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Abst rac t  - The s tereose lec t ive  B i r ch  reduc t i ve  a l k y l a t i o n  s t ra tegy has - 
provided t o t a l  syntheses and conf igura t iona l  assignments f o r  the 

1-azaspiro[5.5]undecane a1 ka lo ids  s i b i r i n e  ( I ) ,  i son i t ramine (21, and 

n i t ramine (3).  

S i b i r i n e  (11, i s o l a t e d  from N i t r a r i a  s i b i r i c a ,  i s  a  member o f  the r e l a t i v e l y  new l-azaspiro- 

15.5lundecane group of a l ka lo ids .1  The s t ruc tures  of r e l a t e d  substances, ison i t ramine (21 and 

n i t ramine (21, i s o l a t e d  from N i t r a r i a  Schobere, have been confirmed by X-ray c r ys ta l l og raph i c  

s tud ies  o f  t h e i r  corresponding hydrochlor ide sa1ts;lb however, the absolute conf igura t ions  of 

a l l  o f  these a l k a l o i d s  have no t  been reported. la 

'? 

1 2 3 

Kozikowski and ~ u e d  have descr ibed t o t a l  syntheses o f  racemic 1 and 1 by the n i t r i l e  oxide 

cyc loadd i t i on  route.3 Furthermore, Snider and ~ a r t a y a - ~ a r i n ~  have publ ished a  t o t a l  synthes is  

o f  racemic n i t ramine (3) by an in t ramolecu lar  n i t r o n e  ~ ~ c l o a d d i t i o n . ~  I n  t h i s  paper, we repo r t  

e f f i c i e n t  enant iose lec t ive  syntheses of 1-2, which prov ide unambiguous con f i gu ra t i ona l  assign- 

ments f o r  a l l  o f  these a lka lo ids .  

The synthesis of I + ) - s i b i r i n e  (Scheme 1) began by the s tereose lec t ive  B i r ch  reduct ive  a l k y l a t i o n  

of a n i s i c  a c i d  d e r i v a t i v e  46 w i t h  1-bromo-3-chloropropane t o  g i ve  5 i n  78% i s o l a t e d  y i e l d .  I n  

t ~ e d i c a t e d  t o  Professor G i l b e r t  Stork on the occasion of h i s  65th b i r thday.  
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an e a r l i e r  study, we found t h a t  the  d ias te reose lec t i v i t y  o f  reduct ive  methy la t ion  of 4  was - 
2 6 0 : l . ~  We presume t h a t  i i s  obtained w i t h  comparable s te reose lec t i v i t y .  

The c h i r a l  aux i l i a r y ,  L -p ro l i no l ,  was ac t i va ted  f o r  removal by treatment of 2 w i t h  hydroch lor ic  

a c i d  i n  re f l ux ing  methanol, which e f f ec ted  en01 e ther  and MOM group hydro lys is ,  fo l lowed by t o  

0 acy l  migrat ion;  acy la t i on  w i t h  methyl chloroformate provided p k e t o e s t e r  6 (p ro tec ted  from - 

probable rearrangement back t o  t h e  amide)' i n  87% y i e l d  a f t e r  f l ash  chromatography on s i l i c a  gel . 
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(a1 K, NHJ, i-BuOH, 1-bromo-3-chloropropane; ( b l  HC1, MeOH; I c )  ClCOpMe, NaHC03, CH Clp; ( d l  Hp, 
PdIC, EtOAC; ( e l  HC10Me13, HpS04, MeOH; ( f l  NaN3, PTC, Hp0; ( g l  NaBH4, PTC, HpO; l h f  NaH, THF, 
Mel; ( 1 )  HZ, I I r l c o d l ~ ~ P C y ~ l ~ F ~ ,  CHzClp; ( j l  EtSH, AlCl3, CHpC12; ( k )  LiAlH4, THF. 

A f t e r  some exper imentat ion i t  was found t h a t  the double bond i n  6 imparted ser ious i n s t a b i l i t y  t o  

subsequent t ransformat ion products. Hydrogenation of the troublesome unsatura t ion  w i t h  5% PdIC 

gave 1 i n  97% y i e l d .  Refornation of the  enol e ther  gave &. (93% y i e l d ) ,  which was subjected t o  

c h l o r i d e  displacement by sodium azide under phase t ransfer  condi t ions8 t o  g ive  azide g. Azide 

reduct ion  w i t h  sodium borohydride under the same phase t ransfer  cond i t ions9 was fol lowed by 

c y c l i z a t i o n  of the  r e s u l t i n g  amino es ter .  The expected sp i rocyc l i c  lactam! was obtained i n  70% 
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ove ra l l  y i e l d  from g a f t e r  f l a s h  chromatographic separat ion of from the c h i r a l  a u x i l i a r y ,  

recovered as the E-methoxycarbonyl de r i va t i ve .  Other methods o f  az ide reduct ion  proved t o  be 

l e s s  effective.1° i -me thy la t i on  was effected by treatment of 2 w i t h  sodium hydride-methyl 

i od ide  t o  g i ve  10. 

The proper r e l a t i v e  conf igura t ion  a t  C17) was obtained by u t i l i z a t i o n  o f  the  carboxamide group 

d i rec ted  s tereose lec t ive  i r id ium-cata lyzed homogeneous en01 e ther  h ~ d r o ~ e n a t i o n . 1 1  Using 

standard hydrogenation  condition^^^ o f  -5 mole % o f  [Ir(cod)py(PCy3)]PF6 i n  methylene chlor ide13 

a t  atmospheric pressure, 10 was converted t o  d ias tereo isomer ica l ly  pure 11 i n  - q u a n t i t a t i v e  

ove ra l l  y i e l d  from 9.  Methyl e ther  cleavage w i t h  e thaneth io l  and ~ 1 ~ 1 ~ 1 4  gave t h e  corresponding 

hydroxy lactam i n  91% y i e l d  and t h i s  was converted t o  I t ) - s i b i r i n e  (12) by l i t h i u m  aluminum - 

hydr ide reduct ion  193% y i e l d ) .  

The op t i ca l  r o t a t i o n  of 12 was found t o  be [0124D t25.OS, wh i le  the  l i t e r a t u r e  value f o r  t h e  

na tu ra l  product was [a124D -22.5'.15 The conf igura t ion  of na tu ra l  I - ) - s i b i r i n e ,  therefore,  must 

be t h a t  shown as s t ruc tu re  1.l6 A formal t o t a l  synthesis of I - 1 - s i b i r i n e  (1) was ca r r i ed  o u t  

[Scheme 2) v i a  B i rch  reduct ive  a l k y l a t i o n  o f  benzoxazepinone 12 t o  g i ve  14 i n  91% i so la ted  

y i e l d .  On the bas is  o f  e a r l i e r  ~ t u d i e s , ~ . ~ ~  we est imate t h a t  the d i a s t e r e o s e l e c t i v i t y  f o r  the 

conversion 13 + 14 must be ,99:1. Conversion of 2 t o  16, the  enantiomer o f  the I t ) - s i b i r i n e  

intermediate,?,  was accomplished by methods s i m i l a r  t o  those presented i n  Scheme 1. 

Enol e ther  16 f a i l e d  t o  undergo i r id ium-cata lyzed hydrogenation. However, conversion o f  16 t o  

the  1-benzyl de r i va t i ve  11 (Scheme 2) fo l lowed by hydrogenation w i t h  the  i r i d i u m  c a t a l y s t  system 

gave 2 as a s i ng le  diastereoisomer. Methyl e the r  cieavage, l i t h i u m  aluminum hydr ide reduction, 

and debenzylation gave 1, the enantiomer o f  na tura l  i son i t ramine I L ) ,  i n  -50% ove ra l l  y i e l d  from 

16. - 

Af te r  s tereora t iona l  syntheses o f  12 and 1 were completed, a more r a p i d  const ruc t ion  o f  1 and a 

h i g h l y  s tereose lec t ive  synthesis o f  n i t ramine (2) were developed by exper imentat ion w i t h  a 

v a r i e t y  o f  cond i t ions  f o r  ketone carbonyl group reduct ion  (Scheme 3 ) .  En01 e ther  hyd ro l ys i s  of 

16 gave the v e r s a t i l e  keto lactam 2 (94% y i e l d ) .  While reduct ion  of the ketone group i n  22 with - 
sodium borohydride o r  l i t h i u m  aluminum hydr ide proceeded w i t h  low s t e r e o s e l e c t i v i t y ,  t reatment o f  

22 w i t h  two equivalents o f  d i isobutylaluminum hydr ide IDIBAL) gave a m ix tu re  o f  3 and 4 194% - 
y i e l d )  i n  a r a t i o  o f  13: l  i n  favor  o f  isomer 3. Conversion of 3 t o  ison i t ramine ( 2 )  was 

accomplished by l i t h i u m  aluminum hydr ide reduct ion.  Thus, 1 i s  ava i l ab le  i n  enant iomer ica l ly  

pure form i n  ten  steps from benzoxazepinone 12 (-50% ove ra l l  y i e l d ) .  
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(a )  K, NH3, 5-BuOH, 1-bromo-3-chloropropane; (b )  HCl , MeOH; ( c l  C1C02Me, NaHCO3, CH C12 i d )  Hz, 
Pd/C, EtOAc; (e )  HC(OMe13, H S04, MeOH; ( f l  NaN3, PTC, H20; ( g )  NaBH4, PTC, H20; i h f  ~a;, THF, 

PdIC, MeOH. 
$ BzBr; (71 Hz, I l r icodIPyPCy3 P F ~ .  ~ ~ 2 ~ 1 2 ;  ( j )  E~SH,  ~ 1 ~ 1 3 ,  ~ ~ 2 ~ 1 2 ;  (LI LiAlH4, THF; (11 HZ, 

Reduction o f  22 w i t h  sodium borohydride i n  methanol gave a  1:2 mix ture  o f  4 a n d g ,  respec- 

t i v e l y .  This r a t i o  cou ld  be dramat ica l ly  changed by a d d i t i o n  o f  cerium ch lo r i de  (1.1 equiv)  t o  

t h e  borohydride reduct ion  mix ture  t o  g ive  4 a n d g  i n  a  4 : l  r a t i o .  Yt terbium ch lo r i de  was an 

even more e f f e c t i v e  add i t i ve ,  producing 24 and g i n  a  r a t i o  o f  1 3 : l . ~ ~  L i t h i um aluminum hydr ide  

reduct ion  of 24 provided n i t ramine (3 )  i n  95% yield.19 

Spectral  data f o r  syn the t i c  3 were i d e n t i c a l  t o  those descr ibed f o r  the natura l  product;lc 

unfor tunate ly ,  a  r o t a t i o n  f o r  3 has no t  been reported. For t h i s  reason, we convertedZ0 syn the t i c  

3  t o  the  !-methyl d e r i v a t i v e  g; co lo r l ess  o i l :  [a122D t17.6' ( c  1.23, CHC13); L i t .  [=ID t17.0" - - 

(5 0.43, C H C ~ ~ ) . ~ ~  Thus, the  conf igura t ion  o f  na tura l  n i t ramine must be t h a t  shown i n  s t ruc tu re  

3. - 
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Scheme 3 
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( a )  HC1, HeOH; ( b l  OIBAL, THF, -78'C; i c l  LiAlH4, THF; ( d l  NaBHq, YbC13, MeOH; ( e l  LiAlH4, THF; 
i f )  MeI, EtOH, r e f l u x .  

EXPERIMENTAL 

(6R)-6-[(Methoxymethyl I-(S)-prolinolcarboxamido]-6-(3-chloropropyl I-1-methoxy-l,4-cyclohexadiene 

(51. Prepared by procedures descr ibed elsewhere; B i r ch  reduct ion  w i t h  potassium, exchange w i t h  - 
l i t h i u m  bromide, and a l k y l a t i o n  w i t h  1-bromo-3-chloropropane (1.3 e q ~ i v l . ~  Flash chromatography 

on s i l i c a  gel (EtOAc-Hexane 4 : l l  gave 5 as a co lo r l ess  o i l  (78%); IR ( f i l m )  3.37, 6.15, 9.45 "m; 

IH NMR 6 1.42-2.00 im, 7H), 2.12 (m, lH I ,  2.89 (m, 2Hl, 3.28 im, 2H1, 3.36 (s,  3H1, 3.51 (5, 3H1, 

3.51 it, ZH), 3.61 (m, lH) ,  3.73 (dd, lH, J-10, 4 Hz), 4.30 ( b r  s, lH) ,  4.16 (q ,  2H1, 4.78 ( t ,  

l H I ,  5.35 i d t ,  lH, J=10 Hz), 5.94 ( d t ,  lH, J=10 Hz); Co127D -33.8" ( c  - 1.1, CHC13l; chemical 

i o n i z a t i o n  mass spectrum m/z ( r e l a t i v e  i n t e n s i t y )  M t l  (62). 322 (1001, 172 (65); anal. ca lcd  for  

C18H28ClN04: C, 60.42; H, 7.88. Found: C,  60.20; H, 7.95. 

(2Rl-2-[(~-Carbomethoxy-~Sl-prolinol~carbalkoxyl-2-(3-chloropropyl~cyclohex-3-ene-l-one (6).  To 

a so lu t i on  o f  5 (4.53 m o l l  i n  methanol (10 ml )  was added concentrated HC1 ( 1  m l l .  The r e s u l t i n g  

s o l u t i o n  was heated t o  r e f l u x  f o r  4 h, cooled t o  room temperature, concentrated t o  one-half the 

reac t i on  volume, and was neu t ra l i zed  w i t h  s o l i d  sodium bicarbonate. Ex t rac t i on  w i t h  methylene 

ch lo r i de ,  d r y ing  the organic l aye r  over anhydrous MgS04, and so lvent  evaporat ion gave a ye l l ow  

o i l  t h a t  was imnediately red isso lved i n  methylene ch lor ide .  Add i t ion  o f  NaHC03 (1.1 equ i v l  and 

coo l i ng  t o  ice-bath temperature was fol lowed by add i t i on  o f  methyl chloroformate. A f te r  s t i r r i n g  

f o r  3 h a t  room temperature, water (5  m l l  was added, and the reac t i on  mix ture  was ex t rac ted w i th  

methylene ch lor ide .  The organic phase was washed w i t h  d i l u t e  HCl so lu t ion ,  d r i e d  (MgSOaI, and 

evaporated; f l a s h  chromatography on s i l i c a  gel (EtOAc-Hexane. 4 : l l  gave as a co lo r l ess  o i l  

(87%); 1 R  ( f i l m )  3.38, 5.76, 5.82, 5.93, 6.92, 7.14 ,m; 1~ NMR 6 1.40-2.06 (m, 7H1, 2.16 ( d t ,  l H ,  

5.6 Hz), 2.30-2.82 (m, 4H1, 3.32 (m, 2Hl, 3.51 ( d t ,  2H, J=2 Hz), 3.71 (5, 3H1, 3.96-4.36 im, 3H1, 

5.66 id ,  lH ) ,  6.15 ( b r  d, 1Hl; 1a127D -95.9' ic 1.1, CHC131; chemical i o n i z a t i o n  mass Spectrum 

mlz ( r e l a t i v e  i n t e n s i t y l  M t l  (861, 322 (381, 160 (100); anal. ca l cd  f o r  C17H24ClN05: C, 57.07; 

H. 6.75. Found: C, 56.92; H, 6.66. 



0-2-l(hl-Carbomethaxy-(S). A s o l u t i o n  

o f  5 ( 1  m o l )  i n  3 ml o f  e t h y l  ace ta te  and 5% Pd/C was s t i r r e d  under hydrogen ( 1  atm) f o r  2 h. 

The c a t a l y s t  was removed by f i l t r a t i o n  through Ce l i t e ,  and the  so l ven t  was evaporated; f l a sh  

chromatography on s i l i c a  ge l  (EtOAc-Hexane, 3 : l l  gave I as a c o l o r l e s s  o i l  (97%); 1R ( f i l m )  

3.37, 5.71-5.95 (broad),  6.94, 7.24 ~ m ;  IH NMR a 1.26-2.10 (m, l 3H l ,  2.30-2.54 (m, 3H), 3.36 (m, 

2H1, 3.50 ( t ,  2H1, 3.68 (s ,  3H), 3.94-4.38 (m, 3H); Cd32D -95.0' (c 0.42, CHC13); chemical 

i o n i z a t i o n  mass spectrum m/z ( r e l a t i v e  i n t e n s i t y )  M t l  (901, 324 (100). 201 (551, 160 (36);  anal .  

c a l c d  f o r  C17H26ClN05: C,  56.75; H, 7.28. Found: C, 56.65; H, 7.19. 

(6R)-6-C(N-Carbomethoxy-(Sl-prolinol lcarboalkoxyl-6-(3-chloropropyll-l-methoxycyclohex-l-ene 

(8a) .  A s o l u t i o n  of 1 ( 1  mnol) i n  1 ml of  d r y  methanol, 2 ml o f  t r imethy lo r tho formate ,  and - 
several  drops o f  concentrated s u l f u r i c  a c i d  was s t i r r e d  ove rn i gh t  a t  room temperature. The 

r e a c t i o n  m i x tu re  was concentrated,  sa tu ra ted  NaHC03 was added, and t h e  r e s u l t i n g  m i x tu re  was 

e x t r a c t e d  w i t h  methylene ch l o r i de .  The organ ic  l a y e r s  were combined, d r i e d  over  MgS04, and con- 

cen t ra ted  t o  g ive  & as a l i g h t  y e l l o w  o i l .  F lash  chromatography on s i l i c a  gel  (EtOAc-Hexane, 

70:30) gave a c o l o r l e s s  o i l  (93%); IR ( f i l m )  3.39, 5.80, 5.98, 6.89, 7.20 ~ m ;  1~ NMR 6 1.40-2.20 

(m, 14H), 3.38 ( b r  m, 2H), 3.45 (5, 3H), 3.53 (d, 2H), 3.68 ( b r  s, 3H1, 4.10 (m, 3H), 4.78 ( b r  t, 

IH); [a124365nm +38.7" ( c  0.58, CHC131; chemical i o n i z a t i o n  mass spectrum m/z ( r e l a t i v e  

i n t e n s i t y )  M t l  (701, 338 (49) ,  187 ( l o o ) ,  160 (741; anal .  c a l c d  f o r  C18H28ClN05: C, 57.83; H, 

7.54. Found: C, 57.82; H, 7.57. 

(6R)-6-[(~-Carbomethoxy-(S)-prolinol)carbalkoxyl-6-(3-azidopropyl~-l-methoxycyclohex-l-ene ( 8b I .  

Prepared from & by procedures descr ibed  elsewhere.8 F l ash  chromatography on s i l i c a  gel  (EtOAc- 
Hexane, 70:30) gave 5 as a c o l o r l e s s  o i l  (92%); I R  ( f i l m )  3.42, 4.80, 5.82, 5.90 ~ m ;  IH NMR 6 

1.32-2.14 (m, 14H), 3.24 ( t ,  ZH), 3.36 (m, 2H1, 3.46 (5, 3H), 3.70 (s ,  3H1, 4.10 (m, 3H), 4.80 

( b r  t, 1H); 1a124D +11.0' ( 2  1.94, CHC13); chemical i o n i z a t i o n  mass spectrum m/z ( r e l a t i v e  

i n t e n s i t y )  353 (701, 177 (1001, 142 (90);  anal .  c a l c d  f o r  C18H~8N405: C,  56.83; H, 7.41. 

Found: C,  56.91; H, 7.50. 

2-0xopiperidine-3(R)-spiro-2'-(l-methoxycyclohex-l-ene) (91. A m i x t u r e  of & ( 1  m o l l  i n  2 ml 

o f  water and hexadecyltri-l-butylphosphonium bromide (PTC, 0.1 mno l l  was heated t o  80°C, then 

NaBH4 was added i n  p o r t i o n s  over 30 min.8 The r e s u l t i n g  m i x tu re  was heated f o r  24 h, then coo led  

and ex t r ac ted  w i t h  methylene c h l o r i d e  ( 3  x 10 m l l .  The organic l a y e r s  were combined, d r i e d  over  

MgS04, and concentrated.  F l ash  chromatography on s i l i c a  ge l  (EtOAc-MeOH, 95:51 gave 9 as a 

c o l o r l e s s  o i l  (73%1, Rf = 0.28; IR ( f i l m )  3.05, 3.12, 3.40, 6.60 ,m; IH NMR 6 1.34-2.30 (m, 10H1, 

3.29 (m, 2H1, 3.50 (s ,  3H), 4.81 (dd, lH, J-6, 3 Hz), 6.40 ( b r  s, 1H); Cm123D +36.4' (5 1.1, 

CHC131; chemical i o n i z a t i o n  mass spectrum m/z ( r e l a t i v e  i n t e n s i t y )  M+l (100). 

N-Methyl-2-oxopiperidine-3(R)-spiro-2'-(l-methoxycyclohex-l-enel (101. Sodium hydr ide  (1.2 m o l l  - 
was added t o  a s o l u t i o n  o f  9 ( 1  mnol) i n  2 ml o f  d r y  THF, and t h e  r e s u l t i n g  m i x tu re  was s t i r r e d  

f o r  1.5 h, a f t e r  which methyl i o d i d e  ( 2  e q u i v l  was added. A f t e r  2 h, the  r e a c t i o n  m i x tu re  was 

quenched w i t h  water  and ex t r ac ted  w i t h  methylene c h l o r i d e  ( 2  x 10 m l l .  The combined organic 

l a y e r s  were d r i e d  over MgS04 and concent ra ted  t o  g i ve  10 as a l i g h t  y e l l o w  o i l  ( q u a n t i t a t i v e ) .  

An a n a l y t i c a l  sample was prepared by Kugelrohr d i s t i l l a t i o n ;  bp 79-80°C (0.5 mn Hg); I R  ( f i l m 1  

3.40, 6.11, 8.33 ~ m ;  IH NMR a 1.36-2.30 (m, 10H1, 2.96 (s ,  3H), 3.20 (m, 1H1, 3.38 (m, 1H1, 3.48 

(5 ,  3H), 4.77 (dd, 1H, J.5, 3 Hz); Ca1270 t28.3' (c 0.38, CHC131; chemical i o n i z a t i o n  mass 
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spectrum m/z ( r e l a t i v e  i n t e n s i t y )  M+1 (100); a sa t i s fac to ry  ana lys is  cou ld  no t  be obtained. 
Hydro lys is  us ing HCl i n  methanol provided the ketone de r i va t i ve ;  mp 82'C; anal. ca l cd  for  

CllH17N02: C, 67.66; H, 8.78. Found: C, 67.73; H, 8.72. 

N-Methyl-2-oxopiperidine-3iR)spiro-2'-[1iRl-methoxycyclohexanel (111. Prepared from 10 by - 
procedures descr ibed elsewherell.13 ( q u a n t i t a t i v e ) .  An ana l y t i ca l  sample was prepared by 

Kugelrohr d i s t i l l a t i o n :  co lo r l ess  o i l ;  bp 79-80°C (0.5 m Hgl; IR ( f i l m )  3.40, 6.14, 9.15 ~ m ;  1~ 

NMR 6 1.02-1.96 im, 12H1, 2.92 (s, 3H1, 3.14 (m, lH) ,  3.26 Is ,  3H1, 3.32 (m, 1H1, 3.78 idd, IH, 

J=12, 4 Hz); [ m l 3 l D  -65.7' I$ 1.02, CHC131; chemical i o n i z a t i o n  mass spectrum m/z ( r e l a t i v e  

i n t e n s i t y l  M+1 (1001, 180 (65); anal .  ca l cd  f o r  C12H21N02: C, 68.22; H, 10.01. Found: C, 

68.34; H, 9.91. 

N-Methyl-2-oxopiperidine-3O-spiro-2'-~l~Rl-hydro~cyclohexanel. To a s o l u t i o n  of 2 il m o l l  - 
i n  4 m1 o f  d ry  methylene ch lo r i de  was added e thaneth io l  (5 m o l l  and AIL13 (3  m o l 1 . l 4  The 

reac t i on  mix ture  was s t i r r e d  f o r  3 h a t  room temperature, then quenched s lowly  w i t h  water (2  ml l ,  

fo l lowed by d i l u t i o n  w i t h  methylene ch lo r i de  (5  ml I .  The organic l a y e r  was separated, d r i e d  over 

MgS04, and concentrated. Flash chromatography on s i l i c a  gel (EtOAc-MeOH, 95:5l gave a co lor less  

s o l i d  191%); mp 109-llO'C; 1R (Ka r l  2.94, 3.42, 6.20 ~ m ;  IH NMR 6 1.16-2.04 im, 13H1, 2.94 (s, 

3H1, 3.18 (m, l H I ,  3.33 lm, lH I ,  4.30 lm, 1Hl; 1,127D -87.7' (c - 0.32, CHCl3I; chemical ion iza t ion  

mass spectrum m/z ( r e l a t i v e  i n t e n s i t y )  FH1 (100l ,  180 (60); anal. ca l cd  f o r  C11HlgNO2: C, 66.98; 

H, 9.70. Found: C, 66.89; H, 9.62. 

I - b r i n e  1 2  To a suspension of LiAlH4 (1.6 m o l l  i n  2 m1 o f  d r y  THF was added a so lu t ion  

o f  ~-methyl-2-oxopiperidine-3O-spiro-2'(clohexane (obta ined from the preceding 

experiment) i n  2 ml o f  THF. The r e s u l t i n g  mix ture  was s t i r r e d  f o r  12 h, then quenched w i t h  20% 

KOH. The p r e c i p i t a t e  was removed by f i l t r a t i o n  and was washed w i t h  add i t i ona l  THF. The organic 

l aye rs  were combined and concentrated t o  g ive  12 as a co lo r l ess  o i l  (95%); 1~ NMR 6 0.80-2.24 

im, 15Hl, 2.24 i s ,  3H1, 2.63 (d,  lH, J = l l  Hz), 2.79 l b r  d, 1H1, 3.58 ldd,  lH, J=lO, 4 Hz); 1% 

ICHC13) 6 79.27, 69.69, 56.47, 46.53; 37.29, 37.07, 29.60, 27.60, 24.39, 23.96, 20.36; 1 . 1 ~ ~ ~  
t25.0° (2 0.73, CHC13); chemical i o n i z a t i o n  mass spectrum m/z ( r e l a t i v e  i n t e n s i t y l  184 IIOOI, 

166 1321. The 1~ and 1% NMR data correspond c lose l y  t o  those repor ted fo r  the  natura l  pr0duct.l 

The hydrochlor ide s a l t  was prepared by d i sso l v i ng  12 i n  ethanol fo l lowed by add i t i on  o f  a few 

drops of concentrated HCl. Solvent evaporat ion gave a co lo r l ess  gum, which, when t r i t u r a t e d  with 

acetone, gave co lo r l ess  cubes, mp 194-195'C I ~ i t . 1  191-192'C). 

1,2,3,8,11,11alSl-6aiSl-(3-Chloropropyll-hexahydro-5~-~2,l-clbenzoxazapin-5-one (14). Prepared 

from 12 by procedures descr ibed elsewhere.6 Flash chromatography on s i l i c a  gel IEtOAc-CHC13, 

4 : l l  gave - 14 as a co lo r l ess  o i l  191%). IR ( f i l m )  3.38, 3.47, 5.95, 6.20 "m; 1~ NMR 6 1.44-2.16 

(m, 8H), 2.80 (d, ?HI, 3.54 (q, 4H1, 3.88 (dd, lH, J=12, 11 Hz), 4.12 (dd, lH, J = l l ,  2 Hz), 4.30 

i q ,  IH), 5.56 ( t ,  lH1, 5.84 (s,  2Hl; [a124D t101.4' (2 0.57, CHC13); chemical i o n i z a t i o n  mass 

spectrum m/z ( r e l a t i v e  i n t e n s i t y l  W l  (671, 246 (1001. A s a t i s f a c t o r y  elemental ana lys is  could 

n o t  be obtained. 

~2S1-2-C~~-Carbomethoxy-lSl-prolinollcarbalkoxy-2-(3-chloropropyl1cyclohex-3-ene-l-one (15) .  

Prepared from 14 as descr ibed f o r  6 .  Flash chromatography on s i l i c a  gel  IEtOAc-Hexane, 70:301 

gave g as a co lo r l ess  o i l  (84%); IR ( f i l m 1  3.38, 5.75, 5.82, 5.90, 6.94, 7.25 ,m; IH NMR 6 1.48- 



2.04 (m, 7H), 2.18 ( d t ,  1H1, 2.28-2.82 (m, 4H1, 3.38 (m, 2H1, 3.52 ( d t ,  ?HI, 3.71 i s ,  3H1, 3.96- 

4.24 (m, 3H1, 5.66 i d ,  1H1, 6.16 ( b r  d, 1Hl; Ca127D +45.0° ( c  - 0.96, CHC131; chemical i o n i z a t i o n  

mass spectrum mlz ( r e l a t i v e  i n t e n s i t y 1  W 1  1291, 322 (371, 171 (231, 160 (1001; anal .  c a l c d  f o r  

C17H24ClN05: C, 57.07; H, 6.75. Found: C, 56.93; H, 6.70. 

(2S)-2-[(~-Carbomethoxy-(S)-prolinol~carbalkoxyl-2-(3-chloropropyl~cyclohexanone. Prepared from 

15 as descr ibed  f o r  ( q u a n t i t a t i v e ) .  An a n a l y t i c a l  sample was prepared by f l a s h  chromatography - 
on s i l i c a  ge l  (EtOAc-Hexane, 70:301 t o  g i ve  a c o l o r l e s s  o i l ;  1R ( f i l m 1  3.38, 5.85 (broad),  6.94, 

7.24 ~ m ;  1~ NMR 6 1.60-2.10 (m, 13H1, 2.46 (m, 3H1, 3.38 (m, 2H1, 3.53 ( b r  t, 2H1, 3.71 ( b r  s, 

3H), 4.00-4.36 (m, 3Hl; [a1220 +18.Z0 ( r  1.47, ChC131; chemical i o n i z a t i o n  mass spectrum mlz 

( r e l a t i v e  i n t e n s i t y l  M+l (451, 324 (1001. 201 (951; anal .  c a l c d  f o r  C17H26ClN05: C,  56.75; H, 

7.28. Found: C,  56.69; H, 7.20. 

(6s)-6-[(N-Carbomethoxy-(Sl-pro1 in01 lcarboa l  koxy l -6 - (  3-chl oropropyl  I-1-methoxycyclohexene. 

Prepared as descr ibed  f o r  3. F lash  chromatography on s i l i c a  gel  (EtOAc-Hexane, 4 : l l  gave a 

c o l o r l e s s  o i l  (91%): IR ( f i l m 1  3.38, 5.86 (broad),  6.92, 7.24 IH NMR 6 1.50-2.16 lm, 17H1, 

3.36 (m, ZHI, 3.48 i s ,  3H), 3.52 ( t ,  2H1, 3.96-4.30 (m, 3H1, 4.80 ( b r  5, 1Hl; [a122D -65.Z9 

( 2  0.75, CHC131; chemical i o n i z a t i o n  mass spectrum m/z ( r e l a t i v e  i n t e n s i t y l  M+1 1401, 338 (401, 

187 (1001, 160 (901. 

(6S)-6-[(~-Carbomethoxy-(S1-prol in01 l ca rba l  koxyl-6-(3-azidopropyl  I-1-methoxycyclohexene. 

Prepared by procedures descr ibed  elsewhere.8 F l ash  chromatography on s i l i c a  gel  IEtOAc-Hexane; 

70:301 gave a c o l o r l e s s  o i l  (91%); IR ( f i l m )  3.38, 4.77, 5.78, 5.88, 6.90, 7.24 ~ m ;  1~ NMR 6 

1.36-2.10 (m, 14H1, 3.26 it, 2H1, 3.36 (m, 2H1, 3.48 i s ,  3H1, 3.71 i s ,  3H1, 3.92-4.30 (m, 3H1, 

4.81 ( b r  5, lH1; [a]23D -59.1' (5 0.93, CHC131; chemical i o n i z a t i o n  mass spectrum m/z ( r e l a t i v e  

i n t e n s i t y l  353 (41, 194 (221, 142 1100); anal .  c a l c d  f o r  C18H28N405: C, 56.83; H, 7.41. 

Found: C, 56.81; H, 7.48. 

2-0xopiperidine-3(Sl-spiro-2'-(l-methoxycyclohex-l-enel 1161. Prepared as descr ibed f o r  2: 
c o l o r l e s s  o i l ;  [a1230 -35.3' ( g  1.38, CHC131; a s a t i s f a c t o r y  ana l ys i s  cou ld  n o t  be obtained.  

2-Oxopiperidine-3(Sl-spiro-2'-cyclohexan-1-one (221. A s o l u t i o n  o f  16 ( 1  m o l l  i n  2 ml o f  95% 

methanol and several  drops o f  concentrated HCl was s t i r r e d  f o r  1 h a t  room temperature. The 

s o l u t i o n  was concentrated,  sa tu ra ted  NaHC03 was added t o  the  res idue,  and t h e  r e s u l t i n g  m i x tu re  

was ex t r ac ted  w i t h  methylene c h l o r i d e  ( 3  x 5 m l l .  The combined organ ic  l a y e r s  were d r i e d  over 

MgS04 and concent ra ted  t o  g i ve  3 (97%). R e c r y s t a l l i z a t i o n  f rom e t h y l  ace ta te  gave c o l o r l e s s  

c r y s t a l s ;  mp 184-185-C (dec l ;  1R (KBr l  3.12, 3.38, 5.93, 6.05 ~ m ;  1~ NMR 6 1.52-2.10 lm, 8H1, 

2.28-2.76 (m, 4H1, 3.32 (m, 2H1, 5.92 l b r s ,  1Hl; [a1230 -50.8' ( 2  1.16, CHC131; chemical i on i za -  

t i o n  mass spectrum mlz ( r e l a t i v e  i n t e n s i t y )  M t l  (1001; anal .  c a l c d  f o r  C10H15N02: C, 66.28; 

H. 8.34. Found: C, 66.35; H. 8.31. 

2-0xopiperidine-3lS)-spiro-2'-[1(S)-hydroxycyclohexanel (241. A m i x tu re  o f  11 (0.22 m o l l  and 

anhydrous YbC13 10.24 m o l l  i n  1 ml o f  d r y  methanol was s t i r r e d  a t  room temperature f o r  30 min. 

To the  r e s u l t i n g  suspension was adaed NaBHq (0.33 m o l l  i n  several  p o r t i o n s  over 5 min. A f t e r  

1 h, sa tu ra ted  kH4C1 was added and the  m i x t u r e  was ex t r ac ted  w i t h  methylene c h l o r i d e  ( 3  x 5 m l l .  

The combined organ ic  l a y e r s  were d r i e d  (MgS041 and concent ra ted  t o  g i ve  a 92:8 m i x tu re  of  4 and 
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23. Flash chromatography on s i l i c a  gel (EtOAc-MeOH, 9 : l l  gave 2Q as a co lo r l ess  s o l i d  (69%, - 
higher  R f L  R e c r y s t a l l i z a t i o n  from e thy l  acetate gave co lo r l ess  c r ys ta l s ;  mp 108-109'C; 1R (KBrl 

3.05, 3.12, 3.40, 6.13 "m; IH NMR a 1.20-2.30 (m, 12H1, 3.30 (m, 2H1, 3.76 l b r  t, 1H1, 5.72 

5.72 ( b r  s, 1H1, 6.28 ( b r  s, 1Hl; Co122D +37.Z0 l c  - 0.20, CHClj); chemical i o n i z a t i o n  mass 

spectrum mlz ( r e l a t i v e  i n t e n s i t y l  M+l 1100), 166 (871; anal. ca l cd  f o r  C ~ O H ~ ~ N O ~ :  C, 65.55; H, 

9.34. Found: C, 65.49; H, 9.46. 

I+)-Ni t ramine 131. Prepared from 4 as described for 12: co lo r l ess  o i l  (91%); IH NMR a 0.90- 

1.98 (m, 11H1, 2.12 (m, 1H1, 2.42 (d, lH, J=12 Hz), 2.61 l d t ,  1H1, 3.00 (m, 1H1, 3.48 Id, lH,  

5.12 Hz), 3.54 (dd, 1Hl; 1% 6 lC6061 77.86, 52.68, 47.27, 38.43, 36.94, 36.35, 32.88, 24.50, 

24.01, 21.50; 1a125D +23.0° (5 1.58, CH2C121; chemical i o n i z a t i o n  mass spectrum m/z l r e l a t i v e  

i n t e n s i t y l  M+1 1100). Ni t ramine hydrochlor ide was prepared as descr ibed fo r  the hydrochlor ide 

s a l t  of 11; r e c r y s t a l l i z a t i o n  from acetone gave co lo r l ess  cubes, mp (sealed c a p i l l a r y )  230°C 

l dec l .  

2-Oxopiperidine-3(Sl-spiro-2'-C1lR~-hydroxycyclohexanel 1231. To a s o l u t i o n  o f  22 ( 1  mnol I i n  

5 ml o f  dry THF cooled t o  - 7 8 T  was added DIBAL 11.0 I? i n  hexane, 2.1 m o l l  s lowly v i a  syringe. 

The so lu t i on  was s t i r r e d  f o r  2 h a t  -78'C, then quenched w i t h  sa tura ted NaHS04 ( 5  ml) .  The 

mix ture  was d i l u t e d  w i t h  methylene ch lor ide ,  separated, then ex t rac ted  w i t h  add i t i ona l  methylene 

c h l o r i d e  12 x 10 m l l .  The organic l aye rs  were combined, d r i e d  over MgS04, and concentrated to  

g i ve  a 13: l  mix ture  o f  3 and 2Q 194%). Flash chromatography on s i l i c a  gel  (EtOAc-MeOH, 8 : l l  

gave 23 as a co lo r l ess  s o l i d  ( lower  Rf l ;  mp 148-149'C; IR (KBr l  3.05, 3.12, 3.42, 3.50, 6.16 ~ m ;  

IH NMR 6 1.16-2.22 (m, 13H1, 3.29 (m, 2H1, 4.29 ldd,  lH, 5-12, 5 Hz), 5.97 l b r  s, 1 H l ;  1,123D 

t73.9' 15 0.50, CHC131; chemical i o n i z a t i o n  mass spectrum m/z l r e l a t i v e  i n t e n s i t y l  M t l  (361. 166 

(1001; anal. ca l cd  f o r  C10H17N02: C, 65.55; H, 9.34. Found: C, 65.47; H; 9.39. 

I - ) - Ison i t ramine (211. Prepared from 23 as described f o r  12: co lo r l ess  s o l i d  (93%). Sublima- 

t i o n  gave co lo r l ess  needles, mp 103-104'C (L i t . , la  101-103°C); 1~ NMR 6 0.84-2.20 (m, 7H), 2.15 

l b r  d, 1H1, 2.50 (d, lH, J = l l  Hz), 2.59 l d t ,  1H1, 2.91 (d,  l H ) ,  3.04 (m, 1H1, 3.66 ldd, 1H, J=11, 

4 Hz); 13c 6 (C&I 79.64, 60.59, 47.56, 36.53, 30.40, 29.44, 24.49, 23.46, 20.87; 1,124~ -3.5' 

IC 1.61, CHC131; chemical i o n i z a t i o n  mass spectrum mlz l r e l a t i v e  i n t e n s i t y l  M t l  (1001, 152 

1831.21 

N-Benzyl-2-oxopiperidine-3lSl-spiro-Z'-C1-methoxycyclohex-l-enel (171. Prepared from 16 and - 
benzyl bromide as descr ibed f o r  10. Flash chromatography on s i l i c a  gel IEtOAc-Hexane, 3:21 gave 

17 as a co lo r l ess  o i l  (67%); IR ( f i l m )  3.42, 6.14, 6.94 ~ m ;  1~ NMR 6 1.40-2.30 (m, 10H1, 3.00- - 
3.32 (m, 281, 3.50 (s,  3H1, 4.45 Id,  lH, J=14 Hz), 4.78 Id,  lH, 5-14 Hz), 4.80 [over lapping m, 

lH1, 7.28 (m. 5H1; Ca122D -50.8' 15 0.86, CH2C121; chemical i o n i z a t i o n  mass spectrum mlz 

( r e l a t i v e  i n t e n s i t y )  M+1 11001; anal. ca l cd  f o r  C18H23N02: C, 75.76; H, 8.12. Found: C, 75.79; 

H, 8.00. 

N-Benzyl-2-oxopiperidine-3lSl-spiro-2'-C1(Rl-methoxycyclohexanel 1181. Prepared from 17 as - 
descr ibed for  11 ( q u a n t i t a t i v e ] ;  Kugelrohr d i s t i l l a t i o n  gave a co lo r l ess  o i l ;  bp 82'C 10.5 m 

Hgl; 1R ( f i l m 1  3.40, 6.20, 6.93 IH NMR 6 1.04-2.00 lm, 16H1, 3.00-3.34 lm, 2H1, 3.32 I s ,  3Hl 

3.84 (dd, lH, 5.12, 5 hz l ,  4.40 (d, lH, 5.15 Hz), 4.84 Id ,  lH, J=15 Hz), 7.28 lm, 5Hl; [01220 



-18.8' (c 1.20, CHC13); chemical i o n i z a t i o n  mass 5pectrum m/z ( r e l a t i v e  i n t e n s i t y )  M+1 (1001, 

256 (541. 

N-Benzyl-2-oxopiperidine-3(S~-spiro-2'-I1~R~-hydrox~c~clohexanel (19).  Prepared from 18 as - 
descr ibed for  9. Flash chromatography on s i l i c a  gel  (EtOAc-Hexane. 10: l )  gave 19 as a co lo r -  

s o l i d  (84%); mp 91-92T; 1R (Ka r l  2.95, 3.42, 6.25 em; IH NMR 6 1.10-1.90 (m, 13H1, 3.00-3.28 

(m, 2H), 4.32 ( b r  s, 1H1, 4.44 (d, lH, 5-16 Hz), 4.70 (d, lH, J=16 Hz), 7.28 (m, 5Hl; 1,123~ 

t53.3' ( c  - 0.69, CHC13); chemical i o n i z a t i o n  mass spectrum m/z ( r e l a t i v e  i n t e n s i t y )  M+l (1001, 

256 (531; anal. ca l cd  f o r  C27H23N02: C,  74.70; H, 8.47. Found: C, 74.80; H, 8.38. 

second Synthesis of 1-1-Isonitramine (21).  To a suspension of LiAlH4 (1.5 mnol I i n  3 ml of THF 

was added 19 ( 1  m o l l  i n  2 ml o f  THF. The r e s u l t i n g  mix ture  was s t i r r e d  a t  room temperature f o r  

24 h, fo l lowed by workup as prev ious ly  described t o  g ive  20 as a c o l o r l e s s  o i l .  Hydrogenation o f  

20 ( 1  a m )  over 5% Pd/C i n  methanol f o r  24 h, f i l t r a t i o n  through Ce l i t e ,  fol lowed by evaporation - 
o f  solvent gave 1 as a co lo r l ess  sol  i d  (76%). 
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