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SYNTHESIS OF RNGULhR BENZODIPYRAZOLES AND RELATED SYSTEMS 
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Abs t rac t  - A s e r i e s  of  benzo[l,2-~:3,4-c']dipyrazoles - was prepared from cyclohexane- 

1.3-dione. Several r e l a t e d  systems w i t h  d i f f e r e n t  c e n t r a l  r i n g s  were a l so  prepared. 

I n  add i t i on ,  benzo[1,2-c:4,3-~']dipyraroles vere synthesized from 1,4- 

cyclohexanedione monoethylene k e t a l .  

We recen t l y  descr ibed syntheses of  l i n e a r  benzodipyraroles,  namely, benzo[ l ,Z -c :5 ,4 -c r ]d ipyr -  

az0 les . l  The parent  compound of t h i s  r i n g  system i s  shown below. Since these compounds were 

found t o  be adenosine an tagon is ts ,  and some were more po ten t  than t heophy l l i ne ,  we subsequently 

designed syntheses of r e l a t e d  angular benzodipyrazoles.  This r e p o r t  descr ibes the preparat ion 

of  benzo[l,2-c:3.4-c']dipyraroles and benro[1,2-c:4,3-c']dipyrazoles. Also descr ibed  a re  other 

systems r e l a t e d  t o  the  angular  systems v i t h  mod i f ied  c e n t r a l  r i n g s .  

Syntheses of t h e  tetrahydroindazolones requ i r ed  f o r  t h e  p repa ra t i on  o f  benzo[ l ,Z-c:3,4-cr ]d i -  - 

pyrazoles are shown i n  Scheme I. Treatment o f  cyclohexane-1.3-dione (L) w i t h  sodium acetate and 

ace t i c  anhydride gave t r i o n e  (3,' which was converted t o  indazolones (g)' and (3)l v i t h  

hydrazine and methylhydrazine, r espec t i ve l y .  Enamine dione (9, which i s  access ib le  from and 

dimethylformamide dimethyl  ace ta l ,  gave indarolones (z) and ( 3 d ) l  when t r e a t e d  w i t h  methylhy- 

drazine and benzylhydrazine,  r espec t i ve l y .  
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Scheme I 

3. R=H (94%) 
- 3b, R= CH, (96%) 

Tetrahydroindazolones (E) vere converted t o  the  angular dihydrobenzo[l.Z-c:4,3-c2]dipyr- 

azoles (3) and corresponding f u l l y  unsaturated compounds (E) as shown i n  Scheme 11. 

Treatment of 3b-d wi th  e thy l  formate and sodium hydr ide i n  e i t h e r  to luene or tetrahydrofuran and 

a few drops o f  ethanol gave g k e t o  aldedydes (w), respec t i ve l y .  To e f f e c t  the formylat ion of 

(3). the d ian ion was generated w i th  l i t h i u m  diisopropylamide (LDA) and t reated w i t h  e thy l  

fo rnate  a t  -78.C t o  g ive  (x). Acety la t ion  o f  3 and was e f fec ted by anion generation v i t h  

LDA fol lowed by treatment w i t h  acety l  ch lor ide .  Two equivalents of LOA were used w i t h  s, one 

o f  which presumably t r aps  the r e s u l t i n g  ac id i c  m i k e t o n e  as i t s  l i t h i u m  enolate. Three 

equivalents of LOA vere requ i red f o r  2, an ex t ra  equivalent being needed t o  abst rac t  the ac id ic  

NH hydrogen. When 2 was t rea ted  v i t h  two equivalents of LDA, a complex mix ture  o f  products was 

Observed a f t e r  treatment v i t h  acety l  ch lor ide .  When two equivalents of l i t h i u m  bis( t r imethy1- 

s i l y1)an ide vere employed, however, a 67% y i e l d  of g was obtained. 
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Scheme II 

R l  
.ad 

base 

or 

CH,NHNH, - 
R l  \ decalin \ 

R l  R l  

2%. RI=H; Rz=CH3 7o-a &=i 
h. Rt=CHz; Rz=H (See Table I) (See Table II) 

R1=C6H5CH2 ; Rz=H (67%) 

Treatment o f  p d i c a r b o n y l  compounds (w). (s), (E), and (g) w i t h  hydrazine and methylhydra- 

z i ne  gave tetrahydrobenzo[l,Z-g:3.4-gr]dipyraroles (m), or t h e i r  immediate precursors 

which are d isp layed i n  Table I. Compounds which were produced d i r e c t l y  by c y c l i z a t i o n  o f  8- 

d icarbony l  u n i t s  w i t h  hydrazines were prepared by Method A (see Experimental Sec t ion  far a  

d e t a i l e d  d e s c r i p t i o n  o f  methods). Canpounds prepared by Method B a re  those i n  which an 

add i t i ona l  a l k y l  group was added t o  the  newly formed pyrazo le  r i n g  by an a l k y l a t i o n  s tep  ( d i .  

methyl fornanide,  sodium hydr ide ,  and the  appropr ia te  a l k y l  i o d i d e ) .  Method C i nd i ca tes  t h a t  

removal o f  a benzyl group (sodium i n  l i q u i d  ammonia) was the  f i n a l  s tep .  

Compounds o f  Table I (3) were t r e a t e d  w i t h  5% PdIC i n  d e c a l i n  t o  produce the  dihydro-  

benro[l.2-c:4.3-c'ldipyrazoles (w) which are d isp layed i n  Table 11. 
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Tab le  I. 1,4.5.6- and 2 ,4 ,5 ,6 -Te t rahydrobenzo[1 ,2 -c :3 ,4 -g ]d ipyrazo les  

- 

Cpd No. R1 R2 R3 ah R5 Yield ( X )  mp ( o c ) ~  nethodb 

7aC - CH3 B p - H 51 222-226 (dec) A 
7 b CH3 H - H 80 242-245 A - 
7c cH3 H . CH3 H 33 140-145 B 
7;i CH, H H . CH? 8 1  184-186 A 

2 

&Spec t ra l  d a t a  were c o n s i s t e n t  w i t h  s t r u c t u r e  (see Exper imenta l  S e c t i o n ) .  E m p i r i c a l  
fo rmu la  was s u b s t a n t i a t e d  by combustion a n a l y s i s  o r  h i g h  r e s o l u t i o n  mass spectrometry .  

bSee Exper imenta l  S e c t i o n  f o r  a  d e s c r i p t i o n  of t h e  methods employed 

e isolated as t h e  monohydrochlor ide s a l t .  

Tab le  11. 1,s- and 2,6-Oihydrobenzo[1,2-c:3,4-c']dipyrazoles 

Rl 

C D ~  NO. R7 R7 RL R5 Yield (I) mp ('C)= 

- - 

'Spec t ra l  da ta  were c o n s i s t e n t  w i t h  s t r u c t u r e  (see Exper imenta l  S e c t i o n ) .  
E m p i r i c a l  fo rmu la  was s u b s t a n t i a t e d  by combust ion a n a l y s t s  o r  h i g h  r e s o l u t i o n  
mass spec t romet ry .  
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Cyc l i za t i on  o f  1,3-dicarbonyl  compounds w i t h  ne thy lhydraz ine  gave mix tu res  which were separated 

e i t h e r  by s e l e c t i v e  r e c r y s t a l l i z a t i o n  techniques or  f l a sh  chromatography. S t r u c t u r a l  assign- 

ments were made on t h e  bas i s  of  'H nmr chemical s h i f t  p o s i t i o n s  and nuc lear  Overhauser enhance- 

ment (noe) e f f ec t s .  Th is  i s  i l l u s t r a t e d  by the  assignment of  s t r u c t u r e s  f o r  bo th  and If 

which were produced i n  approximately equimolar amounts from g (Scheme 111). Chemical s h i f t s  

f o r  the N1-CH, and N6-CH, groups i n  the  'H nmr (C0,OO) spectrum of  7e were assigned a t  6 4.15 

and 6 3.95. r espec t i ve l y ,  wh i l e  the  N2-CH, and N6-CH, o f  If were assigned a t  S 3.98 and 6 3.93,  

r espec t i ve l y .  The an iso t ropy  of  the N6,N7-pyrazole r i n g  causes the  N1-CH, group o f  t o  

Scheme Ill 

N-NH 

IP + a  + 
DMF (20%) (29%) 

\ 
Zrl ' 3 3  

\ 
9 (5%) CH3 

appear a t  s i g n i f i c a n t l y  lower f i e l d  than does the  N2-CH, of  If. Mbreover, when the  N1-CH, of  7e 

was i r r a d i a t e d ,  i n  an nOe experiment, the  C8-H s i gna l  a t  S 8.15 was enhanced, i n d i c a t i n g  a 

proximal  r e l a t i o n s h i p .  No C8-H s i gna l  enhancement a t  6 7 .90  was observed when the  N2-CH, s igna l  

of was i r r a d i a t e d .  

8enzodipyrazoles ( E )  and (If) were a l s o  prepared by methy la t ing  z, which was r e a d i l y  obtained 

i n  h i gh  y i e l d  from d ike tone ( g )  (Scheme 111). I n  a d d i t i o n  t o  nonoa lky la ted  products (Z) and 

(If) we obtained condensed 1,2-diazepine (!), which a r i ses  from t r i a l k y l a t i o n  and the  invo lve-  

ment o f  so lven t  as a reac tan t .  A proposed mechanism f o r  the  fo rmat ion  o f  9 i s  presented i n  

Scheme IV. wherein the  major monoalkylated product  ( Z )  i s  f i r s t  methylated a t  C-3a v i a  enamine 
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a c t i v a t i o n  t o  g ive  intermediate (10). Subsequent methylat ion o f  the  exomethylene enamine pro- 

vides enamine (g), which reacts w i t h  dimethylformamide as shown t o  g ive  z w i t t e r i o n i c  i n t e r -  

mediate (12). Hydro lys is  of a f t e r  quenching the react ion  would g ive  the  hydrazone dione 

( g ) .  which cyc l i zed  t o  9_ v i a  a d d i t i o n  o f  the  methylamino nuc leoph i le  t o  the  f o rny l  group. 

C y c l i r a t i o n  of intermediate (13) by add i t i on  o f  the methylamino nucleophi le t o  the ketone was 

ru led out  s ince the product d id  no t  conta in  an aldehyde f u n c t i o n a l i t y .  1H nnr ,  I 3 C  nmr and mass 

spect ra l  data were cons is tent  w i t h  the proposed diazepinone (z), as was the combustion ana lys is .  

T O  vary the r e l a t i v e  pos i t i ons  o f  the pyraro le  r i ngs  t o  study the e f f e c t  on receptor i n t e r -  

ac t ion ,  compounds were synthesized i n  which the cent ra l  r i n g  of the benrodipyrazoles was smaller 

and la rger  by one methylene u n i t .  The syntheses o f  cyclopenta[l,Z-c:3,4-~]dipyrazoles (18) 

and (2) are shown i n  Scheme V .  Enamine dione (14)' was t reated w i t h  benzylhydrazine t o  give 15 

(53%), the i s o l a b l e  product o f  a Michael add i t ion-e l iminat ion  sequence. Cyc l i za t i on  t o  cyclo- 

pentapyrazolone (16) (44%) was e f f ec ted  w i th  p-toluenesul fonic ac id  i n  to luene. Formylat ion of 

16 wi th  sodium hydr ide  and e thy l  formate gave 17 (86%) which cyc l i zed  w i t h  hydrazine i n  methanol - 

t o  cyclopentadipyrarole (18) i n  86% y i e l d .  Deprotect ion of g3 w i t h  sodium i n  l i q u i d  ammonia 

gave 2 i n  50% y i e l d .  

The synthesis of compounds where the cen t ra l  r i n g  i s  one nethylene u n i t  l a r g e r ,  namely, cyclo- 

hepta[l,Z-c:3.4-c']dipyrazoles, i s  shown i n  Scheme V I .  Although cycloheptane-1,3-dime was a 

po ten t i a l  s t a r t i n g  mater ia l  for t h i s  r i n g  system, the known methods o f  synthesis are tedious and 

ine f f i c ien t . ' ,S  Since r i n g  expansion react ions  using e thy l  diazoacetate i n  the presence o f  a 

Levis ac id  such w boron t r i f l u o r i d e  etherate have been reported.6,' i t  seemed a t t r a c t i v e  t o  

attempt such a r i n g  expansion w i th  1,5.6.7-tetrahydro-1-methylindazol-4-on (z), which i s  

read i l y  ava i lab le . '  Although carbon i nse r t i on  v i t h  e thy l  d iaroacetete normal ly occurs on the 

leas t  hindered s ide of unsymmetrical ketones,' the major product which was i so la ted  from s a n d  

excess e thy l  d iazoacetate,  a f t e r  i nse r t i on ,  hydro lys is  and decarboxylat ion,  was ketone (2). the 

product a r i s i n g  from i n s e r t i o n  on the g hindered s ide o f  ketone (g). Ketone (z), t h e  

product a r i s i n g  from i n s e r t i o n  on the l eas t  hindered side, was also produced, along w i t h  

cyclooctanone (z), which arose from i n s e r t i o n  on both sides o f  the ketone. Mass balance for 

the th ree steps of Scheme V I  was a modest 20%. and the r a t i o  o f  g : c : z  was approximately 

1:2.5:1. 

The s i g n i f i c a n t  amount of i n s e r t i o n  by e thy l  diazoacetate a t  the most hindered s ide o f  ketone 

(g) suggested pyrazole p a r t i c i p a t i o n .  A proposed mechanistic i n t e r p r e t a t i o n  o f  t h i s  

involvement i s  shown i n  Scheme V I I ,  where intermediate (2) i s  produced from nuc leoph i l i c  at tack 
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of e t h y l  d iazoacetate a t  the  4 -pos i t i on  of  c. Pyrazole assistance i n  the  expu ls ion  o f  n i t r o -  

gen, as shown, would produce the  z w i t t e r i o n i c  cyclopropane in te rmed ia te  (24) .  A l t e r n a t i v e l y ,  24 - 
could  a r i s e  from Pyrazole (26) by the  l oss  of  n i t r ogen  as shown. Pyrazole (26) i s  the p ro j ec ted  

product  of c yc l oadd i t i on  of  and e t h y l  d i a roace ta te .  F i n a l l y ,  in te rmed ia te  (24) cou ld  undergo 

r i n g  expansion by rearomat iza t ion  of  the  py ra ro l e .  

Scheme IV 

00 CH3 

@H3)2N%,N DMF 

CH3 
- 

\ 
12 CH3 

,CH 3 

H N 
\ 

O O N  

\ 
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Scheme V 

C,H5CH2NHNH2 & CHNHNHCH,C6H, 

CH30H, 5 N  NaOH 
53% 

1 4  O - 1 5  

1 HOTS 
toluene 

44% 

NaH - 
HC02C2H, 

76% 

Scheme VI 

\ 2) K0H.A 
A CH, 3) HCl, A - 20 CH, - 21 CH, 22 CH, 

20% 
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Scheme VII 

CH3 

N,CHCO,CH,CH, N,CHCO,CH,CH, 
1.2 attack on carbonyl [2+3]cycloaddition 

N / \ 

23 CH, - 

\ - ~ 2  

24  CH, - 

The prepara t ion  of  cyclohepta[l,Z-c:3,4-cr]dipyrazoles from 20 i s  shown i n  Scheme V I I I .  Ace- 

t y l a t i o n  o f  the  anion o f  generated v i t h  LOA gave p d i k e t o n e  (z), which was condensed w i t h  

hydrazine t o  produce cycloheptadipyrazole (28).  Formylat ion o f  20 v i t h  e thy l  formate gave p 

keto aldehyde (g), which was condensed w i t h  hydrazine t o  g ive  30 and w i t h  methylhydrazine t o  

give the  isomer ic  cycloheptadipyrazoles (31) (28%) and (32) (54%). 
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Scheme Vl l l  

1) H2NNH2 CH~&; 
:$.,N "I 2) CH,OH HCI 

\ \ 61 % \ 
Zn CH, 22 CH, 28 CH, 

HC02C,H, 
NaH 
THF 

88% 

2 9  CH, 3!2 CH, 

3 CH, - 32 CH, 

Two se ts  o f  fused d ipyrazo le  r i n g  systems were a lso  prepared i n  which the  cen t ra l  six-membered 

r i n g  cou ld  no t  be me tabo l i ca l l y  aromat i red.  Formylat ion of  @-dimethylindazolone ( g ) , '  by 

generat ion o f  the anion w i t h  LOA i n  tetrahydrofuran and hexamethylphosphoramide (HMPA) and 

treatment w i t h  e thy l  formate gave e k e t o  aldehyde (3) (52%). which c y c l i z e d  on t reatment wi th 

hydrazine t o  g ive  benrod ipyraro le  (2) i n  75% y i e l d ,  as shown i n  Scheme I X .  Treatment o f  2 
w i t h  methylhydrszine gave the  isomeric benzodipyrazoles (36) (54%) and (2) (43%), which were 

separated by f r a c t i o n a l  r e c r y s t a l l i z a t i o n .  

The other fused r i n g  system i n  which t he  cen t ra l  r i n g  o f  the  fused d i p y r a r o l e  cou ld  no t  be 

me tabo l i ca l l y  ox id ized t o  an aromatic r i n g  was t he  th iopyrano[3 ,2 -c :5 ,4 -~]d ipyrazole  system 

shown i n  Scheme X .  Formylat ion o f  1 , 4 , 5 , 7 - t e t r a h y d r o - l - n e t h y l - 4 - o x o t h i o p y r a n [ 3 4 - ] p y r a z o l e  

(38) by treatment o f  the  sodium enolate w i t h  e thy l  formate gave e k e t o  aldehyde (2) (75%). 

Treatment o f  2 v i t h  hydrazine and benzylhydrazine gave th iopyranod ipyraro les  (40) (93%) and 

(2) (69%). r espec t i ve l y .  Ox ida t ion  of  40 and 43 v i t h  one equ iva len t  o f  m-chloroperoxybenzoic 
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a c i d  (?I-CPBA) gave su l f ox i des  (41) (93%) and (44) (51%), r espec t i ve l y ,  wh i l e  o x i d a t i o n  of 40 - 
w i t h  two equ iva len ts  o f  !-CPBA gave sul fone (42) (67%). I t  was recognized t h a t  ox i da t i on  a t  

Sul fur  cou ld  Occur me tabo l i ca l l y .  The p o s i t i o n  of t h e  benzyl group on 44 was d e f i n i t e l y  shown 

t o  be a t  C 1  by an nOe study.  I r r a d i a t i o n  of  the  benzyl methylene group o f  2 produced an nOe 

e f f e c t  on C8-H and no nOe e f f ec t  on C3-H. 

Thus. Schemes I - X  descr ibe  s y n t h e t i c  rou tes  t o  benro[l,Z-c:3,4-cf]dipyrazoles and r e l a t e d  

angular systems. We had e a r l i e r a  attempted the  convers ion o f  r e a d i l y  a v a i l a b l e  1,5,6,7- tetra-  

hydroindazol-4-ones (Scheme I ) ,  us ing  1,Z-carbonyl t r a n s p o s i t i o n  methodology,* t o  the  isomeric 

5-ones, which were viewed as s t a r t i n g  ma te r i a l s  fo r  benzo[l,Z-~:4,3-cr]dipyrazoles, - the angu- 

Scheme IX  

LDA, HMPA 

CH3 aN \ HC02C2H5. 52% THF 
CH3 - 33 CH, 

CH3 
\ 

CH3 - 35 CH, 

CH3 
\ 

36 CH, 
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- C H 3 3 7  - CH3 
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Scheme X 

HO 0 

hN 
NaH, HC02C,H5 

s THF (C,H,OH) 
\ 75% a N  \ 

38 CH3 - - 39 CH3 

l a r  " f l i p p e d "  systems. Since t h i s  convers ion was unsuccessful ,  a new rou te  t o  1,4,6,7- tetrahy- 

droindarol-5-ones was sought. Treatment of 1,4-cyclohexadione nonoethylene k e t a l  (45) w i t h  

sodium hydr ide  and e t h y l  formate i n  te t rahydro fu ran  con ta i n i ng  a drop o f  ethanol  p rov ided the 

formylated cyclohexanone (5) i n  68% y i e l d ,  as shown i n  Scheme X I .  Dropvise a d d i t i o n  of methyl- 



54 HETEROCYCLES, Vol. 32, NO. 7, 7997 

hydrazine t o  a  co ld  s o l u t i o n  of  46 i n  methanol gave the  pro tec ted  indazolone (47) i n  76% y i e l d .  

I n t e r e s t i n g l y ,  the  r e g i o s e l e c t i v i t y  of  t h i s  condensation was l o s t  a t  h igher temperature. 

Add i t ion  of  methylhydrazine t o  46 i n  methanol a t  r e f l u x  gave a  1:l r a t i o  o f  9 and i t s  2-methyl 

Scheme XI  

HCO,C,H,, NaH - 
THF (C,H,OH) 

68% 

10% HOAc 

1 
56% 
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isomer. oepro tec t ion  o f  47 w i t h  10% a c e t i c  a c i d  af forded the key in te rmed ia te  (c), 1,4,6,7- 

tetrahydro-I-methylindazol-5-one, i n  56% y i e l d .  Condensation o f  48 w i t h  N,N-dimethylformanide 

d i ae thy l  ace ta l  gave enamino ketone (9) (93%) which was t r e a t e d  w i t h  hydrazine t o  a f fo rd  the 

" f l i p p e d "  angular  benrodipyrazole.  3,4,5,6-tetrahydro-3-nethylbenzo[l,2-c:4,3-~']dipyrazole - 

(50) i n  74% y i e l d .  Dehydrogenation o f  50 w i t h  5% PdlC i n  deca l i n  gave t h e  f u l l y  unsaturated 

benzodipyrazole (2) i n  69% y i e l d .  

I n  summary, we have descr ibed v e r s a t i l e  s y n t h e t i c  rou tes  t o  angular benro[l,Z-c:3.4-cf]dipyr- 

a ro l es  and r e l a t e d  systems w i t h  d i f f e r e n t  c e n t r a l  r i ngs ,  and benzo[l,2-c:4.3-c']dipyrazoles. 

This  methodology should prove use fu l  fo r  the  cons t ruc t i on  o f  a d d i t i o n a l  t r i c y c l i c  heterocycles 

o f  b i o l o g i c a l  i n t e r e s t .  

EXPERIMENTAL 

A l l  me l t i ng  p o i n t s  a re  uncorrected.  The i r  spec t ra  were recorded w i t h  Perkin-Elmer Model 7278 

and Model 1310 spectrophotometers, nmr spec t ra  w i t h  Perkin-Elmer R-32 (90 MHz), Var ian EM-360A 

and Var ian XL-300 ( n u l t i n u c l e a r  probe) spectrometers, and mass spec t ra  w i t h  a Finnigan gclas 

Model 4023 ( e l e c t r o n  impact and chemical i o n i z a t i o n )  mass spectrometer. F lash  chromatography 

was done on s i l i c a  gel  us ing  the  so l ven t  system spec i f i ed .  Combustion analyses f o r  C.  H and N 

were performed by Marion M e r r e l l  Oow A n a l y t i c a l  Labora to r ies ,  C i n c i n n a t i ,  Ohio. A l l  new 

s t r uc tu res  a re  supported w i t h  combustion analyses or hrms data, w i t h  the except ion  of 

indazolones (3d), ( 21 ,  (y), (9). (s), and (g), and cycloheptapyrazolones (20) and (21). 

1,5,6,7-Tetrahydro-9-.ethylindazol-4-one (3). To an i c e  c o l d  s o l u t i o n  o f  33.3 g (0.220 m l )  o f  

i n  400 m1 of methanol was added, dropwise, a s o l u t i o n  o f  7 .20  m l  (0.220 mol) o f  hydrazine i n  

50 m1 of  methanol. A f t e r  20 h a t  r e f l u x ,  the  s o l u t i o n  was concentrated and the  res idue was 

t r i t u r a t e d  w i t h  e ther  t o  g i v e  31.0 g (94%) of  2 as a yel low, c r y s t a l l i n e  s o l i d ,  mp 154-157°C 

( l i t . l o  mp 152-154'C); 'H nmr (OMSC-d,) 6 13.4-12.7 (b r  s, lH ,  NH), 2.73 ( t ,  5=6 Hz, ZH, CH,), 

2.37 ( s ,  3H, CH,), 2.66-1.80 (in, 4H, CH,CH,). 

1,5,6,7-Tetrahydro-1,3-dimethylindazol-4-one (W). To an i c e  c o l d  s o l u t i o n  of  30.0 g 

(0.200 mol) o f  2 2  i n  200 m l  o f  methanol was added, dropwise, a s o l u t i o n  o f  11.0 m l  (0.200 mol) 

o f  methylhydrazine i n  50 m1 of  methanol. A f te r  hea t i ng  a t  r e f l u x  f o r  90 min the  s p l u t i o n  was 

concentrated and the  res idue was t r i t u r a t e d  w i t h  hevane t o  g i v e  31.6 g (96%) of 3, mp 82.5-84°C 

(toluene-hexane) ( l i t . ]  mp 83-87°C); 'H nmr (CDC1,) 6 3.70 (s,  3H, NCH,), 2.73 ( t ,  J=6 Hz, 2 ~ ,  

CH,), 2.40 (5 ,  3H, CCH3), 2.60-1.90 (in, 4H, CH,CH,). 
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1,5,6,7-Tetrahydro-l-(pheny1methyl)indazol-4-one ( g ) .  A m i x tu re  of  7.80 q  (40.0 mmol) of 

benry lhydrazine d ihydroch lo r ide ,  100 m l  o f  methanol and 16.0 m l  o f  5  N sodium hydroxide s o l u t i o n  

was s lowly  added t o  an i c e  c o l d  s o l u t i o n  of 6.70 q  (40.0 nno l )  of i n  100 m l  o f  methanol. The 

reac t i on  mix tu re  was heated a t  r e f l u x  for 90 min, concentrated,  and the  res idue was p a r t i t i o n e d  

between water and methylene ch l o r i de .  The organic layer  was d r i e d  (MgSO,) and concentrated t o  

an amber o i l  which c r y s t a l l i z e d  on s tand ing  t o  g i ve  8.80 q  (97%) o f  36, mp 55-59'C; 1H nmr 

(COC1,) 6 7.90 (s,  l H ,  C3-H), 7.45-7.00 (m, 5H, phenyl) ,  5.27 ( s ,  2H, benzyl  CH,), 2.73 ( t .  5.6 

Hz, ZH, CHI), 2.60-1.90 ( m ,  4H, CH,CH,). 

1.5,6,7-Tetrahydr0-9-hydroxynsthylene-3-methyllndazol-4-one (58) .  To an i c e  c o l d  s o l u t i o n  o f  

13.9 n l  (99.0 mmol) o f  d i isopropylamine i n  50 m l  of anhydrous t e t r ahyd ro fu ran  was added 38.0 n l  

(99.0 nao l )  of 2.6 M 1 - b u t y l l i t h i u m  i n  hexane. The m ix tu re  was cooled t o  - 7 8 v  and a mix tu re  of 

4.50 g  (30 .0  mmol) o f  2 i n  25 m l  o f  te t rahydro fu ran  was added dropwise. The mix tu re  was 

s t i r r e d  mechanical ly  f o r  30 min and a s o l u t i o n  of 10 m l  o f  e t h y l  formate i n  30 m l  o f  

te t rahydro fu ran  was added dropwise. The m ix tu re  was warmed t o  OaC and quenched by the  a d d i t i o n  

of  water (200 m l ) .  The separated aqueous phase was washed w i t h  e the r ,  a c i d i f i e d  t o  pH 4  and 

ex t rac ted  w i t h  methylene ch l o r i de .  The combined e x t r a c t s  were d r i e d  (MqSO,) and concentrated t o  

leave 5.10 q  (96%) o f  as a ye l low semi-sol id;  'H nmr (COC1,) 6 11.60-10.30 (b r  s, lH ,  OH), 

7 .33  ( 5 ,  1H, C=CH), 3.W-2.40 (a, 4H, CH,CH,), 2.55 ( s ,  3H, CH,). 

1,5,6,7-Tetrahydro-5-hydroxymethylrne-1,3-dlmethylindazol-4-ona (2). A 15.2 q  (93.0 mmol) 

quan t i t y  o f  b was combined w i t h  7.44 q  (0.186 mol) of  sodium hyd r i de  (60% suspension i n  mineral 

o i l ) .  30 m l  of e t h y l  formate, 2  drops o f  ethanol  and 100 m l  of te t rahydro fu ran .  The mix tu re  was 

s t i r r e d  mechanical ly  a t  r e f l u x  fo r  1 h, cooled, and d i l u t e d  v i t h  water (500 ml) and e ther  

(300 .I). The separated aqueous phase was washed w i t h  e ther ,  a c i d i f i e d  t o  pH 4  and ex t rac ted  

v i t h  methylene c h l o r i d e .  The combined e x t r a c t s  were d r i e d  (MqSO,) and concentrated t o  leave 

16.7 q  (93%) o f  as a brown s o l i d ,  mp 108-111.5"C ( l i t . ]  mp 119-12Z°C); 1H nmr (COCI,) 6 7.25 

(b r  s ,  lH, C=CH), 3.70 ( 5 ,  3H, NCH,), 2.90-2.50 (m, 4H, CH,CH,), 2 .45  (s, 3H, CCH 3 .  ) 

1,5,6.7-Tetrahydro-5-hydro~ymethylene-l-methylindarol-4-one (z).  A mechanical ly  s t i r r e d  

mix tu re  of 16.8 g (0.110 mol) of  s,' 6.00 q  (0.250 mol) o f  d r y  sodium hydr ide ,  15 m1 of  e t hy l  

formate, 3 drops of  ethanol  and 200 m l  o f  to luene was heated a t  r e f l u x  f o r  16 h .  The mix tu re  

was cooled and ex t r ac ted  w i t h  water (2 x 200 m l ) .  The aqueous ex t r ac t s  were washed w i t h  e ther ,  

a c i d i f i e d  t o  pH 4  and ex t r ac ted  w i t h  methylene c h l o r i d e .  The e x t r a c t s  were d r i e d  (MqSO,) and 

concentrated and the  res idue was t r i t u r a t e d  v i t h  ether-hexane t o  p rov ide  14.6 q  (72%) o f  as a 

t an  s o l i d ,  mp 93-95°C ( l i t . "  mp 10l°C);  'H nmr (COCI,) & 14.2-13.0 (b r  s ,  LH, OH), 7.80 (s,  IH, 

C3-H), 7.23 ( b r  s ,  l H ,  C=CH), 3.77 ( s ,  3H, CH,), 2.90-2.50 (m, 4H, CHzCH2). 
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1,5.6,7-Tetrahydro-5-hydrovynsthylene-l-(phenylmethyl)indazol-4-one (56) .  Compound 56 was 

prepared from 36 us ing  the  same method descr ibed fo r  the p repa ra t i on  o f  z. Thus, 7.80 g 

(35.0 mmol) of  36 afforded 8.50 g (97%) o f  as an amber o i l ;  IH nmr (COC1,) & 7.87 (s ,  1H. 

C3-H). 7.34-6.95 (m, 6H, phenyl and C=CH), 5.25 (5, 2H, benzyl  CH,), 2.70-2.50 (m, 4H. CH,CH,) 

1,5,6,7-Tetrahydro-5-acetyl-3-msthylindazol-4-one (€4). To a s o l u t i o n  of  18.5 m l  (0.130 nol) o f  

d i isopropylamine i n  60 m l  of anhydrous te t rahydro fu ran  a t  O'C was added 51 .0  m1 (0.130 mol) of  

2.5 M n - b u t y l l i t h i u m .  The s o l u t i o n  was cooled t o  - 7 8 T  and a s o l u t i o n  o f  6.00 g (40.0 nmol) o f  

38 i n  100 m l  o f  anhydrous te t rahydro fu ran  was added. A f t e r  20 n i n  of  mechanical s t i r r i n g  st  - 

-78'C, 10 m l  o f  ace t y l  c h l o r i d e  i n  30 n l  of  anhydrous t e t r ahyd ro fu ran  was added dropv ise .  The 

mix tu re  was al lowed t o  warm t o  -15OC and quenched by the  dropwise a d d i t i o n  o f  water (120 n l ) .  

A f t e r  v igorous s t i r r i n g ,  the  mix tu re  was d i l u t e d  v i t h  water (800 ml )  and the separated aqueous 

layer  was ex t rac ted  v i t h  methylene ch l o r i de .  The aqueous phase was a c i d i f i e d  t o  pH 4 w i t h  

concentrated hyd roch lo r i c  a c i d  and ex t r ac ted  w i t h  methylene c h l o r i d e .  The combined ex t rac ts  

were d r i e d  (MgSO,) and concentrated t o  leave crude g as an amber o i l  which was p u r i f i e d  by 

f l a s h  chromatography on s i l i c a  ge l  (9% 2-propanol i n  methylene c h l o r i d e )  t o  a f f o r d  3.20 g (55%) 

of g as an o i l y  s o l i d ;  1H nnr (COCl,)" & 10.60-10.00 ( b r  s, 1.5H, NH and OH), 3.55 ( t ,  J=6 Hz, 

ca 0.5H, O=CCHC=O), 3.00-2.55 ( m ,  4H, CH,CH,), 2.50 (25, 3H, C3-CH,), 2.30 ( s ,  ca 1.5H, CH,CO), 

2.10 [s. ca 1.5H. CH,C(OH)=C]. 

1,5,6,7-Tetrahydro-5-acety1-l-methylindazol-4-one (e). Compound was prepared from using 

the  same method descr ibed f o r  the  p repa ra t i on  o f  g. Thus, 47.2 g (0.320 n o l )  o f  gave 30.0 g 

(50%) of  of  a yel low o i l  which c r y s t a l l i z e d  on standing,  mp 66-7Z0C; 'H nmr (COC1,)L2 6 7.90 

(3 ,  lH ,  a romat ic ) ,  3 .90  (3,  3H, NCH3), 3.66 ( t ,  J=6 Hz, ca 0.7H, O.CCHC=O), 3.10-2.20 (m, 4H,  

CH2CH2), 2.33 (5, ZH, CH3CO), 2 .20  [s ,  lH ,  CH3C(OH)=C]. 

1,5,6,7-Tetrahydro-5-acety1-l-(phenylmethyl)indazol-4-one (g). To a s o l u t i o n  of 321 m l  

(0.321 mol) of  1.OM l i t h i u m  bis(trimethylsily1)amide i n  350 m l  o f  anhydrous te t rahydro fu ran  a t  

-78'C was added, dropwise, a s o l u t i o n  o f  33.0 g (0.146 mol) of  2 i n  150 m l  o f  anhydrous te t ra -  

hydrofuran. The reac t i on  m i x tu re  was s t i r r e d  a t  -78'C f o r  10 min and t r e a t e d  v i t h  a so l u t i on  o f  

11.4 g (0.160 mol) of  ace t y l  c h l o r i d e  i n  120 m l  o f  anhydrous t e t r ahyd ro fu ran .  Work-up as for g 
gave 26 .1  g (67%) of g as a ye l low o i l ;  'H nmr (coC1,)12 6 7.85 (s .  1H. C3-ti. 7.40-7.00 ( m ,  5H, 

aromat ic) ,  5.20 ( s ,  2H. benzyl CH,), 3.50 ( t ,  3.6 Hz, ca 0.7H. O=CCHC=O), 3.00-2.00 (n, 4H, 

CH2CH2), 2.25 ( s ,  2H, CH,CO), 2.05 [s, lH ,  Cli3C(OH)=C]. 

Synthesis of Tetrahydrobenzo[l,Z-c:3,4-c']dlpyrazoles 3 t o  iq. Method A ,  To a s o l u t i o n  of 

1.3-dicarbonyl compound (5) or (6) i n  methanol (40-50 m l l g )  a t  O°C was added, d ropr ise ,  a 
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~ o l u t i o n  o f  an equimolar amount o f  hydrar ine  (95%) or  methylhydrozine (98%) i n  methanol (10 

m l l g ) .  The s o l u t i o n  was heated a t  r e f l u x  u n t i l  the  r eac t i on  was complete by t l c  (30 min t o  

4  h ) .  Solvent  was removed a t  reduced pressure and the  res idue was p u r i f i e d  by the  method 

i nd i ca ted  f o r  each compound. Method 0 .  A s o l u t i o n  o f  the  i n d i c a t e d  d i py razo le  ( I )  i n  

d i ne thy l f o rnan ide  ( 5  m l i g )  was added dropwise t o  a  suspension o f  sodium hyd r i de  ( 1 . 1  equiva- 

l en t s )  i n  dimethylformamide (5 rnl lg) a t  ODC. The mix tu re  was mechanical ly  s t i r r e d  a t  O'C f o r  

30 min, and t o  i t  was added, d ropv ise ,  a  s o l u t i o n  o f  methyl i od i de  ( 1 . 1  equ iva len ts )  i n  d ine th-  

y l fo rnan ide  (3 n l l g ) .  The m ix tu re  was s t i r r e d  a t  room temperature fo r  2  h ,  so lven t  was removed 

under reduced pressure,  and the  res idue was p u r i f i e d  by the  method i nd i ca ted  f o r  each compound. 

Method C .  The i n d i c a t e d  pyrazo le  ( I )  was d isso lved  or  suspended i n  l i q u i d  ammonia (50-100 n l l g )  

and sodium metal was added i n  smal l  p ieces u n t i l  a  b l ue  or  blue-green co lo r  pe r s i s t ed .  The 

mixture was mechanical ly  s t i r r e d  f o r  20 min and ammonium c h l o r i d e  (2.5-5 g i g  o f  I )  was added. 

The ammonia was al lowed t o  evaporate and the  res idue was p u r i f i e d  by the  method i nd i ca ted  fo r  

each compound. 

1,4,5.6-Tetrahydr0-1,6-dimethylbenzo[l,2-~:3,4-~']dipyrazole Monohydrochloride (2). A 10.5 g  

(0.059 mol l  q u a n t i t y  o f  was t r e a t e d  w i t h  ae thy lhydrar ine  (Method A). The residue was 

t r i t u r a t e d  w i t h  ether-ethanol  t o  g i ve  7.30 g  (66%) of  the  benzodipyrazole.  Th is  s o l i d  was 

d isso lved  i n  1 :3 : :e thano l :e ther  and the  s o l u t i o n  was t r e a t e d  v i t h  excess e therea l  hydrogen 

ch lo r i de .  The r e s u l t i n g  ye l low s o l i d  was c o l l e c t e d  and r e c r y s t a l l i z e d  from 2-propanol-ether t o  

g i ve  6.70 g  (51%) of  the  monohydrochloride s a l t  of  2 as a  ye l low,  c r y s t a l l i n e  s o l i d ,  mp 222- 

226'C (dec); 'H nmr (DMSO-d, and 0,O) 6 7.93 (s.  1H. a romet ic ) .  7.87 (s, 114, aromatic), 4.07 ( s ,  

3H, NCH,), 3.87 ( s ,  3H, NCH3), 3.00 (s ,  4H, CH2CH2); ms ( E I )  ! i r  188 (molecular i o n ) ;  - Anal. 

Calcd for C,,H,,N,.HCl: C ,  53.45; H, 5.83;  N, 24.94. Found: C ,  53.20; H, 5 .83 ;  N, 25.08. 

1.4.5,6-Tetrahydro-6-methylbenzo[1,2-~:3,4-~'ldipyrazole (z). A 16 .4  g  (0.092 mol) quan t i t y  

of 5c was t r e a t e d  w i t h  hydrar ine  (Method A) .  The res idue was t r i t u r a t e d  v i t h  e ther  t o  g i ve  

12.8 g  (80%) o f  as a tan ,  c r y s t a l l i n e  s o l i d ,  mp 242-245*C (2-propanol) ;  'H nmr (DMSO-d,) 6 

7.43 (5 ,  lH ,  a romat ic ) ,  7.33 ( s .  1H. a romat ic ) .  3.70 ( s ,  3H, NCH,). 2.80 ( s ,  4H, CH,CH,); ms 

( E l )  174 (molecular i o n ) ;  E. Calcd for C,H,,N,: C ,  62.05; H, 5.79; N, 32.16. ~ o u n d :  C ,  

61.88; H, 6.08; N, 32.03. 

2 ,4 ,5 ,6 -Tet rahydro-2 ,6 -d imethy lbenzo[ l ,2 - :3 ,4 - ' ]d ipyrazo le  ( 7 c ) .  A  24.3 g  (0.140 mol) 

quan t i t y  o f  was ae thy l a ted  (Method 8) .  The res idue was p a r t i t i o n e d  between water and methyl- 

ene ch l o r i de  and the  organ ic  phase was d r i e d  (MgSO,) and concentrated.  The res idue was p u r i f i e d  

by f l a s h  chromatography (5% 2-propanol i n  methylene c h l o r i d e )  t o  a f f o rd  10.4 g (40%) o f  2 ( f r e e  

base) and 8.80 g  (33%) o f  as a ye l low o i l  which c r y s t a l l i z e d  on s tand ing ,  mp 140-145°C; 'H 
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nmr (Cocl,) s 7.43 (s, lH ,  a romat ic ) ,  7.30 (s, 1H, a romat ic ) ,  3.73 (s, 6H, bo th  NCH,), 2.77 (s, 

4H. CH,CH,); ms (CI)  ( ~ l r )  189 (M++l); fi. Calcd fo r  C,,H,,N,: C ,  63.80; H. 6.43; N, 29.77. 

Found: C ,  63.49; H, 6.44; N, 29.71. 

1,4,5,6-TetrahydrO-3,6-dimethylbenzo[l,2-~:3,4-~']dipyrazole (76). A 2.50 g (0.013 mol) quan- 

t i t y  o f  g was t r e a t e d  w i t h  hydrazine (Method R ) .  The res idue was t r i t u r a t e d  w i t h  ethanol-ether 

t o  g i ve  2.00 g (81%) of  76 as a yel low s o l i d ,  mp 184-186°C ( t o l uene ) ;  1H nnr (DMSO-d,) S 7.37 

( s ,  lH,  C8-H), 3.67 (S, 3H, NCHI), 2.80-2.50 (m, 4H, CH2CH2), 2.15 (s ,  3H, CCH3); ns (E l )  p l r  

188 (molecular  i o n ) ;  =. Calcd fo r  C,,H,,N,: C ,  63.80; H, 6.43;  N ,  29.77. Found: C ,  63.61; 

H, 6.52; N ,  29.82. 

1,4,5,6-Tetrahydro-1,3,6-trimethylbenzo[l,2-~:3,4-~']dipyrazole (E), 2,4,5,6-tetrahydro-2,3,6-  

trimethylbenzo[l.2-c:9,4-g']dipyrezole ( g )  and 4,5,5e,9-Tetrahydro-3,5a,7.9-tetramethylpyrazo- 

10[3,4-~l[1,2]benzOdia~epin-6(3H)-0n~ ( 9 ) .  A 14.5-9 (0.077 mol) q u a n t i t y  o f  was t r ea ted  v i t h  

methyl i od i de  (Method 8 ) .  The res idue was p a r t i t i o n e d  between water and methylene c h l o r i d e  and 

the  organic l aye r  was d r i e d  (MgSO,), concentrated and f l a s h  chromatographed (7.5:92.5::2-pro- 

panol :methylane c h l o r i d e )  t o  g i ve  4 .50  g (29%) o f  if as a c o l o r l e s s ,  c r y s t a l l i n e  s o l i d ,  mp 172- 

176'C; 'H nmr (COC1,) S 7 .60  ( s ,  lH ,  C8-H), 3.77 (s,  3H, NCH,), 3.70 (s, 3H, NCH,), 2.85-2.60 

( m ,  4H, CH,CH,), 2 .20  ( s ,  3H, CCH,); ms (E I )  p lz 202 (molecular i o n ) ;  fi. Calcd f o r  C,,H,,N,: 

C ,  65.32; H, 6.97;  N ,  27.70. Found: C ,  65.13; H, 6.99. N, 28.10. 

Also Obtained from the  f l a s h  chromatography was an inseparable mix tu re  o f  and 9 (6.50 g) as 

an o i l ,  which was d i sso l ved  i n  e ther  and t r ea ted  v i t h  e therea l  hydrogen ch lo r i de .  Recrysta l -  

l i z a t i o n  (2-butanol)  of t h e  r e s u l t i n g  p r e c i p i t a t e  p rov ided 3.20 g (20%) o f  the  monohydrochloride 

s a l t  of  as l i g h t  ye l l ow  granules,  mp 252-254'C; 'H nmr (0,O) 6 7.87 ( s ,  lH ,  C8-H), 4.00 (s, 

3H, NCH,), 3.83 ( s ,  3H, NCH,), 3.00-2.60 (m, 4H, CH,CH,), 2.33 ( 5 ,  3H, CCH,); ms ( E I )  n l r  202 

(molecular  ion) ;  fi. Calcd fo r  C,,H,,N,.HCI: C,  55.34;  H, 6.33; N, 23.47. Found: C,  55.37; 

H, 6.46; N, 23.29. 

The mother l i q u o r  from t h e  r e c r y s t a l l i z a t i o n  of 7e was concentrated and p a r t i t i o n e d  between 

methylene c h l o r i d e  and aqueous sodium carbonate s o l u t i o n .  The organic e x t r a c t  was d r i e d  (MgSO,) 

and concentrated and the  r e s u l t i n g  amber o i l  was combined w i t h  20 m l  o f  d e c a l i n  and 1 .5  g of 5% 

PdlC and the  mix tu re  was heated a t  1 9 5 T  under n i t r ogen  f o r  2 h t o  o x i d i z e  the  remaining amount 

of  E. The mix tu re  was cooled,  the  so l ven t  was removed under reduced pressure and the residue 

was f l a s h  chromatographed (7.5:92.5::2-propano1:methylene c h l o r i d e )  t o  p rov ide  1 .20  g (5%) of 9 

as a yel low o i l  which c r y s t a l l i z e d  on s tand ing ,  np 118-126°C; mp 132-133OC (toluene-hexane); i r  



6 0  HETEROCYCLES, Vol. 32, No. L 1991 

( N u j o l )  1660 cm-I (C=O); 'H nmr (CDCI,) s 7 . 8 0  (s, IH, ~ 1 . ~ 1 ,  5.75 ( s ,  IH, ~ 8 . ~ 1 ,  3.70 (s ,  3H, 

NCH,), 3.66 (5. 3H. NCH,), 3.20-2.50 ( m .  4H. CH,CH,), 2 .10 (s ,  3H, CH,), 1.50 ( 5 ,  3 ~ ,  CH,); LIC 

nmr (cocl>) 194.4 (C6). 151.7 (ClOa), 148 .9  (C7), 138.8 (C3a), 147.9 (cI), 118.3 ( c l o b ) ,  103.4 

(C8), 46.6 35.9, 35.7 and 35.3 ( b o t h  NCH, and C~FCH, ) ,  24.9 ( c 4 ) ,  1 9 . 1  ( ~ 5 ) ,  ll.l (C5s. 

CH,); ms ( E I )  258 (mo lecu la r  i o n ) ;  fi. Calcd f o r  c,,H,,N,D: C. 65.09; H, 7 . 0 ~ ;  N, 21,69, 

Found: C ,  65.07; H, 7.05; N, 21.55. 

1,4.5,6-Tetrahydro-8-methYlbenzo[1,2-~:3,4-:'ldipyrazole (3). A 4 . 9 0  g (0.028 mol) q u a n t i t y  

o f  2 was t r e a t e d  w i t h  hydraz ine  (Method A) .  The r e s i d u e  was p u r i f i e d  by f l a s h  chromatography 

(1:9::methanol:methylene c h l o r i d e )  t o  g i v e  3.10 g (64%) o f  iq as a y e l l o w  o i l  which c r y s t a l l i z e d  

on s tand ing ,  mp 224-226.5"C; 'H nmr (CDC1, and OMSO-d,) S 12.00-9.50 ( b r  s, 2H, b o t h  NH), 7.30 

( 5 ,  1H, C3-H), 2 . 8 0  ( 5 ,  4H, CH2CHI), 2.45 ( 5 ,  3H, CHI); ms ( E I )  !I? 174 (mo lecu la r  i o n ) ;  @. 

Calcd f o r  C,H,,N,: C, 62.05; H, 5.79; N, 3 2 . 1 6  Found: C, 61.75; H, 5.99; N, 32 .34 .  

1,4,5,6-Tetrehydro-6,8-dimethylbenzo[l,2-:3,4-']dipyrazole (2). A 4.90 g (0.028 mol) quan- 

t i t y  o f  5b was t r e a t e d  w i t h  h y d r a z i n e  (Method A). The r e s i d u e  was d i l u t e d  w i t h  e t h e r  and cooled 

and t h e  r e s u l t i n g  p r e c i p i t a t e  was r e c r y s t a l l i z e d  (e thano l -wa te r )  t o  g i v e  4.80 g (71%) of as a 

t a n  s o l i d ,  mp 212-213'C; 'H nmr (CDC1,) d 11.40-10.70 ( b r  s ,  l H ,  NH), 7.27 ( s ,  l H ,  C3-H), 3 .66  

(S, 3H, NCH3), 2.75 (m, 4H. CH2CH2), 2 .45  (5 ,  3H, CCH3); mS ( E I )  ! I ;  188 (mo lecu la r  i o n ) ;  m. 
Calcd for  C,.H,,N,: C, 63.80; H, 6 .43 ;  N, 29 .77 .  Found: C, 63.50;  H, 6 . 5 0 ;  N, 29 .79 .  

1,4,5.6-Tetrahydr0-1,6,8-trimethylbenzo[l,2-::3,4-:']dipyrazole (3). An 8.80 g (0.046 ~OI) 

q u a n t i t y  of 56 was t r e a t e d  w i t h  methy lhydraz ine  (Method A). The r e s i d u e  was t r i t u r a t e d  v i t h  

e ther  and t h e  r e s u l t i n g  s o l i d  was r e c r y s t a l l i z e d  ( t o l u e n e )  t o  g i v e  4 . 9 0  g (53%) o f  2 as a tan. 

c r y s t a l l i n e  s o l i d ,  mp 166-167.5"C; 1H nmr (CDC1,) 6 7.23 ( s ,  1H, C3-H), 4.00 ( s ,  3H, NI-CH,), 

2.70 ( S ,  3H, N6-CH,), 2.67 ( s ,  4H, CH,CH,), 2.45 ( s ,  3H, CCH,); ms ( E I )  mi; 202 (mo lecu la r  i o n ) ;  

@. Calcd for  C,,H,,N,: C, 65.32; H, 6 .97 ;  N, 27.70.  Found: C, 65.17; H, 7.02; N, 27.39. 

1,4,5,6-Tetrehydro-1,8-dimethylbenz0[1,2-~:3~4-~]dipyrazole ( )  A 10 .0  g (0.056 mol)  quan- 

t i t y  o f  was t r e a t e d  w i t h  methy lhydraz ine  (Method A). The r e s i d u e  was t r i t u r a t e d  w i t h  e ther  

and t h e  r e s u l t i n g  s o l i d  was r e c r y s t a l l i z e d  ( to luene)  t o  g i v e  4.28 g (41%) o f  as a crean- 

c o l o r e d  s o l i d ,  mp 174.5-177°C; 'H nmr (CDCI,) 6 7.27 ( s ,  IH, c3-H), 4 .07  ( s ,  3H, NCH,), 2.80- 

2.67 ( m .  4H, CH,CH,), 2.57 (s. 3H. CCH,); hrms Calcd f o r  C,,H,,N,: 188.1062. Found: 188.1057. 

1,4,5,6-Tetrehydro-3,8-dirnethylbenzo[l,2-~:3,4-~']dipyrazole (2). A 3.20 g (0.017 mol)  quan- 

t i t y  o f  g was t r e a t e d  w i t h  hydraz ine  (Method A). The r e s i d u e  was t r i t u r a t e d  v i t h  e ther  t o  g i v e  

3.00 g (94%) o f  as a ye l low,  c r y s t a l l i n e  s o l i d ,  np 257-258OC (dec . ) (e thano l -wa te r ) ;  1H nnr 
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(COC1, and DMSO-d,) 6 6.95 ( b r  s ,  ZH, bo th  NH), 2.80-2.50 (m, 4H, CH,CH,), 2.33 ( s ,  3H, C8-CH,), 

2 .20  ( s ,  3H, C3-CH,); ms ( E I )  ~ 1 5  188 (molecular  i o n ) ;  hrms Calcd f o r  c,,H,,N,: 188.1062. 

Found: 188.1073. 

1,4,5,6-Tetrahydr0-l-methyl-6-(phenylmethyl)benzo[l,2-c:3,4-~']dipyrazole (71). A 7.60 g 

(0.030 mol)  q u a n t i t y  o f  was t r e a t e d  w i t h  n e t h y l h y d r a r i n e  (Method A). The res idue  was p u r i -  

f i e d  by f l a s h  chromatography (1 :4 : :ace tone :ne thy lene  c h l o r i d e )  t o  g i v e  5 .40  g (68%) o f  as a 

y e l l o w  o i l  which c r y s t a l l i z e d  on s tand ing ,  mp 94-97.5'C; 1H nnr (COC1,) 6 7.56 (s ,  1 ~ .  c8-H), 

7.40-7.00 (m, 6H, C3-H and pheny l ) ,  5 .23 (s, ZH, benzyl  CH,), 3.93 (s ,  3H, NCH,), 2.73 ( s ,  4H, 

CH,CH,); ms ( C I )  265 (Mt+l ) ;  m. Calcd for  C,,H,,N,: C, 72.70; H .  6 .10 ;  N ,  21.20. found: 

C,  72.40; H, 6.16;  N, 21.03. 

1,4,5,6-Tetrehydro-l-methylbenzo[1,2-c:3,4-c']dipyrazole (2). A 6.20 g (0.023 mol) q u a n t i t y  

of 11 was t r e a t e d  w i t h  sodium i n  ammonia (Method C). The r e s i d u e  was p a r t i t i o n e d  between water 

and methylene c h l o r i d e  and t h e  o r g a n i c  phase was d r i e d  (MgSO,) and concen t ra ted .  The res idue 

was t r i t u r a t e d  w i t h  e t h e r  t o  g i v e  3.20 g (78%) o f  2 as a w h i t e  s o l i d ,  mp 180-186°C ( to luene) ;  

IH nmr (COC1, and DMSO-d,) 6 13.20-12.60 ( b r  s, l H ,  NH), 7.66 ( s ,  l H ,  C8-H), 7.20 ( s ,  lH ,  C3-H), 

3.93 (s. 3H. NCH,). 2 . 8 0  ( m ,  4H. CH,CH,); ms ( E I )  174 (mo lecu la r  i o n ) ;  m. Calcd  f o r  

C,H,.N,: C, 62.05; H, 5.79;  N, 32.16. Found: C, 62.08; H, 5.89; N, 32.21. 

1.4,5.6-Tetrahydro-6-(phenylmethyl)benzo[1,2-c:3,4-~']dipyrazole (3). An 11 .0  g (0.043 mol) 

q u a n t i t y  o f  was t r e a t e d  w i t h  hydraz ine  (Method A ) .  The r e s i d u e  was t r i t u r a t e d  w i t h  e ther  t o  

g i v e  9.10 g (84%) o f  as a y e l l o w  c r y s t a l l i n e  s o l i d ,  mp 217-219°C (e thano l -wa te r ) ;  'H nmr 

(COC13 and OMSO-d,) 6 12.50-11.70 ( b r  s, l H ,  NH), 7 . 6 0  ( S ,  l H ,  C8-H), 7.34-6.90 (n, 6H, C3-H and 

p h e n y l ) ,  5.27 ( s ,  ZH, benzy l  CH,), 2.77 (s ,  4H, CH,CH,); ms ( C I )  251  (Mt+l ) ;  @. Calcd f o r  

CL5HI4N4: C, 71.98;  H, 5.64;  N, 22.39. Found: C, 71.74; H, 5.82; N, 22.43. 

1,4,5,6-Tetrahydrobenzo[l,Z-c:3,4-c']dipyrazole (70) .  A 5.80-9 (0.023 mol) q u a n t i t y  o f  I_? was 

t r e a t e d  w i t h  sodium i n  ammonia (Method C). The r e s i d u e  was s l u r r i e d  w i t h  water  and c o l l e c t e d  t o  

g i v e  2.80 g (76%) o f  70 as a w h i t e  s o l i d ,  mp 219-221PC ( w a t e r ) ;  'H nmr (COC1, and OMSO-d,) 6 

13.00-12.30 ( b r  s, 2H, b o t h  NH), 7.60 ( s ,  l H ,  a r o m a t i c ) ,  7.33 (s, l H ,  a romat i c ) ,  2.83 ( s ,  4H, 

CH,CH2); ms ( C I )  161  (M++l); e. Calcd f o r  C,H,N,: C, 59 .99 ;  H, 5.03; N, 34.98.  Found: C ,  

59.87; H, 5 .09 ;  N, 34.93. 

1,4,5,6-Tetrahydro-3-methy1-6-(phenylmethyl)benzo[1,2-c:3,4-~']dipyrazole (@I. A 6.10 g 

(0.023 mol) q u a n t i t y  o f  66 was t r e a t e d  w i t h  hydraz ine  (Method A ) .  The r e s i d u e  was t r i t u r a t e d  
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w i t h  e ther  t o  g i ve  4.80 g (79%) of  7~ as a tan ,  c r y s t a l l i n e  s o l i d ,  mp 182-184'~ ( to luene) ;  IH 

nmr (CoC1,) 6 10.80-10.10 (b r  s ,  IH, NH), 7 .70  (s, IH, C8-H), 7.35-6.90 (n,  SH, pheny l ) ,  5.30 

( 5 1  2H. b e n z ~ l  CHz), 2.68 (5,  4H, CH,CH,), 2.20 ( s ,  3H, CCH,); ms (CI) 265 (M++I); ~ ~ a l .  - calcd  

fo r  C,,H,,N,: C, 72.70; H, 6.10; N, 21.20. Found: C ,  72.98; H, 6.21;  N, 20.94. 

1,4,5,6-Tetrehydro-3-methYlbenzo[1,2-~:3,4-~'ldipyrezole (2). A 20.0  g (0.076 no l )  quan t i t y  

o f  3 was t r e a t e d  w i t h  sodium i n  ammonia (Method C).  The res idue was s l u r r i e d  v i t h  water and 

the s o l i d  was c o l l e c t e d  t o  g i ve  12.8 g (97%) o f  Ig as t a n  c r y s t a l s ,  np 250-252'C (ethanol-  

water) ;  'H nmr (CDC1, and OMSO-d,) S 13.00-11.50 (b r  s, 2H, bo th  NH), 7.63 ( s ,  lH ,  C8-H). 2.90- 

2.66 (m, 4H, CH,CH,), 2.20 (5. 3H. CCH,); ms 174 (EI) (molecular i o n ) ;  Anal. Calcd f o r  
- 

CIH,,N4: C ,  62.05; H, 5 .79 ;  N, 32.15. Found: C, 61.66; H, 5.85; N, 31.91. 

General Procedure f o r  the  Prepere t ion  o f  Dihydrobenzodipyrezoles. The tetrahydrobenzodipyrarole 

(1) was d i sso l ved  or suspended i n  d e c a l i n  (10-20 m1 per g of  z), 5% PdIC (0.5-1.0 g per g of 1) 

was added and the  mix tu re  was heated a t  195k5'C under n i t r ogen  u n t i l  r eac t i on  was complete by 

t l c  (2.5-48 h) .  The m ix tu re  was f i l t e r e d  and the  p r e c i p i t a t e  was washed w i t h  hexane. The 

p r e c i p i t a t e  was then s t i r r e d  v i t h  methanol f o r  30 min and f i l t e r e d  through c e l i t e .  The 

f i l t r a t e  was concentrated and the  res idue was p u r i f i e d  by the method i n d i c a t e d  f o r  each 

ComDound. 

1,6-Dihydro-6-methylbenzo[l,2-c:3,4-~']dipyrezole ( E n ) .  The res idue ob ta ined by t reatment of 

4.00 g (0.023 mol) o f  w i t h  PdlC f o r  18 h was t r i t u r a t e d  w i t h  1 : l : :hexane:e ther  t o  g i ve  2.80 g 

(71%) of  as a cream-colored c r y s t a l l i n e  s o l i d ,  np 180-1845°C ( to luene);  I H  nmr (CDCl, and 

DMSO-d6) 6 8 .10  ( 5 .  1H. C3-H). 7.95 ( s .  1H. C8-H), 7.55 (d.  3.8 Hz. 1H. C5-H). 7.15 (d.  3.10 Hz, 

lH ,  C4-H). 4.05 ( s ,  3H, NCH,); ms (CI)  mlg 172 (molecular i on ) ;  E. Calcd f o r  C,H,N,: C, 

62.78; H, 4.68;  N, 32.54. Found: C ,  62.74; H, 4.83; N, 32.27. 

1,6-Dihydro-1,6-dimethylbenzo[1,2-~:3,4-c'ldipyrezole (@). The res idue ob ta ined from t r e a t -  

ment of 6.00 g (0.032 mol) of  3 w i t h  PdlC fo r  18 h was t r i t u r a t e d  v i t h  hexane t o  g i v e  4.90 g 

(82%) of 86 as co l o r l ess  needles, mp 119-122'C (toluene-hexane); 1H nmr (CDC1,) 6 8.10 ( s .  lH ,  

C3-H), 7.90 (S, lH ,  C8-H), 7.50 (d,  3=8 Hz, lH ,  C5-H), 7.05 (d, J=10 Hz, lH ,  C4-H), 4.25 (5, 3H 

NCH,). 4.05 ( s ,  3H, NCH,); ms ( E I )  186 (molecular i on ) ;  E. Calcd f o r  C,,H,,N,: C,  64.50; 

H, 5.41; N, 30.09. Found: C ,  64.70; H, 5.35; N, 30.01. 

2.6-Dihydro-2,6-dimethylben20[1,2-~:3,4-~']dipyrelole (g). The res idue ob ta ined from t r e a t -  

ment o f  6.00 g (0.032 mol) of w i t h  PdIC fo r  2.5 h was t r i t u r a t e d  w i t h  hexane t o  g i ve  5.00 g 

(84%) of  as cream-colored p l a t e l e t s ,  mp 135-138OC (toluene-hexane); 'H nmr (CDC1,) 6 8.20 (s. 
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lH ,  C3-H), 7.73 ( 5 ,  l H ,  C8-H). 7.40 (d, J=8 Hz. 1H. C5-H). 6 .95  (d .  J=lO Hz, l H ,  C4-H), 4.10 (s .  

3H. NCH,), 4.03 ( s ,  3H, NCHI); ms ( [ I )  !lr 186 (mo lecu la r  i o n ) ;  c. Calcd f o r  C,,H,~N,: C ,  

64.50, H, 5.41; N, 30.09.  Found: C, 64.42; H, 5.46;  N, 30.28. 

1,6-DihYdro-3,6-d1methylbenzo[1,2-~:3,4-~'~dipyrazole (Ed). The res idue  ob ta ined  f r o n  t r e a t -  

ment of 3.60 g (0.019 m01) o f  w i t h  PdlC f o r  48 h was t r i t u r a t e d  w i t h  ether-hexane t o  g i v e  

1 . 6 0  g (45%) o f  86 as a cream-colored o i l  which c r y s t a l l i z e d  on s tand ing ,  mp 158.5-162°C; 'H nrn! 

(DMSO-d6) L 8.07 (5,  l H ,  C8-H), 7.60 (d ,  J=8 Hz, l H ,  C5-H), 7.23 (d ,  J=10 Hz, l H ,  C4-H), 4.05 

(5, 3H, NCH3), 2.50 ( 5 ,  3H, CCH3); ms (€1) !I; 186 (mo lecu la r  i o n ) ;  c. Calcd  f o r  

C,.H,,N4.HCl: C, 53.93;  H, 4.98; N, 25.16.  Found: C, 53.83; H, 5.18;  N, 25.29. 

1,6-Dihydro-3,8-dimethylbenzo[l,2-~:3,4-~']dipyrazole ( 8 ~ ) .  The res idue  ob ta lned  f r o n  t r e a t -  

ment o f  4.70 g (0.036 mol) o f  % w i t h  PdlC f o r  18  h was t r i t u r a t e d  w i t h  warm methanol and cooled 

t o  g i v e  4.70 g (70%) o f  Be as a lavender powder, mp > 290PC; 1H nrnr (COC1, and DMSO-d,) 6 13.40- 

12.80 ( b r  5 ,  ZH, b o t h  NH), 7.40 (d, J=8 Hz, l H ,  C5-H), 7 . 1 0  (d ,  J.10 Hz, 1H, C4-H), 2.70 ( s ,  3H 

C8-CH,). 2.50 ( s .  3H. C3-CH,); ms ( E I )  ml; 186 (molecular  i o n ) ;  a. Calcd f o r  C,,H,,N,: C ,  

64.50. H. 5 . 4 1 ;  N ,  30.09. Found: C, 64.35;  H, 5.53; N, 29.92. 

1,6-Oihydr0-B-methylb~nzo[l,2-~:3,4-g']dipyrszole (3). The r e s i d u e  ob ta ined  from t rea tment  

o f  3 .80  g (0.022 mol) o f  3 w i t h  PdIC was t r e a t e d  v i t h  h o t  methanol, f i l t e r e d  and coo led  t o  give 

2.7 g (72%) o f  as a w h i t e  s o l i d ,  mp 249-25loC (methanol); 1H nmr (DMSO-d,) 6 8.00 (s ,  l H ,  C3- 

H),  7.50 (d.  J.8 Hz, l H ,  C5-H). 7.10 (d ,  J=10 Hz, l H ,  C4-H), 2.68 ( s ,  3H, CH,); ms ( E l )  174 

(molecular  i o n ) ;  hrms Calcd f o r  C,H,N,: 172.0749. Found: 172.0743. 

1,6-Dihydrobenzo[l,2-r:3,4-c'ldlpyrazole (Q). The r e s i d u e  ob ta ined  from t rea tment  o f  1 1 . 9  g 

(0.074 m01) o f  70 v i t h  PdiC f o r  18 h was c o l l e c t e d  t o  g i v e  8.00 g (68%) o f  9 as a cream-colored 

c r y s t a l l i n e  s o l i d ,  mp 290'C ( d e c . )  (e thano l -wa te r ) ;  'H nmr (COC1, and OMSO-d,) 6 13.80-13.50 ( b r  

5, 2H, b o t h  NH), 8.22 ( s ,  l H ,  C3-H), 8.00 ( s ,  l H ,  C8-H), 7 . 6 1  (d ,  J=8 Hz, 1 ~ .  ~ 5 - H ) ,  7.29 (d 

J=9 Hz. 1H. C4-H); hrms Calcd f o r  C,H,N,: 158.0592.  ~ ~ ~ ~ d :  158.0592. 

2.6-Dihydro-2,3,6-trimethylbenzo[l,2-~:3,4-~'ld1pyrazole (E). The r e s i d u e  o b t a i n e d  f rom 

t rea tment  o f  5.50 g (0.023 mol) o f  w i t h  PdlC f o r  18  h was f l a s h  chromatographed (7.5:92.5: :2-  

propano1:methylene c h l o r i d e )  t o  g i v e  2.20 g (48%) o f  as a cream-colored c r y s t a l l i n e  s o l i d ,  mp 

128-134'C ( to luene) ;  'H nmr (CDCI,) 6 8.28 (s, 1H, C8-H), 7.31 (d, J=B Hz, lH,  C5-H), 6 . 9 5  (d, 

J=lO Hz, l H ,  C4-H), 4 . 0 0  ( s ,  3H, NCH,), 3.92 ( s ,  3H, NCH,), 2 .44  (s, 3H, CCH,); ms ( E I )  200 
(molecular  i o n ) ;  a. Calcd f o r  C,,H,,N,,HCl: C, 55.81; H, 5.53; N, 23.67. Found: C ,  55.87; 

H, 5.64; N, 23.49. 
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1,6-Dihydro-3-methylbenzo[1,2-~:3,4-c.]dipyrazole (81). The residue obtained from treatment 

of  2 w i t h  PdiC fo r  48 h was f l a s h  chromatographed (1:9::methanol:methylene c h l o r i d e )  t o  a f fo rd  

2.30 g (31%) of  g as a wh i te  s o l i d .  mp 277-280°C ( to luene-e thy l  ace ta te ) ;  'H nmr (CDCI, and 

OMSO-d,) 6 12.50-12.00 (b r  s ,  2H, bo th  NH), 8 .20  (s ,  lH, C8-H), 7.50 (d,  J=8 Hz, lH ,  C5-H), 7.20 

(d,  J=8 Hz, lH ,  C4-H), 2.55 (5 ,  3H, CH,); hrns Calcd fo r  C,H,N,: 172.0749. Found: 172.0752. 

2-[(2-(Phenylmethyl)hydrszino)methylene]-1,3-cyclopentanedione (15). A mix tu re  o f  1.30 g 

(6.66 mmol) of benzylhydrazine d ihydroch lo r ide ,  2.80 n l  (14.0 nno l )  o f  5 N sodium hydroxide 

s o l u t i o n  and 10 m l  o f  methanol was added t o  an i c e  c o l d  s o l u t i o n  o f  1.00 g (6.53 mmol) o f  1 4 1 0  

i n  20 m l  o f  methanol. The m ix tu re  was heated a t  r e f l u v  fo r  2 h and concentrated,  and the  

residue was p a r t i t i o n e d  between water and nethylene c h l o r i d e .  The organic l aye r  was d r i e d  

(MgS04) and concentrated t o  p rov ide  80.0 ng (53%) o f  g as a f l u f f y  ye l low s o l i d ,  mp 1 6 4 T  

(dec.)( to luene-hexane);  1H nmr (CDC1, and OMSO-d,) 6 7.55 (d,  3.1.5 Hz, lH ,  v i n y l ) ,  7.30 ( s ,  5H, 

aromat ic) ,  5.15 (b r  s ,  ZH, bo th  NH), 4.05 ( s ,  2H, benzyl CH,), 2.40-2.20 (m, 4H, CH,CH,); ms 

( E I )  mlr 230 (molecular  ion) ;  Anal. Calcd fo r  C,,H,,N,O,: C ,  67.81; H. 6.13; N, 12.17. Found: 

C ,  67.78; H, 6.13;  N. 12.09. 

5,6-Dihydro-l-(phenylmethy1)-4(11()-cyclopentapyrarolDne (16). A s o l u t i o n  of  1.00 g (4.34 mmol) 

of  15 and 50  mg of  p - t o l uenesu l f on i c  a c i d  monohydrate i n  200 m l  o f  to luene was heated a t  r e f l u x  

fo r  15 h. A Dean-Stark t r a p  was used t o  c o l l e c t  water. Solvent  was removed and the  res idue was 

f l a s h  chromatographed (1:9::methanol:methylene c h l o r i d e )  t o  g i ve  0 . 4 1  g (44%) of  16. Another 

f l a s h  chromatography (1:19::methanol:methylene c h l o r i d e )  p rov ided a n a l y t i c a l l y  pure 2, np 92- 

93'C; 'H nmr (CDC1,) S 7.55 ( s ,  lH ,  C3-H), 7.25 ( s ,  5H, phenyl) ,  5 . 20  ( s ,  2H, benzyl CH,), 3.10- 

2 .50  ( m .  4H. CH,CH,); ms (CI)  m i ?  213 (M*+H). 241 (Mt+29); 253 (Mi+41); Calcd fo r  

CL3H,,N,0: C, 73.56;  H, 5.70; N, 13.20.  Found: C ,  73.59; H, 5.76; N, 13.24. 

5,6-Dihydro-l-(pheny1methyl)-4(1~)-cyclopentepyrazolone-5-carboxaldehyde (l7). A mix tu re  of  

1.46 m l  (18 .1  mmol) of e t h y l  fornate.  1.44 g (36.0 mmol) of a 60% suspension o f  sodium hydr ide  

i n  mineral  o i l ,  ethanol  (3 drops) and 150 m1 of anhydrous te t rahydro fu ran  was s t i r r e d  a t  23OC 

fo r  30 min. A s o l u t i o n  of  4.00 g (18.8 mmol) of  16 i n  50  m l  o f  anhydrous te t rahydro fu ran  was 

added dropwise and the  r eac t i on  m i x tu re  was heated a t  r e f l u x  f o r  16 h. An a d d i t i o n a l  1.44 g 

(36.0 mmol) o f  a 60% suspension o f  sodium hyd r i de  i n  mineral  o i l  was added and the  r eac t i on  

mix tu re  was heated a t  r e f l u x  f o r  2 h .  The r e a c t i o n  mix tu re  was cooled, d i l u t e d  w i t h  water 

(150 m1) and washed w i t h  e the r .  The aqueous s o l u t i o n  was a c i d i f i e d  w i t h  d i l u t e  hyd roch lo r i c  

a c i d  and t h e  p r e c i p i t a t e  was c o l l e c t e d  t o  g i v e  3.44 g (76%) of  as a t a n  o i l  which c r y s t a l -  

l i z e d  on standing,  mp 171-172'C; IH  nnr (COC1, and DMSO-d,) 6 7.45 ( s ,  l H ,  C3-H), 7.35 (b r  s. 
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lH ,  C=CHOH), 7.20 ( 5 ,  5H phenyl) ,  5.25 ( 5 ,  ZH, benzyl CH), 3.30-3.25 (n, 2H, C6-CH,); ms (CI) 

mlr 241 (H++l) ,  269 (M*+29), 281  (M++41). - - 

4,7-Dihydro-l-(phenylmethyl)-1~-cyclopenta[l,Z-~:3,4-~']dipyrazole (18). To an i c e  c o l d  solu- 

t i o n  of  0.500 g  (2.08 mmol) of i n  25 m l  o f  methanol was added 0.070 m l  (2 .21  nno l )  o f  hydra- 

z ine.  dropwise. The s o l u t i o n  was heated a t  r e f l u x  fo r  2  h ,  cooled and s t i r r e d  f o r  16 h .  An 

add i t i ona l  0.070 m l  (2.21 mmol) of hydrar ine  was added and the  s o l u t i o n  was heated a t  r e f l uv  fo r  

8  h .  The s o l u t i o n  was concentrated t o  leave 0.420 g  (86%) o f  g as a red-orange s o l i d ,  mp 61- 

72°C; 'H nmr (CDC1, and OMSO-d,) d 7.50 ( s ,  lH,  pyrazo le  CH), 7 .20  (s, 5H, pheny l ) ,  7 .10  (s, 1H, 

pyrazo le  CH), 5.30 ( s ,  ZH, benzyl CH,), 4 .00  (b r  s, lH ,  NH), 3 .20  ( s ,  2H, C7-CH,); hrms Calcd 

f o r  C,,H,,N,: 236.1062. Found: 236.1057. 

4 , 7 - D i h y d r o - 1 ~ - c y c l o p e n t a [ 1 , 2 - r : 3 , 4 - ~ ] d i p y r a z o l e  (2). To a s o l u t i o n  o f  5.80 g  (24.5 mmol) 

of  g i n  150 m l  o f  te t rahydro fu ran  and 300 m l  o f  l i q u i d  ammonia a t  - 7 8 Y  was added 2.80 g  

(122 mmol) of  sodium i n  small p o r t i o n s .  The mix tu re  was s t i r r e d  a t  -32'C f o r  1.5 h  and 10 g o f  

ammonium c h l o r i d e  was added. The ammonia was al lowed t o  evaporate, the  m i x tu re  was f i l t e r e d  and 

t h e  f i l t e r  cake was washed v i t h  e thano l .  The f i l t r a t e  was concentrated and t h e  res idue was 

t r i t u r a t e d  w i t h  e t h y l  ace ta te  t o  g i ve  1.80 g  (50%) of 19 as a t an  o i l  which c r y s t a l l i z e d  on 

standing,  mp 180°C (dec.) ;  'H nmr (COCI, and DMSO-d,) 6 7.45 ( s ,  lH ,  pyrazo le  CH), 7.30 (s ,  lH ,  

pyrazo le  CH), 4.20-3.70 (b r  s, ZH, bo th  NH), 3.45 ( s ,  2H, CH,); hrms Calcd f o r  C,H,N,: 

146.0592. Found: 146.0603. 

Treatment of w i t h  E thy l  Diazoacetate.  Prepara t ion  of  5,6,7,8-Tatrahydro-l-methyl-4(1~)- 

cycloheptapyrarolone (20). To a s o l u t i o n  of  20.0 g  (0.133 mol) of  3 and 28.4 m1 (0.270 nol)  o f  

e t h y l  d iazoacetaten i n  400 m l  o f  methylene c h l o r i d e  was added a s o l u t i o n  o f  33.2 m1 (0.270 no l )  

of boron t r i f l u o r i d e  ethereate i n  50 m l  o f  methylene c h l o r i d e .  The m ix tu re  was s t i r r e d  a t  room 

temperature fo r  3  days and then cooled t o  O'C and t r e a t e d  w i t h  excess sa tura ted  sodium bicar-  

bonate s o l u t i o n .  The organic l aye r  was washed w i t h  b r i n e ,  d r i e d  (MgSO,), concentrated and f lash  

chromatographed (l:19::2-propano1:methylene c h l o r i d e )  t o  a f f o r d  an amber o i l .  The o i l  was 

d isso lved  i n  a  s o l u t i o n  of  18.6 g  of  potassium hydroxide i n  250 m1 o f  water and heated a t  100DC 

f o r  30 min. The s o l u t i o n  was a c i d i f i e d  w i t h  5 N hyd roch lo r i c  a c i d  and heated b r i e f l y  a t  10OoC. 

The s o l u t i o n  was n e u t r a l i z e d  w i t h  sodium bicarbonate s o l u t i o n  and ex t r ac ted  w i t h  methylene 

ch l o r i de .  The e x t r a c t s  were concentrated t o  p rov i de  a  mix tu re  o f  20, 2 and 2, which was 

d i l u t e d  w i t h  150 m l  o f  dimethylformamide dimethyl  ace ta l  and heated a t  r e f l u v  f o r  1.5 h .  

Solvent  was removed and the res idue was f l a s h  chromatographed (1:9::acetone:methylene ch lo r ide  

fo l lowed by 1:9::methanol:methylene c h l o r i d e )  t o  provide14 1 . 0 0  g  o f  g as a  ye l low,  c r y s t a l l i n e  



s o l i d ,  mp 93.5-94.5"C; 'H nmr (CDCl,) 6 7.85 ( 5 ,  lH, C3-H), 3.75 ( 5 ,  3H, CH,), 3.05-2.55 (a, 4H, 

2  C5-CH2 and CB-CH,), 2.33-1.70 (n, 4H, C6-CH, and C7-CH,); ms ( E I )  164 (molecular i on ) .  

5,6,7,8-Tetrahydr0-5-acetyl-l-mathyl-4(1)-cyc10heptapyrazolone (27). A 9.80-ml (0.070 mol) 

volume o f  d i i sopropy lamine  was s lowly  added t o  an i c e  c o l d  s o l u t i o n  o f  27.0 m l  (0.070 ao l )  of 

2.6 M n - b u t y l l i t h i u m  ( i n  hexane) i n  200 m l  of anhydrous te t rahydro fu ran .  The s o l u t i o n  was 

cooled t o  -78'C and 5.50 g  (0.034 mol) of  20 i n  50 n l  o f  te t rahydro fu ran  was added dropwise. 

The s o l u t i o n  was s t i r r e d  a t  -78'C fo r  20 min and 3.60 n l  (0.050 n o l )  o f  ace t y l  c h l o r i d e  i n  25 n l  

o f  anhydrous t e t r ahyd ro fu ran  was added dropwise. The mix tu re  was warmed t o  - 1 5 T  and quenched 

by the  slow a d d i t i o n  of  600 m1 of water .  The l a y e r s  were separated and the  aqueous phase was 

washed w i t h  e ther  and a c i d i f i e d  t o  pH 4  w i t h  5  N hydroch lo r ide  ac i d .  The s l u r r y  was ex t rac ted  

v i t h  methylene c h l o r i d e  and the  organic e x t r a c t s  were d r i e d  (MgSO,) and concentrated t o  g ive  

4.10 g  (58%) o f  27 as a gummy yel low s o l i d :  'H nmr (COCI,) 6 7.90 ( s .  lH ,  C3-H). 3.70 ( s ,  3H, 

NCH,), 2.80 ( t ,  3-6 Hz, ZH, CH2), 2.60-2.30 (m, 2H, CH2), 2.20 ( s ,  3H, CCH3), 2.20-1.85 (m,  2H, 

C7-CH2). 

4,5,6,7-Tetrahydro-3,7-dimethyl-1~-cyclohspta[l,2-r::3,4-r:']dipyrazole Hydrochlor ide (28). A 

s o l u t i o n  of  4 .00  g  (19.4 mmol) of 27 and 0.7 m l  (22 mmol) o f  hydrazine i n  50 m l  o f  methanol was 

heated a t  r e f l u x  fo r  30 min. The s o l u t i o n  was concentrated and t h e  res idue was f l a s h  chromato- 

graphed (1:9::methanol:methylene ch lo r i de )  t o  p rov ide  the  cyc loheptad ipyrazo le  as a  gummy yel low 

s o l i d .  Th i s  s o l i d  was d isso lved  i n  2-propanol and t r e a t e d  v i t h  e therea l  hyd roch lo r i c  a c i d  t o  

g ive ,  a f t e r  c o l l e c t i o n  and dry ing ,  2.90 g  (61%) of 28 as a  yel low s o l i d ,  mp 277-280'C (dec.) :  1H 

nmr (0,O) 6 7.60  (s, lH ,  C9-H), 3.75 (s,  3H, NCH,), 3.10-2.40 (m, 4H, C4-CH, and C6-CH,), 2.30 

(s,  3H, CCH,), 2.10-1.60 (1, 2H. C5-CH,); ms (EI) 202 (molecular i o n ) ;  =. Calcd f o r  

ClIHl4N4.HC1: C, 55.34; H, 6.33;  N, 23.47. Found: C ,  55.26; H, 6 .26 ;  N, 23.12. 

5,6,7,8-Tetrahydro-5-(hydroxymethylene)-l-methyl-4(1~)-cycloheptapyrazolone (29). n 7.00 g  

(0.043 mol) q u a n t i t y  of 20 was combined w i t h  2 .30  g  (0.095 n o l )  of  d ry  sodium hydr ide,  12 n l  o f  

e t hy l  formate, 2  drops of  ethanol  and 180 m l  o f  te t rahydro fu ran .  The mix tu re  was heated a t  

re f lux ,  cooled and p a r t i t i o n e d  between water and e ther .  The aqueous layer  was washed w i t h  ether 

and a c i d i f i e d  t o  pH 5  w i t h  1 N hyd roch lo r i c  ac id .  The wh i te  p r e c i p i t a t e  which formed was 

co l l ec ted  and d r i e d  t o  g i v e  7.30 g  (88%) o f  29, mp 133-135°C; L H  nmr (Cocl,) 6 16.50-16.20 (b r  

d, lH,  OH), 8 .10  (d,  5x6 Hz, lH ,  CHOH), 7.95 (s ,  lH ,  C3-H), 3.80 ( s ,  3H, CH,), 2.90 ( t ,  3.6 Hz, 

2H. CH,), 2.60-2.30 ( m ,  2H, CH,), 2.20-1.80 (m, ZH, C7-CH,); ns (C I )  ! / I  193 (M++l), 221 

(M*+29), 233 (Mt+41); @. Calcd f o r  C,,H,,N,O,: C ,  62.48; H,  6.29; N, 14.58. Found: C, 

62.39; H, 6.24; N, 14.66. 
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6,5,6,7-Tetrahydro-7-methy1-1~-cyclohe~ta[1,2-~:3,4-~~]di~~rarole (30). To a warm s o l u t i o n  o f  

3 .00  g (16.0 mmol) o f  29 i n  90 m l  o f  methanol was s l o w l y  added 0 . 5 0  in1 (16 mmol) o f  hydrazine. 

The s o l u t i o n  was heated a t  r e f l u x  for  30 min, coo led  and concen t ra ted .  The r e s i d u e  was t r i t u r -  

a t e d  w i t h  warm e t h e r  t o  g i v e  2.90 g (96%) o f  30 a s  a t a n  s o l i d ,  mp 153-155*C; 'H nmr (COCI, and 

OMSO-d6) 6 7.80 ( s ,  l H ,  C9-H), 7.20 (s, lH ,  C3-H), 3.75 (s, 3H, CH,), 3 1 0 - 2 . 6 5  (m, 4H, C4-CH? 

and C6-CH,), 2.20-1.75 ( m ,  2H, C5-CH,); ms (C I )  189 (M++l), 217 (M++29), 229 (M*+41); Anal. - 
c a l c d  f o r  C,,H,,N,-1.75 HCl: C. 47.65; H, 5.49;  N, 22.23.  Found: C, 47.90; H, 5.52;  N, 22.39. 

4,5,6,7-Tetrahydro-1,7-dimethyl-1~-cyclohepta[l,2-~:3,4-~']dipyrazole (3l) and 4,5,6,7 Tetra-  

hydro-2,7-dimethyl-2H-cy~lohepta[l,2-~:3,4-~~]dipyrazole (32) .  A s o l u t i o n  o f  1.1 m1 ( 2 1  mmol) 

o f  methy lhydra r ine  i n  20 m1 of methanol was added dropwise t o  an  i c e  c o l d  s o l u t i o n  o f  4 . 0 0  g 

(21.0 mmol) o f  2 i n  130 ml o f  methanol. The s o l u t i o n  was hea ted  a t  r e f l u x  f o r  2.5 h and 

concen t ra ted  t o  a dark o i l .  F l a s h  chromatography (7.5:92.5::2-propano1:methylene c h l o r i d e )  gave 

1 2 . 9  (28%) o f  as a y e l l o w  o i l  which C r y s t a l l i z e d  on s tand ing ,  mp 94-96OC; 1H nmr (COCI,) 6 

7.65 ( s ,  l H ,  C9-H), 7.15 (5, 1H. C3-H), 4 . 0 0  (5, 3H, N1-CH3), 3 .80  ( s ,  3H, N7-CH3), 3.05-2.60 

( m .  4H, C4-CH, and C6-CH,). 2 .20-1.75 (m. 2H. C5-CH,); ms (C I )  203 (M++l) .  231 (M++29), 243 

(Ht+41); E. Calcd f o r  C,,H,,N,: C, 65.32;  H, 6.98;  N, 27.70. Found: C. 65.24;  H, 6 . 9 1 ;  N .  

27.69. 

Also ob ta ined  from t h e  chromatography was 2.3 g (54%) o f  2, mp 119-121°C; 'H nnt (COCI,) 6 7.80 

(5 ,  1H, C9-H), 6 . 9 5  ( s ,  l H ,  C3-H), 3.75 (5 .  3H. CH,), 3 .70  (5, 3H, CH,), 3.05-2.60 (n. 4H, C4- 

CH, and C6-CH,). 2 .20-1.75 (m,  2H. C5-CH,); as (C I )  mlr 203 (M++l) .  231  (Mt+29). 243 (H*41): 

e. Calcd f o r  C,,H,,N,: C, 65.32; H, 6.98; N, 27.70. Found: C, 64.97; H, 6.96; N, 27.63. 

4,5,6,7-Tetrahydro-1,6.6-trlmathyl-4-oxo-l-indazole-5-carboxaldehyde (4). a 23.8 n l  

(62.0 mmol) volume of 1 .60  M n - b u t y l l i t h i u m  ( i n  hexane) was s l o w l y  added t o  an i c e  c o l d  s o l u t i o n  

o f  8.70 ml (62.0 mmol) o f  N,N-di isopropylamine i n  30 ml o f  anhydrous t e t r a h y d r o f u r a n .  The 

s o l u t i o n  was s t i r r e d  a t  O'C f o r  15 min and 10 .8  ml (62.0 n n o l )  o f  hexanethylphosphoramide was 

added. The s o l u t i o n  was s t i r r e d  a t  O°C f o r  15 min,  coo led  t o  -78'C and 5 .00  g ( 2 8 . 1  n n o l )  of 

33> i n  150 m1 o f  anhydrous t e t r a h y d r o f u r a n  was added dropwise.  fo l l owed b y  8.90 ml (0.101 mol) - 
o f  e t h y l  formate. The s o l u t i o n  was a l lowed t o  warm t o  room temperature,  and a f t e r  s t i r r i n g  for 

20 h was p a r t i t i o n e d  between water  and methylene c h l o r i d e .  The aqueous l a y e r  was a c i d i f i e d  w i th  

d i l u t e  h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  rnethylene c h l o r i d e .  The e x t r a c t s  were d r i e d  (MgSO,) 

and.concentrated.  The r e s u l t i n g  dark  o i l  which c r y s t a l l i z e d  on s t a n d i n g  was f l a s h  

chromatographed (1:9: :acetone:methylene c h l o r i d e )  t o  g i v e  3.04 g (52%) o f  2 as l i g h t  ye l low 

c r y s t a l s ,  mp 131-132°C ( to luene-hexane);  'H nmr (CDC1,) 6 14.50 (d, J.10 Hz, l H ,  C=CHOF), 7.80 



(5 ,  lH,  C3-H), 7.35 (d ,  J.10 Hz, l H ,  C=CHOH), 3.75 (5, 3H, NCH,), 2 . 7 0  (5 ,  2H, CH2), 1.25 [ s ,  

6H. C(CH3)21; as ( E I )  ./I 206 (molecular  i o n ) ;  Anal. Calcd  f o r  C,,H,,N,O,: C. 64.06:  H .  6.84: 

N ,  13.59. Found: C, 64.11;  H, 6.85;  N ,  13.50. 

1,4,5,6-TetrahYdr0-4,4,6-trimethylbenzo[1,2-c:3,4-c']dipyrazole (35). A s o l u t i o n  o f  3.09 g 

( 1 5 . 0  mmol) of 2 i n  100 ml of methanol was t r e a t e d  w i t h  0 .60  ml (19 nmol) o f  h y d r a r i n e ,  and the  

S o l u t i o n  was hea ted  a t  r e f l u x  for  45 min, s t i r r e d  a t  room tempera tu re  f o r  15 h and concentrated.  

The r e s i d u e  was t r i t u r a t e d  w i t h  e t h e r  t o  g i v e  2.30 g (75%) o f  35 as t a n  c r y s t a l s ,  mp 232-234°C 

( e t h y l  ace ta te ) ;  'H nmr (OMSO-d,) 8 7.52 ( s ,  l H ,  a romat i c ) ,  7 .47 ( s ,  l H ,  a r o m a t i c ) ,  3 .77  ( s ,  3H, 

NCH,). 2.69 (s ,  ZH, CH*), 1 . 2 1  [s, 6H, C(CH,),]; ms ( E l )  202 (mo lecu la r  i o n ) ;  u. Calcd 

for  C,,H,,N,: C, 65.32; H, 6.98; N, 27.70. Found: C, 65.54; H, 7.05; N, 27.61. 

1,4,5,6-Tetrahydro-l,4.4,6-tetramethylbenzo[l,2-:3,4-']dipyrazole (36) and 2.4.5,6-Tetrahy- 

dr0-2,4,4,6-tetramethylbenzo[1,2-~:3,4-~']dipyrazole (37). A s o l u t i o n  o f  0.59 n l  (11.1 mmol) o f  

methylhydrazine i n  20 m1 o f  methanol was added d r o p v i s e  t o  an i c e  c o l d  s o l u t i o n  o f  2.22 g 

(10.8 mmol) o f  34 i n  80 ml of methanol. The s o l u t i o n  was heated a t  r e f l u x  f o r  45 min and 

concentrated,  and t h e  r e s i d u e  was r e c r y s t a l l i z e d  from t o l u e n e  t o  g i v e  0.99 g (43%) o f  as o f f -  

wh i te  c r y s t a l s ,  mp 172-173'C; 'H nrnr (COC1,) S 7.74 ( s ,  l H ,  C8-H), 7 . 1 1  (5 ,  l H ,  C3-H), 3 .83  ( s ,  

3H, NCH,), 3.82 (5, 3H, NCH,), 2.65 ( s ,  2H, CH,), 1 . 2 7  [s, 6H, C(CH,),]; ms ( E I )  216 

(molecular  i o n ) ;  w. Calcd f o r  C,,H,,N4.0.5H,0: C, 63.97;  H, 7.61;  N, 24.87.  Found: C, 

64.25; H. 7.43; N ,  25.11. 

The mother l i q u o r  from t h e  r e c r y s t a l l i z a t i o n  was concen t ra ted  t o  p r o v i d e  1 . 2 6  g (54%) o f  36, 

mp 105-10B0C ( t o l u e n e ) ;  'H nrnr (CDCI,) 6 7.60 (s, l H ,  C8-H), 7.28 (s, l H ,  C3-H). 3.97 ( s ,  3H, 

N1-CH>), 3.84 ( 5 ,  3H. N6-CH,), 2 . 6 5  ( s ,  2H, CH,), 1.27 [ s ,  6H, C(CH,),]; h r n s  Calcd f o r  

C,,HI6N4: 216.1375. Found: 216.1372; m. Calcd f o r  C,,H,,N,: C. 66.64; H, 7.46; N, 25.91 

Found: C, 66.49; H, 7 .42 ;  N, 25.91. 

1,4,5,7-Tetrahydro-l-methyl-4-oxothiopyrano[3,4-~']pyrazole-5-carboxaldehyde (2). A m i x t u r e  

O f  8.80 g (0.220 mol) of sodium h y d r i d e  (60% Quspension i n  m inera l  o i l ) ,  8 .90 m l  (0 .110 n o l )  o f  

e t h y l  formate, 3 d rops  o f  e t h e n o l  and 400 ml o f  t e t r a h y d r o f u r a n  was combined and s t i r r e d  

mechan ica l l y .  A s o l u t i o n  o f  18.5 g (0.110 mol)  o f  3 8 1 5  i n  100 m l  o f  t e t r a h y d r o f u r a n  was added 

dropwise and t h e  m i x t u r e  was heated a t  r e f l u x  f o r  4 h .  The m i x t u r e  was cooled,  p a r t i t i o n e d  

between e t h e r  and water  and t h e  aqueous phase was washed w i t h  ne thy lene  c h l o r i d e  and a c i d i f i e d  

w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .  The r e s u l t i n g  w h i t e  s o l i d  was c o l l e c t e d  t o  g i v e  1 6 . 2  g (75%) of 

39, mp 158-159'C (ether-methylene c h l o r i d e ) ;  I H  nmr (CDCl, and OHSO-d,) d 7.90 (s ,  l H ,  C3-H), - 
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7.65 (b r  s ,  lH ,  C=CHOH). 3.80 ( s ,  5H. CH3 and CH,); ms (€1) 196 (molecular  i o n ) ;  m. calcd 

fo r  C,H,N202S: C ,  48.96; H, 4.11; N, 14.28.  Found: C ,  48.87; H, 4.21; H, 14.08. 

5,6-0ihydro-6-methyl-1~-thiopyrano[3.2-~:5,4-~r]dlpyrazole (40). To a s o l u t i o n  of 16 .0  g 

(0.0815 m01) o f  2 i n  250 m l  o f  methanol was added, dropvise,  3 .50  m l  (0.110 mol) o f  hydrazine 

The s o l u t i o n  was heated a t  r e f l u x  f o r  45 win,  s t i r r e d  a t  room temperature fo r  15 h and concen- 

t r a t e d .  The res idue was t r i t u r a t e d  w i t h  ether t o  g i v e  14.6 g (93%) of 40. mp 224-2269C (etha- 

nol-water) ;  'H nmr (COC1, and OMSO-d,) h 7.70  ( s ,  lH ,  C8-H), 7.35 ( s ,  lH ,  C3-H), 4.00 ( s ,  2H, 

CH,), 3.85 ( s ,  3H, CH,); ms (C I )  !I? 193 (M'+l), 221 (M'+29), 233 (M*+41); @. Calcd fo r  

C8H8N4S: C .  49.98; H, 4.19; N, 29.15. Found: C, 49.95; H, 4.18; N, 29.28. 

5,6-0ihydro-6-methyl-l~-thiopyrano[3,2-c:5,4-c']dipyrezole 4-oxide (41). A s o l u t i o n  of 1.06 g 

(5.22 mmol) of 85% n-chloroperoxybenzoic a c i d  i n  30 n l  o f  t e t r ahyd ro fu ran  was added dropvise t o  

1 .00  g (5.20 mmol) of g i n  20 m l  o f  te t rahydro fu ran  a t  -15OC. The mix tu re  was s t i r r e d  a t  -15'C 

fo r  3 h and the p r e c i p i t a t e  was c o l l e c t e d  t o  g i ve  1 .01  g (93%) o f  41 as a yel low s o l i d ,  mp > 

270PC (e thano l ) ;  'H nmr (OMSO-d,) h 8.40 (b r  s ,  lH ,  C3-H), 7.85 (s, lH ,  C8-H), 4.75 (d ,  3.16 Hz, 

lH,  C5-H), 4.00 (d,  3.16 Hz, l H ,  C5-H), 3 .90  (s,  3H, CH,); hrms Calcd f o r  C,H,N,OS: 208.0419. 

Found: 208.0413. 

5,6-0ihydr0-6-methyl-1~-thiopyrano[3,2-~:5,4-~']dipyrazole 4,4-dioxide (42). A s o l u t i o n  of 

7.92 g (39.0 mm01) of 85% E-chloroperoxybenzoic a c i d  i n  50 m1 of  methylene c h l o r i d e  was added 

dropwise t o  an i c e  c o l d  s o l u t i o n  of  4.00 g (20 .8  ninol) o f  40 i n  100 m1 oP methylene ch lo r ide .  

The mix tu re  was s t i r r e d  a t  room temperature fo r  24 h and concentrated,  and the  res idue was 

t r i t u r a t e d  w i t h  te t rahydro fu ran  t o  g i ve  3.13 g (67%) o f  42 as a yellow-orange s o l i d ,  mp > 27O0C 

(methanol); 'H nmr (OMSO-d,) h 8 .40  ( s ,  l H ,  C3-H), 7.80 ( s ,  IH ,  C8-H), 4.95 ( 3 ,  2H, CH,), 3.85 

( s ,  3H. CH,); ms (€1) !I: 224 (molecular  i o n ) ;  5. Calcd f o r  C,H,N,O,S: C ,  42.85; H, 3.59; N, 

24.99. Found: C ,  42.74; H, 3.74, N, 25.09. 

5,6-0ihydro-6-methyl-l-(phenylmethyl)-2~-thiopyrano[3,2-~:5,4-~~]dipyrezole (43). A so l u t i on  

of 2.95 g (15 .1  mmol) of  benzylhydrazine d ihydroch lo r ide  and 6.00 n l  (30 .0  mmol) o f  5 N sodium 

hydroxide s o l u t i o n  i n  50 m l  o f  methanol was added, dropwise, t o  2.70 g (13.8 mmol) o f  2 i n  

50 m l  o f  methanol. The mix tu re  was heated t o  r e f l u x  f o r  5 h and concentrated,  and the residue 

was f l a sh  chromatographed (1:19::methanol:methylene c h l o r i d e )  t o  g i v e  2.69 g (69%) of  43. 
mp 204-206°C (e thano l -water ) ;  'H nmr (COC1,) 6 7.50-7.00 (n, 7H. a romat ic ) ,  5.45 (s ,  2H, benzyl 

CH,). 3.85 (s. 2H, SCH,), 3.80 (s, 3H. CH,); hrms Calcd fo r  C,,H,,N,S: 282.0939. ~o "nd :  

282.0917. 
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5,6-Dihydro-l-methyl-2-(phenylmethyl)-2~-thiopyrano[3,2-~:5,4-~']dipyrazole 4-oxide (44), A 

s o l u t i o n  of 1.29 g (6.35 mmol) of  85% n-chloroperoxybenzoic a c i d  i n  50 ml o f  te t rahydro fu ran  was 

added, dropwise, t o  1.80 g (6.37 mmol) of  3 i n  50 m l  o f  t e t r ahyd ro fu ran  a t  -15OC. The mix tu re  

was mainta ined a t  -15'C fo r  3 h and t h e  p r e c i p i t a t e  was c o l l e c t e d  t o  g i v e  0 .91  g (51%) of 2 as 

a wh i te  s o l i d ,  mp 185-187°C (e thano l ) ;  'H nmr (COCI,) S 8.00 ( 5 ,  lH ,  C3-H), 7.65 ( s ,  lH,  C8-H), 

7.35-7.05 (m, 5 ~ .  phenyl) ,  5.60-5.45 (m,  2H, benzyl CH,), 4.40 (d,  J=16 Hz, lH ,  C5-H), 3.90 ( s ,  

3H, pH3), 3.70 (d,  3.16 Hz, lH ,  C5-H): mS (CI)  ?I? 299 (M*+l), 327 (M*+29), 339 (M++41); m. 
Calcd fo r  C,,H,,N,OS: C, 60.38; H, 4.73; N, 18.78. Found: C ,  60.41; H, 4.80; N, 18.68. 

7-(Hydroxymethylene)-1,4-dioxaspiro[4.5]decan-B-one (46). l o  a mix tu re  o f  1.40 g (35.0 nmol) o f  

60% Sodium hydr ide  i n  mineral  o i l ,  10 m l  o f  e t hy l  formate, 1 drop of  ethanol  and 200 m l  o f  

te t rahydro fu ran  was added 5.00 g (32.0 mmol) o f  1.4-cyclohexanedione (45). The mix tu re  was 

heated a t  r e f l ux  fo r  2.5 h, cooled and p a r t i t i o n e d  between water and e ther .  The organic layer  

was ex t rac ted  severa l  t imes w i t h  0 . 5  N sodium hydroxide and the  combined aqueous phases were 

washed w i t h  ether and a c i d i f i e d  t o  pH 4 w i t h  5 N hyd roch lo r i c  ac i d .  Th is  mix tu re  was ex t rac ted  

w i t h  methylene c h l o r i d e  and t h e  organ ic  e x t r a c t s  were d r i e d  (magnesium s u l f a t e )  and 

concentrated. The r e s u l t i n g  o i l  was bu lb - to -bu lb  d i s t i l l e d  (120°C/1 nn Hg) t o  g i v e  4.00 g (68%) 

of  5 as a co l o r l ess  o i l ;  'H nnr (COC1,) S 14.70 (b r  s ,  lH ,  OH), 8.50 ( s ,  lH ,  C=CH-OH), 4.00 ( s ,  

4H, OCH,CH,O), 2.70-2.40 (m, 4H. CH,CH,C=O), 2.00-1.70 (In, 2H. C6-CH,); ns (C I )  185 (M++l), 

213 (M*+29), 225 (Mt+41); =. Calcd f o r  C,H,,O,: C, 58.68; H, 6.57. Found: C ,  58.43; H, 

6.57.  

1',4',6',7'-Tetrahydro-l'-methylspiro[l,3-dioxolane-2,5'-[5~]indazole] (47). l o  an i c e  co l d  

s o l u t i o n  of 2.00 g (10.9 mmol) of 5 i n  40 n l  o f  methanol was added 0.600 m l  (11 .3  nmol) o f  

methylhydrazine. The s o l u t i o n  was heated a t  r e f l u x  f o r  30 n i n  and concentrated t o  a f f o r d  an 

amber o i l ,  which was f l a s h  chromatographed (e thy l  ace ta te )  t o  p rov i de  1.60 g (76%) o f  47 as a 

yel low O i l ;  IH nmr (COC13) 6 7 .00  (5 ,  lH ,  C3'-H), 4.00 (5, 4H, OCH2CH20), 3.80 ( s ,  3H, CH3), 

2.85 ( t ,  5-6 Hz, 2H, C7'-CH,), 2.70 ( 5 ,  ZH, C4'-CH,), 1.95 ( t ,  5.6 Hz, ZH, C6'-CH,); ms (CI)  ?/z - 

195 (M++l) ,  223 (M*+29), 235 (M++41); E. Calcd f o r  C,,H,,N,O: C ,  61.83; H, 7.26;  N, 14.43. 

Found: C, 61.61; H, 7.00; N, 14.29. 

1,4,6,7-Tetrahydro-l -methyl-5~ndazol-5-one (48). A s o l u t i o n  of 3.70 g (19 .0  mmol) of k e t a l  

(47) i n  100 m l  of 10% aqueous a c e t i c  a c i d  was heated a t  r e f l u x  fo r  3 h .  Concentrat ion l e f t  a 

dark o i l  which was f l a s h  chromatographed (e thy l  acetate)  t o  g i ve  a m i x tu re  o f  48 and ethylene 

g l y c o l ,  which was removed by d i s t i l l a t i o n  ( 1  mn Hg) t o  g i v e  1 . 6 0  g (56%) o f  3 as an orange 
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gum: 'H nmr (COCl,) 6 7.10 (s .  l H ,  C3-H), 3.80 ( s ,  3H. CH,), 3 .30 (s. 2H, C4-CH,). 3.15-2.80 ( m .  

2H, C7-CH>), 2.75-2.40 ( m ,  2H, C6-CH,); hrms Calcd f o r  C,H,,N,O: 150.0793. Found: 150.0798. 

4-[(Dimethylamino)methylene]-1,4,6,7-tetrahydro-l-methy1-5~-indazol-5-one (49). A s o l u t i o n  of 

1.10 g (7 .32  mmol) o f  i ndazo lone  (48) i n  25 ml o f  N,N-dinethylformamide d imethy l  a c e t s l  was 

heated a t  r e f l u x  f o r  1 .5  h .  Excess reagent  was removed by d i s t i l l a t i o n  and t h e  res idue  was 

f l a s h  chromatographed (1:19::methanol:methylene c h l o r i d e )  t o  g i v e  1 . 4 0  g (93%) o f  2, which 

s o l i d i f i e d  on t r i t u r a t i o n  w i t h  ether-hexane t o  a t a n  powder, mp 94-10O0C; 1H nnr  (COCI,) 6 7.55 

[s .  1H. CH=N(CH3)21, 7.00 ( 5 .  l H ,  C3-H), 3.80 (3, 3H, N1-CH,), 3 .00 [s. 6H, N(CH3)2], 3.00-2.70 

( m .  ZH, C7-CH,), 2.70-2.40 (m, 2H. C8-CH,); hrms Calcd f o r  C,,H,,N,O: 206.1293 (Mt+l ) .  Found: 

206.1304. 

3,4 ,5 ,6 -Tetrahydr0-3- rnethy lb~nro[ l ,2 -$ :4 ,3 - ]d ipyra~ole  (50). To a s o l u t i o n  o f  4.10 g 

(20.0 mmol) o f  49 i n  100 ml o f  methanol was added, dropwise,  1 .00  n l  (31 .5  mmol) o f  hydrazine.  

The s o l u t i o n  was heated a t  r e f l u x  f o r  30 min, t r e a t e d  w i t h  charcoa l  and f i l t e r e d .  The f i l t r a t e  

was concen t ra ted  and t h e  r e s i d u e  was f l a s h  chromatographed (1:9::methanol:methylene c h l o r i d e )  t o  

p r o v i d e  an amber o i l ,  which was t r i t u r a t e d  w i t h  e t h e r  t o  g i v e  2.60 g (74%) of 50 as a t a n ,  

c r y s t a l l i n e  s o l i d .  mp 150-156'C ( t o l u e n e ) ;  'H nnr  (COCI,) 6 7 .45  ( s ,  IH, p y r a z o l e  CH), 7 .20  (s ,  

l H ,  py razo le  CH), 3.80 ( s ,  3H, CH,), 2.95 ( s ,  4H, CH,CH,); ms ( E I )  rj/; 174 (molecular  i o n ) ;  

Anal. Calcd f o r  C,H,,N,: C, 62.05; H, 5.79; N, 32 .16 .  ~ o u n d :  C ,  62.30;  H, 5 .77:  N, 31.89. 

3,6-0ihydro-3-methylbenzo[1,2-$:4,3-~']dip'yrazole (51). A m i x t u r e  o f  3.80 g (21 .8  mmol) o f  2, 

2.50 g of 5% Pd/C and 100 ml o f  d e c a l i n  was heated a t  195OC f o r  25 h .  The m i x t u r e  was cooled, 

d i l u t e d  w i t h  hexane and f i l t e r e d .  The f i l t e r  cake was s t i r r e d  w i t h  250 ml o f  methanol f o r  

15 n i n  and t h e  m i x t u r e w a s  f i l t e r e d  th rough  c e l i t e .  The f i l t r a t e  was concen t ra ted  t o  g i v e  

2.60 g (69%) o f  51 as a w h i t e  s o l i d ,  mp 220-227°C (dec.) ( to luene) ;  1H nrnr (COC1, and OMSO-d,) 

& 8.00 (s .  2H. a r o m a t i c ) ,  7.35 ( s ,  ZH, a romat i c ) .  4.10 ( s ,  3H, CH,); h rns  Calcd for  C,H,N,: 

172.0749. Found: 172.0743. 
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