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In an earlier comnunicatlon' we had described the syntheses of various series of 2-azasterolds 

Of particular interest in this work was the series of lg-nor-2-aza compounds which ultimately 

resulted in estradiol-3-methyl ether analogs While there have been reports3 on the preparation 

of A-ring aza-aromatic steroids, the paucity of biological data on this type of compound prompted 

a thorough investigation of the blologlcal profile of the newly synthesized 2-azaestratnenes 

and their precursors. 

The 2-azaestratnene-3-methyl ether series showed little endocnne actlvlty in a variety of 

assays used to determine anabollc, androgenlc, estrogenlc, progestatlonal and anti-fertility 

properVes, 4 Moreoveri ant~nnnlctlr hormonal act!v!ty was also absent -..--J-...--.- However; th!s series 

was found to possess anti-viral properties in assays to determine antl-Influenza activity in 

our laboratories 5 Even more interesting was the in vlvo antl-leukemic actlvlty disclosed to -- 

us by the National Cancer Institute when a representative of this series was submitted to 

their screening program.6 Thus, these rather unique biological properties and the lengthy 

reaction sequence necessary from naturally occurnng steroid starting material prompted our 

work on a total synthetic route to this series 

The classic approach to the total synthesis of estrone derivatives appeared appropriate and 

a modified Torgov' sequence was proposed This made the 7-aza-analog of 6-methoxy-1-tetralone, 

a heretofore unknown compound, the key intermediate in the proJected synthesis. Our approach 

to this azatetralone, produced in 25-30% overall yield from dlhydroresorclnol (l), IS shown 

in Scheme I 

Chlonnatlon ofJ with phosphorus tnchlonde gave 3-chlorocylohex-2-enone(;)8 which, upon 

condensation with the sodium salt of cyanoacetamlde in glyme, yielded 3-cyanoacetamldo-cyclohex- 
KBr MeOH 

2-enone (2) in 74% yield. mp 181-183', A max 6 02, 4 55 and 2 97 p, x max 370 nm (21,900) 

Contacting 2 with dlmethylformamide dlethyl acetal In DMF gave rather auspiciously the desired 

cyanopyndone, 2,3,5,6,7,8-hexahydro-3,8-dioxo-4-lsoqulnolinecarbon~tr~le (4) in a single step 
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MeOH 
in 85% yield. mp >29& A max 227 nm (17,900), 232 nm (sh) (16,000), 279 nm (13,000), 324 nm 

(6800); 6 kg5N 1.93 (2H,m,3-CH2),2.57 (ZH,brd t,2-CH2), 2.93 (2H,brd t,4-CH2), 8.67 (lH,s.8-H). 

SCHEME I 

N 

I HC(OR)2N(CH3)2 

6 5 CN 4 

Removal of the nitrile group was achieved by treatment of twlth aqueous hydrobromlc acid 
MeOH 

affording 2,3,5,6,7,8-hexahydro-3,8-dioxo-lsoquinoline (5) in 85% yield. mp 246~248', A max 221 
CDC13+CF3C02D 

nm (13,500), 279 nm (16,700), 6 ppm 2.23 (2H,m,3-CH2), 2.73 (2H,brd t,2-CH2),2,98(2H,brd t, 

4-CH2). This sequence (Lto 2) constitutes a novel a-pyndone synthesis whose scope 1s currently 

under lnvestlgatlon. 0-alkylation of the silver salt of? with methyl iodide In benzene yielded 
MeOH 

the desired 7-aza-6-methoxy-1-tetralone (i)c;;lyields up to 70%: mp 55.5-57', A max 268 nm 
CHC13 

(13,100), A max 5.92, 6.23 and 7.80 U, 6 ppm 3 2.14 (2H.m,3-CH2),2.64 (PH,brd t,2-CH2), 2.91 

(2H,brd t,4-CH2),3.97 (3H,s,-0CH3), 6.56 (lH,brd s,5-H), 8.83 (lH,s,8-H). 

The construction of the steroid nng system 1s shown in Scheme II. Reactlon of 6 with excess 

vinyl magnesium chloride in xylene gave the vinyl carbinol (L) which was condensed with 2-methyl- 

cyclopenta-1,3-dione in refluxing xylene to afford 5,6,7,8 -tetrahydro-3-methoxy-8-[(2-methyl-1,3- 
MeOH 

dloxo-cylopent-2-yl) ethylidene] isoqulnollne (5) in good overall yield 
CHC13 

(18,000), A max 
CDC13 

mp 79-80 5', A max 262 nm 

5 78, 6.20, 6.73~, 6 ppm 1.17 (3H,s,-CH3), 2.73 (4H.brd s,cyclopentyl-CH2's), 

? 0') I?U c _nru \ F 7r)lli.l hv.rl + ,rrn,rl_U\ K I¶* IlLI .J izc \*II,a,-““11y, .J.,r\,,t,umu I.,.“‘,’ “,, V.77 \a,,, brd :,w!), “.Ld Q 91 IlU ,,,,,:,!?-I!). 

Cyclizatlon ofi was sluggish, paralleling the reactivity of the 4-azaestratnenes and the 

4,6-diazasteroids reported by Hulsman et al ' and Bonet et&, 
10 

_-. respectively. However, by 

refluxing? in xylene-dloxane with two to three equivalents of tosyl acid the tetracyclic product 
MeOH 

zwas obtalned 
CDC13 

mp 167-169' (dec). h max 298 nm (28,000); 6 ppm 1.14 (3H,s,18-CH3), 3.93 
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(3H,s,-0CH3), 5 89 (lH,t,J=SHz,l5-H), 6.55 (lH,brd s,4-H), 8.08 (lH,s,l-H). Sodtum borohydnde 

reduction of 2 in MeOH gave the 17-OH derivative, (f)-2-azaestra-1,3,5(10),8,14-pentaene-3,17-d~o1 
MeOH 

3-methyl ether (s): mp 130-136', i+ max 300 nm (28,000). This compound underwent desired 
MeOH 

catalytic hydrogenation affording the 14,~H product (s) in 90% yield 
CDC13 

mp 155-157.5', h ox 

267 nm (18,000), 6 ppm 0.79 (3H,s,l8-CH3), 3.93 (3H,s,-OCH3), 6.52 (lH,brd s,4-H), 7.97 

(lH,s,l-H). This assignment IS based on the fact that this is the preponderant isomer of the 

hydrogenation and the relative position of its 18-CH3 resonance 1s upfleld (~a. 0.20 ppm) from 

the 18-CH3 resonance of the other isomer. 
11.12 

SCHEME II 
0 

CH or&j r*2_THW(i;H3&=cH 
3 

6 
c 7 

N 

I 

8 
H+ d 

PH 

cH30&;Ny; oJi&fl+~30~A 
13 

3 
/y lJx= 

H 2x= H 

12 x = R 10 x = K 

Alternatively,2 was hydrogenated to give lJ which upon sodium borohydnde reduction also 

led to 12. However, the 14a/l4B isomer ratio was greater when the hydrogenation was carried 

out on 2 rather than 2 (determined by nmr to be 9 1 k 8 2, respectively).11'12 

The critical step in the synthesis of the estradiol-3-methyl ether analog was trans reduction 

of the 8,9-double bond. Earlier reports by Huisman 
12 

had indicated destruction of the A-ring 

aromatic nucleus during chemical reduction. We also observed this phenomenon when 1,2 was treated 

with sodium in liquid ammonia at -78'. However, rearomatlzatlon of the dlhydropyndlne produced 

by thus reaction'3 could be achieved by subsequent dehydrogenatlon with DDQ which led to (?)-2- 
MeOH 

azaestradlol-3-methyl ether (5) in moderate yield mp 153-156'; A max 
CDC13 

276 nm (3700); 6 ppm 

0 78 (3H,s,l8-CH3), 3.90 (3H,srOCH3), 6 44 (lH,brd s,4-H), 8.03 (lH,s,l-H). 
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Recent reports14 also prompted lnvestlgatlon Into the use of trlethy~sllane and trlfluoracetlc 

acid to steroespeclflcally reduce the 8,9-double bond. While this method appeared to be an 

attractive means of clrcumventlng reduction of the A-ring, attempts thus far, have been 

unscuccessful In transfonnlng y to 12 by this method. 
15 
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