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SYNTHESIS OF [14C1]SQUARIC ACID 

J.R. Heys* and E.H. Chew 

BioOrganic Chemistry Department, Midwest Research Institute, 
425 Volker Boulevard, Kansas City, Missouri 64110 

The title work proceeds in five steps and 16% overall 
yield from sodium [l-14C]acetate, which was converted by 
bromination followed by ethoxide displa ement and reaction 
with phthaloyl dichloride to eth~xy[l-~~C]acetyl 
chloride. 
tetraethoxyethene with ethoxy[ 1 -14Clket ne, derived from 
base induced elimination from eth~xy[l-~~]acetyl chloride 
following the method of Bellus, provided an 80% yield o f  
l-(ethoxy[l-14C]acetoxy)-2,3,3,4,4-pentaethoxy-l-[l-~4C]- 
cyclobutene. Acid hydrolysis and liquid-liquid extraction 
afforded [14C]squaric acid. 

Keywords : 1 4C Squaric acid; 1 ,2-di hydroxy[ 1 4C1 Icycl obutene-3,4- 
dione; Ethoiy[ 1 !I4C]ketene 

The thermal [2+2]cycl oaddi t ion of 

INTRODUCTION 

Squaric acid is a simple looking molecule which has captured the 

interest of many researchers since its discovery in 1959'. Its unique 

structure and chemistry have made investigations o f  the physical and 

biochemical properties of it and its relatives particularly intriguingzy3. 
5 Its synthesis4 and wide-ranging reactivity have been reviewed , and its 

use, for instance, in the synthesis o f  zwitterionic dyes6 is notable. 

The synthesis of 14C-labeled squaric acid reported here is based on 

the work of Bellus , which, of the many reported syntheses, appeared to be 

the most amenable to incorporation of a carbon isotopic label. 
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RESULTS AND DISCUSSION 

J .  R. Hers and E.  H .  Chew 

The synthesis is outlined i n  the Scheme below. Bromination of sodium 

[l- C]acetate8 was followed by displacement of bromide by ethoxide anion 

to provide etho~y[l-~~C]acetic acid sodium salt. Triethylamine induced 

dehydrochlorination and in situ condensation9 of the resultant ethoxyC1- 

14C]ketene with tetraethoxyethenel'in refluxing hexane, followed by ester- 

ification of the intermediate cyclobutenol by a second equivalent of acid 

chloride, resulted in an 80% yield of l-(etho~y[l-~~C]acetoxy)-2,3,3, 

4,4-pentaethoxy-1-[ l-14C]cyclobutene as a clear solution in hexane. 

Hydrolysis of the ester with aqueous HC1, followed by liquid-liquid extraction 

with ether yielded 11.2 mCi of [ C1] squaric acid (specific activity 7.27  

rnCi/mmole) as a white solid, The structure was confirmed by mass and 

UV-visible spectral comparison with an authentic unlabeled standard. Recovery 

of the second ethoxy[l- Clacetate equivalent released upon hydrolysis of 

the cyclobutene ester can potentially double the radiochemical yield of final 

product. 
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Sodium [ l-14C]acetate was obta ined by carbonat ion o f  methylmagnesium 

C02, fo l l owed  by  standard workup procedures. bromide us ing 

R a d i o a c t i v i t y  measurements were c a r r i e d  ou t  us ing Packard T r i c a r b  2425 and 

Beckman Model LSlOOC l i q u i d  s c i n t i l l a t i o n  spectrometers and L i q u i f l u o r  (New 

England Nuclear) o r  4a20 (Research Products I n t e r n a t i o n a l )  cock ta i l s .  TLC 

analyses were c a r r i e d  ou t  us ing  Merck s i l i c a  ge l  60 F254 p l a t e s  and 

radiochromatogram scans were performed on a Packard Model 7201 

radiochromatogram scanner. 

14 

14 [ C,]Squaric Ac id 

I n t o  a 150 mL f l a s k  con ta in ing  sodium [ l-14C]acetate (5  mmol, 138 m C i )  

and r e d  phosphorus (0.26 mmol, 8 mg) were t r a n s f e r r e d  sequen t ia l l y ,  with 

l i q u i d  n i t rogen  cool ing,  anhydrous hydrogen c h l o r i d e  ( 5  moly 125 d), ace ty l  

c h l o r i d e  (0.4 mmol, 0.028 mL, d r i e d  w i t h  P205) and bromine (9  mmol, 0.47 

d, d r i e d  w i t h  P205). The f l a s k  was sealed under vacuum and heated i n  a 

100°C bath f o r  5 hr. The f l a s k  was opened and t h e  product was p u r i f i e d  by 

d i s t i l l a t i o n  i n  vacuo ( <1 T o r r )  and c o l l e c t e d  i n  a -18' cooled container, 

a f f o r d i n g  b r ~ m o [ l - ~ ~ C ] a c e t i c  ac id  as a whi te  s o l i d  (645 mg, 92% mass y i e l d ) .  

This product  was d i l u t e d  w i t h  1.51 g un labeled bromoacetic acid, and t h e  

d i l u t e d  sample (15.0 mmol) d i sso l ved  i n  5 mL ether. The s o l u t i o n  was added 

dropwise t o  a s o l u t i o n  o f  sodium metal (40 mg-atoms, 0.921 g)  i n  absolute 

ethanol (30 mL). The ether  was d i s t i l l e d  o f f  and t h e  m ix tu re  was r e f l u x e d  f o r  

3 hrs, a t  which t ime  TLC ana lys i s  (Si02, nBuOH: HOAc: H20, 50:5:10, 

Rf=0.44) showed no precursor  remaining. The ino rgan ics  were removed by 

f i l t r a t i o n  under argon gas and t h e  so l ven t  was evaporated i n  vacuo. A f t e r  

vacuum d ry ing  ( < 1  To r r  a t  llO°C f o r  2.5h), sodium e t h ~ x y [ l - ~ ~ C ] a c e t a t e  was 

obtained as an o f f - w h i t e  s o l i d  (90.6 m C i ,  73% y i e l d ) .  
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14 To sodium ethoxy[l- Clacetate (11.3 mmol, 90.6 mCi) under an 

atmosphere of dry nitrogen, was quickly added phthaloyl dichloride (226 mmol, 

33 mL). The flask was connected through a reflux condensor through two traps 

to the vacuum manifold. The reaction mixture was first heated to 8OoC for 1 

hr under slight vacuum, then to 12OoC in 40 min and kept at 12OoC for an 

additional 1 tir. The product was distilled slowly (in vacuo) into the Dry 

Ice/acetone cooled trap, first at ambient temperature, later at 7OoC, 

affording 1.75 mL of clear oil. The oil was redistilled in vacuo at ambient 

temperature, yielding 1.60 mL of eth~xyl[l-~~C]acetyl chloride (clear oil, 9 

mmol, 63.8 mCi, 71% yield). 

To a refluxing solution of tetraethoxyethene” (4.5 mmol, 0.917 9) and 

triethylamine (10.5 mnol, 1.45 mL) in hexane (11.6 mL) was added dropwise (0.5 

hr) a solution of eth~xy[l-~~C]acetyl chloride (9 mmol, 63.8 mCi) in 

n-hexane (4 mL). The mixture was refluxed for 4 hr after the addition and 

stirred overnight at ambient temperature. The resulting solid was filtered 

off, the filtrate (assay: 51.6 mCi) was washed with sodium chloride 

solution, concentrated in vacuo and used directly in the next step. 

Hydrochloric acid (80 mL, 6N) was added to the product from the last step 

and the mixture heated to 100°C for 30 min. The aqueous solution was 

liquid-liquid extracted with ether overnight, and the crystalline product was 

isolated by filtration. The yield of [ C1]squaric acid as an off-white 

solid was 176 mg, 11.2 mCi (UV/gravimetric analysis), representing a 43% 

yield. Mass spectrum: Z(%), 114/116 (M+, 100/14.2), 86(47.7), 58 (46.2), 29 

(54.0); UV-Vis (H20): E253 = 26,200 sh, E267 = 27,400. 
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