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SUMMARY 

Condensation o f  dimetho~ydiphenylmethane-~~C ( I I I )  w i t h  t h e  
levoratatory I I I a )  and dex trorota to ly  ( I b l  isomers o f  2-(2- 

piperidyl)-l,8-ethaediol hydrochloride, obtained respec t ive ly  
by  hydrolys i s  from the  d and 1 isomers ( l a  and Ib) of t h e  lower 
mel t ing r a c e m t e  of 2,Z-dipheny 2-4-(2-piperidyl) -1 ,3-diomlme 
hydrochloride, produces t h e  carbon-14 labeled diozolanes I c  and  I d  u i t h  
re ten t ion  o f  conf igurat ion a t  the  asynnnetric carbon atoms. Stepwiee 
reduct ion o f  2,2-diphenyl-4- (1-benay 1-2-pyridy 1) -1,3-diomtane 
bromide (VII ,  f i r s t  tJith sodium borohydride, followed b y  c a t a l y t i c  
reduct ion w i t h  tritium gas, a f f o r d s  a mixture ( I e )  o f  two kritiwn- 
labe led racemates of 2,Z-dipheny 1-4- (2-piperidy 1)  -1,3-diomlane. 
The looer mel t ing r a c e m t e  was i s o l a t e d  as i t s  d i - t a r t a r i c  ac id  
s a l t  ( I f )  and resolved t o  g ive  o p t i c a l l y  a c t i v e  t r i t i m t a b e t e d  
d i o m l a n e s  I g  and Ih .  

I N T R O D U C T I O N  

Dexoxadrol* (Ia) and levoxadrol* (Ib) are the hydrochloride salts o f  the 

Generic names. Oexoxadrol is also referred to as U-22.559A or CL-911;C in the 
literature, and levoxadrol as U-22.304A or CL-912-C. These compounds were 
discovered by Cutter Laboratories. 
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d and a enantiomers obtained by resolution of the lower melting racemate, here- 

i na f t e r  referred t o  as  the a-racemate, of 2.2-diphenyl-4-(2-piperidyl)-? ,3- 

dioxolane. They are  members of a group of substi tuted 1.3-dioxolanes wliich 

a f fec t  the central  nervous system. 

properties5 of Ia and I b  have been reported. 

ac t iv i t i e s  of Ia have been studied c l i n i ~ a l l y . ~ ~ ~  I n  t h i s  report we shall  

describe the synthesis of radioactive forms of Ia and Ib fo r  use in metabolism 

studies in animals and man. Because of t he i r  ketal s t ruc ture ,  Ia and Ib are 

susceptible t o  acid-catalyzed hydrolysis. 5 n 1 0  

tracing the fragments, should hydrolysis o f  Ia and Ib occur in uiuu, we incor- 

porated the carbon-14 label in to  the dioxolane r i n g  a t  C-2 and the t r i t ium 

label into the piperidine ring. 

DISCUSSION AND RESULTS 

Carbon-14 Labeled Ic and Id 

The pharmacology2r3*" and physical-chemical 

The analqesic and anesthetic 

In  order t o  provide the mans for  

I n  preparing carbon-14 labeled Ia and Ib. advantage was taken of the fac t  

tha t  hydrolysis of Ia and Ib t o  the corresponding diols IIa and I I b ,  and the 

reverse condensation of IIa and I I b  with dimethoxydiphenylmethane (111). occur 

w i t h  retention of confiquration a t  the two asymnetric carbon atoms. 

i n t e re s t  t o  note t h a t  the ad isomer ([.ID + 35") of the dioxolane i s  associated 

w i t h  the a t  isomer ([RID - 8') of the d i o l ,  and at-dioxolane w i t h  ad-diol. The 

opt ica l ly  pure d io ls  IIa and I I b  obtained from non-radioactive Ia and 

condensed with 111. as shown in Scheme I ,  t o  prepare carbon-14 labeled Ic and  

Id. 

of enantiomers, and maximized radiochemical yields.  

was prepared by t rea t ing  b e n r ~ p h e n o n e - ~ ~ t  with dimethylsulfi t e  according to  

known procedures. ' 

I t  i s  of 

I b  were 

This route eliminated the need for separation of racemates and  resolution 

The ke ta l i ra t ion  agent 111 

Scheme 1 

Synthesis of Carbon-14 Labeled 
d- a n d  e-2,2-Di phenyl-4-(2-pi peridyl ) - I  .3-dioxolane Hydrochloride 
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co2 1) S0Cl2 s 
PhMgBr _c Ph*C02H - Ph-C-PH 

I 2) PhH,AlC13 

Ttk 

I* 
Ph-G-Ph 

OMe 

I I  a) a(-) I c ) a +  
d )  a t - !  

I a)  a(+) 
b )  a ( - )  b )  a ( + )  

T r i t i u m  Labeled Ig and Ih  

The p repara t i on  o f  t r i t i u m  labe led  I g  and I h  i s  o u t l i n e d  i n  Scheme 2. 2.2- 

Diphenyl-4-(2-pyridy1)-1.3-dioxolane 

1.2-ethanediol hydrochlor ide ( I V )  w i t h  dimethoxydiphenylmethane, was quar tern-  

i z e d  w i t h  benzyl bromide t o  q i ve  V I .  

a f f o rded  a mixture o f  i s o m r i  c 2 ,2-di phenyl-4- (1-benzyl - t e t rahyd ropy r idy l  1-1.3- 

dioxolanes V I I .  

bond i s  be l i eved  t o  be a t  t he  4,5-posit ion i n  the  te t rahyd ropy r id ine  r i ng .  t he  

3.4-posit ion cannot be r u l e d  out .  

the presence o f  pa l lad ium on charcoal c a t a l y s t  produced a mixture (re) o f  the  

two racemates o f  2.2-diphenyl-4-(2-piperidyl)-l,3-dioxolane l abe led  w i t h  

t r i t i u m  i n  the 4- and 5-pos i t ions,  o r  3- and 4-pos i t ions,  o r  both, o f  the 

p i p e r i d i n e  r i n g .  

t h a t  i t  consis ted o f  79% o f  t he  des i red  a-racemate and 21% o f  t he  e - r a ~ e m a t e . ~ ~  

The a-racemate was i s o l a t e d  as i t s  d e - t a r t a r i c  a c i d  s a l t  I f  which was resolved 

i n t o  the  enantiomeric Iq and I h  via t h e i r  respec t i ve  d- and e - t a r t a r i c  a c i d  

s a l t s .  

(V) ,  obta ined by r e a c t i o n  o f  2 - (2 -py r idy l ) -  

Reduction o f  V I  w i t h  sodium borohydride 

Although by analogy t o  l i t e r a t u r e   example^,^^*^,^ the  double 

Fu r the r  reduc t i on  o f  V I I  w i t h  t r i t i u m  gas I n  

Q u a n t i t a t i v e  i n f r a r e d  spectroscopic ana lys i s  o f  I e  showed 
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Scheme 2 

Synthesis o f  T r i t ium Labeled 
d- and e-2 ,Z-Di phenyl-4- (2-pi per idy l  )-1,3-dioxolane Hydrochloride 

I V  

I f )  a-racemate 
da- ta r ta r ic  
acid s a l t  

I 
V O&h 

311, 
t b O-gh pd'c 

I e)  a- and 6- 
racemates 

x = 4,5- and/or 
3,4-3H 

HaBH, i' 
%ph Ph 

V I  I 

EXPERIMENTAL 

Radioact iv i ty determinations were car r ied  out w i th  a Packard Tri-Carb 

Model EX-ZA l i q u i d  s c i n t i l l a t i o n  spectrometer, using the in te rna l  standard 

method w i th  Diotol  as counting solvent. Optical ro ta t ion  measurements were 

made i n  ICOH solutions. 

w i th  a Perkin-Elmer Model 421 spectrometer. 

obtained from 95% EtOH solut ions w i th  a Cary Model 14 spectrophotometer. 

ing  points were uncorrected. Microanalyses were obtained f o r  the indicated 

elements, and the resul ts,  except as noted, were w i th in  f 0.4% o f  theory. 

In f ra red  ( IR) spectra were obtained f r o m  Nujol mulls 

U l t rav io le t  ( U V )  spectra were 

Melt- 

Dimethoxydiphenylmethane-14C (111 ) 

Benzoic acid-a-''C (sp. act. 2.78 mCi/Ml) was prepared by the carbonation 



Synthesis of tritium and carbon-14 labeled I, 3-dioxalanes 429 

of phenyl magnesium bromide w i th  14C02 according t o  the procedure o f  Eberson.'s 

Benzophenone-14C (sp. act. 2.69 mCi/mll) was prepared from benroic acid-a-"+C 

according t o  the procedure o f  Speer and Jeanes.16 A mixture o f  1.85 g (10.2 

mo les )  o f  benrophenone-"f, 1.2 m l  (13.6 mo les )  o f  d imethy lsu l f l te  and 3 m l  o f  

MeOH was heated t o  r e f l u x  w i th  s t i r r i n g  under nitrogen. Heating was discon- 

tinued f o r  the re f l ux ing  t o  subside and anhydrous HC1 gas was passed i n t o  the 

s t i r red ,  hot mixture f o r  2 min. The mixture was then ref luxed w i th  s t i r r i n g  

under nitrogen f o r  4 hrs and kept a t  room temperature overnight. The mixture 

containing c rys ta ls  was d i l u ted  w i th  2 m l  o f  Ice-cold MeOH and f i l t e r e d .  The 

crys ta ls  were washed w i th  5 m l  o f  cold MeOH jUd dried. 

g (76.4%) of 111, mp 107-108°C (lit." mp 106-107°C). 

There was obtained 1.73 

Hydrolysis o f  I a  and I b  

A mixture o f  3.46 g o f  I a  ( [ a ] ~  + 35') and 40 m l  o f  H20 was heated on steam 

bath u n t i l  a homogeneous so lu t ion  was obtained. To t h i s  ho t  so lu t ion  was added 

10 m l  o f  1 N HC1 and the mixture was heated on steam bath f o r  15 min. The 

mixture was cooled and extracted twice w i th  50 m l  o f  Et20. The aqueous layer 

was s t i r r e d  w i th  15-20 g o f  Dowex 3 and f i l t e red .  

t reated w i th  Darco 6-60 and again f i l t e red .  The f i l t r a t e  was concentrated a t  

50°C and water aspirator pressure. The p a r t i a l l y  s o l i d i f i e d  residue was crys- 

t a l l i z e d  f r o m  15 m l  o f  i - P r O H  t o  give 1.53 g (84.2%) o f  I Ia ,  np 137-138°C, 

[ a ] ~  -8' i n  MeOH, m2. (C$il6C1NO,) C, H, C1. N. 

was hydrolyzed t o  give I I b ,  mp 136.5-138"CD [a10 + 8". 

The neutral  f i l t r a t e  was 

Simi lar ly,  I b  ([a]D -35") 

a(+)  and a( - )  2,2-Diphenyl-4- (2-piper i  dyl)-1,3-dio~olane-2-~~C Hydrochloride 
n c  and Id )  

A mixture o f  0.955 g (5.25 mo les )  o f  I I a ,  0.850 g o f  C14-labeled and 

0.425 g o f  non-labeled dimethoxydiphenylmethane ( t o t a l  5.58 mo les )  and 3 m l  o f  

i - P r O H  was heated t o  r e f l u x  w i th  s t i r r i n g  under nitrogen. The mixture was 

cooled enough t o  stop the re f lux ing  and 0.1 m l  o f  a so lu t ion  o f  5 g o f  anhy- 
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drous HCl  i n  100 m l  of i-PrOH was added t o  the  s t i r r e d  mixture. 

f l u x i n g  was resumed under n i t r o g e n  f o r  2.5 hrs. 

room temperature under n i t r o g e n  overn ight ,  f i l t e r e d ,  and the  c r y s t a l s  uere 

washed i n  15 m l  o f  i - P r O H  i n  p o r t i o n s  fo l l owed  by E t z O  and d r ied .  

obta ined 1.618 g (89.1%) o f  I c ,  my L54-255OC; [ a ] ~  + 35"; sp. act .  1.85 mCi/mtl; 

I R  and UV spect ra conformed w i t h  standards; awl. (C2oHp,C1flO2) C, H, C1, N. 

I n  a s i m i l a r  manner from 0.955 g (5.25 m o l e s )  o f  I I b ,  t he re  was obta ined 

1.594 g (87.8%) o f  I d ,  mp 254-255°C; [.ID - 34'; sp. act. 1.86 mCi/mlt; IR and 

UV spect ra conformed w i t h  standards; mil. (C20H24C1N02) C. H, C1, 14. 

Gentle r e -  

The m ix tu re  was then kep t  a t  

There was 

2.2-Diphenyl-4- (2-pyr i  dyl)-1,3-di oxolane ( V r  

A suspension o f  52.7 g (0.30 mole) o f  2-pyridyl-l,2-ethanediol hydro- 

c h l o r i d e  ( I V )  (mp 121-122.5OC) and 75.4 g (0.33 mole) o f  dimethoxydiphenyl- 

methane i n  160 m l  o f  i-PrOH.was heated t o  r e f l u x  w i t h  s t i r r i n s  under n i t rogen.  

To t h i s  h o t  m ix tu re  was added 6 m l  o f  a s o l u t i o n  o f  5 q o f  antiydrous tic1 i n  1OC 

m l  o f  i-PrOli. The m ix tu re  was r e f l u x e d  w i t h  s t i r r i n q  under n i t roaen  f o r  4 h rs  

and kept  a t  room temperature ove rn iqh t .  

f i l t e red , tho rough ly  washed w i t h  E t 2 O  and d r ied .  

added i n  small  p o r t i o n s  t o  400 m l  o f  v i go rous l y  s t i r r e d  i c e - c o l d  1.5 N i4aOti. 

The s o l i d s  were f i l t e r e d ,  washed w i t h  H20, and d r ied .  

ra ted  w i t h  e t h e r  and any i n s o l u b l e  ma te r ia l  was removed by f i l t r a t i o n .  

E t z O  s o l u t i o n  was concentrated and the res idue was r e c r y s t a l l i z e d  from EtOll-H,O 

t o  g i ve  34.3 g (37.7%) o f  V, mp G9.5-70.5"C; UV ~:;0~'217 nrn (E,  12,050), 227 

(5800). 255 (4050), 

compatible w i t h  the  assigned s t ruc tu re ;  anal .  (C2~111~;IC2) C, I!, ; I -  

Ether was added and the s o l i d s  were 

The s o l i d s  (62.8 4) were 

The s o l i d s  were t r i t u -  

The 

260 nm ( E ,  4550). and 266 (3250), I R  and X l R  spect ra 

2,2-Di plienyl -4- (1 -benzyl -2-pyr idy I ) -  1.3-dioxol ane Bromide ( V I  ) 

A m ix tu re  o f  20.0 q (0.066 mole) o f  V and 20 m l  o f  benzyl bromide was 

heated w i t h  s t i r r i n g  i n  an o i l  bath a t  120'C f o r  12 l i r s  dnd t'ien L,eot d t  room 

temperature overn ight ,  The r e s u l t i n q  s o l i d s  were d isso lved i n  200 nl CtijC1? 
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and 160 m l  o f  E t 2 O  was added t o  the  s o l u t i o n  dropwise w i t h  s t i r r i n g .  

c r y s t a l s  were f i l t e r e d  and washed w i t h  CHzClz -E t20 ,  f o l l owed  by Et20 and d r ied .  

There was obta ined 27.8 g (88.8%) o f  V I ,  mp 167-168°C; UV .\:::H 268 nm ( c ,  8100), 

kEtoH 263 nm ( E ,  7300). and 277 (6200), I R  and HfIR spect ra compatible wi th the  

assigned s t ruc tu re ,  and. (CZ7H2,,BrNO2) C. H, B r ,  14. 

The 

sh. 

Sodium Borohydride Reduction o f  V 1  t o  V I I  

A s o l u t i o n  o f  15.0 g (0.0316 mole) o f  V I  i n  300 m l  o f  t!eOH was cooled t o  

Sodium borohydride (4.5 g. 0.119 r o l e )  was added i n  por-  5°C i n  an i c e  bath. 

t i o n s  over a pe r iod  o f  20 min w h i l e  the ba th  temperature was h e l d  a t  5-7'C. 

m ix tu re  was s t i r r e d  a t  room temperature f o r  2.5 h r s  and 120 m l  o f  1 N NaOH was 

added. 

a t  28°C in vumo. 

350 m l  o f  Et20 i n  two por t ions.  

H20 fo l lowed by sa tu ra ted  NaC1 so lu t i on .  A f t e r  d r y i n g  f o r  20 min over magnc- 

sium s u l f a t e ,  the Et20 s o l u t i o n  was f i l t e r e d  and concentrated t o  about 120 m l  

and then kept  a t  room temperature overn ight .  

concentrated t o  g i ve  12.80 g (1.100% y i e l d )  o f  a l i g h t  s t raw-colored syrup which 

was used w i thou t  f u r t h e r  p u r i f i c a t i o n  i n  the  nex t  step. This ma te r ia l  was un- 

s t a b l e  and became d i sco lo red  even when s to red  under n i t roqen .  NMR spectrum o f  

t h i s  ma te r ia l  i n d i c a t e d  the  ass iqnmnt  o f  the gross s t r u c t u r e  V I I  was co r rec t .  

The double bond could be a t  e i t h e r  the  3-4 o r  4-5 p o s i t i o n .  

The 

The m ix tu re  was s t i r r e d  a t  room temperature f o r  1 h r  and concentrated 

The res idue was d i l u t e d  w i t h  100 m l  o f  ti20 and ex t rac ted  w i t h  

The combined Et20 e x t r a c t s  were washed w i t h  

The s o l u t i o n  was f i l t e r e d  and 

2,2-Diphenyl-4-(2-piperidyl)-l ,3-dioxolane-H3, a- and &Racemates ( I e )  

A s o l u t i o n  o f  12.35 g (0.031 mole) o f  crude V I I  f rom above i n  150 m l  o f  

anhydrous te t rahyd ro fu ran  was hydrogenated, us ing  a Paar hydrogenation appara- 

tus, i n  the presence o f  4 C i  of t r i t i u m  gas and 12.35 g o f  10% Pd-C c a t a l y s t  

a t  an i n i t i a l  pressure o f  40 p s i .  

4 and 30 min as the pressure dropped t o  3 and 9 p s i ,  respec t i ve l y .  

the uptake had e s s e n t i a l l y  stopped. 

The apparatus was tw ice  r e f i l l e d  w i t h  H 2  a t  

A f te r  2 hrs  

The m ix tu re  was shaken f o r  another 2.5 lhrs 
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before the  apparatus was vented and f l ushed  wi th H2. 

16 h r s  a t  40 p s i  t o  ensure complete removal o f  t h e  14-benzyl qroup. The mixture 

was f i l t e r e d  through a cake o f  a c t i v a t e d  charcoal. The f i l t r a t e  concentrated 

in u m o  and the  res idue  repeatedly  red i sso l ved  i n  fleOH and evaporated t o  r e -  

move l a b i l e  t r i t i u m .  

(8.71 g, 90.7% y i e l d )  showed t h a t  i t  conta ined 79% o f  t he  des i red a-racemate 

and 21% o f  t h e  6-racemate. Thin l a y e r  chromatographic ana lys i s  ( s i l i c a  qe l ,  

25% v/v EtOAc i n  cyclohexane) i n d i c a t e d  t h a t  the hyd: ?penation a rJ  hydro- 

genolys is  were complete. 

Shaking was resumed f o r  

Q u a n t i t a t i v e  IR ana lys i s  o f  the r e s u l t i n q  pa le  ye l l ow  o i l  

2,2-Di phenyl-4-(2-piperidyl)-1.3-dioxol 
S a l t  ( I f)  

a-Racemate , da-Tar ta r i  c Acid 

A warm s o l u t i o n  o f  2.326 g (0.015 mole) o f  & - t a r t a r i c  a c i d  i n  26 m l  o f  

MeOH was added t o  a s o l u t i o n  o f  8.622 g (0.0279 mole) o f  Ie i n  35 m l  o f  IleOH. 

C r y s t a l l i z a t i o n ,  which began imnediate ly ,  was a l lowed t o  proceed f o r  2.5 hrs .  

The c r y s t a l s  were f i l t e r e d ,  washed w i t h  50 m l  o f  MeOH fo l lowed by Et20, and 

dr ied.  There was obta ined 7.864 g (73.3% y i e l d )  o f  t h e  a-racemate d a - t a r t r a t e  

If, 224-225°C; 

a(+) and a(-) 2.2-Diphenyl-4-(2-piperidyl)-l,3-dio~olane-~H Hydrochlor ide (Is 
and I h l  

The a-racemate d a - t a r t r a t e  I f  (5.97 g, 15.5 m l e )  was s t i r r e d  w i t h  50 m l  

The aqueous o f  1 N NaOH and 150 m l  o f  Et20 u n t i l  a l l  s o l i d s  were i n  so lu t i on .  

l a y e r  was e x t r a c t e d  w i t h  Et20. 

fo l lowed by saturated Mac1 s o l u t i o n  and concentrated in uacw) t o  g i v e  5.06 g 

of o i l  which was shown by IR ana lys i s  t o  be 99% pure a-racemate.I4 The o i l  was 

d i sso l ved  i n  20 m l  o f  absolute f k O H  and t o  the  s o l u t i o n  was added 0.565 g 

(3.76 mmole) o f  d - t a r t a r i c  a c i d  i n  17 m l  o f  1COH. 

temperature f o r  50 min and the r e s u l t i n g  c r y s t a l s  were f i l t e r e d ,  washed w i t h  

MeOH fo l l owed  by E t z O  and dr ied,  2.543 g (85.2% y i e l d ) ,  mp 243-244.5"C. This 

ma te r ia l  was b a s i f i e d  w i t h  1 N IiaOH and the l i b e r a t e d  f r e e  base was ex t rac ted  

The combined Et20 l a y e r s  were washed wi th H20 

The m ix tu re  was kept  a t  room 
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i n t o  Et20. The Et20 e x t r a c t s  were washed w i t h  H2D f o l l owed  by sa tu ra ted  NaCl 

so lut ion,  d r i e d  over anhydrous sodium su l fa te .  and t r e a t e d  wi th  anhydrous HC1 

i n  i - P r O H  t o  g i ve  2.168 g (80.9% y i e l d )  o f  Ig, mp 243-247°C; sp. act. 16.42 m C i /  

nt.l; [a], + 33"; UV and I R  spect ra conformed w i t h  standards; anal. (C2oH2,,C1NO2) 

C. H, C1, N. 

The methanolic mother l i q u o r  above, from which the  d - t a r t a r i c  a c i d  s a l t  o f  

the a(+) isomer o f  2,2-diphenyl-4-(2-piperidy1)-1.3-dio~olane-~H had been re- 

moved, was concentrated a t  30°C in uacuo and t h e  res idue was t r i t u r a t e d  w i t h  

Et20. The m ix tu re  was f i l t e r e d  t o  r e m v e  i n s o l u b l e  s o l i d s  (0.384 9 )  and the 

f i l t r a t e  was concentrated i n  uacuo. The res idue was d i sso l ved  i n  18 m l  of 

absolute tCOH and t r e a t e d  w i t h  0.550 g (3.66 mnole) o f  a - t a r t a r i c  a c i d  t o  g i ve  

2.520 g (84.4% y i e l d )  o f  the a - t a r t a r i c  a c i d  s a l t  o f  t he  a( - )  isomer o f  2,2- 

diphenyl-4- (2 -p ipe r idy l  ) -1 ,3-d io~olane-~H.  mp 243-245OC. 

converted t o  the a ( - )  

described above f o r  Ig. 

o f  Ih ,  mp 243-247'C; sp. act. 16.45 m C i / M ;  [aID - 33'; UV and IR spect ra con- 

formed w i t h  standards; m Z .  (C20H2,C1f4O2) C. H, C1, N. 

The l a t t e r  was 

hydrochlor ide s a l t  Ih, us ing the same procedure as 

There was obta ined 1.956 g (73.0% y i e l d  based on I f )  
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