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Infrared spectrum: Y C O  1750 cm.-l, YN=N 1565 cm.-'; ultra- 
violet spectrum: Amax 330, emax 180 (ethanol). 
3-Acetoxy-3,5-dimethyl-l-pyrazoline.-By the same procedure 

using 4.9 g. (0.05 mole) of 3,5-dimethylpyrazoline, a bright 
yellow oil, b.p. 72-76' (0.3 mm.), n% 1.4545, was obtained. 

Anal. Calrd. for C,HlZN?02: C,  53.83; H ,  7.75; N,  17.94. 
Found: C,  55.05; H, 8.17; N ,  17.97. 

Infrared spectrum: YCO 1750 cm.-l; YN=-X 1568 cm.-l; ultra- 
violet spectrum: Xma, 330, emsx 186 (ethanol). 

Synthesis of Cyclopropyl Acetates. A.  From Azoacetates. 
1,2,2-Trimethylcyclopropyl Acetate .-3,5,5-Trimethyl-3 acetoxy- 
1-pyrazoline (5.0 g., 0.03 mole) was heated under reflux (ca. 
200") until nitrogen evolution ceased (1  hr . ) .  The residue was 
distilled to yield 2.5 g. (63%) of 1,2,2 trimethylcyclopropyl ace- 
tate (Table I ) .  

B. From 2-Pyrazolines. 2-Phenyl-1-methylcyclopropyl Ace- 
tate.-A solution of 8.0 g. (0.05 mole) of crude 3-methyl-5- 
phenylpyrazoline in 25 ml.  of methylene chloride was added to 25 
g. (0.056 mole) of lead tetraacetate in 200 ml. of methylene chlo- 
ride a t  10-15" with good stirring. After the addition the mixture 
was allowed to warm to room temperature and stirred there for an 
hour. The mixture was diluted with water, the organic layer 
separated, and the aqueous layer extracted with two 50-ml. por- 
tions of methylene chloride. The combined organic extracts 
were washed with water and 570 sodium bicarbonate solution 
until the aqueous layer was free of acid. The organic extracts 
were dried over magnesium sulfate and concentrated. The resi- 
due was heated under reflux until gas evolution ceased. The 
crude product (8.9 9.) was distilled through a Holzman column 
to yield 5.8 g. (6170) of 2-phenyl-1-methylcyclopropyl acetate, 
b.p. 70" (0.35 mm.).  

Vapor chromatography of the material on a Carbowax 20 M 
on Chromosorb column at  180" using an iZerograph Model 90 gas 
chromatograph resolved it into two components. The smaller 
component eluted first proved to be 1-methyl-cis-2-phenylcyclo- 
propyl acetate; the predominant product was the trans isomer; 
ratio of isomers, 1 :6  (Table I). 

1,2-Diphenylcyclopropyl Acetate.-The crude pyrazoline pre- 
pared from 20.8 g. (0.1 mole) of benzalacetophenone and 40 ml. 
of 90% hydrazine was diluted with 50 ml. of methylene chloride 
and added a t  10-15" to 49 g. (0.11 mole) of lead tetraacetat- in 
300 ml. of methylene chloride. The work-up procedure was the 
same as described for 2-phenyl-1-methylcyclopropyl acetate. The 
residual oil (20 9.)  was induced to partially crystallize by addition 
of hexane. By further crystallizations of the oil a total of 7.5 g. 

(30%) of cis-1,2-diphenylcyclopropyl acetate, m.p. 52-53' (hex- 
ane) was obtained. The residual oil waa distilled a t  125" (0.4 
mm.) to yield 8.8 g. (35%) of a viscous oil whose n.m.r. spectrum 
indicated that it was mainly the trans isomer, but which still con- 
tained substantial amounts of the cis isomer. 
trans-l-Phenyl-2-methylcyclopropane.-To a solution of iodo- 

methylzinc iodide17 prepared from 13.4 g. (0.05 mole) of methyl- 
ene iodide, 0.05 g. of iodine, and the zinc-copper couple (4 g. of 
zinc) in 50 ml. of anhydrous ether was added 11.8 g. (0.1 mole) 
of trans-propenylbenzene25 in 25 ml. of anhydrous ether. After 
stirring under reflux overnight, the mixture was worked up and 
the organic product distilled through a spinning-band column to 
yield 3.0 g. (53%) of trans-l-phenyl-2-methylcyclopropane, b.p. 
76" (19 mm.),  ~ Z ~ O D  1.5215. From a mixture of cis- and trans- 
propenylbenzene, Simmons and Smith17 obtained a mixture of 
phenylmethylcyclopropanes, b.p. 78-79" (20 mm.), n% 1.5204. 
Since reduction of the reported13 l-phenyl-2-methyl-3,3-dichloro- 
cyclopropane yielded trans-l-phenyl-2-methylcyclopropane, i t  
must have the trans configuration. 
cis-l-Phenyl-2-methy1-3,3-dichlorocyclopropane .-'4 mixture of 

18.2 g. (0.1 mole) of sodium trichloroacetate, 65 g. (0.5 mole) of 
cis-propenylbenzene, 26 and 75 ml. of ethylene glycol dimethyl 
ether was heated under reflux overnight. The dichlorocyclo- 
propane was isolated by distillation, b.p. 60-62" (0.5 mm.), 
V*OD 1.5405, yield 12.1 g. (6174. 

Anal. Calcd. for CloH,&l~: C,  59.73; H, 5.01. Found: 
C, 59.65; H, 5.22. 
cis-l-Phenyl-2-methylcyclopropane.-A solution of 10 g. 

(0.05 mole) of cis-l-phenyl-2-methyl-3,3-dichlorocyclopropane 
in 200 ml. of ether was reduced with 23 g. (1 g.-atom) of sodium 
and 150 ml. of methanol containing 5 ml. of water. Distillation 
of the ether extracts yielded 2.4 g. (36%) of cis-l-phenyl-2- 
methylcyclopropane, b.p. 78-80' (20 mm.), 1 2 % ~  1.5201. 

Acknowledgment.-We are indebted to Dr. C. H. 
DePuy of Iowa State University for helpful corre- 
spondence concerning the spectra of cyclopropyl ace- 
tates. 

(25) trans-Propenylhenzene of high purity may be obtained from Columbia 
Organic Chemicals Company. Their product was purified by gas chroma- 
tography on a Dow 710 silicone-on Chromosorb column a t  125'. The 
properties of the purified material agreed in detail with those reported: R. Y. 
Mixer, R. F. Heck, S. Winstein, and W. G .  Young. J .  Am. Chem. Soc.,  T6, 
4094 (1953). 

(26) W. R. R. Park and G. F. Wright, J .  Org. Chem.. 19, 1435 (1954). 
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On R preparative scale 4-hydroxy-n~-prohe and alla-4-hydroxyproline were separated on ion-exchange resin. 
By working in alcoholic buffer systems, optimal conditions for accurate and rapid separation were elaborated. 
The method was applied to the preparation of pure diastereomers from mixtures obtained by two different syn- 
thetic pathways. The ratios of crystalline hydroxyproline to allohydroxyproline were 1 : 2 in the intramolecular 
cyclization of 2-amino-4-hydroxy-5-bromopentanoic acid, and 7 : 5 in the intermolecular reaction of 2,5-dichloro-y- 
valerolactone with ammonia. 

111 the previous study' we reported on the prepara- 
tion, separation, and quantitative deterinination of the 
diastereoiners of hydroxyproline. The subject of this 
paper is the nianipulation of the variables in the ion- 
exchange technique and an improved method for the 
rapid and quantitative separation of hydroxyproline 
diastereomers. 

Reviewing the literature on the separation of the 

(1) N. Izumiya and B. Witkop. J .  A m .  Chem. Soc.. 86, 1835 (1963). 

diastereomers of hydroxyanlino acids, one notices 
that DL-threonine and DL-allothreonine2 have been 
separated on Dowex 50 by elution with 1.5 N hydro- 
chloric acid, the diastereomers of hydroxylysine by a 
buffer systeni of pH EI .O,~  the diastereomers of p- 
hydroxy-DL-aspartic acid on Dowex 1 with dilute 

(2)(a) A.  T. Shulgin, 0. Q. Lien, Jr.. E. M. Gal, and D. M .  Greenherg, 
i h i d . .  74, 2427 (1952); (b) throughout this paper the use of the name hy- 
droxyproline refers t o  4-hydroxy-~~-prol ine and its diastereomer. 

(3) P. G. Hamilton and R. A. Anderson, J .  Bzol.  Chem., 118, 249 (1955). 



formic acid,' the diastcrconiers of yhydroxyornithinc 
on Dowex T,O,s and o-leucyl-i,-tymsine and r.-lcueyl- 
L-tyrosine on I)o\vex SO and a cellulose colunin.' 

In a sinrilar manner, the diastcrconiers of hydrox- 
ylysine, isoleucine, and hydroxyproline have heen 
separated in aqueous buffer systems.' In the separa- 
tion of the diastereomers of isolencine and threonine, 
addition of ethanol was reported to hc very effectirr 
for the separation of the diastereoiners.8 In addition, 
the same authorss have separated the diastereonrers of 
hydroxyproline on a column of Amberlite CG-120 
by elution with ethanolic aqucous amnroniuni acetate 

a pmcednre which has heen utiliard to ad- 
vantage for the preparation of 4-H3-hydroxy- and 4- 
HJ-allohydroxy-L-prolinc.'O These observations h a w  
been extended to a study of various solvents as they 
inflnencc the separation of the diasterconiers of threo- 
nine, isoleucine, and pheny1serine.l' 

In this investigation we have stndied the effects of 
organic solvents, buffer systenis, and different resins 
in order to find optimal conditions for the separation 
of a representative exaniple of a pair of diastercoincric 
hydroxyanrino acids, such as hydroxyproline and 
allohydroxyproline, and found that a solvent system 
containing 40y0 inethanol at pH 4.0 affords rapid 
and quantitative separation, 

On a prcparatiw scale the iniproved niethod has 
heen applied ta an easy separation of 4-hydroxy- and 
allo-4-hydroxy-1)~-proline obtained by two different, 
synthetic routes. One synthesis utilisrd ethyl allyl- 
acetaniinocyanoaeetate (I) rathrr than allylglycine' 
as an intcrniediate. By hroiirolactoiiiaation (111) of 

C S  C S  
NaOH N l l S  

C H * = C H C H A H A c  - CH1=CHCH,LSHAc -+ 

COOEt I &)OH 
I I 1  

C S  
HCl NaOH 

CH*--CHCH.CIxHAc -+ CH2--CHCH2CHxHI,HCi + 
I /  
Br "-LO 

I /  1 
Br 0--CO 

1 
&H,CHCHCH 

I 
OH &OH 

v 
the acid 11, hydrolysis (IV), and ring closure (V) a 
2:  1 ratio of allohydroxyproline to hydroxyproline was 
obtained, indicative of the preponderant forination 
of the cis-disnbstituted lactone as noted previously.' 

The srcond synthetic route, \'I-IX, is a niodification 
of thc nlethod of (;andry and Godin.l* Froni the di- 
chlorolactone VIII, hydroxyproline and allohydroxy- 

141 hl. L.  Kornkuth and 11. .I. Rallaeli. A r r k .  R i o r h m .  Rioohm.. 01. 

~ . .. 
17) K. A .  Piez, J .  Rwl. Ckem., 901. 77 (11641. 
(8 )  K. Michi. S. M. Rirnhaasi, ~ n d  M. Hinitz. . \ b a t r ~ r t s .  136th National 

Meetinq of the American Cl>eniirnl S a i e f y .  ALlnntir City, N. .I., S c W ,  
1858. p. IQC. 

(8 )  S. $1. Birnhaam. permnd coniini inic~ti~n. 
( I O )  A V. Rubertaon. E. Kat.. and R. VYtkop, J. Or#. Chem., PI. 2676 

11982). 
(11) H.  Aoyaai, H. Okei. M .  Resslio. and N. Inimiya.  J .  Chrm. Sor. 

Jopon. in preparation. 
112) R. Caudry and C. Codin. J. Am. Chmm. So?.. 16. 189 (1811). 
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Fig. I.--Sepnmtion and assay uf mixtures of hydmxy-ir and 

alk,hydn,ry-"-pn,line on l h w e x  SOW-SX: A ,  spotting of 
aliquot8 on filter paper atrips by the isat in  method; R, eviilux- 
tion of color intensitien with the aid of R densitwneter; and C, 
integmtinn of areas. 
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Fig. Z . - I * h l i o n  piittern of mixturen of hydrrwyproline :md 
all~,hydn,xyprriline expressed in the four stages o f  HV (holdup 
volume), HY\- (hydroxyprolone volume), SV (separation wl- 
lime), and AHYV (nllohydrosypr~,line vi,lumc). 

proline were ohtained in a ratio of 7:5 in an over-all 
yield of 60% of crystalline products. 
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Experimental 
Separation Studies on Ion-Exchange Resins. A. Isatin As- 

say. Preparation of Column and Buffer Systems.-A rolrimn 
(1.8 X 110 em.) waa filled with 1)owes XIW-SX (2OR-4110 mcsh), 
NH,+ form, and aaahed wilh II solvent system prepared hy the 
addition of wetic: :wid to 0.4 .If :ainmnniuni hydmside (2.5 I . )  
until the soIut,ion reached the desired pH,  To the solution was 
then ndded the appropriate alrohol ( I  or 2 1.) The solul.ion was 
made up to .5 I .  with water, rind adjusted again to the desired pH 
by the addition of nmmnniwn hydroxide or acetic acid. The 
final hiiKer solnlion waa 0.2 J I  mmoniuin acetate- cnntnining 20 
to 40% of alcohol u t  a chosen P I T .  

Chromatography of Model Mixtures.--Simples of 6.56 mg. 
(0.05 mmole) of hydrosy-lpproline $md of allohydrox?.-i,-proli~~, 
were dissolved in 1 ml. of water (total amino wid ,  0.1 mmolr), 
the solution applied to II column m d  eluted with the appropriate 
solvent system nt room temperaturc (20-2.5°) md :L flow rate o f  
4.,55..5 nil./hr. One-milliliter fmwtions uwe wllerted, and (1.01 
ml. fmm each tuhe waa spotted on R strip of tiller p:iper. T h e  
atrip um put in an Oven (100') for 5 min.. immersed in B trough 
with 0.2'j;, isntin acetone solution for R moment, and again hpntad 
In an w e n  (100") for 5 mi". (Fig. IA). The amounts of color 
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developed were determined by an Atago AG-4 densitometer (slit 
1 X 18 nim., 440 mp) (Fig. l B ) ,  and the integrated areas were 
plotted on a graph (Fig. IC) .  The terms of HT' (holdup volume), 
HYT' (hydroxyproline volume), ST- (separation volume), and 
AHYT' (allohydroxyproline volume) (Fig. 2) are used to describe 
the elution pattern. In  all experiments we ascertained that  
HY\. contained hydroxyproline and allohydroryprolzne. The p H  
of the 20% alcoholic buffer system was 6.0 (see Table I). The 

T A B L E  1 
INFLUENCE OF V.mIous ALCOHOLS O N  THE SEPARATION OF 

HYDROXYPROLINE ~ N D  ALLOHYDROXYPROLIKE 
Alcohol, 20% H V a  HYVa sva AHYV" 

S o  alcohol 149 13 28 16 
NeOH 175 13 55 14 
E t O H  141 19 31 20 
n-PrOH 175 21 41 21 
z-PrOH 152 28 38 21 
t-BuOH 171 26 50 25 

a In milliliters. 

conditions were as described above. Among many alcohols 
tested, niethanol and t-butyl alcohol most effectively separated 
the diastereomers. Cross-linked Dowex 50W-X2 and X8 gave 
about the same results, but X12 gave poorer separation (see Table 
I1 and 111). Therefore, resin X8 was used exclusively in all our 
subsequent experiments. 

TABLE I1 
EFFECT O F  CROSS LINKAGE O F  THE RESIN O S  THE SEPARATIONa 

D o a e x  5OW 
(200-400 niesh) HVh HYVh SVh A H Y V ~  

x 2  200 28 44 27 
X8 171 26 50 25 
x 1 2  92 18 20 17 

a p H  6.0, 20% t-BuOH. In milliliters. 

TABLE I11 
ROLE OF CATIOX IX THE  SEPARATION^ 

Cationic partner 
of the  resin Buffer system HVh HYVb S V h  AHYVb 

171 26 50 25 1 112 11 14 11 

"4+ 

S a  + 

S H E t 3  +I 
Pyridinium+ 0.2 .TI pyridine- 130 23 35 24 

4 p H  6.0, 20% t-BuOH. 

0 . 2 X A c O S H 4  158 20 45 23 

acetic acid 
In  milliliters. 

The effect of p H  in buffer systems containing n-propyl alcohol 
or methyl alcohol is shown in Table I V .  As noted in Table VI, 
0.2 Jf pyridine-acetic acid buffer ( p H  4.0) containing 407, meth- 
anol under somewhat different conditions effected better separa- 
tion thitn the ammonium acetate buffer system. At lower pH,  and 
especially in the presence of niethanol, a better separation was 
achieved. 

TABLE IV 
EFFECT OF p H  IS Br FFER SYSTEM p H  6 

2OCc n-PrOH 

7 154 28 33 15 
6 175 21 41 21 
4 196 25 67 21 

205% N e O H  
7 1 GO 12 50 14 
6 175 13 55 14 
4 225 15 78 16 

P H  HV HYV sv AHYV 

Concentration of Alcohol.-Among many conditions tested by 
us in a series of experiments, the solvent of pH 4.0 and 40"/c 
methanol gave best results (see Table I-). The separation of the 
two pairs of diastereomers, i)r,-threonine and 1) L-allothreonine, 

TABLE V 
EFFECT OF CONCENTRATION OF ALCOHOL 

20* 171 26 50 25 
40 * 184 19 56 19 
20c 225 15 78 16 
4OC 240 15 s5 14 

Alcohol, % HVa HYVa SVa AHYV" 

a In  milliliters. t-BuOH a t  p H  6.0. MeOH a t  p H  4.0. 

L-isoleucine and D-alloisoleucine, was tried and achieved under 
conditions similar to those described above. The use of ammo- 
nium acetate buffer (0.1,0.2, and 0.3 111) with 20% t-butyl alcohol 
at p H  6.0 gave good separations. Variations in temperature ( 5 ,  
25, and 45") had little effect on the separation pattern. 

Ninhydrin Assay.-Ten micromoles (1.31 mg.) each of 
hydroxy-L-proline and allohydroxy-u-proline was dissolved in 
0.5 ml. of water. The resin, Dowex 5OW-X8 (200-400 mesh), 
wm in the NH4+ or pyridinium+ form. The two buffer systems 
were 0.2 M ammonium acetate with 40% methanol a t  p H  4.0 
and pyridinium acetate s o l v e n t 4 . 2  M pyridinium acetate with 
40% methanol a t  p H  4.0. The flow rate was4ml. /hr . ;  the tem- 
perature was 20-25". 

The sample solution (20 pmoles of the equimolar mixture) was 
passed through the column and eluted with the appropriate 
buffer. The effluent was collected in 1-ml. fractions; each frac- 
tion was analyzed by ninhydrin colorimetry'3 (440 mp, in the 
case of pyridinium acetate buffer) or by densitometry as described 
above for the ammonium acetate buffer system. The results 
are shown in Table VI.  The areas of the HYT: and AHY V peaks 
were integrated to  give the exact ratios of the two diastereomers. 
The results of experiment no. 2 were unaffected by a. higher flow 
rate, such as 6 ml./hr. One such run will, therefore, be completed 
within less than 8 hr .  when a column of 0.9 X 30 cm. is used. 

Separation of Hydroxy-DL-proline and Allohydroxy-u L-proline 
Obtained from Ethyl Allylacetaminocyanoacetate .-To a suspen- 
sion of ethyl allylacetamin~cyanoacetate~~ (10.5 g., 0.05 mole) 
in water (-50 ml.)  wm added 1.0 A' sodium hydroxide (50 ml.) 
with stirring a t  room temperature. When stirring was con- 
tinued for 2 hr .  the suspension gradually became a solution. 
After addition of 1.0 N hydrochloric acid (50 ml.)  the solution 
was evaporated in V U C Z L O .  The residue was extracted with hot 
acetone (total volume 150 ml.) and the acetone solution was evap- 
orated in vacuo to  a sirup (8.8 g.). The sirupy allylacetamino- 
cyanoacetic acid in acetonitrile (100 ml.) and water (50 ml.) was 
treated with a solution of S-broniosuccinimide (KBY, 9.1 9 . )  in 
acetonitrile (100 ml.)  and water (50 ml.) a t  room temperature. 
After standing for 1 hr .  the solution was evaporated in vacuo. 
The residue, 2-acetamino-2'-cyano-4-hydroxy-5-bromopentanoic 
acid lactone, was dissolved in 6.0 N hydrochloric acid (100 rnl.). 
The solution was refluxed for 5 hr .  and evaporated in varuo to  
dryness to the hydrochloride of 2-amino-4-hydroxg-5-bron1open- 
tanoic acid lactone. This salt was dissolved in water (100 ml.) 
and adjusted with 2.0 S sodium hydroxide a t  56-55' to a final 
p H  of 9.5-9.6.' Total volume of 2.0 X sodium hydroxide used 
was 135 ml. The solution was passed through a column (3  X 30 
cni . )  of Dowex 5OW-X8 (100-200 mesh, H +  form), washed with 
water, and eluted with 2 ,V XH4OH. The ammonia-containing 
solution was evaporated in vacuo. The residue was dissolved in 
20 nil. of water (solution A). 

Half of solution A (10 ml.) was put  on a column (1.8 X 110 
cm.) of Dowex 5OW-S8 (200-400 mesh, XH4+ form), previously 
washed with 0.2 .If ammonium acetate containing 40% methanol, 
pH 4.0, and eluted with the same solvent a t  room ternperature 
and a flow rate of 6 rnl./hr. Each fraction (3 ml.) was tested on 
a paper strip by the isatin reaction. The results were HT', 174; 
HYV, 93; SI-, 24; and AHYT', 138 ml. The other half of solu- 
tion h was chromatographed and gave a similar ratio: 177,96, 21, 

B. 

' 

- -  
and 132 ml. 

The two HYV fractions (93 + 96 ml.) were pooled and evap- 
orated zn zacuo to  dryness. Most of the ammonium acetate was 
removed by sublimation zn vacuo for about 2 hr. a t  100". The 
residue, dissolved in a small volume of hot water, on the addition 
of ethanol gave 1.31 g. of crystalline hydroxy-ur,-proline. On re- 
crystallization from water-ethanol 1.07 g .  was obtained (16% 

(13) H. Rosen, Arch.  Biochem. B i o p h y s . ,  6'7, 10 (1967). 
(14) N .  F. Albertson, J .  A m .  Chem. Soc..  68, 450 (1946) 
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TABLE V I  
Size of 

Expt .  column, Buffer 
no. cm. system 

1 
2 Pyridinium acetate 
3 0 9 x 2 0  
4 0 9 x 5 0  Ammonium acetate 41 

yield from ethyl allylacetaminocyanoacetate), m.p. 245-246' 
dec., lit. m.p. 24i0.lz 

Anal. Calcd. for CjHQNOs: C, 45.79; H ,  6.92; N, 10.68. 
Found: C,45.89; H ,  6.83; N, 10.65. 

The two AHYT' fractions (138 + 132 ml.), processed aa above, 
yielded 2.37 g .  Further recrystallization with water-ethanol 
gave 2.11 g. (327,) of allohydroxy-DL-proline, m.p. 239-240" 
dec., lit.12 m.p. 238". 

Anal. Calcd. for C5HgN01: C, 45.79; H ,  6.92; N, 10.68. 
Found: C, 45.70; H ,  6.79; N, 10.52. 

Separation of Hydroxy-u L-proline and Allohydroxy-D L-proline 
Obtained from Dichlorovalerolactone.-2,5-Dichloro-4-valero- 
lactone was prepared by the action of sulfuryl chloride on diethyl 
allylmalonate. The dichlorolactone (13.5 g., 0.08 mole) dis- 
solved in concentrated ammonium hydroxide (200 ml.) was left 
for 5 days a t  room temperature. This procedure was found more 
convenient than the ammonolysis a t  100" in a pressure vessel.lZ 
The solution was evaporated zn vacuo. The residue on paper 
chromatography (n-RuOH-AcOH-pyridine-Hz0 = 4: 1 : 1 :2, 
v. /v . )  showed two ninhydrin-positive spots, one belonging to  
hydroxyproline (Rf  0.23, yellow), and another (Rf 0.16, purple) 
belonging to an unknown material, not proline amide, which dis- 
appeared after refluxing for 3 hr. in 100 ml. of 6.0 N hydrochloric 
acid. After evaporation to dryness the residue was dissolved in 
water (100 ml.), and the solution was passed through a column 
(3 x 30 cm ) of Dowex 50W-X8 (100-200 mesh, H +  form), 
washed with water, and eluted with 2 N ammonium hydroxide. 

Rat io  of 
HYV S V  AHYV hypro-allohypro 

9 18 11 49.8: 50.2 
9 7 10 49.7: 50 .3  
9 2 9 49 9:50 1 

10 14 10 46:54 

TABLE VI1 
Expt .  no. HV' H Y  Va 6 va AHYV' 

1 177 78 15 81 
2 180 81 18 81 
3 177 81 15 84 

a In milliliters. 

The ammonia solution was evaporated in  vacuo, and the residue 
was made up to a volume of 30 ml. with water. 

Each 10 ml. of the above solution was chromatographed as 
described above. The results obtained are shown in Table T.11. 
The three HYV fractions were pooled and processed as described 
to yield 4.05 g. of hydroxyproline. Further recrystallization 
with water-ethanol gave 3.76 g. (35%) of pure hydroxy-DL- 
proline, m.p. 244-245" dec. By the same synthetic route and 
separation via the copper salts the yield of hydroxy-uL-proline 
was only 27570.12 

Anal. Calcd. for C5HgNOa: C,  45.79; H, 6.92; N, 10.68. 
Found: C,45.77; H ,  6.85; K,  10.61. 

Similarly, the three portions yielded 2.85 g.  of allohydroxypro- 
line. Further recrystallization from water-ethanol gave 2.63 g. 
( 2 5 7 0 ) ,  m.p. 238-239" dec. A yield of 27% of allohydroxypro- 
line has been reported via the copper salts.lZ 

Anal. Calcd. for CjHQNO,: C,  45.79; H,  6.92; K ,  10.68. 
Found: C, 45.81; H,  6.88; h', 10.73. 
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Reactions of trans-dibenzoylethylene with tertiary phosphines in the presence of carboxylic acids have been 
studied. Whex two equivalents of carboxylic acid were treated with trans-dibenzoylethylene and tertiary 
phosphine, the corresponding acid anhydrides were obtained in good yields, along with dibenzoylethane and 
phosphine oxide. Similar reactions were further extended to the phosphoric monoesters, and sym-pyrophos- 
phates were obtained in good yields. The mechanism of the reaction is discussed. 

It has recently been reported that  the various car- 
boxylic acids, phosphoric acids, and sulfonic acid were 
converted into the corresponding acid anhydrides in 
the course of oxidation-reduction reactions between di- 
phenylmercury and tri-n-butylphosphine.' 

(CsH5)2Hg + ~ R C O Z H  + (n-C4&)8 + 
Hg + 2CsHe + (RC0)zO + (n-CdH,),P=O 

In the present study, it was found that  trans-di- 
benzoylethylene can be employed as a hydrogen ac- 
ceptor in place of the diphenylmercury mentioned in 
the above experiments. When tri-n-butylphosphine 
was added to  an anhydrous benzene solution of trans- 
dibenzoylethylene a t  room temperature, it assumed a 
red color with evolution of heat. After standing for 10 
min., it was added to an anhydrous benzene solution of 
two equivalents of propionic acid and the mixture was 

(1) T. hlukaiyama.  I. Kuaa j ima ,  and 2. Suzuki, J. Ore.  Chem.,  28, 2024 
(1 963). 

refluxed for 2 hr.; propionic anhydride was obtained 
in 78y0 yield along with dibenzoylethane (77%) and 
tri-n-butylphosphine oxide (84y0). Similar reaction 
was observed in the cases of the other carboxylic acids 
(see Table I). 

C6H&COCH=CHCOCaHj + (n-C,H,),P + 2RCOZH + 
C ~ H & O C H Z C H Z C O C ~ H ~  -I- (n-C4Hg)3P=0 + (RCO)zO 

Triphenylphosphine was likewise successfully used 
as an oxygen acceptor and propionic anhydride was ob- 
tained in 70y0 yield under the same condition. 

The most probable pathway of this reaction may be 
sketched in the following manner. Initially, tri-n- 
butylphosphine reacts with trans-dibenzoylethylene to 
form an adduct (I),2 which in turn is transformed into 
"phosphonium carboxylate" (11) in the presence of car- 

(2) Horner, et ai., reported that  trans- and cis-dibeneoylethylene react with 
triethylphosphine to form an  adduct similar t o  I in 95% and 65% yields, 
respectively: L. Horner and K. Klupfel. Ann., 691, 60 (195.5). 


