
S Y N T H E S I S  O F  4 - A L K Y L - S U B S T I T U T E D  

OF C Y C L O S E R I N E  

I .  T e p l a n ,  I .  M e z S ,  G.  V e g h ,  a n d  
A.  B.  S i l a e v  

D E R I V A T I V E S  

UDC 615.779.931+547.917 

In r ecen t  yea r s ,  var ious  de r iva t ives  of 3- isoxazol ine  have been studied in many aspects ,  and the 
s imples t  r ep re sen ta t i ve  of them - 4 -amino-3- i soxazo l idone  or cyc loser ine  (I, 1~ 1 = R 2 = H) - has proved to 
be a highly effect ive b r o a d - s p e c t r u m  antibiotic [2-6]. 

Some worke r s  have obtained its de r iva t ives  with alkyl (mono- and di-) and aryl  r ad ica l s  in posit ion 
5. These compounds (I) can be r ep re sen ted  in the following way [7-17]: 

R~,, C - -  CH-NH,~ 
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The above-ment ioned compounds were  obtained f rom/~-hydroxy  s - a m i n o  acids.  Ant ibacter ia l  tes ts  
on them have  shown that R and Ar in posit ion 5 have a cons iderable  influence on the antibiotic activity.  

On the bas i s  of previous  invest igations [18-20], the synthesis  f rom ~ - a l k y l s e r i n e s  of 4 - a lky l -  
subst i tuted cyc lose r ines  of the general  fo rmula  (II) has become  poss ib le .  

When the o~-alkylserines (III) a re  available,  the p repa ra t ion  of 4 -a lky lcyc lose r ines  (II) f rom them is 
poss ib le  by two routes:  in t ramolecu la r  O-alkylat ion [7] or  in t ramolecular  N-acylat ion [8], as follows: 

R R R 
I I I 

In t r amolecu la r  O-alkylat ion,  used by P la t tne r  et  al. [7] for  the synthesis  of cyc lose r ine  and five of 
its der iva t ives ,  did not lead to the des i red  r e su l t  in our  case .  In t ramolecu la r  N-acylat ion by S t a m m e r ' s  
method [8] v ia  the corresponding oxazoline de r iva t ives  yielded e s t e r s  of f l-aminooxy v~-amino acids,  which 
were  then subjected to in t r amolecu la r  N-acylat ion.  However,  this method of synthesis  also s ta r t s  f r o m  
the cor responding  e s t e r s  of f i-hydroxy a - a m i n o  acids.  Since it  had proved imposs ib le  to p r e p a r e  their  
e s t e r s  f r o m  the a - a l k y l s e r i n e s  (HI), we solved this p rob lem in the following way [1]: 

*See the p r e l im ina ry  communicat ion [1]. 
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The f i r s t  s tage of the synthes is  was the p repa ra t ion  of the N - b e n z o y l - ~ - a l k y l s e r i n e  (IV) by the 
Schotten-Baumann method with a yield of 45-50%, and this was then conver ted  into the corresponding me th -  
yl e s t e r s  of the ~ - a l k y l s e r i n e s  (V) by means  of diazomethane in a lmos t  quantitative yield.  These  e s t e r s  
were  t rea ted  with thionyl chlor ide  [21-22] and conver ted  into the e s t e r s  of the cor responding  4 - a l k y I - 2 -  
phenyloxazol ine-4-carboxyl ic  acids (VI). F r o m  the la t ter ,  by  using HC1 and dioxane, the hydrochlor ides  of 
the cor responding  hydroxamic  acids (VIID were  obtained. In this way, the hydrochlor ides  of 2 -phenyl -4-  
p ropy loxazo l ine -4 -hydroxamic  acid (VIII, R = N-C 3 H 7 ) and 4 - i sobu ty l -2 -pheny l i soxazo l ine -4 -hydroxamic  
acid (VIII, R = i-C4H 9) were  synthesized.  The f i r s t  compound was obtained f r o m  ~ - p r o p y l s e r i n e  and the 
second f r o m  ~- i sobu ty l se r ine .  

However,  it was imposs ib le  to synthes ize  an oxazol inecarboxyl ie  acid f r o m  the s imp le s t  r e p r e s e n t a -  
tive, c~-methylser ine (III, R = CH 3 ), s ince in this case  Schotten-Baumann benzoylat ion took p lace  in ve ry  
low yield.  The hydroxamic  acid was obtained by another  method based  on the oxidation of 4 -hydroxymethy l -  
4 -methy l -2 -pheny loxazo l ine  (XII) by po ta s s ium pe rmangana te  [23]. The oxazol inecarboxyl ic  acid (XIII) was 
conver ted into its e s t e r  (XIV) with d iazomethane in the following way: 

o,., p., ,% 
o~-0-%o, p"~- oL-ooo~ o.,-o-oooc., 
0 N . // . O\ //N , 0 N 

C ~i C -- \C// 
- -  l x,_.J , x T ~  r 

The methyl  4 -me thy l -2 -pheny loxazo l ine -4 -ca rboxy la t e  (XIV) was conver ted into the hydroehlor ide  of 
the hydroxamic  acid (information on the 4 -a lky l -2 -pheny l i soxazo l ine -4 -hydroxamic  acids is given in the 
exper imen ta l  par t ) .  • 

The opening of the oxazoline r ing is a s tage  of the synthesis  ~ilich takes place  with a ve ry  poor  yield. 
It  was poss ib le  to open the r ing only in the case  of the 4 - i sobu ty loxazo l ine -4 -ca rbohydroxamic  acid with 
a ve ry  low yield.  This c i r c u m s t a n c e  made  n e c e s s a r y  a subsequent  spec ia l  study of the t r ans fo rma t ion  of 
4 - i sobu ty l -2 -pheny loxazo l ine -4 -ca rbohydroxamic  acid (VII, R = i-C4H 9) into the a -benzamido- f l - ch lo ro  de -  
r iva t ive  (IX). The hydrochlor ide  of the hydroxamic  acid (VIII) is be s t  isolated f r o m  dioxane with only the 
calculated amount of HC1, in o r d e r  to avoid side reac t ions  af ter  the opening of the ring. 

We could not obtain a - b e n z a m i d o - p : c h l o r o - a - i s o b u t y l p r o p i o n o h y d r o x a m i c  acid (IX, 1~ = i-C4Hg). It 
was  conver ted  d i rec t ly  into N-benzoy l -4 - i sobu ty l cyc lose r ine  (X, R = i-CtH9). The cycl iza t ion  was p e r -  
fo rmed  with NaOH at pH 9.8 in the p r e s e n c e  of a Thymol  Blue indicator .  It is known [24] that  at  pH 10, b e -  
cause  of the enol izat ion of the benzamido group, r ing c losure  to the oxazoline takes  place p r i m a r i l y .  The 
benzoyl  group was spli t  off with HC1 in methanol ,  the r ing s imul taneous ly  undergoing c leavage with the f o r -  
mat ion of the dihydrochlor ide of the e s t e r  of o~-amino-f l -aminooxy-~- i sobuty lpropionic  acid (X-I, R = i-C4Hg), 
which it  was imposs ib le  to i so la te  in the c rys ta l l ine  s ta te .  The r e c l o s u r e  of the 3- isoxazol idone r ing was 
effected with sodium methoxide.  4 - I sobu ty lcyc lose r ine  (II, R = i-C4H9) was obtained f r o m  an aqueous solu-  
tion of i ts  sodium sal t  by acidif icat ion with acet ic  acid to pH 6. Since, unlike cyc lose r ine ,  4 - i sobu ty lcy-  
c lose r ine  is v e r y  spar ingly  soluble in water ,  it c ry s t a l l i z e s  sa t i s fac to r i ly  f rom water .  In the i s o p r o p a n o l -  
a m m o n i a - w a t e r  (80 : 2 : 18) sys t em,  the subs tance  gave a single spot with Rf  0.69. 
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Cycloserine and its der ivat ives  give a specific react ion with sodium nitroprusside:  in a weakly acid 
medium an intensely blue complex is formed.  The UV spect rum shows that for  4- isobutylcycloser ine  the 
absorption maximum is in the 640 nm region, fo r  N-benzoyl-4- isobutylcycloser ine  it is at 670 nm, and for  
cycloser ine  it is at  625 nm. The IR spectrum confirmed the presence  of the charac te r i s t i c  groups in the 
molecule of 4- isobutylcyeloser ine .  

EXPERIMENTAL 

N-Benzoyl-~-propylserine (IV, R = n-C~HT). With vigorous stirring, 27 rnl (32.4 g, 0.23 mole) of 
benzoyl chloride and 12 ml of 2 N caustic soda were added over 1 h at 0°C to 29.4 g (0.2 mole) of ~- 
propylser ine  in 120 ml of 2 N caustic soda; the pH of the solution remained alkaline until the end of the r e -  
action (to a Thymol Blue indicator). Then another 20 ml of 2 N caustic soda was added to the solution. 
The mixture was s t i r red  at 0 ° C for  1 h and at room tempera ture  for 2 h. With cooling and st irr ing,  the 
solution was acidified with hydrochloric  a c id ( l :  1) to pH 1. An oily substance began to precipitate which 
crysta l l ized on fur ther  s t i r r ing.  For  purification f rom benzoic acid, the substance was extracted three 
times with hot ether (100 ml). This gave 23.5 g (46%7 of a product  with mp 143-146 o C. This substance 
was boiled with activated carbon in 40 ml of ethanol, after  which the carbon was fil tered off and 100 ml of 
water was added to the hot solution, giving 19.4 g (38.7%) of a substance CI3HI704N with mp 151°C. The 
analysis of this compound and those of all the subsequent compounds corresponded to the calculated f igures.  

N-Benzoyl -~- i sobu ty l se r ine  (IV, R = i-C4H,~). With vigorous s t i r r ing  at 0 ° C, 13.5 ml (16.2 g, 0.115 
mole) of benzoyl chloride and 60 ml of 2 N caustic soda were added to 16.1 g (0.1 mole) of ~- isobutylser ine  
in 60 ml of 2 N caustic soda over  1 h. Then the reaction mixture was treated in the same way as in the 
preceding experiment.  This gave a substance with the composition Ci4HisO4N in a yield of 13.2 g (49.8%); 
mp 159-161 ° C (from 33% ethanol). 

Methyl Es t e r  of N-Benzoy l -~ -p ropy l se r ine  (V, R = n-C~ HT). A hot solution of 0.14 mole of diazo-  
methane in 150, ml of absolute ether was added to a suspension of 17.57 g (0.07 mole) of N-benzoy l -~ -  
propylser ine  in 150 ml of absolute ether.  After the reaction mixture had begun to boil, the insoluble par t  
was f i l tered off and the f i l t rate  was evaporated in vacuum to dryness .  The residual  oil did not crystal l ize .  
The weight of the oil was 18.5 g (-~100%); it was fair ly pure and was suitable for  fur ther  synthesis 
(CI4HI904N). 

Methyl Ester of N-Benzoyl-~-isobutylserine (V, R = i-C4H~). To a stirred suspension of 15.3 g 
(0.058 mole) of N-benzoyl-~-isobutylserine in 170 ml of absolute ether was added 0.116 mole of dlazometh- 
ane in 120 ml of absolute ether. The resulting solution was filtered and evaporated to dryness. On stand- 
ing, the oil crystallized. The crystals were washed with petroleum ether. Yield 14.8 g (90.8%), mp 92- 
94°C, composition CIsH2104N. 

Hydrochloride of Methyl 2-Phenyl-4-propyloxazoline-4-carboxylate (VI, R = n-C a H 77. With cooling 
to 0 ° C and s t i r r ing,  44 ml of thionyl chloride was added by drops over 45 rain to 18.5 g (0.07 mole) of the 
methyl es ter  of N-benzoy l -~-propy l se r ine  in 200 ml of absolute ether.  There was a vigorous evolution of 
HC1 and the solution became turbid. Coolfng~md s t i r r ing  were continued for  another 1 h, until c rys ta l l i za -  
tion began. After the mixture had been kept in the re f r igera tor ,  the c rys ta ls  were f i l tered off, washed with 
ether, and dried.  Weight 13.1 g (66%), mp 105-106 ° C. The substance was slightly hygroscopic.  The fi l-  
t rate  yielded an additonal 2.5 g (12.5%) of substance with mp 102-104°C. The total yield was 15.6 g (78.5%); 
composition C14Hl~ O 8 NC1. 

Hydrochloride of Methyl 4-Isobutyl -2-phenyloxazol ine-4-carboxyla te  (VI, R = i-C4Ht). To a suspen-  
sion of 53.75 g (0.19 mole) of the methyl es te r  of N-benzoyl -4- i sobuty lser ine  in 550 ml of absolute ether 
was gradually added 115 ml of thionyl chloride. The substance dissolved completely.  The c rys ta l s  that 
separated f rom the react ion mixture after it had been kept in the r e f r ige ra to r  were f i l tered off and washed 
with absolute ether.  This gave 32.9 g of a substance with mp 103-107 ° C {hygroscopic). The f i l t rate  yielded 
an additional 12.83 g of product  with mp 95-99°C. The total yield was 55.75 g (82.4%); composition 
CIsHi903N • HC1. 

4-Methyl-2-phenyloxazol ine-4-carboxyl ic  Acid (XIII). To a suspension of 5.73 g (0.03 mole) of 4- 
hydroxymethyl-4-methyl -2-phenyloxazol ine  (XII) [23] in 90 ml of water  were added 0.8 g (0.02 mole) of 
caustic soda and 6.3 g (0.019 mole) of potass ium permanganate  at such a ra te  that the tempera ture  of the 
mixture did not exceed 40 ° C. The manganese dioxide was f i l tered off and washed with water, and the 
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combined f i l t ra tes  were acidified with HC1 to pH 3 and were then extracted six t imes with chloroform.  The 
ch loroform solution was dried over calcined magnesium sulfate and evaporated to dryness .  The result ing 
oil crystal l ized,  and the c rys ta l s  were washed with petroleum ether. This gave 3.8 g (62%) of a substance 
CllH~O2N with mp 130-132°C. 

Methyl-4-Methyl-2-phenyloxazol ine-4-carboxylate  (XIV). With s t i r r ing,  0.04 mole of diazomethane 
in 50 ml of ether  was added to a suspension of 4.1 g (0.02 mole) of compound (XIII) in 50 ml of absolute 
ether. Stirring was continued a t r o o m  tempera ture  for 2 h. This gave 4.3 g (~ 100%) of an oily substance 
which crysta l l ized on standing (Ct3H1704N). When it was treated with HC1, white c rys ta l s  deposited which, 
on filtration, changed into an oil. Consequently, to obtain the hydroxamic acid the f ree  es ter  was used. 

4-Methyl -2-phenyloxazol ine-4-carbohydroxamic  Acid (VII, R = CH~ ). A solution of sodium methoxide 
(1.15 g of Na in 20 ml of absolute methanol) was added with s t i r r ing  at 0°C to a solution of 4.3 g (0.02 mole) 
of compound (XIV) and 2.1 g (0.03 mole) of hydroxylamine hydrochlor ide in 30 ml of absolute methanol. A 
precipi ta te  of sodium chloride immediately deposited. The mixture was left at room tempera ture  for a 
day. The precipi tate  that deposited was dissolved in 25 ml of water  and the solution was fil tered. Then a 
cur ren t  of CO 2 was passed through it for  2 h. The crys ta ls  that deposited were  f i l tered off, washed with 
water, and dried. This gave 3.05 g (68.0%) of a substance with mp 160-163 ° C. After recrys ta l l i za t ion  f rom 
aqueous ethanol, the substance had mp 161-163 ° C; composition CttHt203N2. 

The Hydrochloride (VIII) (R = CH 3). At room temperature ,  6.8 ml (0.015 mole) of a solution of HC1 
in dioxane was added to a suspension of 3.3 g (0.015 mole) of the hydroxamic acid (VII, R = CH 3 ) in 50 ml 
of absolute dioxane. F i r s t  the substance was converted into a dough-like mass ,  and then it dissolved. In 
15-20 rain, the solution deposited c rys ta l s ,  and after some t ime i n t h e  r e f r ige ra to r  they were  f i l tered off, 
washed with dioxane and ether,  and dried. This gave 3.75 g (97.5%) of a substance with mp 201-205 ° C 
(decomp.). After recrys ta l l iza t ion  f rom a mixture of methanol and ether, the melting point had not changed; 
composition C~H1203 N 2 • HC1. 

2 -Phenyl -4-propyloxazol ine-4-carbohydroxamic  Acid (VII, R= nC~HT). A solution of sodium meth-  
oxide prepared  f rom 50 ml of absolute methanol and 3.02 g of sodium was added to a solution of 10.0 g 
(0.0355 mole) of compound (VI, R = nC3H 9 and 3.68 g (0.0533 mole) of hydroxylamine hydrochlor ide in 100 
ml of absolute methanol at 0°C. After standing at room tempera ture  for  a day, the react ion mixture was 
evaporated and the res idue was dissolved in 150 rnl of water.  The solution was f i l tered and acidified with 
acetic acid topH 5. After some hours,  c rys ta l s  deposited, which were  f i l tered off, washed with water,  and 
dried. This gave 7.65 g (87.0%) of a substance with mp 156-159° C ffrom aqueous ethanol); composit ion 

Ci3 H1603 N2. 

Hydrochloride of VIII(R = nC3H9). To a suspension of 16.1 g (0.065 mole) of the hydroxamic acid 
(VII, R=nC3H7) inl00 ml of dioxane was added 29.5 ml (0.065 mole) of a 2.2 N solution of HC1 in dioxane. 
The substance dissolved completely,  and then c rys ta l s  deposited which were f i l tered off and washed suc-  
cess ively  with absolute dioxane and ether. This gave 16.99 g (92%) of a product with mp 157-159°C (de- 
comp.). After reerys ta l l iza t ion  f rom a mixture of methanol and ether,  the melting point had not changed; 
composition C~3 H1603 N 2 • HC1. 

4- Isobuty l -2-phenyloxazol ine-4-carbohydroxamic  Acid (VII, R = i-C4H~). With s t i r r ing  at 0 ° C, a 
solution of  sodium methoxide (50 ml of absolute methanol and 3.02 g of sodium) was added to a solution of 
10.6 g (0.0355 mole) of compound (VI, R = i-C4H 9) and 3.68 g (0.53 mole) of hydroxylamine hydrochlor ide 
in 120 ml of absolute methanol. This gave 8.25 g (87.7%) of a substance with mp 147-149 ° C (from ethanol), 

C14H18 03 N2. 

The Hydrochloride (VIII, R = i-C4H,9). To a suspension of 11.8 g (0.044 mole) of the hydroxamic acid 
(VII, R = i-C4H 9) in 60 ml of absolute dioxane was added 16.7 ml (0.044 mole) of a solution of HCI in dioxane. 
The reaction mixture was treated in the same way as in the preceding experiments, giving 10.8 g (80%) of a 
substance with mp 135-139°C; composit ion C14HlsO3N 2 • HC1. 

N-Benzoyl -4- i sobuty lcyc loser ine  (X, R = i-C4H~). A suspension of 10.8 g (0.036 mole) of the hydro-  
chloride (VIII, R = i-C4H 9) in 60 ml of absolute dioxane was heated in the water  bath at 100 ° C for  45 min 
and was then left at  room tempera tu re  for  several  hours.  The c rys ta l s  that deposited proved to be hydrox-  
ylamine hydrochlor ide.  The f i l t ra te  was evaporated to dryness  in vacuum and the oil res idue  was dissolved 
in 30 ml of ethanol. The solution was f i l tered and t i trated with 1 N NaOH in the presence  of Thymol Blue 
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indicator until its color changed to blue. Then another 30 ml of 1 N caustic soda was added and the solu-  
tion was kept at room tempera ture  for  3 h. After this it was acidified with acetic acid to pH 7, a small  
amount of activated carbon and 150 ml of water were added, and it was filtered. When the f i l t rate was 
acidified with HC1 to pH 1, a yellow oily substance deposited. The mixture was kept for  severa l  hours in 
the cold and decanted. The oily residue was treated several  t imes with water and dried in a des iccator  
until it was completely solid. This gave 2.8 g, and the fi l trate gave another 0.85 g, making a total of 3.65 
g (40%) of a substance which contained 42% of N-benzoyl-4- isobutylcycloser ine .  This was boiled with 45 
ml of ethyl acetate with the addition of a small  amount of activated carbon. After the carbon had been r e -  
moved, the mixture  was left in the cold, and the resulting crys ta ls  of N-benzoyl-4- isobenzylcycloser ine 
were  f i l tered off, washed f i r s t  with ethyl acetate and then with petroleum ether, and dried. The yield of 
white c rys ta l s  with mp 163-163.5 ° C, composition Ci4H1803N2, was 1.37 g (15%). 

4-Isobutylcycloser ine  (II, R = i-C4H~). A cur ren t  of dry  hydrogen chloride was passed through a sus -  
pension of 6.25 g (0.024 mole) of compound X(R = i-C4H 9) in 150 ml of absolute ethanol to saturation, 
whereupon the substance dissolved completely.  Then the solution was evaporated to dryness  and the oily 
residue was dissolved in 120 ml of absolute ethanol and the solution was likewise saturated with HC1, after 
which it was left overnight at room temperature  and was then heated in the water bath at 80°C for 3 h and 
was then repeatedly evaporated with ethanol. The oily residue was t reated several  t imes with ether  and, 
to eliminate the ether, with benzoic acid. The residual  oil was dried in a des icca tor  to constant  weight. A 
foam-like,  ve ryhygroscop ic  substance was obtained. It was dissolved in 50 ml of absolute ethanol and to 
the s t i r red  solution was added a solution of sodium ethoxide (1.91 g of sodium and 50 ml of ethanol); the 
tempera ture  of the react ion mixture rose  to 40 ° C. The mixture was left at  room tempera ture  for  3 h and 
was then evaporated to dryness  in vacuum. The residue was dissolved in 20 ml of water,  and the solution 
was treated with a small  amount of activated carbon and filtered. The fi l t rate was acidified with acetic 
acid to pH 6. Crysta ls  deposited, and after  standing in the r e f r ige ra to r  for several  hours they were f i l -  
tered off, washed with water  and with ethanol, and were dried. This gave 1.1 g (29.5%) of a substance with 
mp 175 o C; af ter  recrys ta l l iza t ion  f rom water, mp 180-185 ° C, composition C7Hi402N 2. 

SUMMARY 

I. A method for the synthesis of 4-isobutylcycloserine (4-amino-4-isobutyl-3-oxazolidone) has been 
developed. 

2. 4-Methyl-, 4-propyl-, and 4-isobutyloxazoline-4-carbohydroxamic acids have been obtained from 
the corresponding ~-alkylserines. 

LITERATURE CITED 

I. L Teplan, I. Mez~j,and G. Vegh, Vegyeszkongresszus, Sopron (1965). 
2. D.A. Harris, M. Ruger, M. A. Reagen, F. J. Wolf, R. L. Peck, H. Wallich, and H. B. Woodruff, Anti- 

biotics and Chemotherapy, 5_ 183 (1955). 
3. R . L .  Harnea, P. H. Hidy, and E. K. La Baw, Antibiotics and Chemotherapy, 5, 204 (1955). 
4. R . P .  Buks, I. Putter ,  R. Ormond, J. E. Lyons, L. Chalet, F. A. Kuehl Jr . ,  F. J. Wolf, N. R. Trenner,  

1R. L. Peck, E. House, G. Downing, E. Newstand, and F. Folkers ,  J. Amer.  Chem. Soc., 77, 2344 
(1955). 

5. P . H .  Hidy, E. B. Hodge, V. V. Young, R. L. Harned, G. A. Brewer,  W. F. Phillips, F. W. Runge, H. 
E. Stovely, A. Pokland, H. Boat, and H. R. Sullivan, J. Amer.  Chem. Soc., 77_, 2345 (1955). 

6. Ch. H. Stammer, A. N. Wilson, F. W. Holly, and K. Folkers ,  J. Amer.  Chem. Soc., 77, 2346 (1955). 
7. P1. A. Plattner,  A. Boller, H. Frick,  A. Ffirst, B. Hegediis, H. Kirchensteiner ,  St. Majnoni, R. 

Schl~ipfer, and N. Spiegejberg, Helv. Chim. Acta, 40__., 1531 (1957). 
8. Ch. H. Stammer,  A. N. Wilson, C. F. Spencer, F. W. Bachelor, F. W. Holly, and K. Folkers,  J. Amer.  

Chem. Soc., 79, 3236 (1957). 
9. U.S.  Patent  No. 2,772,281; Chem. Abstr.,  51, 8145 (1957). 

10. N .K.  Koehetkov, l~. I. Budovskii, R. M. Khomutov, and M. Ya. Karpeiskii,  Zh. Obschch. Khim., 29, 
635 (1959). 

11. R .M.  Khomutov, M. Ya. Karpeiskii,  ]~. I. Budovskii, E. S. Severin, and N. K. Kochetkov, Zh. Obshch. 
Khim., 2.~9, 1328 (1959). 

12. U.S .  Patent  No. 2,842,565; Chem. Abstr. ,  53, 4302 (1959). 

464 



13. U.S.  Patent  No. 2,918,472; Chem. Abstr . ,  5_~4, 13, 146 (1960). 
14. U.S.  Patent  No. 2,929,836; Chem. Abstr . ,  5..~4, 13, 146 (1960). 
15. U.S.  Patent  No. 2,939,868; Chem. Abstr . ,  5_~4, 22, 683 (1960). 
16. T. Tanaka and N. Sugimoto, Yakugaku Kenkyu, 33.., 428 (1961); Chem, Abstr. ,  55___, 25952 (1961). 
17. K. Hayashi, C. G. Skinner, and W. Shive, J. Org. Chem., 26__, 1167 (1961). 
18. I. Teplan, B. Tanaes,  G. Vegh, and J. Marton, Vegyeszkonferencia,  Sseged (1963). 
19. B. Tanacs,  I. Teplan, and J. Matron, XIXth Int. Cong. of Pure  and Appl. Chem. (IUPAC), London 

(1963). 
20~ I. Teplan, B. Tanacs,  L Marton, G. Vegh, and A. B. Silaev, in the Zh. Obshch. Khim. collection: 

Synthesis of Natural  Compounds and Their  Analogs and Fragments  [in Russian], Moscow (1965), p. 
169. 

21. E . M.  Fry,  J. Org. Chem., 14_, 887 (1949). 
22. E . M .  Fry, J. Org. Chem., 1_~5, 438, 802 (1950). 
23. J . H .  Bil lman and E. E. Pa rker ,  J. Amer.  Chem. Soc., 67, 1069 (1945). 
24. R. Ratonics and R. Behar,  Bull. Soc. Chim. Fr . ,  1957, 1255. 
25. L . R .  Jones, Anal. Chem., 28__, 39 (1956). 

465 


