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phosphorochloridate (2.5 ml) in CC1, and anhydrous pyridine; 
3.8 g of an orange oil was isolated. The free amine, obtained 
by removal of the tert-butoxycarbonyl function with boron tri- 
fluoride, was precipitated from ether with an ethereal solution of 
tosic acid. The crude tosic acid salt (2 g)  was filtered from the 
ether after standing overnight in the cold. The yield for each 
step was difficult to calculate owing to the fact that none of the 
intermediates could be crystallized. However, starting with 
3.5 g (29 mmol) of DL-homoserine, 4.5 g (7.3 mmol) of the crude 
tosic acid salt was isolated which represents an overall yield of 
25%. The crude tosic acid salt can be twice crystallized from 
alcohol and ether with a 70% recovery to give crystals with a - -  
melting point of 110-112". 

Anal. Calcd for C2,0QNSPH,2: C. 58.7: N. 2.29: H. 5.23. 
, I  I ,  

Found: C, 59.20; Ni2.39; H,5.33. ' 
Conversion of L-homoserine to the corresponding tosic acid 

salt (mp 109-110') was effected in a similar yield. 
L-Homoserine Phosphate.-0-Diphenylphosphoro-L-homo- 

serine benzyl ester tosylate (122 mg) was converted to the free 
amine and dissolved in 2 ml of distilled acetic acid; 100 mg of 
PtOz/C was added and the reaction mixture was subjected to 
hydrogenolysis a t  room temperature and pressure. The progress 
of the reaction was monitored by assaying the phosphate content 
of an aliquot of the reaction mixture'e treated with alkaline phos- 
phatase; it was found that the reaction required 4 days to go to 
completion. Homoserine phosphate was isolated in quantita- 
tive yield; the material cochromatographs with homoserine 
phosphate prepared enzymically, is ninhydrin and phosphate 
positive,17 and, after alkaline phosphatase treatment, cochroma- 
tographs with homoserine. In both cases one-dimensional chro- 
matography was performed with Whatman Chromatography 
Paper No. 1 with phenol-water (80:20) as the developing sol- 
vent.' 

Racemization Assay.-In order to determine the degree of 
racemization accompanying our synthesis of L-homoserine phos- 
phate we made use of the auxotroph, E. coli M-145.'* This 
organism can utilize L-homoserine in the place of three of its re- 
quired amino acids, methionine, threonine, and isoleucine. It 
cannot, however, utilize homoserine phosphate as such owing to 
the impermeability of this anion. Thus, in order to assay the 
material for its optical purity, it was dephosphorylated with 
alkaline phosphatase.lg The enzymic reaction produced homo- 
serine in virtually quantitative yield (paper chromatography); 
any remaining homoserine phosphate will not interfere with the 
biological assay, as it cannot be utilized by the bacterium. As 
shown in Table I ,  the homoserine from L-homoserine phosphate 

TABLE I 
GROWTH YIELD OF M-145 O N  HOMOSERIKE 

AND HOMOSERINE PHOSPHATE 

Sample 

L-Homoserine 
DL-Homoserine 
L-Homoserine phosphate" 
DL-Homoserine phosphate" 

Klett units per micro- 
moles of material 

530 
270 
430 
270 

a The number of micromoles of phosphate released by the 
alkaline phosphatase is taken to be the number of micromoles of 
homoserine available to the organism to support it8 growth. 
See Experimental Section for details. 

is 81% as effective as an L-homoserine standard in supporting 
growth of the auxotroph, indicating that 19% of the synthetic 
material is D-homoserine phosphate. 

Registry No. -N-tert-Butoxycarbonyl-DL-homoserine, 
38308-92-8; DL-homoserine, 1927-25-9; triethylamine, 
121-44-8; tert-butoxycarbonyl azide, 1070-19-5; N -  

(16) P. 5. Chen, T. Y. Toribara, and H. Warner, Anal. Chem., 88, 1756 
(1956). 

(17) I. Smith and J. G. Feinberg, "Paper and Thin Layer Chromatography 
and Electrophoiesis," Shandon Science Educational Manuals, London, 
1965, p 231. 
(18) C. Gilvarg, J .  Biol. Chem., 837, 482 (1962). 
(19) L. A. Heppel, D.  R.  Harknesa, and R.  J. Hilmoe, ibid., 837, 843 

(1962). 

tert-butoxycarbonyl-DL-homoserine benzyl ester, 
38308-93-9 ; l-benzyl-3-p-tolyltriazene, 17683-09-9 ; 0- 
diphenylphosphoro-DL-homoserine benzyl ester tosyl- 
ate, 38308-95-1 ; 0-diphenylphosphoro-DL-homoserine 
benzyl ester, 38308-96-2 ; diphenylphosphorochloridate, 
2524-64-3 ; L-homoserine phosphate, 4210-66-6; 0- 
diphenylphosphoro-L-homoserine benzyl ester tosylate, 
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As a possible synthesis of ethyl (diethylphosphono- 
methy1)vinylphosphinatcs 4 we have explored the base- 
catalyzed condensation of aldehydes with ethyl bis- 
(diethylphosphonomethy1)phosphinate (2). Based on 
previously reported results2 as well as our experience, 
the base-catalyzed condensation of tetraethyl methyl- 
enediphosphonate (1) with aldehydes is an excellent 
synthetic method for vinylphosphonates. We there- 
fore expected that, during the course of the base-cat- 
alyzed reaction of 2 with aldehydes, diethyl phosphate 
ion would be eliminated with the formation of 4. In- 
stead, 5 was eliminated with the formation of 3. The 
course of the reaction was the same when a number of 
solvents (benzene, ethanol, DMSO, ether, 1,2-dime- 
thoxyethane) and a number of bases (sodium hydride, 
sodium ethoxide, potassium tert-butoxide) were used. 
The reaction is stereoselective with formation of pre- 
dominantly the trans-vinylphosphonates. The stereo- 
chemistry was assigned on the basis of the nmr spectra 
and gas  chromatogram^.^ 

In  order to change the electronic and steric properties 
of the central phosphorus atom, phenyl bis(diethy1- 
phosphonomethy1)phosphinate and isopropyl bis(di- 
isopropylphosphonomethy1)phosphinate were prepared 
and reacted with isobutyraldehyde. The results were 
the same as with 2. KO attempt has been made to 
maximize these factors. From our very limited study 
we cannot indicate why the C-P bond of a phosphinate 
is cleaved in preference to a C-P bond of a phosphonate. 
Examination of models of possible transition states 
and intermediates has not lead us to an explanation. 

One practical utilization of this ieaction is the Pyn- 
thesis of compounds such as 5 .  Such compounds are 

(1) This work has been supported in part by Contract No. DADA17- 
70-C-0093 from the U. S. Army Medical Research and Development Com- 
mand and represents Contribution No. 1019 from the Army Research 
Program on malaria. This work has been supported in part by the Re- 
search Institute of Pharmaceutical Sciences, School of Pharmacy, Uni- 
versity of Mississippi. 

(2) (a) W. S. Wadsworth and W. D. Emmons, J .  Amer. Chem. SOC., 85, 
1733 (1961); (b) T. L. Hullar, J. Med. Chrm., 18, 58 (1969). 

(3) (a) F. A. Carey and A. S. Court, J. Org. Chem., 87, 939 (1972); 
(b) C. E. Griffin and T. D. Mitchell, ibid., 30, 1935 (1965). 
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1-butenylphosphonate: bp 45" (0.025 mm); n z 6 ~  1.4372; ir 
(neat) 1640 (CH=CH), 1375, 1395 (MeZCH), 1250 (P=O), and 
1165, 1025 CUI-' (POC); nmrao (CCL) 6 6.84 (m, 1, JHH = 7 ,  

Hz, C=CHP), 4.13 (m, 4, J = 7 Hz, POCHz), 2.5 (m, 1, 
MegCH), 1.3 (t, 6, J = 7 Hz, POCHZCH~), and 1.1 (d, 6, J = 7 

The nmr spectrum is consistent with that reported*C for the 
trans isomer. 

Gc analysis indicates less than 1% of a compound with smaller 
retention volunie than the major component. This minor com- 
ponent is believed t o  be the cis isomer. 

Registry No.-2, 18033-91-5; trans-3 (R = i-Pr), 
33536-50-4; cis-3 (R = &Pi-)> 18689-34-4; 5,38379-50-9; 
5 sodium salt, 38379-51-0. 

Acknowledgment.-We wish to thank Dr. John K. 
Baker for helpful discussions of the nmr spectra. 

JHH = 18, JHP 23 Hz, CH=CP), 5.65 (t, 1, JHH = JHP = 18 

Hz,  CHaCHCHs). 

not easily prepared without-the use of some unsym- 
metrical intermediate. 

0 0  0 0 0  
t t t  t t  

(EtO)zPCHzPCHzP(OEt)z (EtO)zPCHzP(OEt)n 
1 I 

OEt 
1 

4 B NaH 
RCHO + 1 --j. RCH-CH (0Et)z f (Et0)z 0-  

3 

0 0  0 

I 
RCH=CHPCHZP(OEt)z t t  + (Et0)ZPO- t 

T OEt 4 

RCHO + 2 

5 

Experimental Section4 

Diethyl P-Styrylphosphonate (3, R = Phenyl).-A solution of 
15.8 g (0.04 mol) of z5 in 25 ml of C6H6 was added dropwise to a 
stirred suspension of 1 .7 g (0.04 mol) of sodium hydride (577, dis- 
persion in mineral oil) in 50 ml of CsH6. When the solution had 
become clear, 4 g (0.038 mol) of benzaldehyde in 25 ml of C6H6 
was added dropwise. Stirring was continued overnight. The 
CG& was washed with 100 ml of H@ in five portions and was con- 
centrated t o  an oil, which after distillation afforded 3.7 g (41%) 
of the phosphonate: bp 122-126" (0.025-0.05 mm) [lit. bp 137- 
138" (0.03 ~ l l m ) , ~ &  125-126" (0.3 mm),6b 134' (1.5 mm),6c 116- 
118' (0.35 mm),2a 138" (2 mm)Bd]; ~ * O D  1.5250 [lit. ~ L ~ O D  1.5665,6a 
I .t1298,~~ 1.532WI ; nmrsb (CCld) 6 7.35-8.06 (m, 6, C&&CH=), 
6.3 (t, 1, J = 18 Hz, C=CHP),3b,T 4.15 (m, 4, J = 9 Hz, POCHz), 
and 1.35 (t,  6, J = 8 Hz, POCHzCH,); irab (neat) 690, 740 
(phenyl), 1620 (CH=CH), 1160 (POC), and 1250 cm-I (P=O). 

The aqueous extract was evaporated to obtain a glassy solid, 
which was dried under reduced pressure. The resulting solid was 
pulverized to  obtain 8.07 g (76%) of the sodium salt 5 ,  mp 104- 
109". A 1-g sample of the salt was dissolved in 100 ml of water 
and passed through an Amberlite IR-120 H. C. P. column (2 x 32 
cm). Evaporation of the eluate gave 0.93 g of triethyl hydrogen 
methylenediphosphonate ( 5 )  as a gum: nmr (CC14) 6 12.05 (s, 1, 
POH), 4.22 (m, 6, J = 8 Hz, POCHZ), 2.58 (t, 2, J = 22 Hz, 
PCH2P) and 1.39 (t, 9, J = 8 Hz, POCHZCH~); ir (neat) 1240 
(P=O) and 1170 cm-1 (POC). 

A n a l .  Calcd for C7Hl8OBP2: C, 32.31; H,  6.97; P ,  23.81. 
Found: C, 32.19; H,  6.77; P ,  23.98. 

Diethyl 3-Methyl-1-butenylphosphonate [3, R = (CHZ)ZCH] .- 
The procedure was the same as that described above. Evapora- 
tion of the C& layer gave a yellow liquid, which was distilled 
under reduced pressure t o  obtain 4.7 g (57%) of diethyl 3-methyl- 

(4) Melting points were taken on a Mel-Temp melting point apparatus 
and are corrected. Infrared spectra were recorded on a Perkin-Elmer 
Model 257 spectrophotometer. Nmr spectra were taken on a Jeolco Model 
C-60-HL spectrometer using tetramethylsilane as an internal standard. 
Gas chromatograms were obtained with a 5 f t  X 0.25 in. column packed 
with 10% 20M Carbowax on 80-100 mesh Chromosorb 11'. The column 
waa maintained a t  ZOOo in a Perkin-Elmer Model 900 chromatograph 
equipped with a flame ionization detector. Microanalyses were performed 
by Galbraitb Laboratories, Knoxville, Tenn. 

(5) (a) L. Maier, Angew. Chem., Int .  Ed. Engl., 7 ,  385 (1968); (b) K. 0. 
Knollmeuler, U. S. Patent  3,534,125 (1970); Chem. Abstr., 74, 539890 
(1971). 

(6) (a) Ya. A. Levin and V. S, Galeev, Zh. Obshch. Khim. ,  31,  2736 
(1967); (b) C.  E. Griffin and T .  D. Mitchell, J .  O w .  Chem., 80, 1935 (1965); 
(e) B. I. Ionin, K.  S. Mingaleva, and A. A. Petrov, Zh. Obshch. Khim., 34, 
2630 (1964); (d) K. K. Papok, K. N. Anisimov, B. S. Zuseva, and N. E. 
Kolohova, Zh. Prikl. Khim.,  32, 656 (1959). 

(7) A referee pointed out that  the chemical shift we found is not con- 
sistent with tha t  reported by Griffin.3b We have subsequently found that  
the chemical shift is concentration dependent and ranges from 6 6.28 (10%) 
t o  6.75 (neat). 
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Earlier syntheses of a,@-dicarboxylic acids utilized 
the oxidation of qw-glycols, the hydrolysis of din- 
itriles, the malonic ester synthesis with a,w-dibromides, 
and the Crum-Brown-Walker2 application of the 
Kolbe3 synthesis. Combinations of -these procedures 
have provided pathways for the syntheses of a,w- 
dioic acids in the range of 11 to 34 carbon 
Yewer methods have been developed by Lettrb19 
Hunig,10-13 B u ~ h t a , ' ~ , ' ~  and  other^.'^-^^ It was our 
purpose t o  utilize a compound which could give even- 
and odd-numbered dicarboxylic acids. Methyl N ,N-  
dimet'hylsebacamate (4) might be condensed by Claisen 
and acyloin procedures to  yield dicarboxylic acids of 
19 and 20 carbon atoms, respectively. Only the former 
was successful. 

( 1 )  Abstracted from the M.S. thesis of R.  W. Shubart, Roosevelt Uni- 
versity, June, 1970. 

(2) 4 .  Crum-Brown and J .  Walker, Justus Liebigs Ann. Chem., 261, 107 
(1891). 

(3) H. Kolhe, ibid., 69, 257 (1849). 
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(11) S. Hunig and U'. Lendle, ibid., 9% 913 (1960). 
(12) S. Htinig and H.-J. Buysch, ibid., 160, 4010 (1967). 
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