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ORGANIC PREPARATIONS AND PROCEDURES INT. 15O-+),  251-260 (1983) 

THE REACTION OF trans-3-HEXENEDIOIC A C I D  WITH ETHYLENEDIAMINES. --- 
A SIMPLE ROUTE TO THE TETRAHYDRO-1H-PYRROLO[l,2-d][1,4]DIAZEPINE 

R I N G  SYSTEM 

E. R.  Lavagnino* and C. W. Ryan 

The L i l l y  Research Labora tor ies ,  E l i  L i l l y  and Company 
Ind ianapo l i s ,  I nd iana  46285 

The r e a c t i o n  o f  -- trans-3-hexenedioic a c i d  (la) w i t h  p r imary  amines t o  

form 5-0x0-2-pyrrol id ine a c e t i c  ac ids  (2) - was i n i t i a l l y  d iscovered by  

Evans -- e t  al.' The u t i l i t y  o f  t h i s  r o u t e  t o  p repare  p y r r o l i d i n e  a c e t i c  

ac ids  and e s t e r s  has been amply demonstrated i n  subsequent s tud ies .  2-4 

I 
R"  

5 - 

a)  R "  - H 
b )  R" - CH, 
c )  R "  = C,H. 
d )  R "  ., PhCHl 

R02C -=A C02R - CHz-COzR 
H2N ( CH2) zNHR" (3 )  
c 

R '  

2 - 1 - 
a) K - H b) R = CIHs c )  R - CH, 

We have found t h a t  r e p l a c i n g  t h e  p r imary  amine r e a c t a n t  w i t h  a s e r i e s  o f  

ethylenediamines (3a-3d) has r e s u l t e d  i n  t h e  f o r m a t i o n  o f  tetrahydro-1H- 

pyrrolo[l,2-d][l,4]diazepine-2,7(3H,8H)diones (5a-5d) -- which can r e a d i l y  

'1983 by Organic Preparations and Procedures Inc. 
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LAVAGNINO AND RYAN 

be reduced t o  octahydro-1H-pyrrolo[l,~-d][l,4]-di~zepines (6). - Since t h e  

s t a r t i n g  m a t e r i a l s  ( l a - l c  -- and -- 3a-3d) a re  r e a d i l y  a v a i l a b l e  and t h e  y i e l d s  

a re  respec tab le ,  t h i s  s y n t h e t i c  r o u t e  becomes an easy, e f f i c i e n t  method 

f o r  t h e  p r e p a r a t i o n  o f  6. 

i n  an au toc lave  a t  200° g ives ,  a f t e r  workup, t h e  d i l a c t a m  - 5a i n  37% y i e l d .  

S u b s t i t u t i o n  o f  t h e  d i e t h y l  e s t e r  (lb) - f o r  t h e  d i a c i d  ( l a )  - increases t h e  

y i e l d  o f  - Sa t o  68%. A s l i g h t l y  lower y i e l d  (61%) o f  - 5a i s  achieved by 

hea t ing  a diglyme s o l u t i o n  o f  t h e  d imethy l  e s t e r  ( l c )  - and - 3a a t  r e f l u x  

f o r  3 h rs .  

Thus h e a t i n g  an e thano l  s o l u t i o n  o f  l a  and - 3a - - 

The evidence f o r  t h e  s t r u c t u r a l  assignment o f  - 5a i s  two-fold.  F i r s t ,  

s p e c t r a l  da ta  (mass and 1 3 C  NMR spec t ra )  are c o n s i s t e n t  w 

proposed s t r u c t u r e .  Secondly, t h r e e  chemical convers ions  

v a l i d a t e  the  s t r u c t u r a l  assignment. Treatment o f  - 5a w i t h  

t h e  seven membered r i n g  l ac tam t o  t h e  amino a c i d  - 4c ( i s o l  

t h  t h e  

o f  5a a l s o  

base cleaves 

t e d  as t h e  

- 

benzamide d e r i v a t i v e ) .  Octahydro-1H-pyrrolo[ 1,2-d][ 1,4]di azepi ne (6a)  - i s  

formed f rom l i t h i u m  aluminum hyd r ide  r e d u c t i o n  o f  - 5a. And f i n a l l y  2 was 

conver ted  t o  a u rea  d e r i v a t i v e  (5e )  - by t rea tment  w i t h  phenyl isocyanate.  

Al though t h e  monoal k y l  s u b s t i t u t e d  ethylenediamines (3b-3d) y i e l d  a5 

produc ts  t h e  3 s u b s t i t u t e d  d i  1 actams (5b-5d), -- N-phenylethylenediamine 

does n o t  g i v e  a s i m i l a r  p roduc t .  Instead, o n l y  t h e  open-ring, amino 
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TETRAHYDRO-lH-PYRROL0[1,2-d][1,~]DIAZEPINE R I N G  SYSTEM 

e s t e r  (4a )  - cou ld  be i s o l a t e d  f rom t h e  r e a c t i o n  mix tu re .  

c y c l i z e  - 4a i t  was heated a t  275" i n  e thano l  s o l u t i o n  i n  an au toc lave  f o r  

24 hours b u t  o n l y  s t a r t i n g  m a t e r i a l  was recovered. I t  had been presumed 

t h a t  amino e s t e r s  - 4 were i n te rmed ia tes  i n  t h e  c y c l i z a t i o n  r e a c t i o n .  No 

at tempts however were made t o  mod i f y  c o n d i t i o n s  i n  t h e  r e a c t i o n  (1+3+5) 

so as t o  i s o l a t e  them. 

the  pa th  o f  t h e  reac t i on .  I n  t h e  case where t h e  fo rma t ion  o f  t h e  seven- 

membered r i n g  lac tam i s  b locked by d i s u b s t i t u t i o n  o f  one amino group o f  

t h e  ethylenediamine (N,N,-dimethylethylenediamine), t h e  amino e s t e r  4b i s  

formed i n  52% y i e l d  as t h e  o n l y  i s o l a t e d  product.  

which bo th  amino groups o f  t he  e thy lened iamine were monosubst i tu ted  (N,N' 

dimethylethylenediamine), a low y i e l d  of t h e  d iazep ine  - 7 was obtained. 

Compounds o f  types - 5 and - 6 have apparen t l y  n o t  been descr ibed; 

however, a c l o s e l y  r e 1  ated compound, hexahydro-1H-pyrrolo[ 1,2-d][ 1,4]- 

diazepine-2(3H)-one ( 9 )  - has been syn thes ized5 - v i a  t h e  Schmidt r e a c t i o n  

on t h e  ketone - 8. 

I n  an at tempt t o  

- - -  
Consequently, t h e r e  i s  no c e r t a i n  evidence f o r  

I n  one exper iment i n  

EXPERIMENTAL 

M e l t i n g  p o i n t s  a re  uncorrected. NMR spec t ra  were determined a t  60 MHz on 
a Var ian  Assoc ia tes  T-60 Spectrometer. Mass spec t ra  were determined on a 
CEC 21-110 spectrometer a t  an i o n i z i n g  vo l tage  o f  70 eV. 
were ob ta ined us ing  a Perkin-Elm r Model 457 d i f f r a c t i o n  g r a t i n g  spectro- 
photometer and a N i c o l e t  MX-1. f3C NMR spec t ra  were determined on 
Var ian  FT-80A and JEOL PG-100 spectrometers.  
performed on a Waters Assoc ia tes  Prep LC system 500. trans-3-Hexenedioic 
a c i d  ( l a )  - and t h e  ethylenediamines were a l l  c o m m e r c i a l ~ ~ a i l a b l e .  

I n f r a r e d  s p e c t r a  

P r e p a r a t i v e  HPLC's were 

253 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
3
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



LAVAGNINO AND RYAN 

trans-3-Hexenedioic a c i d  d i e t h y l  e s t e r  (&) was prepared i n  85% y i e l d  by 

the  method o f  Wu -- e t  a1.2 Pure - l b  i s  a c l e a r  l i q u i d  w i t h  bp. 105-107/7 

mn., l it.2 144-148'/23 mm. 

coated TLC p l a t e  and developed w i t h  EtOAc i n d i c a t e d  one spot m a t e r i a l  when 

vi.;ualized by  exposure t o  i o d i n e  vapor. 

NMR (CDC13): 6 1.3 ( t ,  6, CH3), 3.1 (m, 4, -CH2C=O), 4.2 (9, 4, - O c 2 ) ,  

5.7 (m, 2, -CH=CH-). 

~ I-I-- - ~ - - -  -- --- --- - _ -  - ---- - - 

A sample o f  - l b  app l i ed  t o  a s i l i c a  ge l  pre- 

1 I R  (CHC13): 3010, 2997, 1725, 1370 cm- ; MS m/e 

200 (1;). 

t rans-3-Hexenedioic a c i d  d imethy l  e s t e r  (k) was prepared i n  82% y i e l d  as 

above, bp. 93-94"/6-7 mm. A sample of - l c  a p p l i e d  t o  a s i l i c a  gel  precoated 

TLC p l a t e  and developed w i t h  EtOAc i n d i c a t e d  one spot  m a t e r i a l  when v i s u a l -  

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

- Anal. Calcd. f o r  C8H1204: C, 55.81; H, 7.03 Found: C, 56.09; H, 6.84 

NMR (CDC13): 6 3.1 (m, 4, -CH2C=O), 3.7 ( s ,  6, -0CH ), 5.7 (m, 2, -CH=CH-). -- 

I R  (CHC13): 3010, 2978, 1740, 1430 cm-'; MS m/e 172 (M+).  

Tetr3dro-l H-pyrrol o[ 1,2-d][ 1,4]di azepine-2,7 (3H ,8H)-dione (B). 

Method a,- - A m i x t u r e  o f  44.0 g (0.3 mol)  o f  -- trans-3-hexenedioic - a c i d  ( l a )  - 

and 18 g (0.3 mol)  o f  e thy lened iamine (3a )  - was p laced i n  an au toc lave  

w i t h  250 m l  o f  EtOH. 

removed a t  room temperature and t h e  s o l v e n t  was concent ra ted  a t  reduced 

-I---- I-- --I--- - ------ - -  - - - - - -  - - - 

-3 

- - -  - - - -  -3-__- ----- --- ----I _ _ _ _ _ _  - - - -__-__-- -  _ -  - -  ____c 

A f t e r  h e a t i n q  a t  200' f o r  6 hrs,  t h e  con ten ts  were 

pressure  l e a v i n g  a semi -so l id  res idue.  T r i t u r a t i o n  i n  c o l d  E t O H  p rov  

c r y s t a l s  t h a t  were c o l l e c t e d  and r e c r y s t a l l i z e d  f rom E t O H  g i v i n g  18.6 

(37%) o f  w h i t e  c r y s t a l s ,  

s i l i c a  ge l  precoated TLC p l a t e  and developed w i t h  MeOH i n d i c a t e d  one 

m a t e r i a l  when v i s u a l i z e d  by  exposure t o  i o d i n e  vapor. 

- Anal. Calcd. f o r  C8H,2N202: 

mp. 196-198'. A sample o f  - 5a a p p l i e d  t o  a 

C, 57.13; H, 7.19; N, 16.66 

Found: C, 56.93; H, 6.95; N, 16.62 

ded 

9 

Pot  
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TETRAHYDRO-lH-PYRROL0[1,2-d][1,4]DIAZEPINE R I N G  SYSTEM 

13C NMR, (D20): 6 178.3 (C=O), 178.3 (C=O), 67.4 (CH), 56.0, 43.9, 41.8, 

30.5, 25.7 (CH2's). 

1423, 1356, 1346, 1293 cm-'; MS m/e 168 (M'). 

Method I- - b.- A m i x t u r e  o f  40 g (0.2 mol)  o f  trans-3-hexenedioic a c i d  

d i e t h y l  e s t e r  ( l b ) ,  - 14 g (0.23 mol)  o f  - 3a and 150 m l  o f  E t O H  was heated 

i n  an au toc lave  a t  200° f o r  6 hrs.  A f t e r  c o o l i n g  t h e  con ten ts  were 

removed and t h e  so l ven t  was concent ra ted  t o  p r o v i d e  24 g o f  a w h i t e  s o l i d  

a f t e r  t r i t u r a t i o n  i n  c o l d  E tOH.  R e c r y s t a l l i z a t i o n  f rom a c e t o n i t r i l e  gave 

22.8 g (68%) o f  - 5a i d e n t i c a l  w i t h  t h e  m a t e r i a l  ob ta ined  b y  method - a above. 

Method --- - c.- A m i x t u r e  o f  34.2 g (0.2 mol )  o f  trans-3-hexenedioic a c i d  

dirnethyl  e s t e r  ( l c )  - and 12 g (0.2 mol)  o f  - 3a was r e f l u x e d  w i th  s t i r r i n g  

i n  100 m l  o f  d ig lyme under an atmosphere o f  n i t rogen .  A f t e r  1 h w h i t e  

c r y s t a l s  began t o  appear i n  t h e  p r e v i o u s l y  homogeneous s o l u t i o n .  

3 h r s  t h e  r e a c t i o n  was stopped, and t h e  r e a c t i o n  m i x t u r e  was r e f r i g e r a t e d  

ove rn igh t .  The c r y s t a l s  were then c o l l e c t e d  and washed w i t h  c o l d  diglyme 

t o  y i e l d  a f t e r  d r y i n q  20.5 g (61%) o f  - 5a i d e n t i c a l  w i t h  t h e  m a t e r i a l  

p repared by  methods 1 and - b above. 

Tetrahydro-3-methyl-1 H-pyrro l o [  1 , 2-d][ 1,4]d i azepi ne-2,7 (3H , 8H)-d i one (a) 

I R  (CHC13): 3420, 3010, 1673, 1467, 1459, 1440, 

A f t e r  

- _ _  _ _ _ _ _ ~ - ~ - I - -  ---- ------- -- --- ---- 
was prepared i n  65% y i e l d  f rom - l b  and - 3b us ing  method .--- - b (above). The 

pure  m a t e r i a l  had mp. 166-168' a f t e r  r e c r y s t a l l i z a t i o n  f rom EtOAc. 

Anal. Calcd. f o r  CgH14N202: C, 59.32; H, 7.74; N, 15.37 

Found: C, 59.31; H, 7.50, N, 15.09 

I R  (CHC13): 3005, 1680, 1640, 1485, 1435, 1420, 1400, 1355, 1345, 1295 

cm 

Tetrahydro-3-ethyl-1 H-pyrrolo[  1,2-d][ 1,4]d i azepi ne-2,7( 3H,8H)-dione (2) 

was prepared i n  60% y i e l d  f rom - l b  and - 3c us ing  method -_I b (above). 

pure  m a t e r i a l  had mp. 108-110' a f t e r  r e c r y s t a l l i z a t i o n  f rom EtOAc-hexane. 

-1 + 
; MS mle 182 (M ). 

- --I ________-- --.__ --_-_---------- -II------ 

The 
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LAVAGNINO AND RYAN 

-- Anal. Calcd. f o r  C10H16N202: C, 61.22; H, 8.22; N, 14.29 

Found: C, 61.49; H, 7.95; N, 13.81 
1 

I R  (CHC13): 3005, 1680, 1640, 1480, 1435, 1420, 1360, 1295 cm- ; 

MS mle 196 (M') . 
Tetrahydro-3-( phenylmethyl )-1 H-pyrro 1 o[ 1 ,2-d] [ 1 4]d i azep i ne-2,7 (3H ,8H)- 
--____-___--_-----I ------ _ - - -  ------L 
d ione (5d) was prepared i n  70% y i e l d  f rom l b  and - 3d us ing  method --- b - 

(above). 

- 
The pure  m a t e r i a l  had mp. 150-152" a f t e r  r e c r y s t a l l i z a t i o n  f rom 

EtOAc. 

-- Anal. Calcd. f o r  C15H18N202: C, 69.74; H, 7.02; N, 10.84 

Found: C, 69.80; H, 6.86; N, 10.64 

I R  (CHC13): 3015, 1680, 1640, 1435, 1425, 1365, 1300, 1250 cm-'; MS 

mle 258 (M') . 
4,5,9,9a-Te trahydro-2 ( 3H ) 7 (8H ) -d i 0x0-1 H-pyrro 1 o [ 1 2-d] [ 1 41 d i azep i ne-3- 

c a r b o x a n i l i d e  (&).- Using t h e  procedure o f  Wiley,6 1.68 g (0.01 mol)  

o f  - 5a and 1.19 g (0.01 mol )  of phenyl i socyanate  were r e f l u x e d  ove rn igh t  

~- ---- -- - - -I-__- -1 - - - - - - --- - - -- .--'- - - - ---L --- -- -- -- - -- 

------..----- 

i n  100 m l  o f  to luene. The r e a c t i o n  m i x t u r e  was then  concent ra ted  t o  a 

s o l i d  and r e c r y s t a l l i z e d  f rom E t O H  p r o v i d i n g  a 76% y i e l d  o f  5e, mp. 

185-187'. 

- Anal. Calcd. f o r  C15H17N303: 

- 

C, 62.70; H, 5.96; N, 14.63 

Found: C, 62.49, H, 5.76; N, 14.51 

I R  (CHC13): 3000, 1710, 1685, 1600, 1550, 1450, 1425, 1400, 1345, 1315 

cm ; YS mle 287 (M') . 
5-0x0-1-[ 2-( phenyl ami no)e thy l ] -2 -pyr ro l  i d i  neacet i c a c i d  

(&).- By u s i n g  method b t h e  amino e s t e r  compound 4a was ob ta ined  i n  57% 

y i e l d ,  mp. 101-103" ( f r o m  E t O H )  f rom t h e  d i e s t e r  - l b  and N-phenylethyl- 

enediamine. 

-- Anal. Calcd. f o r  C16H22N203: 

-1 

e t h y l  e s t e r  
-I_____-______- _I -------------------I---- L 

-- - 

C, 66.18, H, 7.63; N, 9.65 

Found: C, 65.75; H, 7.32; N, 9.70 
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TETRAHYDRO-1H-PYRROLO[ 1,2-d] [1,4]DIAZEPINE RING SYSTEM 

I R  (CHC13): 3380, 3000, 1725, 1675, 1600, 1505, 1415, 1375, 1315, 1250 

cm ; MS mle 290 ( M  ) . 
5-0xo-1-[ 2-( d ime thy l  a m i  no) e t h y l  1-2-pyrro 1 i d  i neacet i c a c i d  methyl  e s t e r  

(a).- - A s o l u t i o n  o f  34.4 g (0.2 mol)  o f  - l c  and 17.6 q o f  N,N-dimethyl- 

ethylenediamine was r e f l u x e d  i n  150 m l  o f  diglyme under a n i t r o g e n  

atmosphere f o r  24 hrs .  The so l ven t  was then removed t o  p r o v i d e  a t h i c k  

dark o i l  which was sub jec ted  t o  vacuum d i s t i l l a t i o n .  The f r a c t i o n  w i t h  

bp. 160-170"/7 mm rep resen t ing  a 52% y i e l d  was m a i n l y  one spo t  m a t e r i a l  

when app l i ed  t o  a s i l i c a  g e l  precoated TLC p la te ,  developed w i t h  MeOH and 

v i s u a l i z e d  by  exposure t o  i o d i n e  vapor, b u t  con ta ined some minor  impur i -  

t i e s .  

n o t  p u r i f i e d  f u r t h e r  b u t  was used t o  p repare  t h e  maleate and hydro- 

c h l o r i d e  s a l t s  as descr ibed next.  

-1 + 

--- - ~ -- ---- ~ - ------ - - -- - - --1-1---- -- - ----- _I___ 

+ 
Since t h e  mass spectrum i n d i c a t e d  m/e (228 ) t h i s  m a t e r i a l  was 

The o i l  ( 8  g )  was d i s s o l v e d  i n  25 m l  o f  E t O H  and added t o  a s o l u t i o n  

A f t e r  s tand ing  f o r  1 h a t  rt., o f  4 g o f  ma le i c  a c i d  i n  25 m l  o f  EtOH. 

t h e  s o l u t i o n  was d i l u t e d  w i t h  e t h e r  t o  t h e  c loud  p o i n t ;  a f t e r  s tand ing  

f o r  3 h rs ,  t h e  c r y s t a l s  t h a t  had separated were c o l l e c t e d  and r e c r y s t a l -  

l i z e d  t w i c e  f rom E t O H  p r o v i d i n g  7.5 g o f  w h i t e  c r y s t a l s  o f  t h e  maleate 

s a l t ,  mp. 121-123O. 

--- Anal. Calcd. f o r  C15H24N207: 

MS mle  228 (M'). 

C, 52.32; H, 7.03; N, 8.13 

Found: C, 52.19; H, 6.96; N, 8.23 

The h y d r o c h l o r i d e  s a l t  was prepared b y  d i s s o l v i n g  a smal l  amount o f  t h e  

o i l  i n  E t O H  and adding t h e  s o l u t i o n  t o  an e t h e r  s o l u t i o n  t h a t  had been 

sa tu ra ted  w i t h  anhydrous HC1. The gummy s o l i d  t h a t  formed was t r i t u r a t e d  

i n  E t O H  and e t h e r  u n t i l  c r y s t a l l i n e  and r e c r y s t a l l i z e d  f rom EtOH-ether t o  

g i v e  w h i t e  c r y s t a l s ,  mp. 157-159'. 

-- Anal. Calcd. f o r  C11H21C1N203: C, 49.90; H, 8.00; N, 10.58 

Found: C, 49.70; H, 7.87; N, 10.84 
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5-0xo-l-[2-(benzoylamino)ethyl]-2-pyrrol i d i n e a c e t i c  a c i d  (k) .- A solu- 

t i o n  o f  - 5a (2.0 g; 0.012 mol )  and 4.0 g o f  NaOH was r e f l u x e d  i n  100 m l  o f  

H20 f o r  3 hrs. 

75 m l  o f  acetone was added. 4.0 g o f  benzoy lch lo r i de  i n  25 m l  o f  acetone 

was then added dropwise w i t h  s t i r r i n g  over a 0.5 h per iod .  

m i x t u r e  was then  al lowed t o  warm t o  room temperature over-night.  The 

acetone was then  removed i n  vacuo and t h e  s o l u t i o n  was a c i d i f i e d  w i t h  

HC1. The s o l i d  p r e c i p i t a t e  t h a t  formed (benzoic a c i d )  was removed by 

e x t r a c t i o n  i n t o  e ther .  

concent ra ted  t o  one-hal f  i t s  volume and t h e  s o l i d  t h a t  separated 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  f rom E t O H  p r o v i d i n g  pure  - 4c i n  44% y i e l d ,  

mp. 190-192O. 

-- Anal. Calcd. f o r  C15H18N204: 

------~----1------1_-------- -I- _I- - -  - - - - -  

The r e a c t i o n  m i x t u r e  was then coo led  i n  an i c e  ba th  and 

The r e a c t i o n  

- --- 

The remain ing  aqueous a c i d i c  s o l u t i o n  was 

C, 62.05; H, 6.25; N, 9.65 

Found: C, 61.88; H, 6.34; N, 9.64 

I R  (KBr):  3300, 3080, 2980, 2955, 1721, 1668, 1628, 1603, 1576, 1560, 

1449, 1303, 1183, 850 cm-'; MS mle 290 (M'). 

Octahydro-1H-p~lo[1,2-d] [1 ,4]d iazepine -_1- -- I- - -__- - I- (ha).- To a s l u r r y  o f  8 g (0.22 --- ---- - -__ 
mol) o f  l i t h i u m  aluminum h y d r i d e  i n  300 m l  o f  THF was added 12 g ( 7 1  

mmol) o f  - 5a. 

exotherm subsided, then heated under r e f l u x  f o r  16 hrs .  

then coo led  i n  an i c e  ba th  w h i l e  8 m l  o f  H20, 8 m l  o f  4 l  NaOH and 25 m l  

of H,O were success i ve l y  added. The s o l i d  phase was removed b y  f i l t r a -  

The m i x t u r e  was s t i r r e d  and coo led  i n  an i c e  b a t h  u n t i l  t h e  

The m i x t u r e  was 

L 

t i o n  and washed w i t h  

K2C03 and evaporated 

7.8 g (78%) o f  p u r i f  

Anal. Calcd. f o r  C8H - 

THF. 

t o  g i v e  9.2 g o f  c rude - 6a. 

ed m a t e r i a l ,  bp. 90-92"/17 mm. 

6N2: 

The f i l t r a t e  and washings were d r i e d  over 

D i s t i l l a t i o n  gave 

C, 68.52; H, 11.50; N, 19.98 

Found: C, 68.48; H, 11.54; N, 19.79 
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TETRAHYDRO-lH-PYRROL0[1,2-d][1,4]DIAZEPINE RING SYSTEM 

13C NMR (CHC13): 664.1 (CH) ,  57.7, 57.5, 48.7, 46.8, 37.2, 33.2, 23.0 

(CH2's); MS m/e 140 (M+). 

The d i h y d r o c h l o r i d e  was c r y s t a l l i z e d  f rom a 2-propanol s o l u t i o n  o f  6a t o  

which excess anhydrous HC1 i n  2-propanol had been added, mp. 173-175'. 

-_ Anal. - Calcd. f o r  C8H18C12N2: C, 45.08; H ,  8.51; C1, 33.27; N, 13.14 

Found: C, 44.80; H, 8.34; C1, 33.44; N, 13.32 

- 

The N-p-toluenesul fonyl  d e r i v a t i v e  (mp. 95-97') was prepared u s i n g  p-toluene 

s u l f o n y l  c h l o r i d e  i n  CH2C12. 

Anal. Calcd. f o r  Cl5NZ2N2O2S: C, 61.19; H, 7.53; N, 9.52; 0, 10.87 

Found: C, 61.28; H, 7.42; N, 9.27; 0, 11.09 

-- Octahydro-3-methyl-lH-pyrrolo[l,2-d][ ----I---- ~ ------ ---- - - - -- 1,4]diazepine ( 6 b )  .- Treatment o f  

10 g (0.055 mol )  o f  - 5b w i t h  LAH i n  a manner s i m i l a r  t o  t h e  p r e p a r a t i o n  o f  

- 6a f rom - 5a (above) produced 8.3 g o f  c rude produc t  a f t e r  work up. 

D i s t i l l a t i o n  y i e l d e d  6.8 g (80%) o f  one component m a t e r i a l  ( b y  G.C.), bp. 

95-96O/22 mm. MS m/e 154 (M'). I R  (CHC13): no carbony l .  T h i s  

m a t e r i a l  ( 2  g) was d i s s o l v e d  i n  10 m l  o f  2-propanol and a s o l u t i o n  o f  

anhydrous HC1 i n  2-propanol added. The c r y s t a l s  t h a t  separated a f t e r  

c o o l i n g  t h e  m i x t u r e  were c o l l e c t e d ,  washed w i t h  c o l d  2-propanol and d r i e d  

t o  p r o v i d e  2.5 g (85%) o f  t h e  d i h y d r o c h l o r i d e  o f  - 6b, mp. 219-221°. 

--- Anal. Calcd. f o r  C9H20C12N2: C, 47.58; H, 8.87; N, 12.33; C1, 31.21 

Found: C, 47.37; H, 8.62; N, 12.44; C1, 31.47 

__-_ Hexah~dro-1,4-dimethyl-7-oxo-1H-l,4-diazepine-5-propanoic - --_ __ - _---- -- ---- -------I-- -----I- --- - -- - acid,  -- e t h y l  -- 

es te r ,  -------I----- h y d r o c h l o r i d e  - (I).- A s o l u t i o n  o f  36.6 g (0.183 mol )  o f  - l b  and 

16.1 g (0.183 mo l )  o f  N,N'-dimethylethylenediamine was r e f l u x e d  i n  100 ml 

o f  diglyme under an atmosphere o f  n i t r o g e n  f o r  24 hrs .  

m i x t u r e  was concentrated, poured i n t o  water, a c i d i f i e d  w i t h  d i l u t e  HC1 

and e x t r a c t e d  w i t h  e t h e r  t o  remove unreac ted  fi. 
n e u t r a l i z e d  w i t h  NaHC03 and e x t r a c t e d  w i t h  e t h y l  acetate.  

The r e a c t i o n  

The s o l u t i o n  was then 
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LAVAGNINO AND RYAN 

Concent ra t ion  o f  t h e  e t h y l  ace ta te  e x t r a c t  p rov ided  an o i l  (9.9 g) t h a t  

was ma in l y  one spot  m a t e r i a l  when a p p l i e d  t o  a s i l i c a  ge l  precoated TLC 

p l a t e ,  developed w i t h  a 3 : l  CH2C12-EtOH m i x t u r e  and v i s u a l i z e d  by  

exposure t o  i o d i n e  vapor, b u t  con ta ined some minor  i m p u r i t i e s .  P u r i f i -  

c a t i o n  by  p r e p a r a t i v e  HPLC p rov ided  4.7 g o f  one spot  m a t e r i a l  (exac t  

mass de te rm ina t ion  Calcd. f o r  C12H22N203: Found: 242.16326; 

Calcd. 242.16303). The hyd roch lo r i de  s a l t  was prepared and r e c r y s t a l -  

l i z e d  f rom 2-propanol, mp. 143-145'. 

Anal. Calcd. f o r  C12H23C1N203: C, 51.70; H, 8.32; N, 10.05 

Found: C, 52.00; H, 8.44; N, 10.25 

NMR (CDC13): 6 1.3 ( t ,  3, CH3), 2.9 ( s ,  3, CH3), 3.1 ( s ,  3, CH3), 

4.2 (4, 2, -OCH3), 12.8 ( b s ,  1, H)  exchanges w i th  D20. 

s i g n a l s  were ove r lapp ing  m u l t i p l e t s  i n  the  range 6 1.5-5.0. I R  

(CHC13): 3420, 2980, 2300, 1735, 1665, 1480, 1460, 1400, 1380, 1360, 

1300 cm- . 

The remain ing  

1 
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