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SUMMARY 

A method f o r  t he  p repara t i on  o f  deuterium l a b e l l e d  unsym- 
m e t r i c a l  hydrazines was developed. This method was used 
t o  prepare l-benzyl-2-methyl-*H1-hydrazine hydrobromide 
and l-benzyl-zH~-2-methylhydrazine hydrobromide, analogs 
o f  t he  cancer chemotheraputic agent procarbazine. These 
compounds were then used t o  prepare the  corresponding 
l a b e l l e d  benzyl-(0") and ("0)-azoxymethane isomers. A 
method was developed whereby the  deuterium l a b e l l e d  azoxy 
isomers were separated by reversed phase semi-preparative 
HPLC. 
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INTRODUCTION 

Procarbazine i s  a hydrazine w ide ly  used as a chemotherapeutic agent i n  the  

t reatment  o f  Hodgkins disease, tumors o f  t he  b r a i n  and o the r  

which requ i res  metabolic a ~ t i v a t i o n . ' ~ )  Among the  character ized metabol i tes 

o f  procarbazine a re  an azo compound and two azoxy isomers(5). I t  has been 

proposed t h a t  these azoxy isomers are then m e t a b o l i c a l l y  hydroxylated and t h a t  

t he  r e s u l t i n g  azoxy-carbinols g i ve  r i s e  t o  benzy la t i ng  and/or methy lat ing 

in termediates as the  u l t i m a t e  a c t i v e  species(5). 

I t  i s  n o t  known which o f  t h e  azoxy isomers i s  most impor tant  ( a c t i v e )  o r  which 

s i t e ,  i f  any, i n  the azoxy isomers i s  hydroxy lated p r e f e r e n t i a l l y .  F ig .  1.. 

R=H, CONHCH(CH,),. These hydroxy lated in termediates appear t o  be t o o  

F ig .  1. Possible hyd roxy la t i on  s i t e s  o f  t he  azoxy isomers. 
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unstable to isolate or observe directly. In order to investigate the 

importance of the azoxy isomers and to obtain information about the sites of 

metabolic hydroxylation the unsubstituted procarbazine anologs. methyl- 

*Ha-benzylhydrazine hydrobromide 1. methylbenzyl-*H,-hydrazine hydrobromide 8 

and their corresponding deuterium labelled azoxy isomers 33-16 were prepared. 
The results of  j& vitro metabolic studies with these compounds will be 

reported elsewhere. 

RESULTS AND DISCUSSION 

In order to synthesize the labelled hydrazines 1 and g a method for the 

preparation of specifically labelled unsymmetrical hydrazines was needed. 

This method had to allow for the introduction o f  a different deutrium labelled 

group at either end of the hydrazine moiety and to allow for removal of the 

deactivating or protecting group without loss or scrambling o f  the 

incorporated label. The direct alkylation o f  monsubstituted hydrazines 

results in 1.1-disubstituted hydrazines rather than the desired 

1.2-unsymmetrical compounds. However, Zeller and coworkers have shown that 

masking of the active hydrazine hydrogens as urethanes allows anions to be 

generated which can be alkylated to prepare unsymmetrical hydrazines (6 )  . 
We found that a modification of this strategy was well suited for the 

preparation OF the deuterium labelled hydrazines 1. and 8. By using different 

hydrazine starting materials either of the desired labelled groups could be 

introduced in the alkylation step. No loss or scrambling o f  the incorporated 

label occurred on removal of the protecting groups. The methodology and 

reaction conditions were established with non-labelled substrates before the 

labelled compounds were prepared. The labelled hydrazines 1. and 8 then served 

as precursors to the labelled azoxy compounds. 

The l-methyl-2H,-2-benzylhydrazine hydrobromide 2 was prepared by 

The ben~ylhydrazine'~) 1 hydrogens 
The 

the reaction sequence shown in Scheme 1. 

were protected by formation of the benzyloxycarbonyl derivative 3(*). 
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p r o t e c t e d  compound 5 was then conver ted t o  i t s  an ion  by t rea tmen t  w i t h  NaH i n  

THF f o l l o w e d  by a l k y l a t i o n  w i t h  iodomethane-,H, f o r  21 h r  a t  25OC 

g i v i n g  5. The benzy loxycarbonyl  p r o t e c t i n g  groups were then  removed by 

t rea tmen t  w i t h  HBr and CH,CO,H ( 4  equ iv . )  i n  e the r ,  g i v i n g  t h e  

l a b e l l e d  hydrobromide s a l t  1 i n  92% y i e l d .  Treatment o f  5 w i t h  HBr o r  HC1 i n  

CH,CO,H as s o l v e n t  f o l l owed  by d i l u t i o n  w i t h  e t h e r  gave much lower  

y ie lds " ) .  

A sequence u s i n g  a ethoxycarbonyl  p r o t e c t i n g  group was a l s o  i n v e s t i g a t e d .  

The a l k y l a t i o n s  u s i n g  t h i s  method were much more r a p i d ,  b u t  t h e  removal o f  t h e  

ethoxycarbonyl  p r o t e c t i n g  occurred i n  o n l y  10% y i e l d  so t h e  method was 

abandoned. 

The ethoxycarbonyl  s t r a t e g y  was a l s o  used f o r  t h e  p r e p a r a t i o n  o f  

methylbenzyl-2H,-hydrazine hydrobromide g. The r e a c t i o n  sequence i s  

summarized i n  Scheme 1. A f t e r  p r o t e c t i o n  o f  t h e  methy lhydraz ine 2 as i t s  

bis-carbobenzoxy d e r i v a t i v e  4, t h e  an ion  was formed by r e a c t i o n  w i t h  NaH i n  

THF. The an ion  was a l k y l a t e d  w i t h  benzyl-,H, i o d i d e  a t  25OC f o r  3 h r  

g i v i n g  p i n  79% y i e l d .  The benzyl-,H, i o d i d e  was prepared f rom 

benzyl-,H, c h l o r i d e  b y  t h e  F i n k e l s t e i n  r e a c t i o n  (10)  . Attempted 

SCHEME 1 

RNHNH, 
1 2  

RCI NH,NH;ZHCI 

-0- 

RNHNHR'-HB~ 
? a  

-1- 

1,3 R = C,H,CH,; 2.4 R '  = CH,; 

5.1 R = C,H,CH2 R '  = CD, 

6.8 R = CH, R '  = C,D,CD, 

CBZ = C,H,CH,OCO 
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a l k y l a t i o n s  w i t h  benzy l  c h l o r i d e  r e q u i r e d  2 days and gave o n l y  40-50% y i e l d .  

The p r o t e c t i n g  groups were removed by  t r e a t m e n t  w i t h  HBr and CH,CO,H 

( 4  equ iv . )  i n  e t h e r  g i v i n g  g i n  93% y i e l d .  

The l a b e l l e d  compounds 1 and 8 were c h a r a c t e r i z e d  b y  l H  N M R  and chemica l  

i o n i z a t i o n  mass spec t romet ry .  The l H  NMR s p e c t r a  o f  1 and g were compared 

t o  those o f  t h e  u n l a b e l l e d  1-methyl-2-benzylhydrazine h y d r o c h l o r i d e  9 prepared 

by t h e  same method‘”). The s p e c t r a l  d a t a  o f  t h e  2H,-methyl compound 

- 7 and t h e  u n l a b e l l e d  compound 9 were i d e n t i c a l  excep t  t h a t  1 had no peak f o r  

t h e  me thy l  g roup a t  2.66ppm. The s p e c t r a l  d a t a  o f  t h e  ,H,-benzyl 

compound g was i d e n t i c a l  t o  t h a t  o f  9 excep t  t h a t  g had no peak f o r  t h e  

methylene group a t  4.30ppm and no peak f o r  t h e  a romat i c  p ro tons  a t  7.38ppm. 

The lH NMR spec t ra  o f  1 and g showed no l o s s  o r  sc ramb l ing  o f  e i t h e r  

deu te r ium l a b e l  when t h e  s p e c t r a  were compared t o  those o f  t h e  u n l a b e l l e d  

hyd raz ine  9 o r  w i t h  t h e  l a b e l l e d  p r e c u r s o r s  5 and 6. The chemica l  i o n i z a t i o n  

mass spectrum o f  1 gave a base peak a t  m/z 140 co r respond ing  t o  l o s s  o f  B r  i o n  

f rom t h e  p a r e n t  s t r u c t u r e .  No s i g n  

t h e  deu te r ium l a b e l  were observed. 

gave a base peak a t  m/z 144 due t o  

f i c a n t  peaks a t  m/z 137-139 due t o  l o s s  o f  

The chemica l  i o n i z a t i o n  mass spec t rum o f  g 

loss  o f  B r  i o n  f rom t h e  p a r e n t  s t r u c t u r e .  

A f ragment a t  m / z  113 due t o  l o s s  of  CH,WH, and a f ragment f o r  t h e  

p e r d e u t e r i o t r o p y l i u m  i o n  a t  m/z 98 were a l s o  observed. N o  peaks due t o  t h e  

l o s s  o f  t h e  deu te r ium l a b e l  were observed. 

The azoxy isomers o f  1. g and 3 were t h e n  prepared s y n t h e t i c a l l y  by  t h e  

r e a c t i o n s  shown i n  Scheme 2. The goa l  o f  t h e  me tabo l i c  s t u d i e s  o f  these 

compounds was t o  de termine wh ich  s i t e s  o f  t h e  azoxy isomers a r e  h y d r o x y l a t e d  

d u r i n g  a c t i v a t i o n  by  a n a l y s i s  o f  i s o t o p e  e f f e c t s  and p roduc t  i d e n t i f i c a t i o n .  

To do t h i s  i t  was necessary  t o  separa te  t h e  methy lazoxy  isomers l 4 ,  16 and 3 

f rom t h e  benzy lazoxy  isomers 13, 15 and by  semi -p repara t i ve  HPLC so  t h a t  

methabol isms o f  t h e  i n d v i d u a l  azoxy isomers  c o u l d  be observed. T h i s  was b e s t  

accompl ished by u s i n g  m i x t u r e s  of  known amounts o f  1, g and 9. 
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The benzylmethyl azo isomers lo. ll. - 12. were prepared as a mixture on a 

0.46mnol scale in a Reacti-Vial. The salts 7. g and were suspended in 

CH,Cl, and were neutralized with pyridine and oxidized with 

ligO(’2). Use of stronger bases such as Et,N caused significant 

isomerization o f  the azo isomers to hydrazones. The products were obtained by 

removal o f  the metallic Hg by filtration. The azo compounds a. ll. and 12 

were then converted directly to the azoxy isomers (see Scheme 2) by oxidation 

with m-chloroperbenzoic acid (MCPBA)(’3). After aqueous work-up, the benzyl 

azoxy isomers l3. B and II. were separated from the methylazoxy isomers PJ, 16 
and by semi-preparative HPLC using a reversed phase 5~ C,, column 

with 43% MeOH/H,O as the eluting solvent. The products were isolated by 

collecting and pooling like fractions, the MeOH was removed and the aqueous 

layer was extracted with CH,C12. There were two major peaks 

observed. Peak 1 contained the benzylazoxy isomers and peak 2 contained the 

methyl azoxy isomers. There was a small amount of overlap between peak 1 and 

peak 2 fractions that contained both isomers were discarded. The purity of 

SCHEME 2 

1 MCPBA 

9 ,  
13 ,’5,!? ‘4,EJL8 
PEAK 1 RN=NR 

. + 
HPLC 0 

PEAK 2 
!!, )6,2 

I ,  
RN=NR 
!,E,!? 

9,a.l3.14 R = C,H,CH, R ’  = CH, 

- - - -  7.11.15.16 R = C,H,CH, R ’  = CD, 

8.12.17.18 R = C,D,CD, R ’  = CH, ---- 
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t he  isomers was es tab l i shed  by examining peak 1 and peak 2 on an a n a l y t i c a l  

HPLC column con ta in ing  the  same packing as the  semi-preparative column. Both 

isomers were found t o  be >97% pure. 

The metabol ic  s tud ies  o f  t h e  i ndv idua l  methylazoxy. l4. 16. 18 and 

benzylazoxy. l3. -15. l7. isomers prov ides a unique oppor tun i t y  t o  determine 

which i s  t he  most important isomer. Since the  hydroxy lated m e t a b o l i t i e s  a re  

t o o  unstable t o  i s o l a t e .  pr imary k i n e t i c  i so tope  data w i l l  show which s i t e s  i n  

the azoxy isomers are hydroxy lated and t o  what ex ten t .  

EXPERIMENTAL SECTION 

The precursors f o r  t he  deuterium labe led  compounds methyl-nH, 

iod ide,  99.5 atom XD and benzyl-,H, ch lo r i de ,  98 atom XD were obtained 

from MSD Isotopes; S t .  Louis, MO. Hexane was d r i e d  over L iA lH ,  and was 

d i s t i l l e d  under N,. THF was p red r ied  over CaH, and then d i s t i l l e d  

from LiAlH, under N,. Acetone was d r i e d  over K,CO, and 

d i s t i l l e d .  A l l  deuterium labe led  products were s tored desiccated a t  -3OOC. 

M e l t i n g  po in ts  a re  uncorrected and were obta ined on a Fisher-Johns m e l t i n g  

p o i n t  apparatus. Mass spect ra were obtained on a Finnigan 4023 GC-MS-DS i n  

the chemical - ion izat ion mode w i t h  isobutane reagent gas. NMR spect ra were 

obtained on a Varian FT-80 spectrometer. Chemical s h i f t s  are repor ted 

r e l a t i v e  t o  Me,Si, 6=O. Gas chromatography was done on a Varian 

Aerograph 2100 gas chromatograph, equipped w i t h  a flame i o n i z a t i o n  de tec to r .  

Columns were 6 '  x 1 /4"  packed w i t h  prorapak QS o r  OV-225 packing. Preparat ive 

l a y e r  chromatography was performed on 2mm t h i c k  2OcmX 20cm s i l i c a  ge l  60 

F,,, p la tes ,  HPLC separations were done w i t h  an A l tex  l l O A  pump and A l tex  

153 UV de tec to r .  A n a l y t i c a l  separations were done w i t h  an u l t rasphere  00'5 

5 p  column using 10 mn 8 u l  a n a l y t i c a l  f l o w  c e l l  and a 2 0 ~ 1  i n j e c t i o n  

loop.  Preparat ive separations were done w i t h  an u l t rasphere  ODs 5 p  column 

10 mn ID x 25 cm w i t h  an u l t rasphere  ODS 5 p  pre-column us ing a 0.5 mn, 

2 p l  p repara t i ve  f l o w  c e l l  and a 200 p1 i n j e c t i o n  loop. 
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Benzylhydrazine (11: A f l a s k  was charged w i t h  hydrazine d ihyd roch lo r i de  

53 g (0.51 mol) which was s low ly  n e u t r a l i z e d  w i t h  255 m l  o f  4N KOH. To t h i s  

was added 12 m l  (0.08 mol) o f  benzyl c h l o r i d e  i n  35 m l  o f  E t O H  dropwise w i t h  

s t i r r i n g .  A f t e r  t he  a d d i t i o n  was complete, t he  r e a c t i o n  was heated under 

r e f l u x  w i t h  s t i r r i n g  f o r  1 h r .  The r e a c t i o n  m ix tu re  was cooled t o  room 

temperature and was ex t rac ted  w i t h  CH,Cl, ( 4  x 200 m l ) .  The combined 

organic  l aye rs  were d r i e d  over K,CO,. The so lvent  was removed under 

reduced pressure and t h e  product 1 was d i s t i l l e d  as a c l e a r  c o l o r l e s s  o i l  i n  

54% y i e l d :  bp 50-54OC/O.5 t o r r ;  lH NMR (CDC1,) d 3.14 (s,3H), 3.78 

(s.2H), 7.26 (s,5H); mass spectrum m/z ( r e 1  abund) 123 (100) MH', 106 (10) 
+ 

HH+-NH,~I ( 7 )  c,H,. 

1 .2-8is(benzrloxvcarbonyl) benzylhydrazine (2): A f l a s k  was charged w i t h  

3.0 g (24.6 mnol) o f  benzylhydrazine. 10 m l  o f  H,O and 10 m l  o f  e ther .  

The r e a c t i o n  m ix tu re  was cooled i n  an i c e  bath and 3.6 m l  (25.0 mnol) o f  

benzyl ch loroformate i n  12 m l  o f  e the r  was added dropwise w i t h  s t i r r i n g .  A 

second p o r t i o n  o f  benzyl ch loroformate 3.6 m l  (25.0 mnol) i n  12 m l  o f  e the r  

and a s o l u t i o n  o f  2.8 g o f  KOH i n  5 m l  o f  H,O were added separate ly  b u t  

simultaneously w i t h  s t i r r i n g .  A f t e r  t he  a d d i t i o n  was complete, the r e a c t i o n  

m ix tu re  was s t i r r e d  a t  0-5OC f o r  an a d d i t i o n a l  10-15 min. The r e s u l t i n g  

wh i te  p r e c i p i t a t e  was d i sso l ved  i n  250 m l  o f  e the r .  The laye rs  were separated 

and the  e the r  l a y e r  was washed w i t h  water ( 2  x 250 m l ) .  The organic l a y e r  was 

d r i e d  over Na,SO,. The so l ven t  was removed under reduced pressure. 

The r e s u l t i n g  wh i te  s o l i d ,  d r i e d  under vacuum weighed 8.21 g, 85%: mp 

80-81OC; 'H NMR (CDC1,) 6 4.70 (s,2H). 5.11 (s,ZH). 5.17 (s,2H), 

6.80 (brs ,  1H) .  7.30 (s.15H) mass spectrum, m/z ( r e 1  abund) 391 (37) MH', 

347 (100) MH+-CO,. 

1.2-Bis(benzyloxvcarbonyl~ methy lhrdraz ine (41: A f l a s k  was charged w i t h  

methylhydrazine 4.6 g (0.10 mol), 25 m l  o f  benzene and 10 m l  o f  water. The 

r e a c t i o n  was cooled t o  0°C i n  an i c e  bath. To t h i s  was added benzyl 

ch loroformate 28 m l  (0.20 mol) i n  50 m l  o f  benzene. Simultaneously a s o l u t i o n  
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o f  20 m l  o f  4.5 M KOH was added w i t h  the  l a s t  h a l f  OF t h e  benzyl 

cchloroformate s o l u t i o n .  The a d d i t i o n  was a t  a r a t e  such t h a t  t he  temperature 

d i d  no t  exceed 10°C. A f t e r  t he  a d d i i t i o n  was complete, t he  r e a c t i o n  was 

s t i r r e d  a t  room temperature f o r  12 h r .  The laye rs  were separated and the  

aqueous l a y e r  was ex t rac ted  w i t h  CH,Cl, ( 2  x 100 m l ) .  The combined 

organic l aye rs  were d r i e d  over Na,SO,. The so l ven t  was removed under 

reduced pressure. The r e s u l t i n g  wh i te  s o l i d  was r e c r y s t a l l i z e d  from 80% 

EtOH. The product 4, a wh i te  s o l i d  weighed 25 g. 80%: mp 71-72-C: 1H 

NMR (CDCl,) d 3.18 (s.3H). 5.13 (s.4H). 7.24 ( b r s ,  1H). 7.31 (s,lOH); 

mass spectrum, m/z ( r e 1  abund) 315 (45) MH', 271 (100) MH+-CO,. 

1.2-8is(benzyloxycarbonyl)-benz~l-2-meth~l-~H~-h~drazine (5): An 

oven d r i e d  round bottom f l a s k  w i t h  septum i n l e t ,  pressure equal ized a d d i t i o n  

funnel  and gas stopcock was evacuated and purged w i t h  N,. t he  r e a c t i o n  was 

run under a p o s i t i v e  N, atmosphere, The f l a s k  was charged w i t h  NaH 0.20 g 

(4.17 mmol) which was washed w i t h  15 m l  o f  d r y  hexane. To t h i s  was added 7 m l  

o f  d r y  THF. The reac t i on  was cooled i n  an i c e  ba th  and bis-l,2-(carbobenzoxy) 

benzylhydrazine 1.0 g (2.56 mmol) i n  8 m l  of d r y  THF was added dropwise w i t h  

s t i r r i n g .  A f t e r  t he  a d d i t i o n  was complete. t he  r e a c t i o n  was s t i r r e d  a t  0°C 

f o r  1 h r .  To t h i s  was added methyl-,H, i o d i d e  0.18 m l  (2.90 mnol) i n  

10 m l  o f  d r y  THF dropwise w i t h  s t i r r i n g  a t  0°C. A f t e r  t he  a d d i t i o n  was 

complete, t h e  r e a c t i o n  was s t i r r e d  a t  room temperature f o r  21 h r .  The 

r e a c t i o n  m ix tu re  was then poured i n t o  40 m l  o f  saturated NaCl s o l u t i o n .  The 

laye rs  were separated and the aqueous l a y e r  was ex t rac ted  w i t h  CH,Cl, 

( 3  x 40 m l ) .  The combined organic l aye rs  were d r i e d  over #a,SO,. The 

so lvent  was removed under reduced pressure. The product 5, a c l e a r  

c o l o r l e s s  o i l  weighed 1.0 g, 96%: I H  NMR (CDC1,) 6 5.17 (m.2H). 5.25 

(m.4H), 7.30 (s,15H); mass spectrum, m/z ( r e 1  abund) 408 (100) MH', 364 (78) 
+ 

MH -CO,. 

Benzvl-2H, Iod ide:  A round bottom f l a s k  w i t h  septum i n l e t  and gas 

stopcock was charged w i t h  NaI 1.5 g (10.0 mmol) evacuated and purged w i t h  
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N,. The r e a c t i o n  was run under a p o s i t i v e  N, atmosphere. To t h i s  was 

added 30 m l  o f  d r i e d  f r e s h l y  d i s t i l l e d  acetone and benzyl-,H, c h l o r i d e  

1.0 g (7 .5  mnol). A c a t a l y t i c  amount o f  anhydrous f e r r i c  c h l o r i d e  4 mg was 

added and the  r e a c t i o n  was s t i r r e d  a t  room temperature. The r e a c t i o n  was 

stopped a f t e r  20 h r .  The NaCl p r e c i p i t a t e  was removed by suc t i on  f i l t r a t i o n .  

The f i l t e r  cake was washed w i t h  benzene ( 2  x 25 m l ) .  The so lvent  was removed 

under reduced pressure. The res idue was d isso lved i n  15  m l  o f  d r y  THF and was 

f i l t e r e d  t o  remove a small  amount o f  MaCl. The s o l u t i o n  o f  

THF/benzyl-,H, i o d i d e  was protected from l i g h t  and was used immediately 

i n  the  next  reac t i on .  

1.2-Bis(benzyloxycarbonyl)-l-benzyl-2H,-2-methylhydrazine ( 6 ) :  An 

oven d r i e d  round bottom f l a s k  w i t h  septum i n l e t ,  pressure equalized a d d i t i o n  

funnel  and gas stopcock was evacuated and purged w i t h  N,. t he  reac t i on  was 

run under a p o s i t i v e  N, atmosphere. The f l a s k  was charged w i t h  NaH 0.26 g 

(5.5 mmol) which was washed w i t h  1 5  m l  o f  d r y  hexane. The NaH was covered 

w i t h  5 m l  o f  d r y  THF and the  system was cooled i n  an i c e  bath. To t h i s  was 

added 1.2-bis(benzy1oxycarbonyl)methylhydrazine 1.05 g ( 3 . 3  mnol) i n  10 m l  o f  

d r y  THF dropwise w i t h  s t i r r i n g .  A f t e r  t he  add 

was s t i r r e d  a t  0°C f o r  1 h r .  To t h i s  

(7.0 mnol) i n  15 m l  o f  d r y  THF, prepared i n  

a d d i t i o n  was complete. t he  r e a c t i o n  was s t  

r e a c t i o n  m ix tu re  was c a u t i o u s l y  poured i n t o  

t i o n  was complete, t he  reac t i on  

was added benzyl-2H,-iodide 

the prev ious step. A f t e r  the 

r r e d  a t  25°C f o r  3 hr .  The 

30 m l  o f  co ld  saturated NaCl 

s o l u t i o n .  The laye rs  were separated and the  aqueous l a y e r  was ex t rac ted  w i t h  

CH,Cl, ( 3  x 30 m l ) .  The combined organic  l aye rs  were d r i e d  over 

Na,SO,. The so lvent  was removed under reduced pressure. The 

r e s u l t i n g  orange o i l  was p u r i f i e d  by p repara t i ve  l a y e r  chromatography on 

s i l i c a  ge l  p l a t e s  which were developed w i t h  CHC1,. The band w i t h  

Rf=0.40 was cut-out and e lu ted  w i t h  1% MeOH/CHCl,. A f t e r  removal o f  t he  
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solvent under reduced pressure, the product 6 was obtained as a clear yellow 

oil 1.07 g. 79%: lH NHR (CDC1,) d 2.83 (m.3H); 4.99-5.26 (m,4H), 7.29 

(s,lOH); mass spectrum, m/z (re1 abund) 412 (100) MH+, 368 (55) 

MH-CO,, 276 (15) NH-CO,CH,Ph+. + 

l-Ben~yl-2-methyl-~H,-hydrazine Hydrobromide ( 7 )  : A round bottom 

flask with gas inlet tube and gas stopcock attached to a gas trap was charged 

with 1,2-bis(benzyloxycarbonyl)-l-benzyl-2-methyl-2H~-hydrazine 2.1 g 

(5.1 mnol) dissolved in 25 ml- o f  dry ether. To this was added glacial acetic 

acid 1 . 5  ml (23.8 mnol). The solution was then continuously saturated with 

hydrogen bromide gas f o r  3 hr. After the addition was complete, the reaction 

was stirred at room temperature f o r  an additional 30 min. The resulting white 

precipitate was isolated by suction filtration. The product was washed with 

ether (4 x 30 ml). The product 7, was a hygroscopic white solid which 

weighed 1.04 g, 92%: mp 13O-13l0C; lH NMR (DMSO-d,) d 4.10 (s,2H), 

7.38 (s,5H), 8.44 (brs, 3H); mass spectrum, m/z (re1 abund), 140 (100) N-8r. 

l -Ben~yl-~H~-2-methylhydrazine Hydrobromide (8): A round bottom 

flask with gas inlet tube and gas stopcock attached to a gas trap was charged 

with bis-1,2-(carbobenzoxy)-l-benzyl-2H7-2-methylhydrazine 1.65 g 

(4.0 mnol) dissolved in 1 5  ml o f  dry ether. To this was added glacial acetic 

acid 1.0 ml (16.0 mnol). The reaction was stirred at room temperature and was 

continuously saturated with hydrogen bromide gas f o r  3 hr. After the addition 

was complete. the reaction was stirred at room temperature f o r  an additional 

1 hr. The resulting white precipitate was isolated by suction filtration. 

The product was washed with ether (3 x 40 m l ) .  The product was dried in vacuo 

at 1.4 tort-. The product 8 was a white solid which weighed 836 mg, 93%: mp 

127-129OC; lH NMR (DMSO-d,) d 2.69 (s.3H), 8.18 (brs.5H) mass 

spectrum, m/z (re1 abund) 144 (100) H-Br, 113 (58) M-Br-MeNH:, 98 (53) 

C7D:. 

Benzylmethylazo isomers (10, 1 1 ,  12): A 5 ml Reacti-Vial was charged with 

27 mg (0.16 mnol) of methyl-2-benzylhydrazine hydochloride, 35 mg (0.16 mnol) 

o f  methyl-zH,-2-benzylhydrazine hydrobromide ?nd 32 mg (0.14 m o l )  o f  
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methyl-2-ben~yl-~H,-hydrazine hydrobromide. The compounds were 

suspended i n  4 m l  o f  CH,Cl,. The s a l t s  were then n e u t r a l i i z e d  w i t h  

37 p1 (0.46 m o l )  o f  p y r i d i n e .  The r e a c t i o n  m ix tu re  was then ox id i zed  by 

the  a d d i t i o n  o f  100 mg (0.46 m o l )  o f  mercuric oxide. The r e a c t i o n  was 

stopped a f t e r  1 h r .  The p r e c i p i t a t e  was removed by f i l t r a t i o n  and was washed 

w i t h  5 m l  o f  CH,Cl,. The f i l t r a t e  was used imnediate ly .  

Methylbenzylazoxy isomers (13-181: The CH2C1, f i l t r a t e  o f  10-12 

from the  prev ious r e a c t i o n  was cooled i n  an i c e  bath and 238 mg (1.37 mnol) o f  

m-chloroperbenzoic a c i d  i n  10 ml o f  CH,Cl, was added dropwise w i t h  

s t i r r i n g  a t  0°C. A f t e r  t he  a d d i t i o n  was complete, t h e  r e a c t i o n  was s t i r r e d  

a t  O°C f o r  30 min. and then a t  25OC f o r  19 h r .  The r e a c t i o n  m i t u r e  was 

t r e a t e d  w i t h  5% sodium s u l f i t e  s o l u t i o n  and was n e u t r a l i z e d  t o  pH 9 w i t h  

Na,CO,. The laye rs  were separated and the  aqueous l a y e r  was ex t rac ted  

w i t h  CH,Cl, ( 3  x 10 m l ) .  The combined organic  s o l u t i o n s  were 

evaporated under N,. The res idue was d i sso l ved  i n  150 p l  o f  NeOH and 

was p u r i f i e d  by semi-preparative HPLC. 

Separation o f  t h e  methylbenzylazoxy isomers: The s o l u t i o n  o f  13-18 i n  

MeOH was i n j e c t e d  on a 10 mn ID x 25 cm u l t rasphere  ODs 5 p column w i t h  

pre-column us ing  43% MeOH/H,O as t h e  so l ven t  a t  a f l o w  r a t e  o f  1.9 ml/mSn 

monitored a t  254 nm. F rac t i ons  were c o l l e c t e d  corresponding t o  t h e  two major 

peaks w i t h  tR=60 min (peak 1) and tR=88 min (peak 2) a t  a c h a r t  speed of 

5 min/cm. F rac t i ons  t h a t  contained ove r lap  o f  t h e  two peaks were discarded. 

The peak a t  tR=60 min contatned t h e  benzyl-(0")-azoxymethane compounds 9. 

l5, 11. The peak a t  tR=88 min contained t h e  bentyl-("0)-azoxyrnethane 

compounds 14, fi, - 18. The f r a c t i o n s  were concentrated t o  5 m l  and then 

ex t rac ted  w i t h  CH,Cl, (3  x 5 ml). The organic  s o l u t i o n s  were 

concentrated t o  dryness under a stream o f  N,. The samples were then 

d isso lved i n  EtOH and were used f o r  metabol ic  s tud ies.  
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