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A b s t r a c t : Photocyc l i za t ion s tud ies of N-acry loyI and -aroy l der iva t ives of 5 -me thy lene -4 -aza t r i cyc lo [4 . -

3 . 1 . 1 ' ' ] u n d e c a n e is repor ted . N-AroyI de r i va t i ves gave isoqu ino l inone der iva t ives in good y ie lds , wh i le 

N-acryloyI der iva t i ves y ie lded v in i logous a m i d e s excep t for methacry loy i der iva t ive wh ich g a v e cyc l i zed 

product . C o n f o r m a t i o n a l ef fect to the pho tocyc l i za t ion of the N-acryloyI e n a m i n e s w a s d i scussed on 

the basis of M M 2 ca lcu la t ion . 

I n t r o d u c t i o n 

T h e 6-e lec t ron the rma l and pho tocyc l i za t ions of e n a m i d e s prov ide a usefu l gene ra l syn the t i c tool for 

the cons t ruc t ion of a var ie ty of s i x - m e m b e r e d lac tams, a lka lo ids , and he te rocyc les (2). W e have re­

por ted p rev ious ly syn thes is of 8 , 9 ,10 ,11 ,12 ,13 ,13a ,14 -oc tahyd ro -7 ,11 ;9 ,13 -d ime thanoazon ino [1 ,2 -6 ] -

isoqu ino l in -5(7 / - / ) -ones 3a-d a n d re la ted c o m p o u n d s 5a-c . and 6 by photocyc l iza t ion of 5 -me thy l ene -4 -

a roy l - and -ac ry loy l -4 -aza t r i cyc lo [4 .3 .1 .1^ ' ] undecanes ( 4 - a z a h o m o a d a m a n t a n e s ) 2 unde r nonox ida t i ve 

cond i t ions ( S c h e m e 1,2) (3) . In these pho to reac t i ons , the N-a roy lenamines 2a-d a f fo rded the 6-e lec­

t ron cyc l izat ion p roduc ts 3a -d . wh ich w e r e conve r t ed to the co r respond ing hexahyd ro der iva t i ves 4a -d 

by D D Q ox ida t i on , whi le a m o n g the N -ac ry loy lenamines 2e rh . on ly methacry loy i der iva t i ve 2f y ie lded 

the cyc l ized p roduc t 6Jn a low y ie ld and o the r e n a m i d e s 2e. f .h gave the co r respond ing v i ny logous 

a m i d e s 5a-c as the 1,3-acyl r ea r rangemen t p roduc ts ( S c h e m e 3) . In this pape r w e desc r i be pho to ­

cyc l izat ion of N -a roy lenamines 2a.d .2 i -m to 4a .d . i -m under ox idat ive cond i t ions a n d a con fo rma t i ona l 

s tudy of N -ac ry loy lenamines 2e and 2 g by M M 2 ca lcu la t ion . In part icular , e n a m i d e un i ts e m b e d e d 

wi th in the r igid po lycyc l ic f r a m e have p roved to be va luab le p robes for the con fo rma t i ona l ef fect to 

e lec t rocyc l iza t ion and acyl shif t as a sem ina l e x a m p l e of s u c h c o m p o u n d s . 
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Tab le 1 : Photolysis products of enamides2 

Enamide 

2 Ri 

Photolysis products (yield,%> 

hv in EtsO or MeCN hv in l2-MeOH-Et20 c 

5 o -

Me 

e C H 2 = C H -

i M e C H = C H -

9 C H 2 = C M e -

- P h C H = C H -

1 

k 

3a (66)(Et20)«' 

3b (75)(Et20) 

3c (83)(Et20)' ' 

3d (29) + 4d(38)(Et20)«' 

5a (40)(Et2O)'' 

5b (44)(Et20)rf 

6 (25)(Et20)'« (38)(Et20)» 

5c(81) (Et20) ' ' 

4e (45)(MeCN) 

4 f (18 ) (MeCN) 

4 i (12 ) (MeOH) 

4i (30)(MeCN) 

4a (83) 

4 d ( 8 8 ) 

4 e ( 5 6 ) 

4 f (69) 

4 i ( 4 0 ) 

4h. (35) 

41.(76) 

«Isolated yields. A 0.17-1.5 mM solution was irradiated with a 60w low-pressure mercury lamp 

for 0.5-1.5 h (see re f 3). c A ca. 0.6 mM solution was irradiated in b (ca. 0.3 mM)/MeOH-Et20 

(1:1) similarly for 0.5-1.4 h. " See re f 3. • Et20/hexane (10:4) was used. 
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E n a m i d e s 2a-h w e r e repo r ted prev ious ly (3) a n d 2e-J w e r e p repa red f rom 5 -me thy l -4 -aza te t racyc lo [4 . -

3 .1 .1 ' » ]undec -4 -ene 1 (4) w i th R 'COCI s imi lar ly . T h e s e s t ruc tu res w e r e c o n f i r m e d by ana ly t i ca l a n d 

spec t ra l da ta . 

I r rad ia t ion of 2a in e the r -me thano l (1:1) invo lv ing iod ine (0 .5 mol equiv . ) w i th a low p ressu re m e r c u r y 

l a m p t h rough a quar tz f i l ter for 1.5 h a f fo rded a cyc l iza t ion p roduc t 4a (63%) , wh i ch w a s ident ica l w i th 

an au then t i c s a m p l e p r e p a r e d by D D Q ox ida t i on of 3 f l (3) by spect ra l da ta ( IR, N M R ) a n d T L C Rf 

v a l u e s . I r rad ia t ion of 2 d for 1.5 h unde r s im i la r cond i t ions a f fo rded 4 d in 8 6 % y ie ld . T h u s , pho to ­

cyc l i za t ion of 2 a and 2 d u n d e r the ox ida t ive cond i t i ons p rov ides a bet ter rou te to h e x a h y d r o d i m e t h a n o -

azon ino [1 ,2 -6 ] i soqu ino l i nones 4a a n d 4 d than the s tepw ise m e t h o d repor ted prev ious ly (3) . W e a p ­

p l ied th is m e t h o d to syn thes i s of 4 - a z a h o m o a d a m a n t a n e f used he te rocyc les 4e- i by i r rad ia t ion of 

naph thoy i , pyr id inoy i a n d fu roy i e n a m i d e s 2e-] as s u m m a r i z e d in Tab le 1 . Nove l he te rocyc les 4eTi 

w e r e ob ta ined in m o d e r a t e to g o o d y ie lds a n d g i ven s t ruc tu res w e r e ev i denced by spec t ra l a n d ana ly t i ­

ca l da ta ( see Expe r imen ta l ) . For e x a m p l e , c o m p o u n d 4 a had character is t ic ' H N M R s igna l s at 6 10 .17 

( d m ) , 6 .45 (s) , 6 .25 (br t ) , and 3 .17 ( b r s ) ass ignab le to C 1 - H , C 7 - H , C 1 4 - H (a b r i d g e h e a d p r o t o n 

ad jacen t to n i t rogen) , a n d C 8 - H (a b r i dgehead pro ton) respect ive ly . T h e a p p e a r a n c e of C 1 - H at ve ry 

l owe r f ie ld cou ld be ra t iona lyzed by an iso t rop ic ef fect of t he per iphera l ca rbony l g roup . T h e s e 

e n a m i d e s y ie lded ox id i zed p roduc ts 4 in lower y ie lds e v e n i r rad iat ion unde r nonox ida t i ve cond i t i ons a s 

o b s e r v e d for 2 d p rev ious ly (Tab le 1). 

O n the o the r h a n d , i r rad ia t ion of N-ac ry loy lenamine der iva t i ves 2e. f .g .h unde r nonox ida t i ve cond i t i ons 

g a v e v i ny logous a m i d e s , pho to -F r ies r e a r r a n g e m e n t p roduc ts , Sa.b.c excep t 2 9 wh ich g a v e p h o t o -

cyc l i zed p roduc t 6 in 2 5 % y ie ld ( S c h e m e 3) (3) . T h e y ie ld of 6 w a s imp roved to 3 8 % by i r rad ia t ion in 

E t j O / h e x a n e (10:4) for 1 h but the react ion w a s not c lean be ing a c c o m p a n i e d w i th s i de -p roduc t s . I r ra­

d ia t ion u n d e r t he ox ida t i ve cond i t i ons g a v e on ly in t rac tab le comp lex mix tu re . 

In t he pho tocyc l i za t ion of N-acry loyI e n a m i n e s a n d -an i l ides , t he a-subs t i tuent of the acy l mo ie t y is 

k n o w n to ass is t the cyc l iza t ion by the ster ic e f fect tha t f avo rs t he requis i te s-trans con fo rma t i on of the 

a ,p -unsa tu ra ted ca rbony l g r o u p (2b ,c ,5 -7 ) . For the p resen t N-ac ry loy lenamines 2e -h . t he o b s e r v e d 

p h o t o c h e m i c a l resu l ts w e r e ra t iona lyzed in t e r m s of con fo rma t ioan i e f fec ts (3 ) , Le.. a s s u m i n g the im­

p o r t a n c e of E i somers c o m p a r e d to Z i somers , conce rn ing the a m i d e bond , a m o n g the four poss ib le 

c o n f o r m e r s , E-s-cis f o rm m a y be the mos t popu la ted o n e for R* = H der i va t i ves , 2a. f. h but t he p res ­

e n c e of an a -subs t i tuen t l ike 2 g (R*= Me) pe rm i t s the E-s-cis con fomer to equ i l ib ra te w i th E-s-trans, t he 

pre requ is i te con fo rma t i on for the cyc l izat ion as dep ic ted in S c h e m e 3. For m o r e quan t i ta t i ve ra t iona l ­

i za t ion , re la t ive e n e r g i e s a n d popu la t ions of the c o n f o m e r s w e r e ca lcu la ted by M M 2 p r o g r a m for 2e 

a n d 2 g as s u m m a r i z e d in T a b l e 2. T h e O R T E P d i a g r a m s of the co r respond ing c o n f o r m e r s a re d e ­

p ic ted In F igure 1 . Surpr i s ing ly the most s tab le con fo rme r of 2e w a s not E-s-cis but Z-s-cis. T h e tota l 
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2e 
E-s-trans 

2e 
E-s-cis 

2S 
Z-s-trans 

2e 
Z-s-cis 

2a 
E-s-trans 

2a 
E-s-cis 

2a 
Z-s-trans 

2a 
Z-s-cis 

Total energy 
kcal/md 34.24 30.25 38.71 29.29 33.76 32.77 36.92 34.70 

Relative 
population 
% (27 "C) 

0.0 16.9 0.0 83.1 15.5 81.2 0.1 3.3 

2e E-s-trans 2e E-s-cis 2e Z-s-trans 2e Z-s-cis 

2g E-s-trans 2g E-s-cis 2g Z-s-trans 2g 2-s-c/s 

Figure 1*. ORTEP Diagrams of 2e- and 2g-conformers 

ene rgy is 30 .25 and 29 .29 kca l /mo l respect ive ly , and the relat ive popu la t ion at 2 7 ' 0 is 16.9 a n d 8 3 . 1 % 

respect ive ly . T h e E-s-trans f o rm requ is i te for e lec t rocyc l iza t ion has 34 .24 kca l /mo l and 0 % popu la t i on 

at 2 7 " 0 . The re fo re , on ly pho toacy l r e a r r a n g e m e n t shou ld be poss ib le as in fact o b s e r v e d . O n the 

o the r hand , the most s tab le con fo rme r of 2 g is E-s-cis (32 .77 kca l /mol ) and next one is E-s-trans ( 33 .76 

kca l /mol ) , and their popu la t ions at 2 7 " C are 81 .2 and 1 5 . 5 % respect ive ly . A n d hence , the e lec t ro ­

cyc l izat ion to af ford 6 is poss ib le arb i te t he y ie ld w a s modes t as obse rved . 
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S u c h con fo rma t i ona l e f fec t d u e to the p r e s e n c e of a -subs t i t uen t of the acry loy i mo ie ty is ve r y impor tan t 

in the pho tocyc l i za t ion of N-acry loyI e n a m i n e der i va t i ves w h i c h are k n o w n as ve ry usefu l bu i ld ing 

b locks for syn thes i s of v a r i o u s hyd roqu ino l i nes , f used qu ino l ines , fused qu ino l i z ines , and impor tan t 

a lka lo id ske le tons (2 ,8) . O u r resu l ts repor ted a b o v e prov ide a va luab le sugges t i on usefu l fo r fu tu re 

syn the t i c d e s i g n of 6 - m e m b e r e d n i t rogen he te rocyc les and re la ted a lka lo ids by 6e-pho tocyc l i za t ion . 

E x p e r i m e n t a l 

Me l t ing po in ts w e r e t aken o n a Y a n a g i m o t o m ic ro -me l t i ng po in ts ho t -s tage a p p a r a t u s a n d a re uncor ­

r e c t e d . M i c roana l yses w e r e p e r f o r m e d w i th a Pe rk in -E lmer 2 4 0 0 S e lemen ta l ana lyzer . ' H N M R 

s p e c t r a w e r e ob ta i ned at 25 "C w i t h a J E O L J M N - C - 6 0 HL ins t rument and a Va r i an G e m n i - 2 0 0 spec ­

t r o m e t e r at 60 a n d 2 0 0 M H z respect ive ly for s a m p l e s in C D C I , so lu t ion w i th (CH3)̂ Si as in terna l s tan ­

d a r d . IR s p e c t r a w e r e reco rded on a J A S C O A - 1 0 0 spec t rome te r . El M a s s spec t ra w e r e ob ta i ned on 

a E S C O E M D - 0 5 B s p e c t r o m e t e r at 7 0 eV. T L C (Th in layer c h r o m a t o g r a p h y ) w a s pe r f o rmed o n a 

M e r c k K iese lge l 6 0 F,,^ un less o the rw ise spec i f i ed , and /o r on M e r c k A lum in i um ox ide F,^. 

G e n e r a l p r o c e d u r e fo r s y n t h e s i s of 5 - m e t h y l e n e - 4 - a c r y l o y l - a n d -aroyl-4-a2atricyclo[4.3.1.1"]un-

decanes 2: 
A n app rop r i a te acy l ch lo r i de (0 .75 mmo l ) in a n h y d r o u s b e n z e n e (0.5 mL) w a s a d d e d to a s t i r red mix­

tu re of 5 - m e t h y l - 4 - a z a t r i c y c l o [ 4 3 1 1 " ] u n d e c - 4 - e n e l ( 8 1 m g , 0 .50 mmol ) (4 ) and t r ie thy lamine (76 m g , 

0 .75 mmo l ) in a n h y d r o u s b e n z e n e (3 m L ) . The st i r r ing w a s con t i nued for 0.5 h at room t e m p e r a t u r e 

a n d for 3 h at 80 " C . T h e coo led mix tu re w a s d i lu ted w i th e the r (10 mL) and w a s h e d w i th w a t e r (5 m L 

X 3 ) , and d r ied (Na jSO^) . T h e so lven t w a s r e m o v e d unde r r e d u c e d p ressu re to g ive a so l id res idue 

w h i c h w a s c h r o m a t o g r a p h e d on a c o l u m n us ing s i l icagel (Fu j ige l B W - 3 0 0 , e lu ted wi th C , H , - C H j C l j 

s y s t e m ) for 2 i . | .m and a l u m i n a ( W o e l m N, e lu ted w i th C H j C l j ) fo r 2k.l. E n a m i d e s 2arh w e r e p rev i ­

ous ly repor ted (3) . 

T h e y ie lds, phys ica l and spec t ra l p roper t i es of new ly p repa red e n a m i d e s 2iTm are g iven be low. 

5-MGthylGnG-4-(1-naphthoyl)-4-a2atricyclo[4.3.1.1'']undGcanG 21: 

co lo r less c rys ta l ( 9 7 . 0 % ) , m p 150 .5 -152 ' C (hexane ) ; IR(KBr ) 3 0 7 1 , 2 9 3 0 , 2 8 6 1 , 1698, 1679 , 1607 , 

1460 , 1403, 1329 , 1 3 2 1 , 1240 , 876 , 8 0 0 c m ' ; ' H N M R (60 M H z ) S 8 .12-7 .19 ( 7 H , m) , 5.23 ( 1 H , b r s ) , 

4 .34 ( 1 H , s ) , 4 .20 ( 1 H , s ) , 2 .83 ( 1 H , b r s ) , 2 .24 -1 .49 (12 H, m) ; Ana l . Ca l cd fo r C^^H^NO: C, 83 .24 ; H, 

7 .30 ; N, 4 . 4 1 . F o u n d : C, 8 3 . 4 0 ; H, 7 . 3 1 ; N, 4 .52 . 

5-Methylene-4-(2-naphthoyl)-4-a2atricyclo[4.3.1.1^']undecane 2]: 

co lo r less crys ta l ( 9 9 . 0 % ) , m p 146 -149 ' C ( h e x a n e ) ; IR(KBr ) 3 0 6 5 , 2 9 3 0 , 2 8 6 1 , 1698, 1679 , 1607 , 

1480 , 1408, 1355 , 1343, 1240 , 8 7 3 , 8 0 0 c m ' ; ' H N M R (60 MHz) S 8 .13-7 .12 ( 7 H , m) , 5 .20 ( I H , b r s ) , 

4 .54 (1H , s) , 4 .14 ( 1 H , s ) , 2 .96 ( 1 H , b r s ) , 2 .83 -1 .52 (12 H, m) ; Ana l . C a l c d fo r C^H^ jNO: C, 83 .24 ; H, 
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7.30; N, 4 . 4 1 . F o u n d : C, 83 .43 ; H, 7 . 3 1 ; N. 4 .26 . 

5 -Methy iene-4 - (4 -py r id inoy i ) -4 -aza t r i cyc lo [4.3 .1 .1>» ]undecane 2k: 

co lo r less crys ta l ( 90 .0%) , m p 184 .6 -186 .0 "C ( h e x a n e ) ; IR(KBr ) 3 0 5 0 , 2 9 1 5 , 2 8 5 7 , 1650 , 1 6 3 1 , 1595 , 

1 5 5 4 , 1 4 6 1 , 1 4 4 1 , 1400 ,1339 , 1280 , 1238 , 1216 , 8 8 1 , 8 4 7 c m ' ; ' H N M R (60 MHz) 8 8 .69-8 .09 ( 2 H , m) , 

7 .21 -7 .36 ( 2 H , m) , 5 .06 ( I H , b r s ) , 4 .61 ( I H , s) , 4 .13 ( I H , s ) , 2 .92 ( I H , b r s ) , 2 .25 -1 .49 (12 H, m) ; A n a l . 

C a l c d for C „ H j o N j O : C, 76 .07 ; H, 7 .53 ; N, 10 .44. F o u n d : C, 7 6 . 1 2 ; H, 7 .42 ; N, 10.33. 

5-Methylene-4-(3 -pyr id inoyl) -4-azatr icyclo[4.3 .1.1 ' ' J u n d e c a n e 2!: 

co lo r less crys ta l ( 31 .0%) , m p 185 -188 "C ( h e x a n e ) ; IR(KBr ) 3 0 4 0 , 2 9 4 0 , 2 9 3 1 , 2 8 5 1 , 1636 , 1592 , 

1439 , 1400 ,1340 , 1155, 8 7 4 , 8 3 1 , 742 c m ' ; ' H N M R (60 MHz) 8 8 .58 ( 2 H , b r s ) , 7 .90 -7 .68 ( I H , m) , 

7 .37-7 .15 ( I H , m) , 5.12 ( I H , b r s ) , 4 .66 ( I H , s) , 4 .09 ( I H , s) , 2 .94 ( I H , s ) , 2 .84 -1 .65 ( 1 2 H , m) ; A n a l . 

C a l c d f o r C „ H „ N j O : C, 76 .07 ; H, 7 .53 ; N, 10 .44 . F o u n d : C, 7 6 . 2 1 ; H, 7 .56 ; N. 1 0 . 3 1 . 

5 -Me thy lene -4 - (2 - f u roy l ) - 4 -aza t r i c yc l o [4.3 . 1 . 1 " ] undecane 2 m : 

co lo r less so l id (35 .0%) , m p 6 2 - 6 4 "C ( A c O E t - h e x a n e ) ; IR(KBr ) 3 1 2 0 , 2 9 3 2 , 2 8 6 5 , 1632 , 1574 , 1 4 0 1 , 

1338 , 1184 , 1016 , 889 , 778 , 750 c m ' ; ' H N M R (60 MHz) 8 7.36 ( I H , d d , J= 1.7, 1.0 Hz) , 6 .86 ( I H , d d , 

J = 3.4, 1.0 Hz) , 6 .37 ( 1 H , d d , J = 3 .4, 1.7 Hz) , 5 .04 ( 1 H , br s) , 4 .67 ( 1 H , s ) , 4 .37 ( 1 H , s ) , 3 .03 ( 1 H , br 

s ) , 2 .04 -1 .33 ( 1 2 H , m) ; A n a l . Ca lcd for C ^ H ^ N O ^ : C, 7 4 . 6 7 ; H, 7 .46 ; N, 5 .40 . Found : C, 7 4 . 7 2 ; H, 7 . 2 1 ; 

N, 5 .35. 

G e n e r a l P r o c e d u r e f o r P h o t o l y s i s of 2. 

A . U n d e r N o n o x i d a t i v e C o n d i t i o n s . 

A 0 .2-0 .6 m M so lu t ion of t he app rop r i a te 2 in the so l ven t s h o w n in Tab le 1 w a s d e o x y g e n a t e d by b u b ­

b l ing a r g o n t h r o u g h the so lu t ion for 0.5 h and i r rad ia ted w i th a 6 0 w l o w - p r e s s u r e mercu ry l amp for 0.5¬ 

1.4 h. R e m o v a l of the so l ven t under r e d u c e d p ressu re gave a res idue w h i c h w a s pur i f ied by p repa ra ­

t ive T L C ( M e r c k K iese lge l 60 F^^ and /o r M e r c k a l u m i n u m ox ide 60 PP^^, type E) by e lu t ing w i th CH^CI j -

h e x a n e to a f fo rd e i ther the pho tocyc l i za t ion or 1,3-acyl shi f t p roduc t . T h e resu l ts a re s u m m a r i z e d in 

Tab le 1 . 

B. U n d e r O x i d a t i v e C o n d i t i o n s . 

A 0.5 m M so lu t i on of app rop r i a te 2 a n d iod ine (0 .5 equiv . ) in E t j O / M e O H (1:1) w a s i r rad ia ted as a b o v e 

fo r 0 .5 -1 .4 h, a n d w o r k up s imi lar ly . T h e resu l ts a re s u m m a r i z e d in Tab le 1 . C o m p o u n d s 4a. d , 6 w e r e 

repo r ted p rev ious l y (3) . Phys ica l and ana ly t ica l da ta of n e w c o m p o u n d s 4e- i a re g i ven be low. 

8 ,9 ,10 , 11 ,12 ,13 -Hexahyd ro -8 ,12 ;10 , 14 -d ime thanoazon ino [1 ,2 -b ]benzo [ / i ] i soqu ino i i n -16 (14H) -one 4e. 

co lo r less c rys ta ls , m p 2 5 6 - 2 5 8 ' C ( C H ^ C g ; IR(KBr) 2 9 1 3 . 2 8 3 4 , 1643 , 1610 , 1 5 8 1 , 1440 , 1439 , 1256 , 

1153 , 8 5 3 crn- ' ; ' H N M R (200 MHz) 8 10 .17 ( I H , d m , J = 8 . 6 Hz, C 1 - H ) , 7 .95 ( I H , d , J= 8.8 Hz) , 7 .86 

( I H , d d , J = 7.8, 1.6 Hz) , 7.71 ( I H , d d d , J = 8.6, 7 .0, 1.6 Hz) , 7.56 ( I H , d d d , J = 7.8, 7 .0, 1.4 Hz) , 7 .40 
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( 1 H , d , J = 8.8 Hz) , 6 .45 ( 1 H , s, C 7 - H ) , 6 .25 ( H , br t. J=5.5 Hz , C 1 4 - b r i d g e h e a d H), 3 .17 ( I H , br s, 

C 8 - b r i d g e h e a d H), 2 .31 -1 .74 ( 1 2 H , m) ; M S (E l ) m/z (%) 316 (47 ) , 315 (M* . 100) , 223(21 ) , 2 2 2 ( 2 2 ) , 168 

(41) , 149(71) ; Ana l . Ca l cd \orCJA^ViO: C, 83 .77 ; H. 6 . 7 1 ; N, 4 .44 . F o u n d : C, 83 .73 ; H, 6 .99; N, 4 .40 . 

10 ,11 ,12 ,13 ,14 ,15 -Hexahyd ro -9 ,13 ;11 ,15 -d ime thanoazon ino [1 ,2 -b ]benzo [ ^ i soqu ino l i n -7 (9>y ) -one 4 t 

co lo r less crys ta ls , m p 156 -158 "C ( C H ^ C g ; IR(KBr) 3 0 7 1 , 2 9 4 1 , 2930 , 2 8 6 1 , 1698 , 1679, 1607 , 1460 , 

1403 , 1329 , 1 3 2 1 , 1240 , 876 , 800 c m ' ; ' H N M R (200 MHz) 8 8.42 ( I H , b r d , .7 = ca. 6.8 Hz) , 8 .37 ( I H , 

d , J = 8.6 Hz) , 7 .95 -7 .85 ( I H , m) , 7 .76 ( I H , d , J = 8.8 Hz) , 7 .69 -7 .55 ( 2 H , m) , 7.11 ( I H , s, C 1 6 - H ) , 6.12 

( I H , u n s y m . t, J = ca . 5 Hz, C 9 - b r i d g e h e a d H) , 3 .27 ( I H , b r s , C 1 5 - b r i d g e h e a d H), 2 .28-1 .75 ( 1 2 H , m) ; 

M S (E l ) m/z (%) 316(6 .7 ) , 315 (M* . 26) , 3 1 4 ( 1 0 0 ) , 235 (11 ) . 222 (13 ) , 221 (16 ) , 1 6 4 ( 1 1 ) ; A n a l . C a l c d for 

C j ^ H ^ N O : C, 83 .77 ; H, 6 . 7 1 ; N, 4 .44 . F o u n d : C, 83 .35 ; H, 7 .10 ; N, 4 .43 . 

8 ,9 ,10 ,11 ,12 ,13-Hexahydro-7 ,11 ; 9 , 1 3 - d i m e t h a n o a z o n i n o [ 1 , 2 - / j ] [ 2 , 6 ] - n a p h t h y r i d i n - 5 ( 7 H ) - o n e 4 g . 

co lo r less crys ta ls , m p 182 -185 "C (CH^CI j ) ; IR(KBr ) 3000 , 2 9 3 0 , 2859 , 1 6 5 1 , 1617 , 1584, 1446 , 1360 , 

1260 , 1136 , 1000, 848 c m ' ; ' H N M R (200 M H z ) 8 8.85 ( I H , s) , 8.59 ( I H , d , J = 5.3 Hz) , 8.11 ( I H , d , J 

= 5.3 Hz) , 6 .39 ( I H , s ) . 6 .00 ( I H , br t, J = ca. 5 Hz) , ), 3 .16 ( I H , b r s ) , 2 .27 -1 .65 ( 1 2 H , m) ; M S (El ) ml 

z (%) 266 (M* , 32) , 265 (78 ) , 183(32) , 168 (36 ) . 154(50) , 148 (100) ; Ana l . C a l c d fo r C „ H „ N j O : C , 76 .65 ; 

H, 6 .83; N, 10.52. F o u n d : C, 7 6 . 6 1 ; H, 6 .63; N, 10.59. 

8 ,9 ,10 ,11 ,12 ,13 -Hexahyd ro -7 ,11 ;9 ,13 -d ime thanoazon ino [1 ,2 -b ] [ 3 ,6 ] -naph thy r i d i n -5 (7H) -one 4 h . 

co lo r less crys ta ls , m p 174 -176 "C (CH^CI j ) ; IR(KBr ) 2 9 0 1 , 2 8 4 9 , 1655, 1617 , 1588 , 1546, 1 4 4 1 , 1142, 

8 5 0 c m ' ; ' H NMR (200 MHz) 8 8.85 ( I H , s) , 8 .59 ( I H , d , J=S.2 Hz) , 8.11 ( I H , d , J = 5 . 3 Hz) , 6 .39 ( I H , 

s) , 6 .00 ( I H , br t, J = ca.S Hz) , 3 .16 ( I H , b r s ) , 2 .27 -1 .45 ( 1 2 H , m) ; M S (El ) m/z (%) 267 (21 ) , 266(M* . 

100) , 265(6 .1 ) , 225 (11 ) , 223(5 .6 ) , 198(15) , 197 (12 ) , 187(10) , 174 (24) , 173 (21 ) , 149(17) ; A n a l . C a l c d 

for C „ H „ N j O : C, 76 .65 ; H, 6 .83; N, 10 .52 . F o u n d : C, 76 .49 ; H, 6 .86; N, 10.59. 

7 ,8 ,9 ,10 ,11 ,12 -Hexahyd ro -6 ,10 ;8 ,12 -d ime thanoazon ino [2 ,1 - / ] f u ro [2 ,3 - c ]py r l d i n -4 (6H) -one 41. 

co lo r less crys ta ls , m p 2 5 2 - 2 5 4 "C ( C H ^ C g ; IR(KBr ) 3130 , 2 9 4 1 , 2866 , 1 6 8 1 , 1672 , 1584, 1579 , 1 5 0 1 , 

1 2 8 1 , 1179 , 852 , 801 c m ' ; ' H NMR (60 MHz) 8 7 .67 ( I H , d , J=2.0 Hz) , 6.52 ( I H , d , J = 2.0 Hz) , 6.25 
( I H , s) . 6 .03 ( I H , br s ) , 3 .09 ( I H , b r s ) , 2 .33 -1 .25 ( 1 2 H , m) ; M S (El ) m/z (%) 255 (M* , 24) , 254 (100 ) , 

253 (12 ) , 214 (17 ) , 186(24) , 175 (245) , 162 (48) , 161(48) ; Ana l . Ca l cd for C „ H , ^ N O j : C, 75 .27 ; H, 6 . 7 1 ; 

N, 5 .49. F o u n d : C, 75 .36 ; H, 6 .77; N, 5 .30. 

C a l c u l a t i o n m e t h o d of re la t i ve e n e r g i e s a n d p o p u l a t i o n s of 2e- a n d 2 g - c o n f o r m e r s . 

T h e s ta r t ing coo rd ina tes of the c o n f o r m e r s w e r e gene ra ted by the p r o g r a m C O O R D (9) w i th b o n d 

lengths , b o n d ang les a n d to rs ion ang les ob ta inab le f rom Dre id ing mo lecu la r mode l s . I te ra t ive ca lcu la ­

t ions w e r e then m a d e to m in im ize the ster ic ene rgy of each con fo rmer us ing the p r o g r a m M M 2 (10) . 

T h e p a r a m e t e r s for the a m i d e mo ie t y w e r e ob ta ined f rom J. P. S n y d e r (G . D. Sear le ) (11) . Re la t i ve 

popu la t ions of the c o n f o r m e r s w e r e ca lcu la ted w i th the ene rgy va lues so far ob ta ined , a s s u m i n g that 
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they a re in equ i l i b r i um. 
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