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The alkylation of 3-isoxazolidone and its metal salts with diazomethane and alkyl halides was 
investigated for the f i rs t  time. The alkylation products are a mixture of two i somers  - 
derivat ives of the lactam and lact im forms of 3-isoxazolidone. The major  component in all 
cases  is the N-alkylation product. The percentage of i somer ic  imino ethers  depends on the 
nature and s t ructure  of the reagents.  

Up until now, little investigation has been devoted to the chemis t ry  of 3-isoxazolidone (I), which is the 
s t ructura l  basis  of the antiobiotie D-cycloser ine :  only its metal salts and some N-acyl  derivatives have 
been repor ted  [1, 2]. 

In order  to make a further  study of the react ivi ty of 3-isoxazolidone, we investigated its alkylation. 
Ketone I and its potass ium salt (II) were  used as the s tar t ing compounds. Lactam and lactfm s t ruc tures  
were previously establ ished [2, 3] for I and II, respect ively,  in the solid state. Since some of the details 
in the IR spec t ra  of I in [2, 3] did not tally, we were faced with the necess i ty  of making a more precise  de- 
termination,  par t icu lar ly  of the absorption band of the carbonyl group. It was found that, in conformity with 
[3], I has the absorption band of a free earbonyl group at 1700 cm -1. It is interest ing to note that the peak 
of this band is split and that the splitting depends only slightly on the medium and is also observed in the 
spec t ra  of the products of alkylation of I (Fig. 1). An absorption maximum at 218 nm is detected in the e lec-  
t ronic  spec t rum of I. A dilute aqueous solution of I has pH 5.60. Potent iometr ic  t i tration was used to de te r -  
mine the protolys is  constant of I (pK a 6.80), the value of which attests  to the ex t remely  acid cha rac te r  of 
the amino group hydrogen; this is to a considerable extent a consequence of the - I  effect of the oxygen 
heteroatom. 

As one should have expected, I is methylated sa t is factor i ly  by diazomethane, but we were unable to 
alkylate it with alkyl halides and 5 -bromo-2-n i t ro furan ,  evidently because of the insufficient basici ty of the 
amino group. The reaction of salt  II with alkyl halides in absolute alcohol proceeds readily, and the c o r r e s -  
ponding alkyt derivatives (III-VI1) are formed in good yields (Table 1). 
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Fig. 1. IR spec t ra  of 3-isoxazolidone (I) in 
ch loroform and of its alkyl derivatives (III-VII). 

Since the s tar t ing compounds are capable of giving 
two ser ies  of derivatives because of l a c t i m - l a c t a m  
tau tomer ism,  we assumed the possibil i ty of the fo rma-  
tion of products of both N- and O-alkyalation (A and B) : 

F---? =~ + F - ~ ~  ~o..NrO c.~N~ L..o..N_C% ~,o -N 
I Il l  A IIIB 

I1 I I I A - V I I A  IIIB -VIIB 

I I I  R=CH3; IV R=CzHs; V R=n-C~H;,; Vl R=I-CaHT; .VII R=CH:/ -C%~H 2 
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Fig.  2. C h r o m a t o g r a m s  of alkyl 
de r iva t ives  of 3 - i soxazo l idone  
(HI-V1). 
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Fig.  3. PN_g s p e c t r u m  of the p r o -  
duct (V) of  the  r eac t ion  of  the p o t a s -  
s lum sal t  of 3 - i soxazo l idone  with 
p ropy l  b r o m i d e .  
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TABLE 1. P r o d u c t s  of the Alkyla t ion  of the P o t a s s i u m  Salt of 3-  
I soxazol idone  with Alkyl Hal ides  (mix tu res  of i s o m e r s  A and B) 

• ,~ R 

III CH3 
IV C~H5 
V* n-C3H7 

VI i-C~H7 

VI1 CH2--CH--CH2 
\ /  
O 

TABLE 1 (continued) 

~., = Found, % 

~ = r  C ] I-I ] N 

Reaction conditions 
[time, h T e m ~  Bp, ~ (mm) 

72 

l0 

48 

20 67--68 (8) 
20 62--63 (3) 

Reflux 58--59 (2) 

Reflux 62--63 (2) 

40 I08--i09 (2) 

d4-"o 

1,1570 
1,0835 
1,0536 

1,0435 

1,2617 

Empirical 
n~~ formula 

11,4600 
]1,4544 
1,4565 

1,4480 

1,4840 

C4HTNO2 
CsHgNO2 
C6HItNO2 

C6HI,NO2 

C6H,oNO~T 

VRIII 47,8 [ 7,0 14,0 
IV I 51,7 8,1 12,1 

* 55,7 8,4 10,6 
Vl  55,8 9,0 l l,l 

49,7 6,8 9,8 

Calc., % 

C H 

47,5 7,0 
52,2 7,9 
55,8 8,6 
55,8 8,6 
50,0 7,0 

13,8 
12,2 
10,9 
109 
9,7 

Mixture compo- 
IR spectrum I sitioa from P19IR 
- -  __ [ data,..% . . . .  

~'c= O, cm -I vc= N, Cm- ~ A B 

1700 
1700 
1700 
1700 
1700 

1630 
1627 
1625 
1623 
1630 i 96 4 

94 6 
87 13 
63 37 

* Compound V, which was  obta ined by ref luxing XI  In C3ttTBr fo r  
20 h, conta ins  i s o m e r s  A and B in a ra t io  of 1 : 3. 

A c c o r d i n g  to  the method  In [4], found: O (epoxide) 10.8%. Cal-  
cula ted:  O (epoxide) 11.1%. 

In addit ion to  the  ca rbony l  band n e a r  1700 c m  -1, which c o n f i r m s  t h e f o r m a t i o n o f  N - a l k y l a t i o n p r o d u c t s ,  
the IR s p e c t r a  of HI-VII  a l so  contain  a band  in the reg ion  of azometh ine  bond abso rp t ion  (1620-1630 cm- i ) ;  
this  ind ica tes  the  p r e s e n c e  of i s o m e r i c  imino e t h e r s  B (Fig. 1). The r e s u l t s  of gas - l i qu id  c h r o m a t o g r a p h y  
(GLC) c o n f i r m  the p r e s e n c e  of two componen t s  in the ana lyzed  subs tances ;  the r a t io  be tween t h e m  depends 
on the s t r u c t u r e  of  the a lkyla t ing agent  (Fig. 2). 

It was  e s t ab l i shed  by means  of  the P M R  s p e c t r a  tha t  the m a j o r  componen t s  in I I I -VII  a re  alkyl d e r i -  
va t ives  A; the  p e r c e n t a g e  of i s o m e r i c  p r o d u c t s  B r anges  f r o m  470 in III  to  37% In VI. 

The PMR s p e c t r u m  of the p roduc t  (V) of the a lkylat ion of  II with p ropy l  b r o m i d e  is shown in Fig.  3; 
the s p e c t r u m  dis t inc t ly  indicates  the p r e s e n c e  of both i s o m e r s .  The r ing  p ro tons  of VA resona te  in the 
f o r m  of two t r i p l e t s :  ~- 5.78 (OCH2) and 7.37 (CH2C =(9) (J =7.6 Hz). The N - p r o p y l  group appea r s  as  t h r e e  
s epa ra t e  g roups  with a c h a r a c t e r i s t i c  h is :  a t r ip l e t  (J =6.3 Hz)a t  ~ 6.63, a sextet  at ~ 8.41, and a t r ip l e t  
(J =6.4 Hz) at r 9.10. The p r e s e n c e  of VB is de tec ted  f r o m  two s igna l s :  at r 7.14 (CH2C-O,  t r ip le t ,  



TABLE 2. Parameters  of the PMR Spectra of 2-Alkyl  Derivatives 
of 3-Isoxazolidone 

Com- 
pound 

I H* 
IliA CH3 
IVA C~H5 

VA n-C~Hr 

VIA i-C3H7 

VIIA 

VIII, 

IX 

X 

CH2--CH--CH2 
\/ 
O 

CH~CHCH2N (CH3) 
I 

OH 

CH2CHCH2,N (CH2CH~) 2 
I 
OH 

CH2CHCH2N (CH2CH~) g3 
I 

OH 

Chemica l  shifts r ,  ppm 

OCH; 

5,86 i 
5,80 I 
5,77 

5,78 ! 

5,81 

5,74 

5,77 

* In CHIC12. 

5,70 

5,72 

C H2C = O 

7,31 
7,39 
7,37 

7,37 

7,42 

7,3 

7,37 

0,30 
7,02 
6,55 (CH2) 
8,85 (CH3) 
6,63 (CHIN) 
8,41 (CHe) 
9,10 (CH3) 
5,94 (CH) 
8,84 (CHa) 
6,49 (CH2N) 
7,0 (CH) 
7,4 (CH20) 
6,60 (CH2NCO) 
6,10 (CH) 
7,75 (CH2N) 
7,76 (CH3N) 
6,96 (OH) 
6,55 (CH~NCO 
6,18 (CH) 
7,60 (CHCH~N 
7,43 (NCH2CH~ 
8,99 (CH3) 
5,96 (OH} 
6,52 (CH2NCO 
6,11 (CH) 
7,66 (CHCH2N) 
7,50 (NCHo} 
6,39 (CH20) 

'6,0 (OH) 

7,31 

7,30 

l . t ; ( l n t h e  
s'4'rlz[ substituent), Hz 

7;7 
7,6 

7,6 

6,7 
6,3 (NCH~CH~) 
6,4 (CH2CHa) 

6,7 

4,0 (NCH2CH') 

--CO 

5,4 (NCH~CH) 
5,4 (CHCH2N) 

--CO 
[ 

5,4 (NCH~CH) 
5,4 (CHCH2N) 
6,5 (NCH2CH3) 

--CO 
I 

5,4 (NCH2CH) 

J=8 .8  Hz) and 6.00 (side chain C H 2 0  , triplet, J=6 .3  Hz). The chemical shifts of the remaining protons in 
i somers  VB and VA are identical. The parameters  of the spectra of III-VII are presented in Tables 2 and3. 

The product (VII) of the reaction of II with epichlorohydrin was investigated in somewhat greater de- 
tail than the other products. Its IR spectrum, like those of the other alkylated derivatives of I, displays an 
intense absorption band at 1700 cm -1 (v C =O), the peak of which is split. The low-intensity band with a 
maximum at 1630 cm -1 attests to the presence of imino ether VIIB. The presence of a terminal  epoxy group 
is confirmed by absorption bands at 860, 920, 1165, 1265, and 3015 cm -1. The percentage of epoxide oxygen 
was determined by quantitative titration via the method in [4] and is close to the theoretical  value. The re-  
action of VII with secondary amines gave amino alcohols VIII-X, the structures of which were elucidated by 
means of the PMR and IR spectra. It follows from the data in Table 2 that opening of the epoxide ring pro-  
ceeds in conformity with the Kraus rule: 

]=O 
0 IN-CH~-CH-C.H 2 L i = 

o 
+ R--H - -  ~..o/N--CH2CHCH2R 

\ o  / ! 

OH 
VIII-X 

VIII R=N(CH3)2; IX R~N(%Hs)2; X R=N(CH~CH2)20 

The IR spectra of these compounds also display the characterist ic  absorption bands that correspond 
to the C - O  stretching vibrations and the deformation vibrations of the O - H  groups of secondary alcohols 
(absorption maxima at ~ 1100 and 1260-1350 cm -1, respectively).  Potentiometric  titration confirmed the 
presence of an amino group in the side chain and was used to determine the pK a of VIII-X (see the Exper i -  
mental section). 

We also alkylated the dry s i lver  salt of 3- isoxazol idone (XD [1] with propyl bromide.  It is known that 
the alkylation of the Ag salts  of enols under such conditions frequently leads to O-derivatives.  However,  
it was found that XI undergoes the reaction with great difficulty. After the mixture was refluxed for 20 h, 
we were  able to isolate,  by vacuum distillation, a product Chat, according to PMR data, is a mixture of VA 
and VB in a ratio of 1:3. 



TABLE 3. P a r a m e t e r s  of the PMR Spectra  of 3-Alkoxy-A 2- 
isoxazolines 

Com- R ppm I4,~, Hz l(in the substituent), 
pound R Hz 

I I I B  

I V B  

VB 

V I B  

CH3 

C2H5 

n-C3H7 

i-C3H7 

Chemical shifts., r, 
OCHz CH2C= 

5,80 7,15 6,26 
5,98 5,77 7;14 8,69 
6,00 

5,78 7,14 8,41 
9,10 
5,34 5,81 7,19 8,72 

(CH=) 
(CH~) 
(CH~O) 
(CH2) 
(CHs) 
(CH) 
(CH3) 

8.7 

8.7 

8,8 

8,8 

�9 5,8 

6,3 (NCH2CH~) 
5,4 (CH2CHs) 

6,4 

Thus, in the alkylation of II, as in the c a s e  of XI, one obtains a mixture of i somers ;  however, in the 
f i rs t  case the major  product is N-alkyl derivative A, while the reaction of XI with alkyl halide leads to p r i -  
mar i ly  the i somer ic  O-derivatlve B. In this connection, it is impossible to fail to note the difference in the 
alkylation of metal derivatives of I f rom acylation, which forms only N-acyl  derivatives for  II and XI [1]. 

E X P E R I M E N T A L  

The IR spec t ra  were recorded  with a UR-20 spectrophotometer .  The PMR spect ra  were obtained with 
a P e r k i n - E l m e r  R12A spec t romete r  (60 MHz) f rom 30% (by volume) solutions in CC14 with te t ramethyls i lane 
as the internal standard. The chemical  shifts were  measured  with an accuracy  of =L 1% from the degree of 
scanning. The UV spect rum was recorded  with a Specord spec t rometer .  The GLC analyses were pe r fo rmed  
with an AUK-3 chromatograph with a thermal  conductivity detector.  A 3 m by 4 mm column filled with 
Apiezon M and polyethylene glycol 2000 (5:1) in a 25% quantity on Chromosorb W was used. The column 
and vapor ize r  t empera tu res  were 160 and 210 ~ respect ively,  and the c a r r i e r  gas (helium) flow rate was 
i00 ml /min .  

3-1soxazolidone (1). This compound was obtained by passing an aqueous solution of II [1] through a 
column filled with KU-2 cation exchange res in  and subsequent vacuum evaporation. Vacuum sublimation 
gave a product with mp 69-69.5 ~ and pK a 6.80 (potentiometrlc titration). IR spectrum: in Nujol 1645 
(associated C =O), 1700 and 1715 (split maximum, C =O),and 2600-3500 cm -I (broad band); in a KBr pellet 
1645, 1695, and 1712, 2600-3500 cm-1; in dilute chloroform solution 1695 and 1712 (free C=O), 3420 cm -I 
(free NH). UV spect rum (in water):  218 nm (c 4000). According to [3], this compound has mp 69-69.5~ 
IR spectrum: in Nujol 1639, 1667-1724, 2500-3333 cm-l ;  in chloroform 1695, 2500-3333 cm -I. According 
to [1], I has mp 69-70~ IR spec t rum [2] (in mineral  oil) 1670, 2944 cm -I.  

2-Methyl-3-1soxazolidone (III). A. A solution of 23.75 g (0.25 mole) of methyl bromide in 50 ml of 
ethanol was added to a solution of 6.25 g (0.05 mole) of II in 120 ml of absolute alcohol, and the mixture 
was held at r o o m t e m p e r a t u r e  for  3 days. The result ing precipitate was removed by filtration, and the 
mother l iquor was evaporated at reduced p ressure .  The residue was purified by two vacuum distillations. 
The fraction with bp 67-68 ~ (8 mm) was, according to PMR spectroscopy,  IlIA containing a small  amount 
(3-4%) of i somer ic  IIIB. 

A s imi la r  procedure  was used to obtain IV-VII, which were also mixtures of i somers .  The composi -  
tions of the mixtures and the physieochemical  cha rac te r i s t i c s  of IV-VII are presented in Table 1~ 

B. A solution of 4.36 g (0.05 mole) of I in 100 ml of absolute methanol was added dropwise in the 
course of an hour with s t i r r ing  at 10 ~ to a solution of 6.3 g (0.15 mole) of diazomethane in 250 ml of ether,  
and the yellow solution was allowed to stand at room tempera ture  for 12 h. The methanol was vacuum 
evaporated, and the residue was distilled twice at reduced p r e s s u r e  to give a product  with bp 94-96 ~ (40 
mm). IR spectrum: 1630, 1700 cm -I. According to the PMR data, the methylation product contains a mix- 
ture of i somers  IlIA and IIIB in a rat io of 3:1. Found: C 47.6; H 7.0, N 13.8%. C4HTNO 2. Calculated: 
C 47.5; H 7.0; N 13.8%. 

2-(3-Morphol ino-2-hydroxypropyl)-3- isoxazol idone (X). A solution of 39.20 g (0.45 mole) of m o r -  
pholine in 70 ml of 95% ethanol was added to 12.73 g (0.09 mole) of VII, and the result ing solution was 
allowed to stand at 40 ~ for  12 h, after  which it was evaporated at reduced p ressure .  The residue was 
vacuum dried. According to the resul ts  of potent lometr ic  t i tration, the product had pK a 6.30. IR spec-  
t rum:  1100 (VC_  O of secondary alcohols), 1210 (VC_ N of t e r t l a ry  amines), 1250 (6OH), 1700 (VC_ O) 



cm-1 .  The hydrochlor ide  had mp 154-156 ~ Found: C 44.8; H 7.3; C1 13.3; N 10.5%. C10HsN204 �9 HC1. 
Calculated: C 45.0; H 7.2; C1 13.3, N 10.5%. 

2 - (3 -Dimethy lamino-2 -hydroxypropy l ) -3 - i soxazo l idone  (VIII). This compound was obtained in the 
same  way as X. According to the resu l t s  of po ten t iomet r ic  t i t ra t ion,  it had pK a 8.30. IR spec t rum:  1100, 
1210, 1250, 1700 cm -1. The hydrochlor ide  had mp 128-130 ~ Found: C1 15.7; N 12.2%. CsHlsN203" HC1. 
Calculated: C1 15.8; N 12.4%. 

2 - (3 -Die thy lamino-2-hydroxypropy l ) -3 - i soxazo l idone  (IX). This compound was obtained by the p r o c e -  
dure used  to p r ep a re  X. According to the r e su l t s  of po ten t iomet r ic  t i t ra t ion,  it had pK a 8.50. Found: 
C 55.4; H 9.5; N 12.8%. CIoH20N203. Calculated: C 55.5; H 9.3; N 12.7%. IR spec t rum:  1100, 1210, 1245, 
1700 c m  -1. 

The authors  thank I. V. Dipan and S. P. Yurel '  for  record ing  the IR spec t r a  and gas- l iquid  chromato-.  
g r a m s .  
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