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CARBON-14 AND TRITIUM LABELED GUANADREL SULFATE 

Richard S. P. Hsi,  Tommy 0. Johnson and Wayne T. S t o l l e  
Research Laborator ies,  The Upjohn Company 
Kalamazoo, Michigan 49001, U.S.A. 

SUMMARY 

Carbon-14 and t r i t i u m  labeled (1,4-dioxaspiro[4.5ldec-2- 

ylmethy1)guanidine s u l f a t e ,  o r  guanadrel s u l f a t e *  (1 )  were synthe- 

sized. 

p o r t i o n  o f  guanadrel s u l f a t e .  The t r i t i u m  l a b e l s  were in t roduced i n t o  

the  cyclohexane r i n g  p o r t i o n  o f  t h e  molecule, a t  t he  be ta  and gamna 

p o s i t i o n s  w i t h  respec t  t o  the  k e t a l  l inkage. The k e t a l  r e s u l t i n g  f rom 

the  r e a c t i o n  o f  t h e  o r i g i n a l  2-cyclohexen-1-one w i t h  3-phthalimido-1,2- 

propanedial contained a double bond i n  t h e  B-Y p o s i t i o n  r a t h e r  than the  

a-B pos t ion  o f  t he  o r i g i n a l  2-cyclohexen-1-one. This  double bond s h i f t  

prov ided a convenient method o f  i n t r o d u c i n g  t r i t i u m  i n t o  t h e  3-and 4- 

p o s i t i o n s  o f  cyclohexanone. 

cussed. 

The carbon-14 l a b e l  was incorporated i n t o  the  d ioxolane r i n g  

Proof o f  the double bond p o s i t i o n  i s  d i s -  

Key Words: Carbon-14, t r i t i u m ,  guanadrel, synthesis. 

INTRODUCTION 

Guanadrel s u l f a t e  (Hylore l@) (4) i s  an an t ihyper tens i ve  (2-7) drug o f  

demonstrated c l i n i c a l  u t i l i t y .  We prepared r a d i o a c t i v e  forms o f  t h i s  drug f o r  

*Guanadrel s u l f a t e  i s  t h e  USAN name f o r  (~,4-dioxaspiro[4.5]dec-2-ylmethyl) 
guanidine s u l f a t e .  
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studying its metabolic transformations in test animals and man. 

function in guanadrel readily undergoes acid catalyzed hydrolysis (8), we 

labeled the propanediol portion of the molecule with carbon-14, and the cyclo- 

hexanone portion with tritium, so that the metabolic fate of both fragments of 

the molecule could be investigated, should hydrolysis occur in v i m .  

Because the ketal 

DISCUSSION 

Carbon-14-Labeled Guanadrel 

The synthesis of carbon-14 labeled guanadrel sulfate is outlined in Scheme 1. 

Ketal ization of cyclohexanone with 3-chloro-1 ,2-[l -14C]propanediol pro- 

duced 2-chl oromethyl -1,4-dio~a[3-~~C]spi ro[4.5]decane ( I ) .  

1 with potassium phthal imide led to 2-phthal imidomethyl-l,4-dio~a[3-’~C]- 

spiro[4.5]decane (2). The phthalimide group o f  2 was removed with hydrazine 

hydrate, and the resulting amine 3 was added to cyanamide in the presence of 

dilute sulfuric acid to afford carbon-14 labeled guanadrel sulfate ( 4 ) .  

Treatment o f  

Scheme 1 .  Synthesis of Carbon-14 Labeled Guanadrel 

0 

*<c1 + (i / TsOH -H20 , 
OH OH 

0 

2 

I H2NNH2 *H,O 

2 

-4, 

* denotes carbon-14 label 

Tritium Labeled Guanadrel 

Guanadrel labeled with tritium in the cyclohexyl ring could be readily 
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synthesized according t o  Scheme 1 by us ing t r i t i u m  labe led  cyclohexanone as 

the s t a r t i n g  m a t e r i a l .  Because guanadrel r e a d i l y  undergoes hyd ro l ys i s  

t o  g i ve  a d i o l  and cyclohexanone, we wished t o  in t roduce t r i t i u m  a t  one o r  

both o f  t he  3- and 4 -pos i t i ons  o f  cyclohexanone, so t h a t  t h e  l a b e l  would n o t  

be e a s i l y  removed from t h e  l abe led  cyclohexanone a r i s i n g  from guanadrel upon 

hyd ro l ys i s .  T r i t i u m  incorporated i n  the 2 - p o s i t i o n  o f  cyclohexanone would be 

e a s i l y  l o s t  through e n o l i z a t i o n  o f  the ketone func t i on .  To avoid handl ing 

v o l a t i l e  r a d i o a c t i v e  ma te r ia l  such as t r i t i a t e d  cyclohexanone, we chose t o  

delay i n t r o d u c i n g  t r i t i u m  u n t i l  a c r y s t a l l i n e  in termediate was a t t a i n e d  i n  

the synthes is .  Therefore we prepared 2-phthalimido-l,4-dioxaspiro[4.5]dec- 

7-ene (8 )  which conta ins a double bond, 8-y t o  the  k e t a l  f unc t i on ,  t o  serve 

as the  s i t e  f o r  i n c o r p o r a t i n g  t r i t i u m  by means o f  c a t a l y t i c  reduc t i on  w i t h  

t r i t i u m  gas. 

cyclohexane, which was t o s y l a t e d  (compound 5 )  and ox id i zed  t o  g i v e  4- tosy loxy-  

cyclohexanone (6 ) .  K e t a l i z a t i o n  o f  6 w i t h  3-phthal imido-1 ,Z-propanediol ( 9 ) ,  

obta ined by t r e a t i n g  3-chloro-1,2-propanediol w i t h  potassium phthal imide,  

a f fo rded  2-phthal imidomethyl-8-tosyloxy-1 ,4-dioxaspi roE4.5Idecane ( 7 ) .  

elements o f  p - to luenesu l fon i c  a c i d  were e l im ina ted  from 7 t o  g i ve  the des i red  

compound 8. 

Scheme 2 o u t l i n e s  t h e  p repara t i on  o f  compound 8 from 1,4-dihydroxy 

The 

Scheme 2 .  Synthesis o f  In termediate 8 f o r  T r i t i u m  Labeled Guanadrel 

9 Nb \ 6 TsCl, 6 C r 0 3 ,  4 ---+ rl 
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A1 though the  proton magnetic resonance (pmr) spectrum o f  t h e  unsaturated 

k e t a l  was compatible w i t h  t h e  assigned s t r u c t u r e  8, t h e  isomer ic  s t r u c t u r e  10, 

could n o t  be unequivocal ly  r u l e d  o u t  f o r  l a c k  o f  models. 

double bond i n  8 was impor tant  because we wished t o  avoid i n c o r p o r a t i n g  t r i t i u m  

i n t o  the cyclohexane r i n g  p o s i t i o n  adjacent  t o  t h e  k e t a l  carbon i n  guanadrel, 

as would occur i f  the  double bond pos i t i oned  as shown i n  s t r u c t u r e  20 was 

reduced w i t h  t r i t i u m  gas. 

comparison w i t h  our  compound 8. 

d i o l  9 s u r p r i s i n g l y  gave a k e t a l  i d e n t i c a l  t o  8 w i t h  respect  t o  m e l t i n g  p o i n t ,  

t h i n - l a y e r  chromatography, and pmr spectrum. 

1,4-dioxaspir0[4.5]decene from 2-cyclohexen-1-one and 3, o r  from 7, a double 

bond s h i f t  must occur e i t h e r  du r ing  the k e t a l i z a t i o n  o f  2-cyclohexen-1-one 

( s o l i d  arrows, Scheme 2 ) ,  o r  a f t e r  t he  e l i m i n a t i o n  o f  p - to luenesu l fon i c  a c i d  

from 7, t o  produce 10 (broken arrows, Scheme 2 ) .  

appeared u n l i k e l y  under t h e  m i l d l y  bas ic  r e a c t i o n  cond i t i ons  used ( r e f l u x i n g  

p y r i d i n e ) .  A double bond s h i f t  du r ing  t h e  fo rma t ion  o f  a k e t a l  from an 

a,B-unsaturated ketone, on the o the r  hand, can be r a t i o n a l i z e d  as shown i n  

Scheme 3, and an analogy can be found i n  t h e  s t e r o i d  f i e l d ,  such as the  

The p o s i t i o n  o f  t he  

We the re fo re  attempted t o  prepare compound 10 f o r  

K e t a l i z a t i o n  o f  2-cyclohexen-1-one w i t h  the 

I n  o rde r  t o  produce the  same 

The l a t t e r  a l t e r n a t i v e  

Scheme 3. K e t a l i z a t i o n  o f  2-Cyclohexen-1-one 

k e t a l i z a t i o n  of A4-3-ketostero ids (9-13) t o  g i v e  A5-3-ketxlS. 

p o s i t i o n  o f  the double bond as shown i n  s t r u c t u r e  8, we reduced both samples 

o f  compound 8 w i t h  deuterium gas i n  the presence o f  tris-(trioheny1phosphine)- 

rhodium ch lo r i de*  (Scheme 4 ) .  

To prove the  

The r e s u l t i n g  compound I l b  was hydrolyzed 

*Attempts t o  reduce 8 i n  the  presence of heterogeneous c a t a l y s t s  such as 
p la t inum oxide, p la t i num and pal lad ium supported on charcoal were unsuc- 
cess fu l ,  presumably because o f  t he  non-planar s p i r o  s t r u c t u r e  o f  8 .  
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t o  deuterium labe led  cyclohexanone which was converted t o  the  2,4-d in i t rophenyl -  

hydrazone (2,4-DNP) 12b. The pmr spect ra o f  both samples o f  1% showed t h a t  the 

r a t i o  o f  protons a t  t h e  a p o s i t i o n  (2.53 6 ) t o  those a t  t he  B and y p o s i t i o n s  

(1.80 6 ) was 1 t o  1 ( 4  a t  a, and 4 a t  B and y)*. Reduction of 8 w i t h  hydrogen 

gas fo l l owed  by hyd ro l ys i s  t o  cyclohexanone and conversion o f  t he  ketone t o  i t s  

2,4-DNP a f fo rded  compound 12a. 

be 4 : 6 ,  as expected. 

cyclohexan-1-one obta ined by reducing 2-cyclohexen-1-one w i t h  deuterium gas 

The a t o  8 and y proton r a t i o  o f  12a was found t o  

We a l s o  prepared the  2,4-DNP 23 o f  a sample o f  [2,3-2H]- 

Scheme 4. Reduction o f  8 and Conversion t o  2,4-0NP 

(Ph3P) 3RhC1 

l H 2 ,  2 H 2 ,  o r  3H2 
8 

11 

0 

a)  b)  Y Y = = 2H 1H x =  @- 
c )  Y = 3H 

0 

Y Y 

1 2  

a) Y = I H  
b) Y = 2 H  
c )  Y = 3H 

(Scheme 5 ) ,  and the  a t o  6 and y proton r a t i o  i n  23 proved t o  be 3:5.  

r e s u l t s  proved t h a t  t he  double bond i n  8 was pos i t i oned  8 ,  y t o  the  k e t a l  

These 

Scheme 5. Reduction of 2-Cyclohexenone and Conversion t o  2,4-DNP 

0 0 0 ( Ph3P) ,RhCl~ 

2H2 

1 3  

*The pmr spect ra were obta ined i n  CDC13 con ta in ing  te t ramethy l s i l ane  (TMS) as 
a re ference f o r  chemical s h i f t s .  The n i t r o g e n  proton (11.20 6 )  and aromatic 
protons (7.83 - 9.16 6)  served as standards f o r  q u a n t i f y i n g  t h e  protons a t  
t he  a, 6, and y p o s i t i o n s .  
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f u n c t i o n ,  and t h a t  d u r i n g  t h e  r e a c t i o n  o f  2-cyclohexen-1-one w i t h  t h e  d i o l  9 ,  

t h e  a, B doub le  bond i n  t h e  s t a r t i n g  ke tone had s h i f t e d  i n t o  t h e  B,y p o s i t i o n  

i n  t h e  k e t a l  p roduc t .  

t h e  i n t e r m e d i a t e  8 f o r  t h e  s y n t h e s i s  o f  t r i t i a t e d  guanadrel  ( 1 5 )  w i t h  t h e  l a b e l s  

l o c a t e d  B and y t o  t h e  k e t a l  l i n k a g e  (Scheme 6 ) .  

T h i s  s h i f t  p r o v i d e d  a conven ien t  method o f  p r e p a r i n g  

S ince  t h e  compound 8 i s  

Scheme 6. Syn thes i s  o f  T r i t i u m  Labe led  Guanddrel S u l f a t e  

15 

r e a d i l y  r e d u c i b l e  w i t h  deu te r ium o r  t r i t i u m ,  and t h e  r e d u c t i o n  p roduc t  11 e a s i l y  

undergoes h y d r o l y s i s  t o  g i v e  cyclohexanone, 8 shou ld  be a u s e f u l  i n t e r m e d i a t e  

f o r  p r e p a r i n g  l a b e l e d  cyclohexanone w i t h  no l a b e l s  i n  t h e  a lpha  p o s i t i o n  where 

t h e y  a r e  s u s c e p t i b l e  t o  removal t h rough  e n o l i z a t i o n .  

To c o n f i r m  t h e  e x p e c t a t i o n  t h a t  t r i t i u m  l a b e l e d  guanadrel  ( 1 5 )  ob ta ined  

acco rd ing  t o  Scheme 6 would c o n t a i n  no  p o t e n t i a l l y  l a b i l e  t r i t i u m  a f t e r  

h y d r o l y s i s  o f  I 5  t o  t r i t i a t e d  cyclohexanone, we hyd ro l yzed  a sample o f  t h e  

t r i t i a t e d  k e t a l  1 1 C  (ob ta ined  f r o m  2-cyclohexen-1-one and t h e  d i o l  9 f o l l o w e d  

by r e d u c t i o n  w i t h  t r i t i u m  gas) ,  and s u b j e c t e d  t h e  r e s u l t i n g  t r i t i a t e d  c y c l o -  

hexanone t o  base t r e a t m e n t  p r i o r  t o  c o n v e r t i n g  i t  t o  t h e  2,4-DNP 1 2 ~ .  

separa te  exper iment ,  we e s t a b l i s h e d  by  means o f  mass spec t roscopy  t h a t  under  

t h e  same b a s i c  c o n d i t i o n s  t h e  p ro tons  a t  t h e  p o s i t i o n s  a lpha t o  t h e  ke tone 

I n  a 
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f u n c t i o n  were r e a d i l y  exchangeable w i t h  deu te r ium f rom deu te r ium ox ide .  The 

mo la r  s p e c i f i c  a c t i v i t i e s  o f  12C and i t s  p r e c u r s o r  l l c  were i d e n t i c a l ,  wh ich  

i n d i c a t e d  absence o f  any exchangeable t r i t i u m  i n  t h e  cyclohexanone m o i e t y  

o f  I I C ,  and v a l i d a t e d  t h e  assignment o f  t h e  t r i t i u m  l a b e l  p o s i t i o n s  as shown 

i n  s t r u c t u r e  I Z C .  

t h e r e f o r e  a l s o  c o n t a i n  no p o t e n t i a l l y  exchangeable t r i t i u m .  

o f  11C t o  t r i t i a t e d  guanadrel  ( 1 5 )  p a r a l l e l e d  t h e  two f i n a l  s teps  i n  t h e  

s y n t h e s i s  o f  carbon-14 l a b e l e d  guanadre l ,  and i s  shown i n  Scheme 6. The 

p h t h a l o y l  g roup was removed f rom 11C and a d d i t i o n  o f  t h e  r e s u l t i n g  amine 1 4  

t o  cyanamide i n  t h e  presence o f  d i l u t e  s u l f u r i c  a c i d  a f f o r d e d  t h e  p r o d u c t  

15 .  

T r i t i u m  l a b e l e d  guanadre l ,  when prepared f r o m  IIC, would 

The convers ion  

EXPERIMENTAL. SECTION 

R a d i o a c t i v i t y  d e t e r m i n a t i o n s  were c a r r i e d  o u t  w i t h  a Packard T r i -Carb  

Model 2425 l i q u i d  s c i n t i l l a t i o n  spec t rometer .  The e x t e r n a l  s tandard  method 

was used, w i t h  D i o t o l  (Burd ick -Jackson)  as t h e  s c i n t i l l a t i o n  s o l v e n t .  Th in -  

l a y e r  chromatography ( t l c )  ana lyses  were done on 2.5 x 10 cm o r  5 x 20 cm 

g l a s s  p l a t e s  precoated  w i t h  a 250 pm l a y e r  o f  s i l i c a  g e l  GF ( A n a l t e c h ) .  

Developed zones were v i s u a l l y  d e t e c t e d  under u l t r a v i o l e t  1 i g h t  (254 nm) o r  

by  exposure t o  i o d i n e  vapor.  

Model 880 Autoscanner equipped w i t h  a Model 885 Glass P l a t e  Scanner. The 

pmr s p e c t r a  were ob ta ined  w i t h  a Var ian  Model A-60A spec t rometer .  

( i r )  s p e c t r a  were o b t a i n e d  w i t h  a O i g i l a b  Model FTS-14D spec t rophotometer  

and u l t r a v i o l e t  ( u v )  s p e c t r a  w i t h  a Cary Model 15 spec t rometer .  

were o b t a i n e d  w i t h  an LKB Type 9000 mass spec t romete r  equipped w i t h  d i r e c t  

i n l e t  probe, M e l t i n g  p o i n t s  were de termined i n  c a p i l l a r y  tubes  and a r e  uncor -  

rec ted .  Mic roana lyses  were o b t a i n e d  f o r  t h e  i n d i c a t e d  elements,  and t h e  

r e s u l t s  were a l l  w i t h i n  ? 0.4% o f  t h e  t h e o r e t i c a l  va lues .  

R a d i o a c t i v e  zones were de tec ted  w i t h  a Vanguard 

I n f r a r e d  

Mass s p e c t r a  

2-Phthal  imidomethyl-1,4-dio~a[3-~~C]spi ro[4.5]decane ( 2 )  

A m i x t u r e  of 9.16 mg o f  3 -ch lo ro -1  ,2- [1-14C]propanediol*  ( n o m i n a l l y  12.6 

~~ 

*Supp l ied  by t h e  fo rmer  M a l l i n c k r o d t  Labe led  Compounds, now C a l i f o r n i a  B i o -  
n u c l e a r  Corpo ra t i on ,  Sun V a l l e y ,  CA 91352, U.S.A. 
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m C i ,  15.2 mCi/mmol), 122 mg o f  3-ch loro- l ,2-propanedio l  (1.93 mmol t o t a l ,  

Eastman Organic Chemicals) ,  20 mg o f  p - t o l u e n e s u l f o n i c  a c i d  monohydrate 

( A l d r i c h ,  99%), and 393 mg o f  cyclohexanone (4.0 mmol, A l d r i c h )  i n  20 m l  

o f  t o luene  was r e f l u x e d  f o r  4 hours under N2 under  a Dean-Stark wa te r  t r a p .  

The s o l u t i o n  was f i l t e r e d  t o  remove t r a c e s  o f  t a r r y  m a t e r i a l s  and concen- 

t r a t e d  under reduced pressure.  The r e s i d u e  was d i s s o l v e d  i n  20 m l  o f  d i -  

methyl formamide (DMF) and 740 mg o f  potass ium p h t h a l i m i d e  (4.0 mmol, A l d r i c h )  

was added. The m i x t u r e  was heated w i t h  s t i r r i n g  a t  185°C under N 2  over -  

n i g h t ,  cooled, and d i l u t e d  w i t h  e t h e r .  I n s o l u b l e  m a t e r i a l s  were removed 

by f i l t r a t i o n ,  and t h e  f i l t r a t e  was washed w i t h  wa te r  and b r i n e ,  and d r i e d  

over  magnesium s u l f a t e .  

t u r a t e d  w i t h  acetone t o  remove t r a c e s  o f  i n z o l u b l e  m a t e r i a l s .  The acetone 

s o l u t i o n  was concen t ra ted  and t h e  r e s i d u e  was c r y s t a l l i z e d  f rom acetone- 

water  t o  g i v e  435 mg of 2 (75% y i e l d ) ,  m.p. 94-3"C, [ l it. m.p. 91-2"C( l ) ] ;  

s p e c i f i c  a c t i v i t y  15.7 uCi/mg o r  4.74 mCi/mmol s i n g l e  component by t l c  ( 1 9 : l  

v/v d ich loromethane:  methanol', R f  0.74; 3 : l  v / v  cyclohexane: e t h y l  ace ta te ,  

R f  0.31); i r  ( N u j o l  m u l l )  umax cm-I: 

1010, 940, 920 (C-0 and C-N); uv ( i n  hexane) Amax nm ( E ) :  253 (1,350), 289 

(1,550), 298 (1,400), Ash 220 (14,950), 239 (8,450); pmr ( i n  CDC13, TMS)6:7.8 

(4H, aromat ic  H), 4.6 ( l H ,  0-C-H), 3.5-4.2 (4H, CH2 n o t  i n  cyclohexane r i n g ) ,  

1.2-1.8 (lOH, CH2 i n  cyclohexane r i n g ) .  

(1,4-Dio~a[3-~~C]spiro[4.5]dec-2-ylmethyl )guan id ine  S u l f a t e  ( 4 )  

A f t e r  evapora t i on  o f  e t h e r ,  t h e  r e s i d u e  was tri- 

1765, 1710 ( C = O ) ,  1160, 1115, 1030, 

A s o l u t i o n  o f  298 mg o f  2 (1.0 m o l )  and 100 mg o f  hyd raz ine  h y d r a t e  

(2 .0 mmol, MCB Reagents) i n  5 m l  o f  a b s o l u t e  e thano l  was r e f l u x e d  under N, 

fo r  2 hours.  The m i x t u r e  was coo led  and d i l u t e d  w i t h  15 m l  o f  e t h e r .  The 

p r e c i p i t a t e s  were f i l t e r e d  and washed w i t h  e t h e r .  

washing were concen t ra ted  t o  g i v e  a p a r t i a l l y  c r y s t a l l i n e  r e s i d u e  which was 

t r i t u r a t e d  w i t h  n-pentane and f i l t e r e d .  

under N2 t o  g i v e  169 mg of  t h e  amine 3* (%loo% y i e l d )  as an o i l  ( t l c ,  10:9:1 

The combined f i l t r a t e  and 

The n-pentane s o l u t i o n  was evaporated 

*Because o f  t h e  s e n s i t i v i t y  o f  t h e  amine 3 t o  a i r ,  t h e  r e a c t i o n  and workup 
m i x t u r e s  c o n t a i n i n g  3 were handled a t  a l l  t imes  under a n i t r o g e n  t e n t .  
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v/v methanol: water: ammonium hydroxide, Rf  0.74). A m ix tu re  o f  t h i s  o i l  

(1.0 mnol), 0.5 m l  o f  water, 2.0 m l  o f  0.2 N bSO,+ (0.4 mmol), and 126 mg 

of p u r i f i e d *  cyanamide (3.0 mmol) was heated a t  85OC ( o i l  bath)  w i t h  s t i r r i n g  

under N, f o r  48 hours, a t  which t ime  another 21 mg o f  cyanamide (0.5 mnol) 

was added and t h e  r e a c t i o n  was al lowed t o  proceed f o r  another 24 hours. 

m ix tu re  was f i l t e r e d  and the f i l t r a t e  was evaporated t o  dryness under vacuum. 

The s o l i d  res idues were d i sso l ved  i n  5 m l  o f  methanol, the s o l u t i o n  was heated 

t o  re f l ux ,  and 20 m l  o f  absolute ethanol was added. The m ix tu re  was d i s t i l l e d  

w h i l e  the  volume was maintained a t  20-30 m l  by t h e  p e r i o d i c  a d d i t i o n  o f  a 

t o t a l  o f  50 m l  o f  absolute ethanol ,  f o l l owed  by 25 m l  o f  a 3 : l  v / v  m i x t u r e  

o f  absolute ethanol :  i -propanol .  The volume was f i n a l l y  reduced t o  5 m l  and 

the  m ix tu re  was s t i r r e d  a t  room temperature ove rn igh t  t o  y i e l d  182 mg o f  4 

(70%), m.p. 240-241°C (dec.); s p e c i f i c  a c t i v i t y  17.9 uCi/mg o r  9.39 mCi/mmol; 

t l c  showed presence o f  a s i n g l e  component (10.9: l  v/v methanol: water: 

14.8 N ammonium hydroxide, Rf  0.29; 39:l  v/v methanol: 14.8 N ammonium 

hydroxide, Rf 0.12) i d e n t i c a l  t o  a standard sample of guanadrel Sulfate; anal. 

The 

- C, H, N. 

1,4-Cyclohexanediol Monotosylate ( 5 )  

p-Toluenesulfonyl c h l o r i d e  (36.9 g ,  0.194 mol, A l d r i c h )  was added i n  

p o r t i o n s  t o  a s t i r r e d  s o l u t i o n  o f  25 g o f  1,4-cyclohexanediol (0.215 mol, 

Eastman Organic Chemicals) i n  100 m l  o f  d r y  p y r i d i n e .  

a t  room temperature f o r  18 hours and poured i n t o  300 m l  o f  i c e  water. 

mix ture,  con ta in ing  much o f  the l e s s  so lub le  1,4-cyclohexanediol d i t o s y l a t e  

as c r y s t a l l i n e  p r e c i p i t a t e s  ( t l c ,  9 : l  dichloromethane: methanol, Rf  0.79), 

was f i l t e r e d  and t h e  f i l t r a t e  was ex t rac ted  w i t h  dichloromethane. The e x t r a c t s  

were washed w i t h  d i l u t e  HC1, water, and b r i n e  i n  t h a t  order, and d r i e d  over  

magnesium s u l f a t e .  

chromatographed on a 100 x 3.8 cm ( I . D . )  column o f  s i l i c a  ge l  (500 g ,  70-230 

The m i x t u r e  was s t i r r e d  

The 

The s o l u t i o n  was concentrated and the  res idua l  o i l  was 

*Commercial cyanamide ( A l d r i c h )  was t r i t u r a t e d  w i t h  e the r ,  f i l t e r e d ,  and the  
f i  1 t r a t e  concentrated t o  g i ve  pure cyanamide. 
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mesh, EM Laborator ies)  e l u t e d  w i t h  9 : l  v/v dichloromethane: methanol. 

o f  the e l u a t e  con ta in ing  the  monotosylate 

res idue was c r y s t a l l i z e d  from ether-hexane t o  g i v e  31.5 g o f  a m ix tu re  o f  t h e  c is  

andtrans-isomers o f  5, m.p. 77-106°C [lit. m.p. 94-95°C (14), 97.2-97.8"C (15)]; 

t l c  o f  t h i s  m a t e r i a l  showed presence o f  a s i n g l e  component ( 9 : l  v/v d i ch lo ro -  

methane:methanol, Rf 0.50},uv ( i n  methanol) Amax nm ( E ) :  225 (13,100), 256 (479), 

262 (600), 267 (540), 272 (489); ir ( i n  Nu jo l  m u l l ) "  max cm-: 3590, 3560 (OH), 

F rac t i ons  

were combined, concentrated, and the  

1 

1600, 1495 (C=C), 1345, 1190, 1175, 1125, 930 (-S02-0-), 1095, 1075, 1030, 970 

(C-0), 870, 810 (C-H); anal. - C,H,S. 

mers s ince the  m i x t u r e  was t o  be ox id i zed  t o  g i v e  a s i n g l e  product  (6) i n  t h e  

next  step. 

4-Tosyloxycyclohexanone ( 6 )  

No attempt was made t o  separate the  i so -  

Chromium t r i o x i d e  (44.4 g, 0.444 mol, MCB Reagents) was added cau t ious l y  i n  

p o r t i o n s  w i t h  s t i r r i n g  t o  700 m l  o f  c o l d  ( 0 ' )  p y r i d i n e .  

f o r  15 minutes and 15.0 g o f  5 (0.055 mo l l  i n  100 m l  o f  p y r i d i n e  was added i n  

one p o r t i o n .  

w i t h  300 m l  o f  e the r ,  and f i l t e r e d  through a pad o f  c e l i t e .  The f i l t r a t e  was 

concentrated and the  res idue  t r i t u r a t e d  w i t h  300 m l  o f  e ther .  The e the r  so lu-  

t i o n  was washed w i t h  4 x 100 m l  o f  water, 2 x 100 m l  o f  1N HC1, 2 x 100 m l  o f  

H,O and 100 m l  o f  b r i n e  i n  t h a t  order ,  and d r i e d  over  MgS04. Removal o f  s o l -  

vent  a f fo rded  11.77 g of t h e  ketone 6 (79.7% y i e l d )  a f t e r  r e c r y s t a l l i z a t i o n  

from benzene-hexane, m.p. 95.5-96.5T, chromatographica l ly  homogeneous ( t l  c, 

19: l  v /v  dichloromethane: methanol, R f  0.77, 7:3 v /v  hexane: acetone, Rf 0.33); 

uv ( i n  e thanol )  imax nm ( E ) :  225 (12,800), 256 (488), 262 (614), 267 (563), 

273 (510); pmr ( i n  CDCl,, TMS)G: 7.8, 7.35 (4H aromatic H ) ,  4.9 (iH, 0-i-H), 

2.5 (7H,  C H 3 ,  O=L-CH2), 2.1 (4H, O-C-CH2); anal. -C,H,S. 

3-Phthal imido-1 ,Z-propanediol ( 9 )  

The m i x t u r e  was s t i r r e d  

The m ix tu re  was s t i r r e d  a t  room temperature overn ight ,  d i l u t e d  

I 
I 

I 

A mix tu re  of 18.54 g o f  potassium phthal imide (100 mmol), 11.00 g o f  3- 

chloro-1,Z-propanediol (100 mmol) and 25 m l  o f  DMF was g e n t l y  r e f l u x e d  w i t h  

s t i r r i n q  under N, f o r  6 hours. 

were washed w i t h  acetone. 

The cooled m ix tu re  was f i l t e r e d  and the  s o l i d s  

The combined f i l t r a t e  and washing were concentrated 
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and the residual oil was boiled with benzene. 

to separate traces of insoluble oil. 

g of 9 (54% yield), m.p. 114-6°C; [lit. m.p. 112-3OC (16)]; homogeneous by tlc 

(9:l v/v dichloromethane: methanol, RF 0.27); uv (in ethanol) x~~~ nm (E): 219 

(40,050), 294 (1,850), 232 (13,350), 241 (9,500), 297 (1,800); pmr (in 

CDC13, TMS)G: 7.75 (4H, aromatic H), 4.75 (d, lH, CH-OK), 4.45 (t, lH, CH,- 

OH), 3.5-4.0 (m, 5H, CH,, CH); anal. - C, H, N. 

2-Phthal imidomethyl-8-tosyloxy-1 ,4-dioxaspiro[4.5ldecane (7) 

The hot solution was decanted 

The solution on cooling afforded 12.0 

A mixture of 4.95 g o f  9 (22.4 mmol), 6.00 9 of 6 (22.3 mmol), and 

50 mg of p-toluenesulfonic acid in 200 ml of benzene was refluxed with stirring 

under N2 under a Dean-Stark water trap,for 3.5 hours. 

at reduced pressure and the residue was chromatographed on a 500 g,  1 m x 3.8 

cm (I.D.) column of silica gel eluted with 19:l v/v dichloromethane: methanol. 

After a forerun of 150 m l ,  the eluate was collected in 20 ml fractions. From 

the pooled fractions 36-50, there was obtained 7.92 g of 7 (75% yield), m.p. 

136-143"C*, chromatographically homogeneous by tlc (19:l v/v dichloromethane: 

methanol, Rf 0.71); uv (in ethanol) Amax nm ( E ) :  219 (52,600), 261 (1,250), 

265 (1,350), 273 (1,450), 293 (1,900), Ash: 240 (9,300), 256 (1,150), 297 

(1,850); ir (Nujol mull) %ax cm-' 1770, 1715 (C = 0), 1615, 1600, 1495 (C = C), 

The solvent was removed 

1395, 1355, 1190, 1170, 1125 (-S02-0), 1085, 1015, 915, 910 (C-0, C-N), 720, 

715, 685 (C-H); pmr ( i n  CDC13, TMS)G: 7.8-7.4 (8H, aromatic H), 4.6 (1H, 

0-d-H of cyclohexane ring), 4.4 (lH, 0-6-H of dioxolane ring), 3.6-4.2 (4H, 

CH2 not in cyclohexane ring), 2.5 (3H, CH3), 1.4-2.0 (8H, CH2 in cyclohexane 

ring); anal. -C,H,N. 

2-Phthal imido-l,4-dioxaspiro[4.5]dec-7-ene (8) 

A) Elimination of p-Toluenesulfonic Acid from 7 

A solution of 10.70 g of 7 (22.6 mmol) in 100 ml of pyridine was re- 

The solvent was removed at reduced pressure and fluxed under N2 overnight. 

the residue was chromatographed on silica gel with 3:l v/v cyclohexane: 

ethyl acetate to give 1.43 g of 8 (21.2% yield) after recrystallization 

*Melting point was not improved by recrystallization from benzene-pentane. 
The wide range was probably due to diastereoisomeric mixture since two 
chiral centers are present in 7 (C-2 and C-8). 
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pentane, m.p. 74-5°C; c h r o m a t o g r a p h i c a l l y  homogeneous by  t l c  (3:1, v /v  

cyclohexane: e t h y l  ace ta te ,  R f  0.30); uv ( i n  e t h a n o l )  Amax nm ( E ) :  219 

(41,200), 293 (1,950), Ash: 233 (12,050), 239 (8,950),  298 (1,850); i r 

( N u j o l  m u l l )  "max cm-1: 1770, 1710 (C=O), 1610 (C=C), 1430, 1395, 1115, 

1060, 1035, 1030 (C-0, C-N), 725, 715 (C-H); pmr ( i n  CDC13, TMS) 6 :  7.8 

(4H, a romat ic  H ) ,  5.6 (2H, C=C-H), 4.55 ( l H ,  0-C-H), 4.1 (ZH, 0-CHz), 

3 .8  (ZH, N-CH2), 1.8-2.4 (6H, CH2 i n  cyc lohexene r i n g ) ;  ana l .  -C,H,N. 

B )  H a l i z a t i o n  o f  2-Cyclohexcn-1-nne w i t h  9 

A m i x t u r e  o f  1.086 g o f  2-cyclohexen-1-one (11 .3  mmol, Eastman 

Organic Chemica ls ) ,  2.500 g o f  9 (11.3 mmol), 40 mg o f  p - t o l u e n e s u l f o n i c  

a c i d  and 100 m l  o f  benzene was r e f l u x e d  under  N2 under  a Dean-Stark w a t e r  

t r a p  o v e r n i g h t .  The m i x t u r e  was c o n c e n t r a t e d  a t  reduced p ressu re  and t h e  

r e s i d u e  was chromatographed on a column o f  80 g o f  s i l i c a  g e l  e l u t e d  w i t h  

3 : l  v /v  cyclohexane: e t h y l  ace ta te .  The c rude p roduc t  was r e c r y s t a l l i z e d  

f rom pentane t o  g i v e  2.52 g (74.6% y i e l d )  o f  8, wh ich  was i d e n t i c a l  ( t l c ,  

m.p., m ixed m.p.) t o  t h e  sample o f  8 p repared  f r o m  7 as d e s c r i b e d  above. 

Assignment o f  t h e  doub le  bond i n  8 t o  t h e  7,8-  and/or  8 ,9 -pos i t i ons  

r a t h e r  than t h e  6 , 7 - p o s i t i o n  ( s t r u c t u r e  la) was based on pmr d a t a  (see 

be1 ow) of  sampl es o f  d e u t e r i  um 1 abe l  ed  c y c l  ohexanone 2,4-DNP, 1 3  and 

1 2 ,  d e r i v e d  r e s p e c t i v e l y  f r o m  [Z,3-2H]cyclohexan-l-one and i n t e r m e d i a t e  8 

wh ich  had been prepared w i t h  e i t h e r  method A cIr lnethod B. 

"D iscuss ion  and Resu l t s "  s e c t i o n  f o r  d e t a i l s  o f  t h i s  s tudy .  

Reduct ion  o f  8 t o  11 

See a l s o  t h e  

Reduct ion  o f  8 was c a r r i e d  o u t  s e p a r a t e l y  w i t h  hydrogen, deuter ium,  

and t r i t i u m *  gases t o  g i v e  Ila, I l b ,  and l l c ,  r e s p e c t i v e l y .  A s o l u t i o n  

o f  300 mg o f  8 (1 .00  mmol) and 150 mg o f  (Ph3P),RhC1 ( A l d r i c h )  i n  35 m l  

of  benzene was s t i r r e d  a t  room tempera tu re  under t h e  a p p r o p r i a t e  gas u n t i l  

the t h e o r e t i c a l  amount Of  gas had been absorbed (2-3 hours) .  

d i l u t e d  w i t h  100 m l  o f  e t h e r  and r e f l u x e d  f o r  30 minu tes .  The m i x t u r e  

was poured o n t o  a d r y  column o f  30 g of  30-60 mesh F l o r i s i l  ( F l o r i d i n  CO.), 

The mixture was 

*Reduc t ion  w i t h  t r i t i u m  gas was c a r r i e d  o u t  by  New En2land Nuc lea r  Corp., 
Boston, Mass., U.S.A., on a sample o f  8 p repared  f r o m  2-cyclohexen-1-one 
and t h e  d i o l  9 (Method B). 
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and the column was e lu ted  w i t h  200 ml of e t h e r .  The e l u a t e  was concentrated 

and the residue was c r y s t a l l i z e d  from a mixture of  3 ml of  acetone and 15 ml 

of water o r  from i-propanol (2-3 ml per 9 ) .  The procedure t y p i c a l l y  afforded 

295 mg of 11 (97% y i e l d ) ,  93-4"C, t l c :  3:l v / v  cyclohexane: e thyl  a c e t a t e ,  

R f  0.31, same a s  2. 

Crude t r i t i u m  labeled 2-phthal imido-l,4-dioxaspiro[4.5]decane (lla), 

nominally 18 mg, 28 mCi/mg, was mixed with 2.00 g of non-labeled mater ia l  

( I I G )  and r e c r y s t a l l i z e d  from 4 ml of hot i-propanol t o  give 1.90 g of l l c  

m.p.  93-94°C; sp. a c t .  222 uCi/mg, o r  66.9 mCi/mmol; :-adio<hemically pure 

by t l c  (3: l  v / v  cyclohexane: e thyl  a c e t a t e ,  Rf 0.31, same a s  2 

Al te rna t ive  Preparat ions of l l ~  

2-Phthalimido-l,4-dioxaspiro[4.5]decane ( l l a )  was a l s o  prepared i n  

64% y i e l d  from 3-chloro-l,2-propanediol, cyclohexanone (Eastman Organic 

Chemicals) , and potassi  urn phthal imide ( see  procedure f o r  t h e  preparat ion 

of  2 ) .  

densation of cyclohexanone with IX i n  a manner s i m i l a r  t o  t h e  preparat ion 

o f  8 from 9 (Method B ) .  

Conversion of  11 t o  Cyclohexanone 2,4-Dinitrophenylhydrazone ( 1 2 )  

I n  a t h i r d  method, I l a  was obtained i n  Q 90% y i e l d  by the con- 

The hydrolysis  of 1 2  and conversion of  the r e s u l t i n g  cyclohexanone 

t o  12 were c a r r i e d  o u t  i n  one s t e p .  

2.52 mmol, Eastman Organic Chemicals) was dissolved i n  6 ml of conc. 

H2S04 and the  s o l u t i o n  was d i l u t e d  with 3 ml of  water and 10 ml of e thanol .  

This so lu t ion  was added with swir l ing  t o  a s o l u t i o n  of 300 mg of 11 (1.0 

m o l )  in  5 ml of  e thanol .  The r e s u l t i n q  c r y s t a l l i n e  p r e c i p i t a t e s  were f i l -  

t e r e d ,  washed with ethanol and dr ied ,  264 mg (94% y i e l d ) ,  m.p. 160-161°C 

[ l i t .  m.p. 160", 162" (17)] ,  r e a d i l y  r e c r y s t a l l i z e d  from hot  E t O H ;  pmr 

(CDC13, TMS)G : f o r  I Z G ,  11.20 ( s ,  broad, l H ,  N-H), 7.83-9.16 (m, 3H, 

aromatic H), 2.53 (s ,  broad, 4H, a-H), 1.30 (s ,  broad, 6H, 6-  and v-H) ;  

f o r  1% obtained from l l b  prepared by e i t h e r  method A o r  method B ,  11.20 

2,4-Dinitrophenylhydrazine (500 mg, 

( lH),  7.83-9.16 (3H), 2.53 (4H), 1.80 (4H). 

To prepare 12C,  301 mg (1.00 Il'IfllOl) Of l l c ,  Sp. a c t .  23.4 uCi/mg o r  7.06 
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mCi/mmol, i n  2 m l  of  methanol was s t i r r e d  w i t h  1 m l  o f  1N HC1 a t  room 

tempera ture  f o r  30 m inu tes .  

(4.5 mmol) o f  KOH p e l l e t s .  The m i x t u r e  was s t i r r e d  f o r  1 hour .  To 

t h e  s o l u t i o n ,  pH 21 14, was added w i t h  s t i r r i n g  I 0  m l  o f  2 , 4 - d i n i t r o p h e n y l -  

hyd raz ine  s o l u t i o n  (2 .0  g i n  10 m l  o f  conc. H2S04. 15 m l  o f  wa te r ,  and 

50 m l  o f  e t h a n o l ) .  The r e s u l t i n g  p r e c i p i t a t e s  were r e c r y s t a l l i z e d  f rom 

35 m l  o f  h o t  e thano l  t o  g i v e  228 mg o f  12c (82% y i e l d ) ,  sp.  a c t .  25.2 

uCi/mg o r  7.00 mCi/mmol, m.p. 16O-16l0C, s i n g l e  component by t l c  ( d i c h l o r o -  

methane, Rf .  0.58).  

[2,3-2H]Cyclohexan-l -one 2 ,4-D in i t ropheny l  hydrazone 13 

To t h e  s o l u t i o n ,  pH % 1 ,  was added 253 mg 

A s o l u t i o n  o f  192 mg o f  2-cyclohexen-1-one (2 .0  mmol) i n  30 m l  o f  

benzene c o n t a i n i n g  50 mg o f  (Ph3P)3RhC1 was s t i r r e d  under  deu te r ium gas 

f o r  2.5 hours,  r e f l u x e d  w i t h  100 m l  o f  e t h e r  and passed th rough  a d r y  

column o f  30 g o f  30-60 mesh F l o r i s i l  f o l l o w e d  by  200 m l  o f  e t h e r .  Removal 

o f  e t h e r  and t r e a t m e n t  o f  t h e  r e s i d u e  i n  e thano l  w i t h  2 , 4 - d i n i t r o p h e n y l -  

hyd raz ine  gave 1 3 ,  r e c r y s t a l l i z e d  f r o m  h o t  e t h a n o l ,  m.p. 160-161°C; 

pmr (CDC13, TMS)6: 11.20 ( s ,  broad, l H ,  N-H), 7.83-9.16 (m, 3H, a romat i c  H ) ,  

2.53 ( s ,  broad, 3H, a-H), 1.80 ( s ,  broad, 5H, B-, and y -H) .  

(1,4-Dioxa[7 ,8-3H]spi ro [4 .5 ]dec-2-y lmethy l  )guanadi  ne S u l f a t e  ( 1 5 )  

The procedure  f o r  p r e p a r i n g  carbon-14 l a b e l e d  guanadrel  s u l f a t e  (4) from 2 

desc r ibed  above was f o l l o w e d .  From 422 mg o f  Ilc ( sp .  a c t .  66.9 mCi/mmol), 

t r i t i u m  l a b e l e d  guanadre l  s u l f a t e  (25)  was o b t a i n e d  i n  70% y i e l d ,  m.p. 240-24'1' 

sp. a c t .  254 uCi/mg o r  66.7 mCi/mmol; c h r o m a t o g r a p h i c a l l y  homogeneous by 

t l c  (10:9:1 methanol :  water :  14.8N ammonium hyd rox ide ,  R f  0 .29 )  and 

i d e n t i c a l  t o  a s tandard  sample of  guanadrel  s u l f a t e ;  a n a l .  -C,H,N. 
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