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- The transformation of cularines into N-norsffocularine alkaloids 

using a Cope elimination to cleave the  nltrogenated rlng is reported. 

-ON 

O u r  current studies1 on t h e  chemical c0mponent.r of t h e  Fumariaceae CorYdalls claviculata lL.lDC, 

Sap-pnos enneaphylla (LJDC and Sarcocapnos crassifolia (DesfJDC have led us t o  t h e  isolation 

of norsecocularin& Is, norsecocularidlne (ID), norsecosarcocapnine (g) and norsecosarcocapni- 

dine (9, t h e  f l r s t  examples of N-norsecocularlne alkaloids3. 

In order to confirm t h e m  s t ructures ,  previously establlshed on t h e  basis of spectroscopic 

-3atA3, we embarked on a project aimed a t  t h e u  synthesis from thei r  parent cularines (2). which 

had previously been isolated from plant material. To t h l r  end we have studied di f ferent  ways of 

cleaving ring B m t h e  deslred manner (Scheme 11. 

we found t h a t  it is more difficult to cleave the rlng B of cularines w l t h  simultaneous formation 

of a double bond i n  posltion 12-13 t h a n  it i s  t h e  corresponding r ing  i n  aporphlnes'l, a f a c t  

undoubteQ1y due to the former compounds not giving rise to an aromatlc rmg like tha t  produced i n  

the  case of aporphlnes. 

-IS AW D ~ S S I O N  

When sarc-pnine (m was refluxed with Ac20/1:OAc, t h e  intermediate quaternary amide did not 

Undergo a 8-eIlmmation, b u t  suffered a nucleophlllc displacement by acetate on C-1, glving 

(90a). Hydrolysis of t h e  acetate a gave t h e  alcohal 3_b i n  50% yleld, which a f t e r  dehydrat ion 

m t h  p-TsOH afforded norsecosarcocapnlne (@I, but in very low yield (5%). 



By using Accl as the  quaternization agent, ring opening tooK place in  a similar way producing 

chloride g i n  M)% yield. A similar result was obtained when g was reacted with dichlorocarbene, - 
affording formamide 36 (68%). Attempts to dehydrohalogenate derivatives and were not 

SUCC+?U~UI. The above results show t h a t  the  activation of the  nitrogen atom with an acyl group 

leads t o  substitution a t  C-l  whereas aporphlner readlly afford Phenanthrene derivatives under 

s u m   condition^^^^. However, it is important to  note t h a t  cularine methiodide, i n  which t h e  

nitrosen is quaternrzed by an alKYl group, undergoes B-elimination by treatment with sodium 

ethoxideT. 

.In View of there findinps, we approached t h e  preparation of norsecocularines by t h e  Cope 

elimination of cularine N-oxides, a procedure which recently has been used for  the  cleavase of 

aporpnmnes8. 

Treatment of cularines with m-CPBA afforded the  cularine N-oxides &d i n  55.70% yields. 

Their structures were established on the basis of their  spectroscopic data (Table I). Comparison 

between their chemlcsl shifts and those of their  parent cularlnes (Table 11) showed a significant 

downfield s h i f t  of the  NHe group and C-1 and C-a hydrogens, which is i n  agreememt with t h e  

nitrogen quaternization. Each k n m r  signal appeared duplicated due to the  formation of two 

isomeric N-oxides. 

TABLE I. - Spectroscopic data of cularine N-oxides (4a-d) 

Compound I H - N ~ ~  (250 HHz, cDC13)6 ~r,ulcm-') UV.CHC~J.~ maxlnm) 

a.- not resolved 

- 2368 - 
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TABLE IL - h ~ m r  cnermca m f t s  for  m m i n e s  and t h e i r  N-oxides 

NHe H-1 Kaa 

hansformation of cularine N-oxides to N-hydroxynorsecocularines k d  was carr ied out by 

refluxing the N-oxides in toluene a t  130'C, the  ylelds ranging from 50 to 60%. The products were 

identified by their  spectral data (Table 111). All t h e  H s  spectra showed t h e  characteristic peaus 

of aliphatic amines a t  m/e 44 (CH2-NHHe) and 60 [cH21N(oH)Hel, resulting from an a-cleavage of 

the side chain. 

Finally, reduction of the  N-hydroxynorsecocula1~ines 5a-d with zinc powder and sulphuric acid 

afforded the  N-norsecocularines la-d i n  55-65% 'yield. Their spectral data  were identical with 

those of the natural products. 

TABLE III. - Spcctrarmpic data of N-hydroxy-norsecocularines 5a-d 

COmDound k ~ m r  (250 ElHz.CDC1,) Uv(CHc1,) ~ r ~ f i l m )  ns(m/e;%) nigh Resolution 

formula 6 ( P P ~ )  Amdnm) v(cm'1 us 



Helung pints were determined with a Birchi apparatus and are  uncorrected I r  spectra were taken 

in  film with a Pye Unicam SP-1100 spectrometer. Uv-visible spectra were determlned on a Pye 

Unicam SP-17M) spntrophotometer. IH-N~P spectra were recorded on a BrucKer WH-250 spectrometer; 

cnemical s h i f t s  a r e  reported i n  pa r t s  per millmn (ppm) dowfield (6) from internal  

tetramethylsilane: the solvent w a s  deuteriahlorofora Routine mass spectra were obtained using a 
Kratos instrument operating a t  70 ev. and the Hfgh resolution HI spectra were determlned on 

a Kratos m/50 spectrometer. 

All reactions were monitored by thin  layer cmmatrography (tlc) carried out on 60 QF-254 silica 

gel plates using uv light and iodine vapour as t h e  developing agent. Preparative tlc Iptlc) was 

performed on 0.5 mm layers of HercK 60 GF-254 silica gel. 

To a solution of 256 mg (0.777 mmol) of sarcocapnine (a i n  7 ml of AczO, 304 mg 13.108 mmol) of 

KOAC w a s  added and tne  mixture w a s  refluxed for 4 h The solvent was evaporated and water was 

added to t h e  dry residue, which was extracted with CH2Clp The organic extracts  were dr ied 

(?la2SO*) and evaporated to dryness The residue obtained w a s  purified by ptlc on silica gel using 

5% HeOH/CH2C12 as developing solvent to  provide acetamide a (310 mg, 90%). Uv IEt0H)A (log 

€1: 212 (4.04) and 265 (3.18). Ir(film)v 1010, 1090, 1230, 1640, 1730, 2920 cm-1. l ~ - ~ r n r  

ICDCl3, 250 HHz,6): Isienals appear duplicated due to  t h e  presence of two rotamers) 6.96 and 

6.87 (ABq, 5~8.5 Hz, H-4 and H-5), 6.90 and 6.81 (ABq, 5.8.4 Hz, H-4 and H-5), 6.79 and 6.65 

(ABq, 518.5 HZ, H-11 and H-lo), 6.76 and 6.65 IABq, 5~8.5 Hz, H-11 and HMO), 6.30 and 6.20 (2m, 

H-13). 3.99. 3.92 and 3.85 (3% 3xOHe). 2.96 and 2.93 (2% NHe), 2.07 and 1.99 (29, OAc). 1.99 

and 1.84 (28, Ac). H s  m/z W): 443.1939 icalculated f o r  C24H29N07 : 443.1944) in+. 0 4 ,  383 

(12), 297 i9), 86 (81, 44 IIOO), 43 (49). 

Acetamide & (310 mg) dissolved i n  HeOH (15 ml) was t reated with aqueous sodium hydroxide 

solution (m, 15 ml) and refluxed fo r  4 h. Solvent was evaporated off to  leave a small volume 

and water was added to t h e  residue, which was extracted with CH2C12 (3x40 ml). The organic 

extrans were dried (Na2.904) and evaporated to dryness. The resume obtained was purified by 

ptlc on silica gel (10% HeOH/CH2C12) to  provide alcohol a (126 mg. 50%). Uv(CHC13)A 246 and 

284 nm; ir(fi1m)v 1150, 1280, 1500, 2940, 3350 cm-l. IH-~rnr (CDC13, 250 HHz.6): 6.97 and 

6.68 (ABq, 5 ~ 8 . 4  HZ, H-4 and H-5), 6.90 and 6.86 (ABq, 5.8.3 Hz, H-I0 and H-ll), 5.20 (dd, 

J1=6.3, 52~2.6, H-13), 3.95, 3.94 and 3.63 (35, 3xOHe), 3.48 (dd, 51~2.6, 52~13.7, H-12), 3.13 

(dd, 51-63, 52:13.7, H-129, 2.30 is, NHe). H s  m/z : 359.1713 (calculated f o r  C~oH25N05: 

359.1732)(H',l), 341 (a)lH'-H20,i7), 316 (17). 298 la-43, 19), 44 ( c H ~ = ~ V H H ~ .  100). 
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To a solution of 150 mg of sarcocapnine (3 i n  1.5 ml of Ac20, 0.1 ml of AcCl was added and t h e  

mixture war refluxed for 2 h. The mixture w a s  evaporated t o  dryness and water was added to the  

residue, which was basifled with 5% NaOH and extracted with CH2ClZ. The organic extracts were 

drred and evaporated to give an oily resldue t h a t  was purlfied a s  above to afford acetamide 

(110 mg. 60%). Uv (CHC13)A man: 246 and 288 nm. Ir(film) v 1110. 1280, 1500, 1650 and 2940 

em-1. in-Nmr (CDC13, 250 MHz,&: (signals appear duplicated due to  t h e  presence of two rotamers 

i n  t h e  r a t i o  3:l) 7.10 and 6.74 (ABq, 5.8.5, H-4 and H-51, 7.05 and 6.73 (ABq, 5~6.5, H-4 and 

H-5), 6.97 and 6.86 (ABq, 5.8.4, H-10 and H-111, 4.47 ldd, J1=3.2, Jp8.0 ,  H-131, 4.22 (dd, 

J1:4.0, J2'8.0, H-131, 4.07, 3.93 and 3.89 (3s. 3xOHe), 2.97 and 2.93 (2s, NHe), 2.09 and 1.94 

12s,AcI. M s  m/z (%I: 419.1492 (calculated f c r  C22H26N05: 419.1499)1Ht, 0.11, 383 In+-HC1, 29), 

370 (66). 310 (44), 297 (46), 269 (29). 44 (1001. 

140 ms of sar-prune (3 i n  75 ml of CHC$ were s t i r red with 7 ml of 50% WaOH and a catalytic 

amount of TBAC a t  rmm temperature. After 5 h, the organic Phase was decanted, washed with 10% 

HCL, drled and evaporated to  dryness. The residue obtained was Pur i f ied a s  above to glve 

formamlde 36 (110 mg, 66%). Uv (CHCl3)A 246 and 288 nm. Ir(fi1m) v 1110, 1280, 1500. 

1670 and 2930 cm-1. I H - N ~ ~  lCDCl3, 250 HHz,6): (s:ignals appear duplicated due to  t h e  formation 

of two rotamers i n  t h e  r a t i o  1:1.51 8.05 and 7.83 (2s. CHO), 7.08 and 6.73 (ABq, 5~8.5, H-4 and 

H-51, 7.04 and 6.72 (ABq, 5.8.5, H-4 and H-51, 6.86 (ABq, H-I0 and H-11). 6.97 and 6.85 (ABq, 

5~8.4,  H-10 and H i ,  4.50 ldd, 51=5.7, J2-7.9, H-131, 4.20 ldd. J1=5.1, 52.8.5, H-13), 4.06, 

3.92 and 3.89 13% 3xOHe), 2.94 and 2.90 (2s, NHel. H s  m/z 1%): 405.1316 (calculated: 

405.1343)1H', <0,1), 369 (17). 356 170). 310 131, 297 128). 269 (31), 72 1241, 44 (100). 

TO a chloroform solution of the cularlne a lwoias  m, was added a three molar excess of m-CPBA 

in one Portion a t  room temperature, with magnethc stirring maintained for  4 h. In order t o  remove 

t h e  m-CPBA in excess and t h e  m-chlorobenzolc acid, t h e  mlxture was pu t  on a sllica gel 

preparative-layer and chromatwaphied ruing 5/. HeOH/CH2CI 2 as eluent The spectroscopic data of 

t h e  cularine N-oxides a r e  shown i n  Table I. The yields were 55. 70. 60 and 65% f o r  4a-d. 

respectively. The slgnals of t h e  H s  spectra always appeared impuriflcated with those of t h e  

&elimination ProQuctr, due t o  the  easy they undergo a Cope Elirmnation by heating, so these data 

dld not consider. 

Each of the  cuhr ine  N-oxides -d 125 mg) was dissolved i n  a mixture of toluene/HeOH (6 ml: 0.5 

ml) and heated to  reflux. solvent was evaporated t o  dryness and the  resldue was purified as 

above. The Yields were 52, 60, 55 and 57% f o r  5 k d ,  respectively. Their spectroscopic da ta  a r e  

Shown In Table 111. 



Each of the  N-hydroxynorsecocularines 5a-d (15 nu) was dissolved i n  a mixture H2SO4(20%)/HeOH 

(4mLQSrm). An exass of zinc powder (200 nu) w a s  added at room temperature and t h e  mixture was 

maintained with magnetic st irring for 4 h. The mixture was filtered and the  fi l trate was Dasified 

with 6K NaOH and extracted w i t h  CHC13. The organic extracts were dried and evaporated to dryness 

to give a residue that  w a s  punfi€d as above. The spectral data of the  reaction products (Yields 

were 55, 60, 65 and 58% for  k d ,  respectively) were identical t o  those of t h e  natural  products. 
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