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-- Reaction of methylketene dimer wi th  isoquinoline i n  neat condition 

or  ref luxing ether resulted i n  t he  formation of 2-hydroxy-1.3-dimethyl-4-0x0- 

4H-benzo[alquinolizine I V I I I )  i n  55% yield.  The reaction i n  acetic acid gave 

r ise  to  2 - a c e t o x y - 1 , 3 - d i m e t h y l - 4 - 0 ~ 0 - 1 , 4 - d i h y d r o i n e  ( V I I  

and 2-acetoxy-1,3-dimethyl-1L-o~0-4H-benz0~a1q~in~Iizi  I V I I )  i n  40% and 45% 

yields, respectively. Compound V I  has been reported as one of the precursors 

of emetine t ype  alkaloids. 

Since the last decades, ketene dlmar, 4-methylene-2-oxetanone, has been used as an acetoacetyl 

g roup equivalent synthon i n  organic synthesis, and hundreds of articles have been published con- 

cerning i t s  react iv i ty  and uti l ization. Depending upon the  reaction condition, ketene dimer shows 

different reactivit ies toward nucleophiles. For example, i n  neat condition o r  non-polar solvents, it 

acts as an intact  molecule, while, i n  ca r l~oxy l i c  acid medium, it is reported t o  act as an anion of 

acetoacetic acid th rough  the formation of a mixed anhydride of  t ype  II (Scheme I ) .  
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There type of reactivit ies are assumed t o  occur due t o  the ster ic and electronic character of  ketene 

dimer. which makes the /)-lactone n u c l w s  ve ry  labile toward, even, weak nucleophiles. The wide- 

spresd application o f  ketene dimer persuaded us to  look af ter other der ivat ives to  f i n d  a suitable 



13-dicarbonyl group equivalent source for the heterocyclic synthesis. I n  this article, we wish to 

introduce methylketene dimer, 4-ethylidene-3-methyl-2-oxetanone I I I I ) ,  and report i ts  reactivity to- 

ward C=N double bond in  aromatic nuclei. 

lsoquinoline was selected as a source of C=N double bond. because of i ts  involvement i n  same alka- 

loid skeletons. Akiba et al. have reported the synthesis of the benzo[alquinolizine derivatives V, 

VI, and VII in a series of their  attempts to achieve totally synthetic emetine. Scheme II. 
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Structural consideration of these compounds revealed that the trimethylsilyl e n d  ether derivative can 

be essentially substituted b y  a 0-dicarbonyl group equivalent source, in  order to  shorten and simp- 

l i fy ing the synthetic route. In the course of our studies on the chemistry of methylketene dimer, 

we found it a good substitute for  the trimethylsilyl e n d  ether. Namely, when an equimolar amount 

of methylketene dimer and iroquinoline were allowed to react i n  neat condition at r m m  temperature 

ov ref luxing ether. after work up, pale yellow needles were obtained in  55% yield. Structural assign- 

ment was carried out upon spectral and analytical data as 2-hydroxy-l,3-dimethyl-4-0~0-6H-benzo[a1- 

quinolizine I V I I I I .  When the reaction was carried out in  acetic acid, using two equivalent methyl- 

ketene dimer, two products were isolated in  40% I V I )  and 45% I V l l l  yields, respectively. On the 

basis of elemental analysis, spectral data, and chemical reactions, thier structures were determined 

as Z-acetoxy-l,3-dimethyl-4-oxo-l,4-dihydro-llbH-benz0[ala~inolizine I V I I  and 2-acetoxy-1.3-di- 

methyl-4-oxo-4H-benzo[alquinolizine I V I I I .  The physicai and spectral data of compounds VI and VI I  

are in  fu l l  agreement with those reprted b y  Akiba et al. 5 ,  On ref luxing with 5% solution of HCI, 
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compound V I I  t ransfered t o  compound VI I  I, quantitatively (Scheme Ill I. 

Scheme I I I 
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The reaction i s  considered to  proceed through N-acyiation of  isoquinoline followed b y  fu r the r  cycli- 

zation t o  compound V, which consequently oxidized t o  compound V l l l  under reaction condition. I n  

acetic acid, a mixed anhydride o f  t ype  l a  or Ib. which were considered to  be  formed through the 

attack of acetic acid t o  the  carbonyl  carbon of methylketene dimer followed b y  the r i n g  opening t o  

form la  , and/or fur ther  attack o f  acetic acid to  the intermediate l a  t o  form acetyl propianyl  anhyd- 

r ide ( I b l ,  are thought t o  be involved i n  the acylation of  compound V t o  form compound VI.  This 

fact i s  proved b y  the observation o f  a band at 1820 cm-' i n  the infra-red spectrum of t he  reaction 

mixture. ') Compound V I I  could be considered as an oxidation product of V I  during the course of 

the reaction. Actually, oxidation of V i  to  VI I  i s  also explained b y  Akiba et  al. due t o  the unstabil- 

i t y  of  compound V I  toward a i r - o ~ i d a t i o n . ~ )  

Comparing these resul ts w i th  those o f  ketene dimer wi th  isoquinoline. which terminated to  the forma- 

t ion o f  the Wollenberg t y p e  compound I I X  I ') o r  1.2-dihydroisoquinoline I X l h ) .  it i s  wnc luded that 

i n  contrast t o  t he  case of ketene dimer, methylketene dimer acts as an intact molecule i n  i t s  reaction 

wi th  isoquinoline regardless t o  the  reaction conditions, and the  reaction terminates b y  the  involve- 

ment of on ly  one molecule o f  methylketene dimer. Th is  fact could be  explained b y  the posit ive induct-  

ive  effect of  t he  methyl group, subst i tuted on 3- and em-methylene positions of t he  ketene dimer 



molecule. which confer i t s  stabil i ty and less react iv i ty toward nucieophiles. 

EXPERIMENTAL 

Melting points were determined on a Kopfler hot stage microscope and are uncowected. The It(-nmr 

spectra were obtained from a Varian T-60 spectrometer, and chemical sh i f ts  ( 6 )  are expressed i n  

ppm relat ive t o  tetramethylsilane as an internal standard. ir spectra were obtained from a Unicam 

SP 1000 in f ra- red spectrometer. Mass spectra were determined on a Varian Model Mat CH5 instrument. 

Methylketene dimer was prepared according t o  the  J.C. Saure's methods.9) b y  dehydrohalogenation 

of  propionyl  chloride i n  the presence of triethylamine-triethylamine HCI, as a cis-trans mixture I1 : l ) .  

i n  66% yield. B p  ,, 7 0 ' ~  11it. ' ,~'bp ,, 57-58 '~) .  

Synthesis of l-Hydroxy-1.3-dimethvl-4-o~0-4H-benz0[a1q~inolizine 1 V l l l l  

Method A- Methylketene dimer 11.12 g, 10 mmole) was added t o  isoquinoline 11.29 g, 10 mmole) while 

s t i r r i ng  i n  an ice-bath. A mild exothermic reaction occured. The reaction mixture was then trans- 

fered t o  room temperature. A f te r  15 mi", the mixture tu rned  t o  orange-yellow, which was then d i -  

luted wi th  acetone 110 m l l  and allowed t o  stand at room temperature f o r  two days. The pale yellow 

crystals thus obtained were pur i f ied  b y  recrystall ization from EtOH to  pale yellow prisms (1.31 g. 

1 
55% yield). mp 195-197'~. Ms: 239 IM+I. H-Nmr ICF3COOHI 6 : 2.40 (3H.sl. 2.70 13H. s l ,  6.40 

11H. d, J=8HzI, 7.80-8.50 14H. ml,  8.95 (1H. d, J=8Hz). Ir I K B r l  cm-' : 3200, 1635,1580. Anal. 

calcd. fo r  C15H13N02 I V l l l l  : C. 75.30; H, 5.48; N, 5.85. Found: C. 75.55: H. 5.38; N. 5.50. 

Method 8- Methylketene dimer 11.12g. 10 mmole) was added dropwise t o  a solution of  isoquinoline 

11.29 g, 10 mmole) i n  ether 110 m l l  a t  room temperature. The resu l t ing  solution was re f luxed an a 

water-bath. A colorless precipitate was formed gradually, which disappeared later. A f ter  30 min, 

the reaction mixture turned t o  orange-yellow. Ether was removed from the reaction mixture, and 

acetone 110 m l l  was added to  the residue. The resul t ing solution was kept  at  r w m  temperature f o r  
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2 days, and the pale yellow needles formed were pur i f ied b y  recrystall ization from EtOH t o  pale 
0 

yellow needles of  mp 195-197 C. Physical and spectral characteristics of  t h i s  campound were iden- 

tical, in every respect wi th those of compound V l l l  obtained f rwn  the method A. Yield: 1.43 g160%1. 

Synthesis of 2-Acetoxy-1,3-dimeth~i-4-oxll-l,4-dih~dro-l1bH-benoalqinolizine ( V I I  and 2-Acetoxy- 

1.3-dimethyl-4-oxo-4H-benzo[a]quinol iz in~ 

Methylketene dimer (4.48 g, 40 mmolel was added dropwise to  a solution of iisoquinoiine (2.58 g, 20 

mmolel i n  glacial acetic a d d  110 m l l .  An exothermic reaction occured, and the mixture tu rned  t o  

yellow. The reaction mix ture  was kept  a t  room temperature for 4 days. Acetic acid was removed 

at reduced pressure. and the residue was chromatqraphed on silica gel using ether as an eluant. 

The f i r s t  f ract ion was collected and concentrated. The residual oi l  was dissolved i n  EtOH 110 m i l  

and kep t  at  room temperature overnight.  The pale yellow prisms l V l l  obtained were wl lec ted and 

1 dr ied 12.264 g, 40% y ie ld l .  Mp 4 5 ' ~  (c is- trans mix ture) .  Ms : 283 (~ '1 .  H-Nmr (CDCI3) 6 : 

1.20 13H. d, J=7Hz1, 1.80 (3H. s l ,  2.20 (3H. s l ,  2.80-3.85 I1H. ml. 4.35-5.18 (1H. ml, 5.78 (1H. 

d, J=8Hz), 6.85-7.25 (4H.m). 7.35 11H. d, J=8Hzl. Ir I K B r I  cm-' : 2190. 1756, 1635. Anal. Calcd. 

fo r  C17H17N03 I V I I  : C, 72.06; H, 6.05; N, 4.94. Found : C, 71.86; H, 6.15; N, 4.85. 

The f i l t rate was kept  at  room temperature f o r  2 days. and the pale yellow crystals obtained were col- 

lected and p r i f i e d  b y  recrystall ization from EtOH t o  pale yellow needles (V11112.50 g, 45% yield).  

Mp 170-174'~. Ms: 281 IM+I. ' H - ~ m r  (CDCI~I h : 2.20 13H. s l .  2.42 (3H. sl. 2.52 (3H. $1, 

6.95 I l H ,  d, J=8Hzl, 7.30-7.82 (3H. ml, 11.10-8.46 I l H ,  ml, 8.75 (IH, d, J=8Hzl. Ir ICHCl31 un-l: 

1755.1650. 1635. The physical and spectral charcteristics of compound V I I  , obtained i n  t h i s  reaction, 

i s  identical i n  every respect w i th  that  reported b y  Akiba et  

Acid Hvdrolysis o f  Compound VI I  t o  C o m p o m  

A mixture of compound V I I  10.281 g. 1 mmolel in  5% HCI 15 ml l  was ref luxed for 1 h. A f te r  cooling. 

the reaction mixture was neutral l i red b y  a saturated solution of NaHC03. The resu l t ing  mixture was 

extracted b y  CHC13 (3x20 mll, and the extract was dr ied over anhydrous Na2SO11 and concentrated 

i n  vaccuo t o  g ive pale yellow crystals of m(D 195-197 C, undepressad on admixture wi th  a sample o f  

compound VIII, obtained from the  above reaction, i n  quant i tat ive yield. The spectral data of t h i s  

compound was i n  f u l l  agreement w i th  those of compound V I I I .  
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