was added, and then it was 
titrated with 0.1012 M hydrochloric acid. A total of 24.50 ml 
of acid was required to  discharge the phenolphthalein color, cor- 
responding to a concentration of 0.248 M for the stock tributyl- 
phosphine solution. 

When T H P  and triphenylphosphine were similarly treated, 
they did not produce a phenolphthalein color. 
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80-8; THPO, 1067-12-5; formaldehyde, 50-00-0. 

Acknowledgment.-The author thanks the spec- 
troscopy laboratory of Hooker Chemical Corporation, 
in particular Dr. James Colson, for invaluable assistance 
in obtaining and interpreting the alp nmr spectra. 

(20) High Resolution NMR Spectra Catalog, Vol. 2, Varian Associates, 
1963, spectra no. 437 and 445. 

A New Synthesis of Lysine 

SHINICHI MOTOKI, SADAYOSHI SATSUMABAYASHI, 
AND FUMIHIRO MINEMURA 

Department of Chemistry, Faculty of Science, 
Science University of Tokyo, Kagurazaka, 

Shinjuku-ku, Tokyo, Japan 

Received March 16, 1968 

Numerous papers have been published on the syn- 
thesis of lysine.’ The present paper reports a new 
method of synthesis of lysine starting from @-cyano- 
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