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Abstrut-A three step (four opuational) synthesis of ~1A3-a?acsLrone methyl ether (IX) was aczom- 
plishcd in 43 % overall yield from known, readily available starting materials. Condensation of the 
tctrahydroisoquinoli alcohol. VI. with 2-methyl-1.3cyclopentancdione gave the cnaminokctone, 
VIIa, in 94% yield which was quantitatively transformed into the corresponding bromide. VIIb. 
The latter was cychxcd in acetonitrile lo give the unstable iminium salt. VIII, which was reduced lo 
55:45 mixture of (0~)_14a- and 14&8_azacstrone methyl ethu (IXa, IXb). 

Rclattd steroidal systam have also been prepared by utilization of previously reportad methods. 
An attempt lo extend this approach lo the D-home-8-azacstrone series proved unsatisfactory. 

IN an earlier report,* a general route to the 8- and 9-azasteroid ring systems, I, was 
outlined utilizing an enamine acylation as the key step. The method was recently 
published in detail3 and shown to proceed in good yield involving the spontaneous 
cyclization of the enamine, II. The logical extension of this process, namely, the use 
of cyclic diketones and the isoquinoline ester, III, was investigated in the anticipation 
of obtaining, by a process similar to III + I, the diketosteroid system, IV. The latter 
would serve a useful precursor to many interesting azasteroids. When III was treated 
with 2-methyl-1.3-cyclopentanedione and water azeotropically removed, a poor yield 
of crystalline product was obtained which possessed an UV max at 286 rnp. Further 
examination confirmed that the product was the enamino ketone, Va, and no trace 
of the desired IV could be found. Similar results were obtained when 2-methyl-1,3- 
cyclohcxanedione and 1,Ecyclohexanedione were reacted with III, giving only poor 
yields of the enaminoketone Vb and Vc, respectively. The failure to obtain IV by 
cyclization of V(a-c) is attributed to the reluctance of the stable trunmid enamino- 
ketones to exchange their conjugated linkages for the less conjugated system present 
in IV. Several unsuccessful attempts to convert the carbonyl group in V to its 
ethylenedioxy derivative were made although similar transformations have baen 
reported.’ The low yields obtained in the formation of V (a-c) is difficult to explain 
in the light of the good yields reported by Kessati using tetrahydroisoquinolines and 
related bases with cyclic diketones. 

1 Tbe authors gratefully acknowledge the support of the National Institutes of Health (NIGMS- 
06248-05) and the Eli Lilly Co., Indianapolis, Indiana. 

’ A. I. Meyers, G. G. Munor_ W. Sobotka and K. Baburao, Terruhe&on fitters No. 4.255 (1965). 
8 W. Sobotka. W. N. Bcverung, G. G. Munoz, 1. C. Sircar and A. I. Meyers, J. Olg. Chem. 30, 

3667 (1%5). 
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An alternative approach to the 8-azasteriod system took its cue from the previous 
observation* that an alkyl halide is capable of C-alkylating enaminoketones in good 
yield. Starting with the known0 isoquinoline alcohol, VI, obtained from the ester (IIT) 
already in hand, it was possible to convert it to the enaminoketone, VIIa, using 
2-methyl-l J-cyclopentanedione. The yield of VIla was 94x, in contrast to the 
poor (15%) conversion obtained with the ester, III, using this diketonc. VIIa was 
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l N. A. Nelson, K. Gellotte. Y. Tamara, N. B. Sinclair, J. M. Schuck, V. J. Bauer and R. W. White, 
1. Org. Chem. 26,ZSW (1961). 
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obtained as a crystalline material which possessed a maximum at 294 m+ The 
alcohol was quantitatively transformed into the bromide, VIIb, using phosphorus 
tribromide in chloroform. Attempts to cyclixe the bromide to VIIIb using the method 
reported for a related system’ gave no readily identifiable products. Similar results 
were obtained when the alcohol, VIIa, was converted to its tosylate and heated in 
ethanol. However, when VIIb was heated in anhydrous aatonitrile and aliquots 
periodically examined in the UV, its max at 294 rnp steadily decrease d until, after 
54 hr, it had reached l&15% of its original value. The iminium salt, VIIIb, proved 
to be unstable and was, therefore, reduced without purification in the presence of 
platinum oxide to 8-azaestrone methyl ether, IX, obtained in 46% yield from VIlb. 
The cyclization of VIIb was also accomplished in comparable yield after 18 hr. if 
l-1-5 equivalents of silver perchlorate were employed. The perchlorate, VIIIa, was 
likewise unstable and hydrogenated without isolation to IX (a,b). The &axasteroid 
was obtained as a mixture of 14a-(IXa) and 14/?-(lXb) isomers in the ratio 55:45. 
The mixture was conveniently separated by fractional crystallization from ethyl 
aatate or aatone to afford pure 143t- and 14/&omers.s*e Sina no epimtrs at C-9 
and C-13 were encountered through this sequence, it represents a rather highly 
stereoselective synthesis, and surely a convenient one for 8-amsteroids. It should be 
noted that Clarkson has reported that his synthesis of 8-axaestrone gave only the 
14z-isomer, but this must be due to the relatively planar molecule (Ae(ll), Ai’(u)) 
which served as the steroid precursor. 

The stereochemical assignments of 1Xa and IXb were based upon their IR and 
PMR spectra. Both IXa and IXb exhibited prominent absorption at 3.56 and 364 / 
(Bohlmann bands13 and chemical shifts for the C-9 proton at 68&6*82 7 which have 
been ascribed to trunsquinolizidines and tranr-benzoquinolixiidines,” respectively. 
Sina IXa and IXb both possessed fruns-B/C rings, their differena must lie in the 
C/D-ring junction (C-13, C-14 configuration). The configuration of the angular 
methyl group was readily established by comparison of the chemical shift of the 

7 A recent report [H. Dugas. R. A. Allison, Z. Vaknta. K. Wiuner, C. M. Wong, Terruhdrm 
Levers No. 18, 1279 (l%S)] described the conversion of the maminokctonc. 1, to the bromide, 2, 
and then cyclization in EtOH to 3, in poor yields with ditSculty. We thank Professor Wiener for 
making his cxpcrimcntal details available to us. 
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’ R. E. Brown, D. M. Lustkrtcn, R. J. Stanaback and R. I. Melts, 1.0~. Chnn. 31,1489 (1964). 
We ptefully xknowlm&e receiving aampks of IXa and IXb from Dr. R E. Brown for otxnparison 
with our material. 

’ R. Clarkson, 1. them. sot. 4900 (1965). 
” F. Bohlmann, Gem. &r. 91,21S7 (1958). 
I1 M. Uskakovic. H. Bruduw. C. VOD Planta, T. Williuns aod A. Bmssi. 1. Amer. C&m. Sot 

8& 3364 (1964). 
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methyl singlet in deuteriochloroform and benxene solvents. Roth IXa and IXb 
exhibited upfield shifts for the methyl singlet in going to benxene as a solvent: 

7(CDW GW AT 
IXa 8-99 9.12 o-13 
IXb 8.98 9.20 0.22 

These results are in accord’* with the observations reported for axially situated 
methyl groups whereas equatorially placed angular methyl groups would exhibit 
slight, if any, upfield shifts. No reason is immediately apparent why these correlations 
from the homocyclic steroids should not hold in this case. On the basic of these 
spectral results, IXa and IXb must therefore be epimeric at C-14. The higher melting 
isomer was assigned the 14aconfiguration whereas the lower melting isomer was 
assigned as the 14@onfiguration.18 

In order to determine the scope of the cyclixation, VII -* VIII, the isoquinoline 
alcohol, VI, was treated with 1,3_cyclohexanedione and alforded the enaminoketone, 
Xa, which was converted in the usual manner to the corresponding bromide, Xb. 
When the latter was heated in acetonitrile in the presence of silver perchlorate, it 
was quantitatively converted into the t&acyclic derivative, XII (R = H), in 20 hr 
(as evidenced by the decrease in the UV absorbance). Neutralization of this salt 
produced the tetracyclic enaminoketone XIlP in 95 % yield from Xb. 

XIII XII 

The excellent conversion leading to XIII prompted the investigation leading to 
the o-home-&axasteroid, XIV. This derivative has recently been reported0 in an 
elegant study on azasteroids. Although the enaminokctone alcohol, XIa, and the 
corresponding bromide, XIb, were prepared without any undue difficulty, the cycli- 
zation leading to XII (R = Me) was only partially successful. Only trace quantities 

I9 D. H. Williams and N. S. Bhaaza. Terruhdon 21.2021 (1969). 
” Ref. 6. and private canmunicatioo from Dr. R. E. Brown. 
I4 N. A. Nelsooo and Y. Tamura. Ctmuf. /. Ckm. 43.1323 (l%S). 
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XIV 

of the desired product could be obtained and in an impure state. Studies to further 
accomplish this goal are still in progress as well as studies leading to the total synthesis 
of 9-azasteroids. 

EXPERIMENTAL 

M.ps determined on a Fisher-Johns m.p. apparatus were corrected. UV and IR spectra were 
taken on Beckman DB and IR-SA inst rumems, respectively. while NMR spectra were obtained on a 
Varian A-60i*usingTMS as internal standard and CDCl, as solvent. TLC(mand preparative) 
wascarried out usingsilicagcl PF,,,(Mcrck). Thinlayer plates foranalytkalpurpoamwereckvel~ped 
with I vapor, whemaa thick layer preparative ta%niqm uxd UV detection. The preparative plates 
employed ware l+-2.0mm in thickness. Analyses were performed by Galbraith Laboratories. 
Knoxvilk, Tenomsec. 

2-Merhyl-3-N(1-cmbozrhoxymrhyM~~~x~l,~3,~rerr~~o~u~l~~yclopcnr-l-onr 
(Va). A soln containing HP (5.8 g), 2-methyl-l,3-cyclopentanedion~ (34 g), tohznc (90 ml), and 
trifluoroacetic acid (@l ml) was retId ia a N arm for 70 hr with continuous water removal. On 
cooling the soln, there was obtained a crystalline product, I.1 g. m.p. 181-182” (AcOEt); UV 
@OH), 286 mcc (43,8S8). 233 mcc (11.2SSl; IR (chf), 5.83 cc (ester carbooyl). 6.20 tr (enamine 

carbonyl); NMR, 8SO z ( & H,). (Found: C. 69.74; H, 7.47; N, 4.23. C,,HyO,N 
rc+rcs: C, 69.9s; H, 7.34; N, 4-C@%.) A picrate was formed in the usual manner, m.p. 161-162” 
(EtOH). 

2-Merhyl-3-N(1~~~hoxymtthyld-mr~~l,~3,~retrhyciioirog~lnollu)cyclohcx-2jnr-1s~ 
(Vb). A soln of III (3.8 g). t-methyl-1,3cydolmxan&onc (2.53 g), tolueae (70 ml) and tioroacetic 
add(01ml)was~uxbdinaNatmfor68hrwithcoatinuwranovalofmttr. Tbcsolnwas 
concentrated to a small volume and allowed to stand in the refrigerator where a pak yellow solid 
crystallized. After 5ltratioo. the solid was washed with ether and dried. m.p. 12S-135’. Fractional 
crystahization from chfgavc unrcactul dionc, m.p. 200-205” and the desired product, m.p. lS2-IS4*. 
The mother liquor was evaporated to dryness and the residue dissolved in a minimum quantity of 
AcOEt and cooled at 0” overnight. The crystalline ppt was collected and recrystallized from AcOEt, 
m.p. lS4”. Total combined yield was 0.385 g. UV (EtOH) 3OS rnp (46.900). 233 rnp (10,OSO); IR 
(chf) 5.86 p (ester carbonyl), 6.22 p (enamine carbonyl). 6.40~ (aromatic); NMR, 840 T 
(C==H,). (Found: C. 70.29; H. 7.82; N, 3.75. C,,HnOIN requires: C, 7OS6; H. 7.61; 
N, 392%) 

3-N( I-corbocrhoxynurhylbnurhoxy-l~3,4-rcrrohydro~~i~~kx-2~~1~ (Vc). This 
reaction m carried out in the manner described for Vb using III (SO g). dihydro rcsorciool” (2.8 g), 
tolucnc (75 ml) and trifhroroacetic acid (@l ml). Removal of the solvent gave Vc (7S g) as a viscous 
yellow oil. UV (EtOH) 302 rnp (44,400). 22s rnp (10,000); IR (chf) 5.78. 6.0.6.1s. 6.20 p. 

2-Merhyl-3-N[6-mcrkxy-1(2-h~ox~thy~l,f3,4-~encJ?ydio~lly~clopznr-2-cnc-l-onc 
(VIIa). A mixture of VI’ (lag; SOmmoks), &methyl-l$cyclopent-l&dionc (a81 g; 7.3 
mmoks), ptolucnesuIfonic acid (1-S mg) and dry tohknc (20 ml) was r&uxcd for 20 hr in a N atm 
with continuous water removal. The solvent was removed In wcw) and the brown ti oil 
chromatographcd on neutral alumina (2.S g) using chf as the eluent. The fractions containing 
crystalline material were. combined and rcuystalli.zed from chf+thcr IO give 1.38 g (93SyJ VHIa, 
m.p. 137-139”. The analytical sampk melted at 139-140”. UV (EtOH) 294 rnp (38.000); IR (chf) 

i’ We wish to acknowledge funds granted by the National Sciena Foundation for the purchase of 
this instrument. N.S.F. No. GP-3674. 

i’ J. C. Sitcar and A. I. Meyers. J. Or;p. Ckm. 30,3206 (1965). In this preparatioo. reagent quality 
resorcinol must be employed for best results. 
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295 jr (OH), 6.05 /I (N-C-C). 6.21 IL (c=O), 6.45 /A (aromatic); NMR (7). 2.85-3.35, 3-protons 
(aromatic); 4.74. one-proton (triplet, bcnrylk); 6.25, three-protons (singkt, Me); 6.30, two-protons 
(tripkt, CHAH); 5.85 T, one-proton, cxchan~bk with D,O (OH); 8.05, three-protons (singlet, 
MC). (Found: C, 71.49; H. 7.77; N, 4.79. C,,HUO,N rcquircs: C, 71.73; H. 7.69; N, 4.65x.) 
The picrate(EtOH)mchcd at 141-143’ (Found: C, 54.25; H, 5.12; N, 10.56. C,,H,,O,,N, requires: 
C, 54.34; H, 494; N, 1056x.) 

2-Mcrhy~-3-N[6-nurhox)<2-bro~rhyl)1,~3.4-~ttrohydio~~~ly~yclo~nt-2-e~-l-ont (VIIb). 
To an kc-cold soln of MIa (1 GS g, 35 mmoks) in chf (30 ml) was added slowly, with stirring, a soln 
of PBr, (65 g) in chf (20 ml). The mixture was kept at O-Y for 16 hr and then hcatcd at S&60’ for 
1 hr. Upon cooling and dilution with kc (1oOg) the mixture was rcndcrcd alkaline with K,CO,. 
The chf layer was scparatcd and dried over Na.80, and conccntratcd to yield 1.26 g (99 %) of a light 
yellow viscous oil. VIIb. UV (EIOH), 294 mp (30,860); IR (chf) 6.05 p (N-C-C), 6.20 p (C-o), 
6.45 p (aromatic); NYR (T), 29-3.4, three-protons (muhipkt, aromatic); 4.79, onaproton (tripkt, 
bcnzybc); 6.25, three-protons (singkt. methoxy); 6.55. two-protons (triplet, CH,Br); 8.05, thrcz- 
protons (singlet, MC). Attcmpta IO cr@lizc this compound were uns&ul and it was thcrcforc 
used without further purification for the subsequent step. 

DL-B-Az&s:rone ethyl der (IXa und IXb). The bromide Wb (0.276g. 0.76 mmok) was 
dissolved in acctonitrilei’ (28 ml) and stirred in a N atm for 15 min after which anhydrous silver 
pcrchloratcl’ (0.250 g) was added in a singk portion. The mixture was stirred under N for 22 hr 
at r&x temp and ahquots removed periodically during this time. When cbe absorption of thu 
cnaminoketonc bromide (294mp) dccrcascd IO l&15% of its original value. the heating was dis- 
continued. Tbc solvent was removed in (rclcw) and the dark residue was taken up in EtOH, and 
inaolublc salts rcmovcd by filtration. The EtOH soln was hydrogenated in the prcscncc of PtO, 
(I 10 mg) in a Paar apparatus for 8 hr. After removal of the catalyst and solvent. the rcaidw was 
dissolved in CH,CI, (20 ml) and shaken with 5 % NaOH (10 ml) followed by water. The organic 
soln was dried (Na,SO,) and conctntratcd to give a brown oil (220 mg). The crude produa (IXa. 
IXb) was rcdissolvcd in CH,Cl, (2 ml) and pipettcd onto a thick layer (1.0 mm) silica gel plate 
(20 x 20 cm). The plate was clutcd vertically with A&Et giving 3 bands which wcrc visuahzcd by 
an UV lamp. The middk band was cut from the plate and cxtractcd rcpcatcdly with AcOEt which 
upon conantration produced a colorless solid (98-S mg, 46%) m.p. 150-160”. The latter was 
fractionally crystallized from AcOEt (or aatonc) to give the 14,x-isomer (41 mg). m.p. 170-172” 
(rcportcd%* 171-172”). The analytical sampk melted at 175-176”. IR (CCI,) 356 and 364~ 
(Bohlmann ban&lo), 5.73 fi (C-O); NMR (7). 290-340, three-protons (m. aromatic); 6.25, 
three-protons (s, McO); 899. &cc-protons (s, C-18 protons). In benzene the Cl8 protons appeared 
at 9.12~. (Found: C, 7588; H. 7.98; N. 504. Cak. for C,,HUNO,: C. 7576; H, 8.12; N, 
4.91”/,) The hydrobromidc salt melted at 248-253” (dcc) which showed no dcprcssion when mixed 
with authentic 14a-hydrobromidc.’ 

The AcOEt mother liquor was conantratcd to give a viscous oil which was converted to the HBr 
salt. Fractional crystallization of the latter in McOH gave IXb. HBr (53 mg) m.p. 282-286” (dec). 
(Found: C, 59.12; H, 6.70; Br. 2241. Cak. for C,,H,,NO,Br; C, 59.02; H, 6566; Br. 21.86%) 
The McOH soln also ckpositcd 12 mg of IXa, HBr, m.p. 249-251” (dcc).’ Neutralization of Deb. 
I-I&, in dil NaOH produced IX, m.p. 122-124°. IR (Ccl,), 3.55. 364 p (Bohhnann bands), 574 p 
(C&C). NMR (7). 3G3.60 (m, aromatic), 6.20 (s. McO); 8.98 (s, C-18 protons). In bcnrmt the 
C-18 protons appeared at 9.30 T. Recrystallization from pet. ether gave the analytical sample, m.p. 
125-126”. (Found: C. 76.05; H. 8.34. Cak. for C,,H,,NO,: C. 75.76: H. 8.12%) 

CompoMd, IXa and DCb without use of silver perch/orate. A soln of VIIb. (550 mg) in anhydrous 
aatonitrik (55 ml) was rcfluxcd under N for 54 hr. After this period. no further changca wcrc nOtcd 

from ahquots in the UV. The reaction mixture was treated as above to yield 414 mg crude products. 
~tc crude product (314 mg) was appbcd to a thick layer plate (2.0 mm. Silica) Ccl. and ~lutcd with 

30% EtOH-chf. The middk band, after being cut from the plate afforded the mixture of 14a-, 
14/Gsancn (167 mg, 45%). 

~N[bMcrhoxy-2(2J?ydroxyrhyC)1.L3,4-tcrrohydro~~l~~ycloh~x-2~-1 -one (xa). A mix- 

turc containing 1.0 g of VI, 0.814 g 1.3cyclohcxancdionc. tolucnc (20 ml), and a traa ofptolutnc- 
sulfonic acid was rcfluxcd under N with continuous water removal for 20 hr. Evaporation of the 

I’ Freshly distilkd over P.0, just prior 10 use. 
a’ Commercial salt dried 36 hr in wcuo over P,O,. 
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~~lvcnt left a dark oil which was chromatographcd over alumina (30 3. The column was clutcd 
initially with 30% &f-pet. ether to remove a deep yellow product (1:‘:’ 433 mr) and then with chf 
to yield 0.728 g of a pak yellow oil. Xa. UV (ErOH) 304mp (31,6SO); IR (chf) 3.0. 6.22, 6.32, 
6.45~; NMR (T) 2.75-3.35, three-protons (m, aromatic); 4.S. one-proton (s, vinyl); 4~75-505. 
onaproton (t, C-9); 583, one-proton (broad, exchangeable with D,O); 6.20. thrcuprotons (s, McO). 

A piorate was prepamd in the usual manner, m.p. 181-182” (abs. EtOH). (Found: C. 54.34; 
H, S-14; N, 10-39. C,,H,,O,,N,rquircs: C. 54.34; H.494; N. 1056%.) 

EN[6-Merhoxy-2(2dromcnrhyr)l.f3,4-tcrrahydroiroq~ino[inrkycIo~x-2~~-f-onr (Xb) and cycli- 
zurion IO 9-mcrhoxy-2,3,4,6,7,11 b.l2,13-ocruhy&o-I H-dibrtuo[o. JIquinofizin-l-one (XIII). A sdn of 
0.720 g of Xa in 1S ml chf was cooled in an ict bath and treated with 5 g PBr, in 20 ml chf. The 
reaction mixture was stirred at 0” for 20 hr and heated at S-60” for 1 hr and then decomposed in ice. 
After neutralization with solid K&O,, the product was extracted with chf and dried over Na,SO,. 
The solvent was removed at room tanp** in wuw to give an oil. 2.:\o” 308 ml, which was immediately 
used for the cyclization to XIII. A soln containing 0.318 g of the crude bromide in 45 ml dry 
aatonitrile was treated with @42g silver perchlorate and rcfiuxcd utxier N for 24 hr. An aliquot 
removed from the reaction vessel indicated no absorption at 308 rnp and the heating was discontinued 
and the solvent evaporarcd. The residue was dissolved in chf and washed with S% NaOHaq and 
then with water. The chf soln was dried over Na,SD, and then passed through a small column 
containing 1.6 g alumina. The solvent was conccntratcd to give an amber oil, XIII, (O-274 g, 95 %); 
UV (EtOH) 318 m/r (22,490). *I* IR (chf); 6.20, 648~; NMR (7) 2.75-3.35, three-protons (m. 
aromatic): 564, onoproton (qu, C-9 bcnz$c); 6.22, three-protons (s. McO). 

The viscous oil was transformed into a picrate. m.p. 174175” (reported*’ 174-175). (Found: 
C, 56.23; H, 4.76; N, 11-03. Cak. for C,,H,,N,O,; C, 56.U; H. 4.72; N. 1093%) 

2-MerhyI-3 -N[6-mfhoxy-1(2-hydroxycrhyl)l,2,3,4-rctr~~o~u~l~~clo~x-2-~e- l-one 
(XIa). A mixture of VI (I.00 g), 2-methyl-1.3cyclohcxancdionc (0.734 g), ptolumcsulfonic acid, 
and tolucnc (50 ml) was rcfluxcd for 60 hr under N. with continuous water removal. Upon cooling, 
unrcactcd dikctone crystallized out (0.416 g) and the tiltrate was conoentratcd yielding a viscous oil. 
The latter was chromatographcd through alumina (30 g) using chf as the elucnt. The yield of XIa, 
m.p. 135-138” (0.43Og) was 50% based on dikctone recovery. The analytical sampk melted at 
143-144” (chf-pet. ether). UV (EtOH), 326 rnp (27,240); IR (chf), 290~ (OH), 6.19 and 6.48 p 
(carbonyl); NMR (7) 2.8S-340, three-protons (m, aromatic); 50s. one-proton (1. C9 benz$ic); 
5.88, one-proton (cxchangcabk with D.0); 6.28, three-protons (s, MeD); 8.20, three-protons 
(s, MC). (Found: C. 72.13; H, 847; N. 460. CISHUNOI rcquircs: C. 72.35; H, 799; N. 444x.) 

2-Merhyl-3-N[6-nurhoxy-1(2-bro~rhy1)1.2,3.4-rerrohydroLroquin-l-onr 
(XIb). The alcohol. XIa. (0.417 g) was treated as above with PBr, in chf at 0“ for 20 hr. After the 
usual work-up, there was obtained an oil (0440 g, ?.‘1:“,” 320 rnp, Rear 6.19. 640 p) which slowly 
decomposed and was therefore utilized immediately. 

ID The bromide, Xb, was unstable IO heat or prolonged standing and slowly formed an ionic salt, 
whose exact nature is currently under investigation. 


