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Abstract - The title reductive isomerization leading to 2 ,  
which coitain a new heterocyclic ring system. has been car- 

ried out with Pd on C and more efficiently with NaBH4. A 

possible pathway for the formation of 1 as well as of other 

hydrogenolysis products is discussed. 

A simple and efficient conversion of aldol adducts of general structure to 

polycondensed heterocycles _2 containing the 1,3-oxazine nucleus, has been 

realized by using tosyl chloride (TsC1) and different heteroaromatic bases as 
1-5 

reagents system (Scheme I). 

1 Scheme I - 2 - 
When aldol adducts 1 deriving from 1.3-cyclopentanedione or 1.3-cyclohexanedlone - 
and isoquinoline or phthalazine have been utilized, the above reaction consti- 

tuted a valid entry to new classes of heterosteroids 'that are 8-aza-11-oxago- 

nanes and D-homogonanes 3, and 7.8-diaza-11-oxagonanes and D-homogonanes 5. 



In order to increase the structural analogy with the natural estrogens several 
6 5 

compounds 3 carrying a spiro-substituent or a bis-ethoxycarbonyl group at 

C-12 have been reduced with H2 and Pd on carbon. As a continuation of this 

research we subjected compounds 2 to further catalytic reduction and to sodium 

borohydride reduction and in this paper we wish to report the interesting re- 

sults obtained from such investigation. 

Under atmospheric pressure, with 5 % Pd on carbon as catalyst compounds 3a,b 
5 

were easily reduced to the corresponding 6.7-dihydroderivatives za,b whereas 

simply by using a more active catalyst (10 % Pd on carbon1 besides compounds 

5a,b also products deriving from the hydrogenolysis of Cg-Oll bond were iso- - 
lated. Compound 3 a  produced la (50 % yield), the enaminone ga ( 7  %I and the [4,5+ 

benzo[l,3]oxazino[3,2-b]isoquinoline derivative 7 a  (5 % ) ,  whereas under iden- 

tical experimental conditions compounds 3b. gave the expected 6.7-dihydroderiva- 

tive zb and the enamlnone $3, whlch unlike %a still presented the i-hydroxy- 

diethylmalonate moiety. The catalytic reduction seems therefore to proceed 

according to the pathway delineated in the following scheme: 

\ Y 

x =  -COOEt 6' [el, b ,  [d ,d  '*'7 - a -d  

( * '  The numbering refers to compounds p , d  
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compound 8a was clearly derived by a retro-aldolic reaction from an intermediate 
hydrogenolysis product (either ?'a or +) followed or preceded by hydrogenation 

of the double bond. 

Since isolated compounds 2 did not afford compounds 6 under catalytic reduction 

with pd on carbon the latter could arlse only from the intermediate derivatives 
6 

6 '  and thus hydrogenolysis of Cg-Ollbond must precede theA double bond reduc- - 
tion. 

The reductive isomerization of compound ?a, formally containing the[4,5]benzo- 

[1.3]oxazino[2.3-a] isoquinoline heterocyclic ring system, to la took place thus 

through a first hydrogenolysis of the Cg-011 bond and the subsequent intramole- 

cular nucleophilic addition of the hydroxyl group to the 3.4 double bond of the 

1.2-dihydro-isoquinoline moiety. This transformation is by far the most intere- 

sting aspect of the above reaction pathway being moreover, to the best of our 

knowledge, the heterocyclic ring system in La unknown. 

We decided then to explore the possibilrty of obtaining similar heterocycles in 

higher yield from 3a,b and from the newly prepared dimethoxyderivatives 2c,d, by 

reduction with NaBH in acetic acid. 
4 

As auspicated. compound 2a.c afforded (1,3]oxazino[3.2-blisoquinoline deriva- 

tives La.c in good yield, but unexpectedly compounds 2b.d yielded only compo- 

unds b'b,d, which could be considered as intermediates in the formation of Lb,d. 

However 6'b.d could be almost quantitatively converted to Lb,d in chloroform at 

room temperature a strong acid catalysis (p-toluenesulfonic acid). 

Some aspects of the described reactions deserve some discussion. 
6 

The fact that hydrogenolysis of preceded the saturation of the A double bond 

may be explained by the formation of a more delocalized and hence more stable 

transient 9-carbonium ion during the hydrogenolytic cleavage of the C -0 bond; 
9 ll 

this is consistent with the results of NaBH4 attack on 3 in acid medium, giving 

that cleavage as the only reduction path, eventually followed by cyclization to 

7.  
% 

The isolation of the intermediates rb,d in the NaBH4 reaction speaks for a less 

favoured cyclization to Lb,d, that needs a stronger acid catalysis. This could 

arise from some steric strain in the polycondensed system in Zb,d due to the 

smaller iive membered ring 

Further studies are planned in order to explore the scope and limitations of the 

interest~ng reductive isomerization reaction described above with the aim of 



synthesizing new heterocyclic ring systems of chemical and pharmaceutical in- 

terest. 

EXPERIMENTAL 

Melting points were determined by the capillary method on a Dr Tottoli apparatus 

(Blchi) and were not corrected. Elemental analyses were made on a Hewlett- 

Packard 185 C,H,N analyzer and were in good agreement (f0.40 8) with calculated 

values. Ir spectra were recorded using Kbr disks on a Perkin-Elmer 283 spec- 

trophotometer, only the most significant and diagnostic absorption bands being 
1 

reported (OH,CO and C=C stretchings). H-Nmr spectra were recorded on a Varian 

XL-200 or EM 390 spectrometer using TMS as internal standard; the following 

abbreviations being used: a(ax) axial proton; e(eq) equatorial proton; s, sin- 

glet; d, doublet; dd, double doublet; t, triplet; qt. quartet; qn, quintet; m. 

multiplet. Exchange with deuterium oxide (D 01 was used to identify hydroxyl 
1 2 

protons. A careful H-NMR spectra analysis of some [1,3]-oxazino12.3-a]isoquino- 

llne derivatives similar to compounds +-d have been reported in details by us 

in references 5 and 6 and it was not been repeated in this experimental section. 

Chromatographic separations were carried out on silica gel columns 10.060-0.200 

mm., Merck). 

General Method for the Preparation of the 8-Aza-11-oxa-12,12bis(ethoxycarbonyl)- 

17-0x0-gonane and D-~omo-gonane Derivatives ([1,3]0xazino[2,3-alisoquinoline 

derivatives) 2. 
5 

Compounds 3a.b were prepared according to the procedure described previously . 
Compounds 3c.d were prepared as follows: 

Appropriate diethyl 2-hydroxy-2, 2'-hydroxy-5'(6')-oxocycloalken-1'-yl malonate 

(5 moll and 6.7-dimethoxyisoquinoline (4.73 9.. 25 moll were dissolved in 

anhydrous tetrahydrofuran (25 mll and TsCl (1.05 9.. 5.5 mol) was then added 

portionwise. The reaction mixture was heated at-55 "C for 16 h and, after 

cooling, poured on cold water (150 ml). The resulting precipitate was collected, 

washed with water and dried to give: 

2,3-Dimethoxy-8-aza-ll-oxa-12,12bis(ethoxycarbonyl)-l7-oxo-D-homogona-l,3,5(10), 

6.13 Pentaene 3c (65 8 yield) mp 193-194 OC  from chloroform-hexane, ir, Y max: 
-1 1 

1750, 1740, 1640, 1590 cm ; H-nmr (chloroform-dl& 1.26(t,3H,CH3-C, J=7.l), 
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1.34lt.3n.c~ -C,J=7.1), 1.94-2.22im.2H.H-16), 2.26-2.86(m,4H.H-15.H-17). 3.8616, 
3 

3H,-0CH3 ) ,  3.88(s,3H,-OCH ) ,  4.14-4.42(m,4Hr2-CH -0). 5.661d.lH.H-6, J=7.8), 
3 2 

6.10(s.lR.H-9). 6.531d.lH.H-7,J=7.8), 6.53(s,lH.H-1, overlapped with the H-7 

slgnal), 7.16(s,lH.H-4); 

2,3-D~methoxy-8-ara-11-oxa-12,12-bis(ethoxycarbony1~-17-oxogona-1,3,5110~,6,13 

Pentaene 3d 175 % yield) mp 203-204 "C from chloroform-hexane, ir, Vmax: 1760, 
-1 1 

1740, 1680, 1645, 1600 cm ; H-nmrlchloroform-dl d :1.25(t,3HSCH -C, 5-7.11, 
3 

1.331t,3HnCH -C,J=7.1), 2.40-2.70im,2H,H-15). 2.70-3.00(m,2H,H-16). 3.86(sr3H, 
3 

-OCH3 1 ,  3.92(sS3H,-OCH , 4.14-4.42(mr4H,2-CH -01, 5.68ld,lH,H-6, J=7.7), 
2 

6.22(s,lH,H-9), 6.401d,lH.H-7,J=7.7), 6.54(s,lH.H-1). 7.231s,lH, H-4). 

Sodium Borohydride Reduction of Compounds 3a-d: General Procedure 

Compound 3 (1 mmol) was dissolved (2a,b) or suspended 13-c,d) in glacial acetlc 

acid 120 ml) and sodium borohydride 10.57 g., 15 mmol) was then added portion- 

wise to the ice-cooled solution with vlgorous stirring. The reaction mixture was 

allowed to warm to room temperature and stirring was continued for another 0.5 

h. The reactlon solutlon was neutralized wlth a saturated NaHC03 water solu- 

tlon and extracted with chloroform. The residue obtained after drying the orga- 

nic phase over Na2S04 and elimination of the solvent in vacuo, was crystalllred 

from ethyl ether to produce d'b,d, and la,c whose physical and spectroscopic 

data are as follows: 

Dlethyl 2-Hydroxy-2-[2'-(1,2-dihydro-~-isoquinolyl)-5~-oxocyclopentenyl]-malo- 

"ate 6'b ( 9 0  % y~eld) mp 148-149 O C  decomp. from ethyl ether, ir, Vmax: 3450, 
-1 1 

1730, 1675, 1630, 1570 cm ; H-nmr(chlorof0rm-d) d : 1.091t,6H,ZCH3-C,J=7.1), 

2.35-2.601m.2H.-CH 2-CH2 -CO), 2.70-2.95(m,2H,CH2-CO), 3.70-4.40(m,4H,CH2-0). 

4.66(s,lH,0H,exch.D20), 4.76(s.2H,CH2-N), 5.98(d,lHr-==CH-N,JE~.O), 6.90Id,lHI 

-CH=C&-N,J=8.0), 6.90-7.34(m,4H,arom.,partially overlapped to =CH-N signal). 

Dlethyl 2-~ydroxy-2-[2'-(1,2-dihydro-6,7-dimethoxy-2-isoqu~nolyl~-5~-oxocyclo- 

pentenyl]malonate 6'd 190 % yield) mp 166-167 OC decomp. from ethyl ether, ir, 
-1 1 

V m x  :3460, 1745, 1720, 1670, 1640, 1560 cm ; H-nmrlchloroform-d) d : 1.07(t, 

6H,2CH3-C,J=7.1), 2.30-2.56(mr2H.-CH -CH2-CO), 2.64-2.90(m,2H,CH2-CO), 3.701s. 
-2 

6H.20-CH3), 3.70-4.40(m,4H,2CH2-O), 4.63(s,3H,CH2-N and 0-H, exch. with n20), 

5.80(d,lH,-CH=CH-N,J=8.0), - 6.50ls,2H.arom.), 6.80ld,lH,-CH=E-N, J=8.0). 

5H,12H-5,5-Bi5-(ethoxycarbonyl)-1,2,3,4,6a,7-hexahydro-4-oxo-benzo[4.5~[1,3] 

o~azlno[3,2-blisoquinoline 2 (65 % yleld) mp 134-136OC decomp. from ethyl 



-1 1 
ether, ir, Vmax: 1750, 1730, 1615, 1550 cm ; H-nmr(ch1oroform-d)d: 1.26(tS3H, 

cH3-C,J=7.1), l.30(t,3H,CH3-C,J=7.1), 1.96-2.221m,ZH,H-2), 2.26-2.54(m,2H.H-11, 

2.56-2.90(m,ZH,H-3), 3.15(dd,lH.H-7ax,Jgem=16.0, Jaa=9.4), 3.3l(dd,lH,H-7eq. 

Jgem=16.O,Jea=4.6), 4.12-4.26(m,4H,2CH2 -0), 4.591d,lH,HA ,CHZ -N-AB system, 

J=15.2), 4.71(d,1H,HB,CH2 -N,AB system,JAB=15.2), 4.78(dd,lH.H-6a. Jaa=9.4, 

Jea=4.6, partially overlapped to the HBsignall, 7.02-7.26(mr4H,arom.). 

5H,12-H-5.5-B1s~ethoxy~arbonyl)-9,10-dimethoxy-1,2,3,4,6a,7-hexahydr0-4-ox0- 

benzo [4,5] [1,3]oxazino[3,2-b] isoquinoline 7c (92 8 yield) mp 167-168 O C  decomp. 
-1 1 

from ethyl ether, ir, Vmax: 1745, 1735, 1630 1570 cm , H-nmr(chlorof0rm-d) d: 
1.241t.3H.CH 3-C,J=7.1), 1.28(t83H,CH 3-C,J=7.11, 1.83-2.20(ms2H,H-2), 2.20- 

2.50(m,ZH.H-1). 2.50-2.83(mS2H,H-3), 3.02(dd,lH,H-7ax,Jgem=15.1,Jaa=9.2). 

3.16(dd,lH,H-7eq,Jgem=15.1,Jea=4.5). 3.83(s,3H.O-CH3), 3.86ls.3H.O-CH31, 4.05- 

4.45(m,4Hr2 CH2-01, 4.45(d,lH,HA,CHZ-N,AB system,JAB=14.9 partrally overlapped 

to the CH -0 signals), 4.60(d,lH,HB,CH2-N,AB system,JAB=14.91, 4.70tdd.lH.H-6a. 2 

Jaa=9.2, Jae=4.5, partially overlapped to the H signal), 6.60ls,lH,H-111, 
B 

7.6815.1H.H-81. 

Cyclizatlon of Diethyl-2-hydroxymalonate Derivatives 6'b.d to[l,3]0xazino[3,2-b] 

isoquinoline derivatives 7b.d. 

A solution of compound 5' (1 mmol) and p-toluenesulfonic acid (19 mg., 0.1 mmoll 

in CHC13 (20 ml) was stirred at room temperature for 5-h. The reaction mixture 

was washed with a saturated NaHC03 water solution 15 mll, with hater 15 ml) and 

dried over Na2S04. The residue obtained after the evaporation of the solvent g 

vacuo was crystallized from ethyl ether to give: - 
'3H, 4H. 11H,4,4-Bis-(ethoxycarbonyll-3-0x0-1.2. 5a, 6-tetrahydro-cyclopenta [4,5] 

[1,3]oxazino[3,2-blisoquinoline 7b (90 % yield), mp 89-91 OC from ethyl ether, - 1 
ir, Y ma*: 1740, 1665, 1580 cm l; H-nmr(ch1oroform-d) 6: 1.27it,3H, CH3-C, 

J=7.11, 1.29(t,3H.CH3-C.5-7.1). 2.30-2.561m,ZH.H-1). 2.60-2.86lm.2H.H-2). 

3.ll(dd,lH.H-6ax,Jgem=l4.8,Jaa=9.6), 3.36ldd,lH,H-6eq,Jgem=14.8,Jea=4.4). 4.00- 

4.43(mr4H, 2CH2-0). 4.52(d,lH, H CH -N,AB system,JAB=15.2). 4.691d,lH,HB,CH2-N, A' 2 

AB system, Jm=15.2), 4.87ldd,lH,H-Sa,Jaa=9.6,Jea=4.4), 7.00-7.40lm,4H, arom.). 

3H,4H,llH,4,4-Bis-leth0~y~arbony1l-8,9-dimethoxy-3-oxo-l,2,5a,6-tetrahydro- 

cyclopenta[4,5] [1,3loxa.lno[3,2-bllsagulnoline90 % yieldl, mp 176-178 "C 
-1 1 

decomp. from ethyl ether, ir, Vmax: 1755,1740,1675,1595 cm ; H-nmrlchloro- 

form-d)d :1.29(t,3H,CH3-C,J=7.1), 1.27(t,3H,CH3-C,J=7.11, 2.30-2.561m,ZH.H-11, 
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2.60-2.86(m,2H9H-2). 3.02ldd.lH.H-Sax,Jgem=14.8,Saa=9.6), 3.301dd.lH.H-6eq, 

Jgem=14.8,Jea=4.4), 3.86(s,3HSO-CH3), 3.90(s.3H.O-CH3), 4.05-4.43(m,4H.2-CH2-O), 

4.49(d,lHrH ,CH -N,AB system,J =15.2), 4.66Id.lH.H ,CH -N,AB system, J =15.2), 
A 2 AB B 2 AB 

4.87(dd,lH,H-5atJaa=9.6,Jea=4.40), 6.63(s,lH,H-10). 6.731s.lH.H-7). 

Catalytic Reduction of Compounds 3a.b 

Compounds 2a.b were reduced in dioxane solutlon under atmospheric pressure using 

Pd on carbon (10 % )  as catalyst. When the complete disappearance of the starting 

material was detected by TLC analysis, the catalyst was filtered off and the 

mixture obtamed after solvent evaporation in vacuo was separated by chromato- 

graphy on a silica gel column (ethyl acetate as eluant) to give, from La: z a  
5 

150 % yield) , > (5 % yield) and N-(3-oxo-cyclohexeny1)-1,2,3,4-tetrahydroiso- 
-1 1 

quinoline 8a (7 % yield) oil product, ir, Vmax: 1585, 1535 cm ; H-nmr(chlor0- 

form-d) 8 : 2.03lqn,2H,-CH -CH -CH -,J=6.0), 2.301t,2H,-~2-CH2-CH -, J=6.O), 2 -2 2 

Z.53(t, ZH,-CH2-CO, J=6.0), 2.9OIt,ZH,-g2-CHZ-N-, J=5.9), 3.571t,ZH,-CH2-E2-N-, 

J=5.9), 4.47(sr2~,QE2-N-), 5.331sr1H,=CHCO), 7.00-7.33lm,4H,arom.); from 2b: zb 
5 5 

132 % yield) and bb (48 % yreld) . 

Catalytic Reduction of Compounds 6'b.d 

Compounds 5'b.d were reduced in dioxane solution under atmospheric pressure 

usinq Pd on carbon (5 0 )  as catalyst. The residue obtained after filtrat~on of 

the catalyst and evaporation of the solvent solution in vacuo was crystall~zed 
5 

to g ~ v e  from 6 ' b :  6b I90 8 yield) ; from d'd: diethyl 2-hydroxy-2-12'-16.7-di- - 
methoxy-1,2,3,4-tetrahydro-2-isoquinolyl)-5-oxocclopentenyl]malonate 6d 190 % 

yield), mp 58-59 'C decomp.. from ethyl ether; ir, Vmax: 3450, 1735, 1650, 1550 
-1 1 

cm ; H-nmr (chloroform-d) d : 1.221t. 6H,2CH -C, J=7.1), 2.22-2.46lm.ZH. 

-CH - 2-CH 2-CO), 2.70-2.94(m,4H,CH2-CO and -g2-CH2-N), 3.72(tr2H.-CH -g2 -N, 

J=5.9), 3.831s.6H.2-0CH3 ) ,  4.06-4.40(m.4H32-CH2-0). 4.62ls,3H,@-CH2-N and OH 

exch. with D20). 6.5Ols.lH.arom.). 6.591s,lH,arom.). 

REFERENCES 

1) A.Carotti, G.Casini, M.Ferappi, and G.M.Cingolani, J.Heterocyclic Chem., 

17, 1577 (1980). 

2) A.Carott1, Farmaco. w, 2 6 .  146 (1981). 



3) C.Altomare, A.Carotti, and F.Campagna, J.Heterocyclic E, 20, 1751 (1983). 

4 )  C.Altomare, A.Carotti, G.Casini, and M.Ferappi, J.Heterocyclic *, 21, 777 

(1984). 

5) F.Campagna, C.Altomare. A.Carotti, G.Casini, and M.Ferappi, Steroids, 47, 307 

(1986). 

6 )  C.Altomare. F.Campaqna, A.Carotti, and W.E.Steinmetz, Heterocycles, 23, 1933 

(1985). 

Received, 14th September, 1987 


