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ORGANIC PREPARATIONS AND PROCEDURES INT. 12( 3 A ) ,  191-196 (1980) 

A PREPARATIVE SCALE SYNTHESIS AND CHROMATOGRAPHIC SEPARATION 

OF METHOTREXATE-a AND y-MONOBUTYL ESTERS 

J. D. Warren*, R. B. Angier and George Morton 

American Cyanamid Company, Medical Research D iv i s ion  
Lederle Laboratories, Pearl River, NY 10965 

Andre Rosowsky 

The Sidney Farber Cancer I n s t i t u t e ,  Boston, MA 02115 

Recently, we wished t o  synthesize several grams o f  the  methotrexate 

(MTX)-a and y-monobutyl esters,  1 and 2, f o r  f u r t h e r  evaluat ion o f  t h e i r  

ant i -cancer a c t i v i t i e s  i n  higher nonrodent mamnalian species. One o f  us 

has prev ious ly  reported several small scale syntheses o f  1 and 

one method invo lved the  con t ro l l ed  sapon i f i ca t ion  o f  MTX-dibutyl es te r  3* 
i n  methanol t o  y i e l d ,  a f t e r  chromatography, on l y  MTX-y-monobutyl es te r  2. 
Upon scale-up however, t h i s  procedure y ie lded  a complex mix tu re  of compounds 

from which on ly  the  MTX-monomethyl esters,  4 and 5, could be iso la ted .  

o f  which 

0 FO2R1 7 R1 = (CH2)3CH3; R2  = H 

- 2 R1 = H; R 2  = (CH2)3CH3 

- 3 R1 = R 2  = (CH2)3CH3 

4 R1 = CH3; R2 = H 

H2N 

c o p 2  - 

3 - 5 R1 = H; R2 = CH 

- 6 R 1 = R E = H  

We now repor t  t h a t  t h i s  d i f f i c u l t y  may be avoided by the use o f  DYF 

o r  DMSO as the  reac t ion  solvent and a s l i g h t  excess o f  one equivalent o f  

NaOH as the  base. Furthermore, both monobutyl es te rs  1 and 1. were produced 
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WARREN, A N G I E R ,  MORTON AND ROSOWSKY 

i n  the  sapon i f i ca t ion  reac t ion ,  w i t h  the  y-monobutyl es te r  2 be ing  the  

major product. 

- 2 was much fas te r  i n  DMSO than i n  DMF; the reac t i on  being complete i n  DMSO 

w i t h i n  four hours a f t e r  a d d i t i o n  o f  the  base. The s o l u b i l i t y  o f  es te rs  1, 
- 2 and 2 i n  DMSO was s u f f i c i e n t  t o  permi t  a l a r g e  sca le  reac t ion .  

The r a t e  of sapon i f i ca t ion  o f  d i e s t e r  3 t o  monoesters 1 and 

I n  add i t ion ,  we have developed two methods f o r  t he  r a p i d  p reoara t ive-  

scale chromatographic separat ion o f  a mix tu re  o f  1, 2, and 3 on s i l i c a  ge l  

u t i l i z i n g  a s o l u t i o n  o f  CHC13/CH30H/H20 (40:9:1) as the  mobi le phase. The 

f i r s t  method, which employed d r y  column chromatography, was convenient f o r  

the  separat ion of 0.4 t o  2.0 g o f  t he  es te r  mixture.  The second method, 

which u t i l i z e d  a p repara t ive  scale HPLC machine, was most useful  f o r  the  

r a p i d  separat ion o f  10 t o  16 g o f  the  es te r  mixture.  

Methotrexate monobutyl es te r  m ix tu re  (1 and 7) - To a s t i r r e d  s o l u t i o n  of 

methotrexate d i b u t y l  es te r2  (77.1 g; 136.1 m o l e s )  i n  600 mL of DMSO a t  RT 

was added 139 mL o f  1N NaOH (ca. 139.0 m o l e s )  over a pe r iod  o f  10 min. The 

reac t i on  temperature rose t o  40" and then gradua l ly  decreased t o  ambient 

temperature over a pe r iod  o f  4 hrs.  

mm pressure t o  y i e l d  a brown colored, viscous o i l y  residue. 

was added 1.0 L o f  co ld  1N HC1 and the  m ix tu re  s t i r r e d  f o r  1 h r .  The r e s u l t -  

an t  s o l i d  was i s o l a t e d  by suc t i on  f i l t r a t i o n ,  washed we l l  w i t h  c o l d  H20 and 

then acetone, d r i e d  and then ground t o  a f i n e  powder (54.8 g, 79%). TLC 

comparison o f  t h i s  powder w i t h  au thent ic  samples on s i l i c a  g e l  p la tes3  w i t h  

a s o l u t i o n  o f  CHC13/CH30H/H20 (40:9:1) as the  mobi le phase gave Rf values 

o f  0.03-0.04 f o r  methotrexate y-monobutyl es te r  2 and 0.10-0.11 fo r  metho- 

t rexa te  a-monobutyl es te r  1 and 0.5-0.52 f o r  methotrexate d i b u t y l  es te r  3. 

TLC comparison of  t h i s  powder on reversed phase TLC p la tes4  using the  same 

mob i le  phase gave Rf  values o f  0.41 f o r  2, 0.70 f o r  1, and 0.84 f o r  metho- 

t r e x a t e  d i b u t y l  es te r  3. Methotrexate was no t  present i n  t h i s  b u t y l  es te r  

mix tu re  by TLC analysis.  Methotrexate y-monobutyl es te r  2 predominated i n  

The so lvent  was then removed a t  40"/1.5 

To t h i s  residue 
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SYNTHESIS AND SEPARATION OF METHOTREXATEa AND y--MDNOBUTYL ESTERS 

t h i s  mixture by qua l i t a t i ve  TLC analysis. 

Preparative separation o f  methotrexate a and y-monobutyl esters 

Method A. - A 0.425 g por t ion o f  the crude product was disolved i n  

30 mL o f  CHCl /CH OH/H20 (40:9:1). To t h i s  so lut ion was added 11.0 g o f  dry 

column grade s i l i c a  gel,5 the mixture swirled, and then the v o l a t i l e  l i q u i d s  

were evaporated under reduced pressure t o  y i e l d  a free-flowing ye1 low f i n e l y -  

d iv ided sol id.  

column which was then eluted w i t h  the above CHC13/CH30H/H20 mobile phase. 

The f i r s t  s i x  f ract ions (20 mL) afforded, a f t e r  combination and evaporation, 

approximately 25 mL o f  methotrexate d ibuty l  ester 3; f u r the r  e lu t i on  (8 x 20 

mL f ract ions)  gave 105 mg o f  1, then (6 x 20 mL) 25 mg o f  a mixture of 1 
and 2, and then (15 x 20 mL) 243 mg o f  2. The mass recovery af ter  chroma- 

tography was 94%. 

Method B. - Approximately 10-16 g of the crude buty l  ester  mixture 

3 3  

This was packed on top o f  a 100 g (3 x 20 cm) s i l i c a  gel 

was suspended i n  750 mL o f  warm CHC13/CH30H/H20) (40:9:1) so lut ion and then 

l e t  cool t o  ambient temperature. 

added t o  the swir led mixture, the solvent was removed under reduced pressure, 

and the yel low s o l i d  residue dr ied under high vacuum and then ground t o  a 

f i n e  powder. 

tamped down, and approximately 125 g more fresh s i l i c a  gel was added t o  the 

cartr idge, tamped down and the car t r idge reassembled.6 The car t r idge was 

placed i n  a Waters Associates Prep 500 HPLC7 and a f resh s i l i c a  gel car t r idge 

(Waters Associates, Mi l ford,  Massachusetts) placed i n  ser ies af ter  the f i r s t  

cartr idge. 

both s i l i c a  gel cartr idges a t  a r a t e  o f  250 mL min. 

o f  crude buty l  ester mixture) the f i r s t  900 mL o f  e luate contained 1.2 g o f  

methotrexate d ibu ty l  ester; the fo l lowing 500 mL o f  e luate (100 mL f ract ions)  

contained 1.7 g o f  1_,8 the next 100 mL f rac t i on  contained 0.2 g o f  a mixture 

of 1 and 2; and the fol lowing 15.0 L o f  e luate (500 mL f ract ions col lected 

Dry column grade s i l i c a  gel (200 g) was 

This powder was packed i n t o  an empty s i l i c a  gel cartr idge, 

The mobile phase CHC13/CH30H/H20 (40:9:1) was then pumped through 

I n  a typ ica l  run (%lo  g 
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WARREN, ANGIER, MORTON AND ROSOWSKY 

TABLE. Methotrexate Buty l  Esters NMR Spectra 

Carbon 
2 

4 

4a 

6 

7 

8a 

9 

1 0-Me 

11 

12 

13 

14 

15 

17 

18 

19 

COOH 

COOR 

OCH2 

CH2 

CH2 

CH3 

R=a Bu 

162.6 

162.4 

120.8 

146.3 

149.1 

154.5 

54.8 

38.9 

150.8 

111.0 

128.8 

121.3 

1 6 6 . ~  

52.2 

25.9 

30.7 

174.L 

172.2 

63.9 

30.0 

18.3 

13.2 

162.5 

162.2 

121.2 

146.2 

148.9 

154.3 

54.7 

38.9 

150.6 

110.9 

128.6 

121.2 

165.8 

52.5 

26.7 

30.2 

174.7 

172.5 

63.3 

29.9 

18.3 

13.2 

Rsdi-Bu @ 

162.6 

162.6 

121.3 

145.9 

149.0 

155.0 

54.8 

38.9 29.3 

150,8 152.4 

110.9 110.4 

128.8 129.1 

izn.8 120.3 

166.4 166.8 

51.8 51.9 

25.8 26.0 

30.0 30.3 

1 n . n  

172.1 (172.3) 
(1  72.2) 

( 6 3 . 4 ) ~  (60.4)a 
(63.9)a ( 5 9 . 9 ) ~  

30.0 - 
(18.3) - 
(18.4) 

13.2 14.1 

QD 
162.8 

162.3 

120.7 

148.8 

149.1 

154.6 

62.5 

R=a Bu R=y Bu R=di-Bu - 
-7.6 -7.6 "7.8 

-6.6 -6.7 -6.8 

8.60 s 8.58 s 8.60 s 

4.80 s 4.79 s 4.82 s 

3.21 s 3.20 s 3.25 s 

6.84 d 6.85 d 6.84 d 

1.76 d 7.72 d 7.76 d 

8.45 d 7.98 d 8.30 d 

4.41 m 4.32 m 4.46 m 

2.08 m 2.07 m 2.10 m 

2.35 m 2.30 m 2.42 m 

4.05 t 3.94 t ( 4 . 0 4 ) ~  
(4.08)a 

1.45 m 1.40 m 1.40 m 

0.83 t 0.81 t 0.87 t 

s - s i  ngl  e t  ; d-doubl e t  ; t: 

R=H 
Free Acid 

-7.8 

-7.2 

8.58 s 

4.80 s 

3.20 s 

6.78 d 

7.74 d 

8.14 d 

4.38 m 

2.06 m 

2.30 m 

r i p l e t ;  m=mult iplet 
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S Y N T H E S I S  AND SEPARATION OF METH0TREXATE-U AND y-MONOEUTYL ESTERS 

a t  a flow ra te  of 500 m L / m i n )  contained 5.7 g of 2.8 The mass recovery 

a f t e r  chromatography was approximately 88%. 
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S i l ica  Gel GF, 250u, 5 x 20 cm, Anatech, Inc., Newark, Delaware. 

Si l ica  Gel C-18, 200-u, 5 x 20 an, Whatman, Inc., Clifton, N e w  Jersey. 

S i l ica  Woelm TSC, ICN Nutritional Biochemicals, Cleveland Ohio. 

The s ta inless  s teel  c i rcular  f r i t  a t  one end of a used s i l i c a  gel 
cartridge was removed by push ing  down on the outer edge of the f r i t  
w i t h  a small wooden rod, then inserting a spatula under the now elevated 
opposite edge of the f r i t ,  and then gently prying i t  ou t  of the cylinder. 
The contents of the cartridge were removed by cautiously shaking out the 
contained s i l i ca  gel. The fresh s i l i c a  gel was then added i n  portions 
and tamped down in the usual procedure for  packing a dry column. The 
f r i t  was then replaced with s l igh t  uniform thumb pressure a t  the outer 
edge. 

The preparative scale HPLC unit i s  available from Waters Associates, 
Milford, Massachusetts. 

The C-13 and proton magnetic resonance spectra of MTX-monobutyl es ters  
- 1 and 2 were identical t o  those of authentic samples. These data are  
shown i n  the table. 

(Received June 8, 1979; in revised form July 30, 1979) 
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