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Abstract - Ortho l i t h i a t i o n s  and acy l a t i ons  o f  1 0 . l l - d i h y d r o - 5 ~ - d i b e n < ~ , f ]  

azepine and 1 .N -d i e thy l n i co t i nan ide  r e s p e c t i v e l y  l e d  t o  t h e  convenient  syn- 

t h e s i s  of the key in te rmed ia te  4-[(10,11-dihydro-5~-dibenz&,fJazepin-4- 

yl)hydroxymethyl]-!,!-diethylnicotinamide 2. C a t a l y t i c  r educ t i on  o f  2, and 

subsequent c y c l i z a t i o n  o f  the  r e s u l t i n g  ca rboxy l i c  a c i d  3, prov ided the  

pen tacyc l i c  lac tam 4 r equ i r ed  f o r  f u r t h e r  e l abo ra t i on  o f  t h e  r i g i d  imipramine 

analog. D i f f i c u l t i e s  i n  amide hyd ro l ys i s  a re  discussed. Fur ther  reduc t ions  

and N-methylat ion provided both c i s  and t r ans  r i n g  f u s i o n  isomers & and 

i d e n t i f i e d  by I H  and 1% mr. 

I n  o rder  t o  mimic t h e  extended s i de  cha in  conformat ion o f  the t r i c y c l i c  an t idepressant  imipramine 

i n  a r i g i d  system we have undertaken t h e  syn thes is  of  8. Studies o f  t h e  X-ray c r y s t a l  s t r u c t u r e  

of imipramine i n d i c a t e  two s i de  cha in  conformat ions, l*2 one o f  which i s  f u l l y  extended and s i m i l a r  

t o  D re i d i ng  models o f  g; which appears t o  be q u i t e  r i g i d  based on i t s  p r o t o n  nmr. The c i s  ring 

fus ion i s m e r  i s  both l e s s  we l l  con format iona l l y  def ined and u n l i k e  any known imipramine 

conformation. It w i l l  be sub jec ted  t o  t h e  same pharmacological ana l ys i s  as t h e  t r ans  isomer. 

Synthesis of the pen tacyc l i c  s t r u c t u r e  begins w i t h  the  known o r t ho  d ime ta l a t i on  o f  10 , l l -d ihydro-  

SX-dibenlZb_.f]azepine, fo l lowed by a c y l a t i o n  w i t h  D M F . ~  The r e s u l t i n g  l0, l l -d ihydro-SX- 

dibenfb,:Jazepine-4-carboxaldehyde was used i n  t h e  nex t  r eac t i on  as an a c y l a t i n g  agent. N.1- 
D ie thy l  n icot inamide,  wh i l e  p rov i d i ng  a lower  y i e l d  than t h e  d i i sopropy lamide  on acy la t ion ,  can be 

conven ien t ly  and s p e c i f i c a l l y  l i t h i a t e d  i n  t h e  4 p o s i t i o n  of the p y r i d i n e  r i n g  a t  -78% w i t h  a 

h indered base such as lithio-2.2,6.6-tetramethylpiperidide.4 Acy la t i on  o f  t h i s  reagent w i t h i n  15 

min w i t h  t h e  aldehyde, p rov ided 2 i n  good y i e l d .  

Several at tempts a t  hyd ro l yz i ng  t h e  1.N-di isopropylamide compound 2 as we l l  as 2 i n  s t r o n g l y  

a c i d i c  and bas ic  cond i t ions ,  bo th  before and a f t e r  hydrogeno l i z ing  t h e  hydroxyl  subs t i t uen t ,  

r e s u l t e d  i n  recovery  of  s t a r t i n g  ma te r i a l  and u n i d e n t i f i e d  s i de  products. The ca rboxy l i c  a c i d  3 



5 - 

?, 8 a  C/H3 cis 

- 
8b trans 

a .  LiTMP b. 10,ll-dihydro-5~-diben$~,f7azepine-4-carboxaldehyde c. H* /Pd-c /Aco~ 

d .  POCl3 e .  BHj.THF f. Me!. g. NaBH4 h .  TFA, E t 3 S i H  
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was obtained i n  a two s tep procedure i nvo l v i ng  l a c t o n i z a t i o n  t o  give 9.5 which was then reduced 

~ 7 t h  zinc copper couple i n  KQH and pyr id ine.6 This reac t i on  sequence waS successful on l y  i n  the 

N N-diethylamide case, and was d i f f i c u l t  t o  reproduce due t o  the i n s t a b i l i t y  o f  the lac tone 9. -.- 
I n t e r e s t i n g l y  the  lac tone once i so la ted  was e a s i l y  a i r  ox id ized t o  the keto-acid 10.7 which was 

a lso  a major s ide  product of the l a c t o n i z a t i o n  

a. TsOH, to luene 

b. Zn-Cu. KOH, py r i d i ne  

C.  NaBHq 

d. Hz/Pd-CIAcOH 

Despi te the  many problems associated w i t h  the hindered amide hydro lys is ,  and lac tone 

hydrogenolysis, i t  was found t h a t  the  ca rboxy l i c  a c i d  3 cou ld  be obtained d i r e c t l y  f rom 2 i n  good 

. y i e l d  by hydrogenolysis a t  1 atmosphere pressure and 850C i n  g lac ia l  ace t i c  acid.9 No doubt 

l a c t o n i z a t i o n  fol lowed by hydrogenolysis i s  the  mechanism.*O and s t r i c t  exc lus ion o f  o x i d i z i n g  

condi t ions allows fornat ion  of the desired product. Conversion of the ke toac id  t o  an alcohol  

1111 w i t h  NaBH4 provided another subst ra te  t h a t  could undergo t h i s  reduct ion  t o  g ive  3. - 
Lactamizat ion i n  neat POC13 a t  room temperature12 provided the novel he te rocyc l i c  in termedia te  

'' 9,10-dihydro[l]benzazepino[3,~,~-~pyrido[3,4-c][1]benrarepin-16(5~)-one 4. 



Camerc ia l  0.9M borane i n  THF was SucCeSSfUl i n  reducing the lactam c a r b o n y l l 3 ~ 1 4  g i v i ng  5,  which 

was then quaternized and reduced without r igorous i s o l a t i o n  o f  the  in termedia te  pyr id in ium 

methiodide 6. This rwo Step SequenCe was low y i e l d i n g  (40%). poss ib ly  due t o  the incomplete 

quatern iza t ion  i n  EtOH, o r  on ly  p a r t i a l  reduct ion  o f  the  py r i d i ne  r i ng .  qua te rn i za t i on  i n  THF 

appears t o  be more successful8 and i s  recommended due t o  i n s o l u b i l i t y  o f  the s a l t  once formed, and 

thus prevent ion of so l vo l ys i s  and establishment o f  an equ i l ib r ium.  No dihydropyr id ine products 

were iso la ted;  and 1 3 ~  nmr establ ished the regiochem'istry o f  the remaining double bond i n  the 

te t rahydropyr id ine  z. 
Reduction of t h i s  t e t rasubs t i t u ted  r i n g  fusion double bond proved i n t r a c t a b l e  t o  Pd catalyzed 

hydrogenation, wh i le  Pt02 appeared t o  reduce a t  l e a s t  one aromatic r i n g  as we l l  as g i v i ng  mixtures 

o f  over-reduced products.8 Borane i n  THF cleaved the N(15)-C(16) bond g i v i ng  a Hoffman type 

e l im ina t i on  product 12.15 as we l l  as other un ident i f ied  s ide products. Neat t r i e t h y s i l a n e  and 

t ~ i f l w v o a c e t i ~  ac id  a t  re f lux16 prov ided  a 5:1 mix ture  of c i r : t r ans  r i n g  fusion isomers &? and 

8b. Ring fus ion geometry was assigned based on work w i t h  s i m i l a r  compounds, where u p f i e l d  s h i f t s  - 
were detected i n  1% mr f o r  the  r i n g  fusion carbons i n  the  c i s  fused cases due t o & s h i e l d i n g  

effects.17.18.19 Fur ther  evidence comes from the proton nmr where the more r i g i d  t r ans  compound 

exh ib i t s  much more f i n e  s t r u c t u r e  for  a l i p h a t i c  protons, and downfield s h i f t  o f  the N-methyl 

s ing le t .  Compounds 1 and have N-methyl s i ng le t s  a t  2.48pm and 2 . 3 4 ~ ~  respect ive ly ,  wh i l e  3 
has an N-methyl s i n g l e t  a t  2.12ppn. This might be explained by the a b i l i t y  of the N-methyl 

subst i tuent  t o  be a n i s o t r o p i c a l l y  shielded i n  the c i s  case by being pos i t ioned over one o f  the  

a r a a t i c  r i ngs  which i s  not poss ib le  i n  e i t h e r  o f  the o ther  two more r i g i d  compounds. 

a. BH3.THF b. HCl, MeOH 
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EXPERIMENTAL 

. Infrared spec t ra  were recorded on a Beckman IR-33 spectrophotometer. NMR spectra were recorded on 

a Var ian  EM-360 (60MHz) spectrometer and a Bruker  WM-250 (25OMHz) spectrometer us ing  

t e t r ame thy l s i l ane  o r  DSS as an i n t e r n a l  standard. Mass spec t ra  were recorded on a Var ian  MAT 311A 

double focusing mass spectrometer. M e l t i n g  po in t s  were taken on an E lec t ro thermal  apparatus and 

a re  uncorrected. 

4-[(10,11-~ihydro-5~-dlben~~.~azepin-4-yl)hydroxymethyl]-~,~-diethylnicotinamide 2: L i t h i u m  

te t r ame thy l p i pe r i d i de  was prepared by dropwise a d d i t i o n  of  nBuLi (2.4M) i n  hexane (40.6m1, 

97.4mmol t o  1 6 . 4 ~ 1  , 97.4 mmol ) of  2,2.6,6,-tetramethyl p i p e r i d i n e  i n  l O h l  o f  anhydrous e the r  a t  

O°C under n i t rogen.  A f t e r  warming t o  room temperature over  1 h, t h i s  c loudy  s o l u t i o n  was added 

v i a  a t r a n s f e r  needle over 5 minutes t o  a s o l u t i o n  o f  N,N-diethyln icot inamide (16.4.1) i n  5 0 h l  of  

anhydrous e ther  a t  -78% under n i t rogen.  The r e s u l t i n g  orange suspension was s t i r r e d  f o *  15 more 

min a t  -78oC. 1 0 , 1 1 - D i h y d r o - 5 ~ - d i b e n ~ ~ , ~ a z e p i n e - 4 - c a r b o x a l d e h y d e  (10.87g. 48.7mmol) d i s so l ved  

i n  l O h l  of anhydrous e ther  was added r a p i d l y  v i a  a t r a n s f e r  needle under n i t r ogen  g i v i n g  a dark 

red  suspension which was s t i r r e d  f o r  20 min a t  -78%. The temperature was then r a i s e d  s l ow l y  t o  

25oC and s t i r r i n g  cont inued overn igh t .  The suspension was quenched w i t h  i c e  c o l d  water  (100ml). 

t h e  e ther  l a y e r  decanted and aqueous l a y e r  f i l t e r e d  t o  y i e l d  6.89 o f  product  a. The aqueous 

l a y e r  was ex t r ac ted  w i t h  THF and canbined w i t h  t h e  e ther  l a y e r  which was then washed w i t h  

sa tu ra ted  NaCl, d r i e d  over  MgS04 and evaporated. T r i t u r a t i o n  of the  combined residues w i t h  c o l d  

d i e t h y l  e ther  (100m1) af forded 4.59 (11.39, 58% o v e r a l l )  of  3 as a w h i t e  s o l i d .  mp 193-195oC; ir, 

3380, 3060, 2980, 1630, 1590 cm-l; IH rmr (60MHz). 8.9d J=5 Hz, 8.4.. 8.0s. 7.6bs. 7.3-6.4m. 

6.3bs. 3.7-2.3111, 3.0s. 1.3-0.611. Anal. ca l cd  f o r  C Z ~ H Z ~ N ~ O Z :  C 74.79; H 6.78; N 10.47. Found: 

C 75.01; H 6.77; N 10.33. 

4- [ (10 ,11 -D ihydro-5~ -d iben~~ .~azep in -4 -y l )hydro~ethy lJ -~ ,~1sopropy ln icot inamide  g: Pre- 

pa ra t i on  i s  s i m i l a r  t o  2 above except  f o r  t h e  use o f  N,N-diisopropylnicotinamide (4.19, 2Omnol) 

i n  t h e  o r t ho  l i t h i a t i o n  s t ep  and 2.239 ( l h m o l )  o f  10.ll-dihydro-5~-diben<~.f7azepine-4- 

carboxyoldehyde as w e l l  as equimolar  q u a n t i t i e s  o f  a l l  o ther  reagents. Work up y i e l ded  3.49 (80%! 

o f  g as a wh i t e  s o l i d ,  mp 195-198oC. Mr m/z 429. Anal. c a l c d  f o r  C25H2gN302: C 75.49; H 7.27; N 

9.78. Found: C 75.65; H 7.45; N 9.49. 

4-[(10.11-~1h~dro-5~-diben~~,f7azepin-4-yl)methyl]nicotinic - a c i d  J: To a s o l u t i o n  o f  2 (10.3g. 

25.6mmol) i n  300ml o f  g l a c i a l  a c e t i c  a c i d  under n i t r ogen  was added 2.59 o f  5% Pd-on-carbon w i t h  

s t i r r i n g .  Hydrogen gas was admi t ted  v i a  a ba l loon ,  and t h e  suspension was heated a t  85°C on an 

o i l  ba th  fo r  24 h. A f t e r  c o o l i n g  t o  room temperature, the  a c e t i c  a c i d  was f i l t e r e d  and t h e  

f i l t r a t e  ex t r ac ted  w i t h  more a c e t i c  acid.  The res idue r e s u l t i n g  from evapora t ion  o f  the  combined 



a c e t i c  a c i d  was taken up i n  2 0 h l  of  e ther  and ex t r ac ted  w i t h  0.5M NaOH. The combined aqueous 

phases were a c i d i f i e d  t o  pH 2-3 w i t h  1 M  HCl and ex t r ac ted  exhaus t i ve l y  w i t h  EtOAc, which was 

washed w i t h  water and sa tura ted  NaCl, and d r i e d  over MgS04. Evaporat ion o f  the  so lven t  gave 7.079 

(84%) o f  3 as a  t an  s o l i d .  mp 200-2030C; ir. 3360, 3260-2220. 1720. 1710. 1690. 1670, 1580, 1490. 

1460 cm-l; IH mr (60MHz). 9.1s. 8.6d J-5 Hz, 7.2-6.5m 4.6bs. 3.0bs; Ms mlz 330. @. ca lcd  fo r  
' 

C21H18N202: C 76.34; H 5.49; N 8.48. Found: C 75.64; H 5.45; N 8.20, carbon was c o n s i s t e n t l y  .: . 
low i n  r eana l ys i s .  

9 , 1 0 - 0 i h y d r o ~ ~ b e n z a z e p i n ~ 3 ~ 2 ~ 1 - ~ p y r i d o [ 3 , 4 - ~ ] [ ~ b e n z a z e p i n - l 6 [ 5 ~ ) - o n e  4: The c a r b o w l i c  a c i d  

3  (7.079, 21 .4mol )  was d isso lved  s lowly,  t o  g ive  a  dark ye l l ow  so lu t i on ,  i n  POC13 (85ml) and l e f t  - 
t o  stand a t  room temperature f o r  48 hours. Excess POClj was evaporated and t h e  res idue taken. up 

i n  i c e  c o l d  water (250ml). and then b a s i f i e d  t o  pH 8-9 w i t h  30% NH40H. The suspension was 

ex t r ac ted  w i t h  chlorofotm, and t h e  combined organics washed w i t h  water  and d r i e d  over MgS04. 

Evaporat ion of the  chloroform gave 5.29 (78%) o f  4 as a greenish s o l i d ,  mp 225-2270C; ir, 3060, 

3020, 2920, 1640, 1590 cm-l; IH nmr (SOMHz), 9 S d  (J=5 Hz), 9.1s. 7 . h ,  4.6d (J=13 Hz) CSeq, 3.6d 

(5-13 Hz) CSax. 3.6-2.6m. H igh - reso lu t i on  mass ca lcd  f o r  C21H16N20: 312.1262. Found: 312.1261. 

5,9.10.16-~etrah~dro[ilbenzazepino[3,2,1-pyrido[3,4-][l]benzaepine 5: Commercial 0.9M borane 

i n  THF 185ml ( A l d r i c h )  was added s lowly  v i a  sy r inge  a t  room temperature t o  Q (5.29 16.7mol)  under 

n i t r ogen  w i t h  s t i r r i n g .  The r e s u l t i n g  wh i t e  suspension was re f l uxed  fo r  17 hours t o  .give a  ye l l ow  

so lu t i on .  A f te r  coo l i ng  t o  room temperature and evapora t ing  t h e  so lven ts ;  t h e  res idue was 

d isso lved  i n  methanol ( Z l h l ) ,  and concentrated HCl ( 4 h l )  was added. Th is  ye l low '  s o l u t i o n  was 

ref luxed w i t h  s t i r r i n g  f o r  12 h. On coo l i ng  t o  room temperature the  so lven ts  were'removed i n  

vacuo, t h e  s o l i d  res idue taken up i n  water (250ml). and then bas i f i ed  t o  pH 12 w i t h  2N NaOH. 

Fo l low ing  exhaust ive e x t r a c t i o n  w i t h  chloroform due t o  emulsions, t h e  organic l a y e r  was washed 

once w i t h  water and d r i e d  over MgS04. The s o l u t i o n  o f  crude product  was r o t a r y  evaporated, and 

the  s o l i d s  e l u t e d  through a  bed o f  s i l i c a  gel  60 w i t h  e t h y l  ace ta te  t o  g i ve  3.449 (69%) o f  5 as 

l i g h t  ye l l ow  c r y s t a l s  f r a n  e t h y l  acetate,  mp 217-2190C; ir, 3050, 3020, 1590, 1560 cm-1; 1~ nmr 

(25OMHz). 8.40d J=5 Hz, 8.33s. 7.17-6.95m, 67.8% J=7 Hz, 4.SObs. 3.5%. 3.62m. 3.06bs. High- 

r e s o l u t i o n  mass ca l cd  f o r  C21H18N2: 298.146998. Found: 298.1452. 

1,2,3.4,5,9.10,16-0ctahydro-2-methyl[l]benzazepino[3,2,1-~pyrido[3.4-~]~~benzazeplne l: The 

novel he terocyc le  5 (3.449. 11.5rnrnol) was d isso lved  i n  2 0 h 1  o f  ethanol  w i t h  heat ing,  cooled t o  

room temperature, and 10  equ iva len ts  o f  iodanethane were added. Th is  r ed  s o l u t i o n  was r e f l u x e d  

w i t h  s t i r r i n g  fo r  36 h  du r i ng  which t ime  two more 5  equ i va l en t  po r t l ons  of iodomethane were added. 

At  36 h  no f u r t h e r  changes on TLC were noted though some s t a r t i n g  ma te r i a l  remained. The so lven ts  

were removed l eav i ng  a  reddish-orange res idue of  crude 5. This  substance was d isso lved  i n  300ml 

of  methanol, cooled t o  OOC, and Na8Hq (874mg. 2 3 m o l )  was added s l ow l y  w i t h  s t i r r i n g  t o  t h e  r ed  
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suspension. On complete a d d i t i o n  t h e  r e s u l t i n g  ye l l ow  suspension was s t i r r e d  f o r  2 h a t  room 

temperature, then  f i l t e r e d  and t h e  so lven ts  evaporated. Remaining s o l i d s  were then taken up i n  

e ther ,  f i l t e r e d ,  and aga in  r o t a r y  evaporated t o  dryness. Th i s  crude product  was chromatographed 

( s i l i c a ,  e t hy l  acetate/methanol)  t o  y i e l d  1.439 (40%) o f  1 as an amorphous ye l l ow  s o l i d ,  mp 145- 

148%; ir, 2900, 2770, 1585, 1560, 1485, 1470 cm-l; IH mr (250MHz), 7.11-6.93m. 6.80t J r7  Hz, 

4.00bs. 3.80-2.6an. 2.90bs. 2.48s. 2 .4h ;  1% nnr  (25OMHz), 44.48 NCH3 (no a l i p h a t i c  methines by 

OEPT); H igh- reso lu t ion  mass ca l cd  f o r  C22H24N2: 316.193948. Found: 316.1942. 

Cts and Trans 1,2.3.4.4a.5,9.10.16,16a-~ecahydm-~-methyl~~benzazepln~3,2,1-~yrtd&3,4- 

c][lj'benzazeptne & and &: To 1 ( l O h g ,  0.3lmmol) d i s so l ved  i n  TFA ( I m l ,  13mmol) was added - 
t r i e t h y l s i l a n e  (1.3m1, 8 mnol) a t  room temperature. The v i go rous l y  s t i r r e d  s o l u t i o n  was heated a t  

60°C f o r  24 h, and then cooled t o  room temperature. The r e s u l t i n g  two phase r e a c t i o n  m i x t u r e  was 

poured i n t o  sa tu ra ted  NaHC03 (56n1, pH8-9). ex t r ac ted  w i t h  ch lo ro fona,  and t h e  combined organ ic  

l a y e r s  d r i e d  over MgS04. On evapora t lon  of the  so lven t ,  p repa ra t i ve  TLC ( s i l i c a ,  

chloroform/methanol)  gave 57.5.9 (57%) o f  & and 11.5rng (11%) o f  bo th  as amorphous ye l l ow  

so l i ds .  5: ir, 2920, 2840, 2780, 1590, 1560, 1480, 1460 cm-l; IH rmr (25OMHz) 7.17d 5 ~ 8 . 1  Hz, 

7.08t 5.7.5 Hz, 6.94m. 6.74t 5 ~ 7 . 1  Hz, 3.72d 5-11.1 Hz, 3.24m. 2.71m. 2.21dd 5-3.3 Hz 5=11.8 Hz, 

2.12s. 1.90m. 1.27m; 13c mr (250MHz), 46.77 NCH3, 40.12 C4a o r  C16a, 33.68 C4a o r  C16a; High- 

r e s o l u t i o n  mass ca l cd  f o r  C22H26N2: 318.2096. Found: 318.2100. &: ir, 2920, 2850, 2790, 1590, 

1560, 1490, 1460 cm-l; IH rmr (250MHz), 7.2W 5-7.5 Hz, 7.08t J=8.6 Hz, 6.99~1, 6.76t 5-7.3 Hz, 

3.75dd 552.8 Hz 5-14.8 Hz, 3.36dt 5-2.2 Hz J=13 Hz. 3.15dd J=2.5 Hz 5'14 Hz. 2.85m. 2.46d 5~13 .3  

Hz, 2.34s. 2.36n. 1.97dt 5-2.8 Hz J=11.8 Hz, 1.79dd 5-3 Hz, J=10 Hz, 1.65dt 5 4 . 9  Hz 5-12.5 Hz, 

1.50t J=11.1 Hz, 1.25bs. 1.15ddd 5-3.4 Hz 5=11.3 Hz 5-11.3 Hz; mr (250MHz). 46.18 NCH3, 44.83 

C4a o r  C16a. 40.98 C4a o r  C16a; H igh - reso lu t i on  mass ca lcd  f o r  C22H26N2: 318.2096. Found: 

318.2106. 
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