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SYNTHESIS OF *H-, 3H- AND 14C-LABELLED CP-45,834 (SORBINIL) 
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The syntheses of  3H- and 14C-label led S-(+)-6-f luor0-2~3-dihydrospiro- 
[4H-l-benzopyran-4,4’-imidazol i d  i n] -2’ ,5’-dione (sorbi n i  I, CP-45,634), an 
aldose reductase inh ib i to r  with potential u t i l i t  i n  the treatment of  
chronic diabetic complications, are described. f r i t i a t e d  sorbini I was 
prepa ed by reductive dehalogenation o f  the 8-chloro substi tuted analog 

synthesis of  the rac 
benzopyran-4-one anderf4C-potassium cyanide, f o l  lowed by brucine resolut ion 
to isolate the pharmacologically act ive S-(+)-enantiomer. 

with 5 Hz. &-label led CP-45,634 was prepared using a Bucherer-Bergs 
i c  hydantoin beginning with 2,3-dihydro-6-fluoro-4H-l- 
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INTRODUCTION 

CP-45,634 (sorbini I , S-(+)-6-f luoro-2,3-di hydrospi ro[4H-l-benzopyran-4, 

4’-imidazol idin]-2’,5’-dione] 1 was one of  the f i r s t  and most widely 

studied o f  a new class o f  therapeutic agents, the aldose reductase 

inhibitors, designed t o  control the chronic cornpl icat ions of  diabetes.122 

These compl ications, including neuropathy, retinopathy, nephropathy and 

cataract formation, often appear i n  diabetic patients several years a f te r  

the onset of  the disease. I n  order to better understand the metabolism and 

organ d i s t r i bu t i on  o f  t h i s  unique agent, it became necessary t o  prepare 

derivatives containing 3H and 14C a t  potent ia l ly  metabolical l y  stable s i t es  

on the molecule. These compounds were obtained by incorporation of  the 

desired isotopes a t  the f i n a l  stages of  t he i r  respective syntheses, 

providing radiolabel led compounds of high speci f ic  ac t i v i t y .  
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RESULTS AND DISCUSSION 

Our prior experiences with CP-45,634 (lJ had demonstrated that this 

molecule was inert under a variety of catalytic hydrogenation conditions. 

Therefore, it seemed that the most efficient manner for the introduction of 

a tritium atom was via catalytic dehalogenation of a halogen substituted 

intermediate. 

CP-45,634 via an FeC13 catalyzed chlorination of 1 (Scheme 1). 
the chlorine atom was unambiguously determined by IH-NMR, and its 

dechlorination to& was initially conducted with deuterium to refine the 

reaction conditions. 

incorporation of 2H in the presence of triethylamine. 

treated under similar conditions using tritium gas f o r  18 hours, the incor- 

poration of 3H at the same position was approximately 35%, with a specific 

activity for 2 of 10.04 Ci/mnol (Scheme 1). 

It proved convenient to prepare the 8-chloro analog (2J of 

Location of 

In this manner, we were able to achieve a 41% 
When compound 2 was 

1 , CP-45,634 

C12, FeCI3 

DMF 

2 3 a X = * H  
bX=3H 

Scheme 1 

Since it was conceivable that the tritium in the 8-position of CP- 

45,634 might be metabolically labile, we were also interested in preparing 

a 14C-labelled derivative. 

imidazol idinedione ring in the 5'-position, since %-label led potassium 

cyanide is readily avai table and since the hydantoin ring formation with 

KCN is the penultimate step in the synthesis of CP-45,634. 
shown in Scheme 2, the Bucherer-Bergs reaction proceeded readi ly in a 

pressure vessel to give the racemic product which was then resolved with 

bruc i ne. 

For this purpose we chose to label the 

Indeed, as 
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4 5 6a  6b 

Scheme 2 

I n  conclusion, we have prepared the aldose reductase inh ib i t o r  CP- 

45,634 (sorbini l)  wi th 3H and 1% atoms i n  the 8- and 5'-positions, 

respectively. 

standing of  the disposi t ion and metabolism o f  t h i s  unique therapeutic 

agent when used i n  man. The tr i t ium-bearing analog 2 has since been 

eva I uated i n two i ndependent studies .4,6 

These compounds should help to provide a clearer undar- 

EXPERIMENTAL SECTION 

Melt ing points were determined with Pyrex cap i l la ry  tubes on a Thomas 

Hoover capi I lary melt ing po in t  apparatus and are uncorrected. 

spectra were recorded using a Bruker WM-250 or a Varian XL-300 spectro- 

meter; data are reported i n  parts per m i l l i o n  (6) with reference t o  the 

deuterium lock signal o f  the solvent. Mass spectral data were obtained 

using a Finnigan 4510 instrument f o r  low resolut ion o r  an AD30 instrument 

f o r  high resolut ion determinations. W determinations were made i n  a 2 cm 

c e l l  wi th a Cary Model 15 W Spectrophotometer. Analytical thin-layer 

chromatography (TLC) was conducted on 0.25 mn thick s i l i c a  gel 60 F-254 

plates manufactured by E. Merck and Co.; plates were visualized with W 

l i gh t .  Elemental analyses were performed by the Pf izer Analytical Depart- 

ment. 

Nuclear (Dupont), Boston, MA. 

1H-NUR 

The reactions employing t r i t i u m  gas were conducted a t  New England 

Radio-KC scans were obtained on a Model LB242K Varian Aerograph/ 

Berthold Radio Scanner. Sc in t i l l a t i on  determinations were made with a 

Model 6880 Searle Mark 111 Liquid Sc in t i  I l a t ion  System, using Complete 

Liquid S c i n t i l l a t i o n  F lu id  (IS0 Lab Inc.), correcting f o r  counting 

o f f  iciency using an internal standard technique. Radiochemical pu r i t y  was 
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confirmed by HPLC using an 8 nun Nova-Pak C18 column and monitoring w i th  a 

280 nm UV detector and a Berthold Model LB504 r a d i o a c t i v i t y  monitor. 

E l u t i o n  was conducted w i th  MeCN:H20:0.003 M H3P04 (22.5:62.5:15) a t  a f low 

ra te  o f  2.8 ml/min (the re ten t ion  t ime f o r  1 was 6.5 min under these 

cond i ti ons) . 
S-(+)-8-Chloro-6-fluoro-2,3-dihydrospiro[benzopyran-4,4’-imidazo- 

l idin]-2’,5’-dione (2). Through a so lu t ion  of 1 3  (1.18 g, 5 ml) and 20 mg 

of FeCl3 i n  10 mL of dry DMF, cooled t o  -40 OC, C12 gas was slowly bubbled 

f o r  20 min. A f te r  s t i r r i n g  a t  -20 OC f o r  2.5 hr, the  l i g h t  green so lu t ion  

was allowed to warm t o  room temperature and was t reated slowly w i th  50 mL 

of  H20. The d i l u t e d  mixture was extracted w i th  EtOAc and the  organic 

ext racts  were washed with saturated NaCl and dr ied  over MgS04. On concen- 

t r a t i o n  i n  vacuo, a golden yel low o i l  was obtained which was f l a s h  chroma- 

tographed on s i l i c a  gel (230-400 mesh) e l u t i n g  w i th  EtOAc. The product 2 
was iso la ted as a co lor less o i l  which c r y s t a l l i z e d  to a white s o l i d  when 

t r i t u r a t e d  w i th  pentane, 0.704 g (55!4), mp 100-103 OC dec. 

lH-NHR (CD30D) 6 2.15-2.45 (m, H(3), 2H), 4.25-4.40 (m, H(2) , lH), 4.65- 
4.80 (m, H(2), lH), 6.88 (dd, JS.6, 3.1 Hz, H(5), lH), 7.22 (dd, J3.0, 

3.0 Hz, H(7), 1H). 

MS (EI) : m/e = 272 (32%, M+2) , 270 ( l W ,  W), 199 (97X, [M-CONHCO]+), 171 

(99m . 
Anal. ca lcd f o r  CllH8CIM203: C 48.82, H 2.98, N 10.35; found: C 48.00, 

H 3.15, N 9.93; t h i s  analysis i s  consistent wi th  a p a r t i a l  hydrate: calcd 

f o r  C~~H~CIM203*0.33H20: C 47.75, H 3.16, N 10.13. 

18-2H]-8-45.634 (30). A mix ture o f  2 (60 mg, 0.22 mnol) ,  t r ie thy lamine 

(0.5 ml) and loll Pd on C (100 mg) i n  4 ml o f  EtOH was t rea ted  wi th deuter- 

ium gas a t  atmospheric pressure. A f te r  20 hr  the uptake of  2H2 had ceased 

and t h e  mixture was f i l te red  through diatomaceous ear th  and concentrated i n  

vacuo to a pale yel low s o l i d .  Chromatography on 5 ml o f  230-400 mesh s i l i c a  

gel, e l u t i n g  w i th  100% EtOAc, provided pure t i t l e  cmpound % as a white 

so l id ,  32 mg (62%), mp 228-231 OC. 

pure 1 indicated a deuterium incorporation of  approximately 41%. 

MS (EI): m/e = 237 (53%, M+30 ), 236 (66%, M*1),  166 (55m, 165 (8m, 137 

The mass spectrum of compared w i th  

(low. 
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J8-3H]-CP-45,634 (3b). Using the same quanti t ies of  reagents employed 

i n  the previous experiment, 60 mg (0.22 mnol) of  2 was treated with 3H2 a t  

25 OC f o r  18 hr. 

t i t l e  compound (50.4 mg) was dissolved i n  44 mL of a 9 : l  Me0H:benzene 

solut ion f o r  storage. The speci f ic  a c t i v i t y  of  the so l i d  was determined by 

l i qu id  s c i n t i l l a t i o n  to be 10.04 Ci/mnol. 3H incorporation was estimated t o  

be ca. 35% (based on a theoretical value of  29 Ci/mnol f o r  100% 3H incorp- 

oration). 

A f t e r  chromatography (as described f o r  3, the pu r i f i ed  

Radiochemical pur i ty,  as determined by radio-TLC, was >98!4. 

J5’-14C1-CP-45,634 (60). I n  a steel reaction bomb (approx. volume of  

65 d) were placed 6-f luoro-2,3-di hydro-4H-l-benzopyran-4-one 43 (0.83 g, 5 

mnol), f i n e l y  powdered amnonium carbonate (1.92 g, 20 mnol), potassium 

cyanide (0.300 g, 4.6 ml) and [14C]-potassium cyanide (K%N, 0.130 g, 

1.9 ml) i n  a mixture of  6 d of H20 and 15 mL of EtOH. After sealing, 

the bomb was imnersed i n  an o i  I bath preheated t o  90 2 OC and was heated 

a t  t h i s  temperature f o r  72 hr.  After cooling t o  25 OC, the mixture was 

washed with H20 in to  a 200 d 3-neck f lask and the contents were ac id i f ied  

with 2N HCI to pH 2-3. (NOTE: the ac id i f i ca t ion  was performed under Np, 

f lushing the generated HCN in to  a t rap  containing 2N NaOH). 

the contents were f i l t e r e d  and the f i l t r a t e  containing crude product was 

extracted with EtOAc. 

vacuo to a ye1 low o i  I , 0.930 g. Chromatography with s i  I ica gel (70 g, 70- 

230 mesh) using Et0Ac:Hexanes (60:40) gave 6 as a colorless sol id, 0.560 g 

A f t e r  30 min., 

Af ter  drying with MgS04, the EtOAc was evaporated i n  

(47Q * 

The racemic hydantoin 6 (0.560 g, 2.37 ml) was dissolved i n  10 d of 

hot EtOH and was then treated with brucine dihydrate (1.01 g, 2.35 mnol) 

dissolved i n  10 d of hot EtOH. The mixture was heated a t  re f lux  f o r  10 

min and allowed t o  cool overnight t o  produce white c rys ta ls  o f  the brucine 

adduct, 0.387 g. This so l i d  was part i t ioned between 8 mL of 1N HCI and 15 

mL of EtOAc, the organic layer was dried with MgS04 and concentrated t o  a 

white sol id, 132.5 mg. 

white crystals of  the pure S(+) isomer &, [U]D25 *53.7 

The speci f ic  a c t i v i t y  of  &was determined by l i qu id  s c i n t i l l a t i o n  analysis 

to be 7.84 pCi/mg (1.85 mCi/mnoI); radiochemical pur i t y  was >99% by HPLC. 

From the mother I iquor of  the or ig inal  brucine adduct formation, the 

Recrystal l izat ion from EtOH gave 83 mg of  f l u f f y  

(c=l, MeOH)6; 



R- ( - )  enantiomer 

t a l l i z e d  from EtOH), 0.049 g, [n]$5 -56.6 

was s i m i l a r l y  iso la ted as f i n e  white needles (recrys- 

(c=l, MeOH)'. 
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