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Abmrrt-The preparation of the steroidal chromone (4), chromanone (5a). methylbenzoxazole (6). and 
methylbenzisoxaxole (7). from the 2acetyl steroid (ZI) and its oximc (2d). is reported. 

Chromonc (4) is shown to react with hydraxine hydrate and hydroxylamine hydrochloride to provide 
respectively the 3’-phenylpyraxole (lb) and a mixture of the 5’.phenylisoxaxole (1 la) and the isomeric 3’. 
phenylisoxaxole (12a). 

R&mni--Om rapporte la synthise de noveaux sttroides heterocycliques. ti partir soit de I’acetyl-2- 
oestradiol (t), soit de I’oximc correspondante (2d). Les derives suivants sont dtcrits: la chromone (4). la 
chromanone (Sa), ainsi que Ies mtthyl-benzoxaxole (6) et mbhyl-benzisoxazole (7) stkroidiques. 

La reaction de Ihydrate dhydraxine sur le stiroide y-pyronique (4) conduit, par ouverture de 
I’hktkrocycle, au d&rive pyraznlique (lOa). De surcroit. le chlorhydrate dhydroxylamine riagit sur la 
chromanone (4). par un processus simihire, pour donner un melange du stkroide phtnyl-5’.isoxazolique 
(I Ia) et de son isomtre phknyl-3’-isoxazolique (12a). 

Dn discute lea mbcanismes de reaction, ainsi que les propriites spectrales des nouveaux produits obtenus. 
en les comparant i celles de composes molela. prepares a cet effet. 

HETEROCYCLK steroids may be divided into two groups. The first one includes 
compounds in which the hetero-atom is part of the cyclopentanoperhydrophenanthrene 
system. These substances are usually prepared by total synthesis. In the second group, an 
heterocycle is attached to the intact tetracyclic steroid nucleus. 

Albeit numerous steroidal derivatives of the latter group have been prepared,* so far 
little attention has been paid to substitution of the aromatic A ring of estradiol (la) with 
heterocyclic systems.-’ In this work, we wish to report the synthesis of new heterocyclic 
analogues of estradiol and discuss their physical properties. 

Since there was no previous mention of synthesis of steroidal chromones and 
chromanones in the chemical literature, we focused our attention on the preparation of 
estradiol-I 3.2b]-y-pyrone (4) and its dihydroderivative (5a). 

A possible route from estradiol (la) to the chromone (4) implied formation of the 
ether (lb), followed by hydrolysis to the acid (If), ring closure, and dehydrogenation. 
Reaction of estradiol (la) with acrylonitrile in presence of Triton B’ afforded the nitrile 
ether (lb) identified as its acetate (lc) (see Eqerimental). Acid hydrolysis of the nitrile 
(lb) followed by reaction with hydrochloric acid in methanol solution provided the ester 
(la), besides the 17-methyl ether (It). Alkaline hydrolysis of the ester (Id) afforded in 

l Author to whom inquiries may be addressed at Syntex. S.A. Apartado Postal IO-820-Mexico IO. 
D.F., Mexrco. 
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low yield the free acid (If), the main compound being estradiol (la), presumably by 
degradation of (Id) through a retroMichae1 reaction.’ 

A more promising route to the chromone (4) was then investigated, using the 2-acetyl- 
steroid (2aY obtained by reaction of estradiol (la) with acetyl chloride. Structure 20 was 
supported by its physical properties, in particular its NMR spectrum which indicated 
that the newly introduced ace@ group was located at position 2 and not at C-4 (Table 1). 

When the acetyl derivative 2a was reacted with ethyl formate in presence of sodium or 
sodium hydride,’ the unstable hydroxymethylene derivative 3 was formed. Reaction of 3 
with acid afforded the steroidal chromone (4), characterized by its NMR spectrum 

la: R, = R, = H 
b: R, = CH,CH,CN;R, = H 
c: R, = CH,CH,CN;R, = AC 
d: R, = CH,CH2C0,CH,;R, = H 
e: R, = CH,CH&O,CH,; RI = CH, 
r: R, = CH,CH,CO,H;R, = H 

OAc 

28: R, = O;R, = H;R, = AC 
b: R,=O;R,=R,=H 
c: R,=O;R2=R,=Ac 
d: R, = N-0H;R2 = H;R, = AC 

OAc 

4 

showing a pair of doublets at 6.28 and 7.8 1 ppm (Table 1 ), attributed to the olefinic 
protons in a and g positions with respect to the new carbonyl grouping. Catalytic 
hydrogenation (Pt) of chromone (4) provided the chromanone (5a), whose oxime (5b) 
was prepared. The NMR spectrum of the chromanone (58) presents triplets corres- 
ponding respectively to the protons at C-2’ and C-3’. at 2.78 and 4.51 ppm (Table 1). 

The chemical shifts of the aromatic protons at positions 1 and 4 in these new 
heterocyclic steroids ret&t both the inductive etTect and the magnetic anisotropic 
deshielding due to the functional groups (double bond, carbonyl, etc.) of the heterocycle. 

Treatment of the acetyl steroid (2a) with hydroxylamine gave the oxime (2d). On the 
one hand, when 2d was reacted with benzenesulfonyl chloride or p-toluenesulfonyl 
chloride in pyridine,s the 2’-methylbenzoxazole (6) was formed. On the other hand, 
reaction of 2d with benzenesulfonyl chloride in dilute potassium hydroxide* furnished 
the 3’-methylbenzisoxazole (7) (no reaction occurred when ptoluenesulfonyl chloride 
was used). 
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Compounds NMR Properties in ppm 

2a 
2b 
2c 
&I 
4 

Sa 

Sb 

6 

7 

8 

9 

IOa 
(NH andOH) 

lob 7.56 (I-H) ; 6-59 (4-H) ; 6.83 (C-4’-H, d. J = 2.5 Hz) ; 7.8 1 (C-S-H. d. J = 2.5 Hz): 

I IJ 8.1 (1-H): 7.03 (4-H); 7-30 (4’-H. d. J = 2 Hz): 8.66(C-3,-H, d, J = 2 Hz). 

Ilb 7.80 (I-H): 6.91 (4-H); 645 (C-4,-H. d, J = 2 Hz): 8-28(C-3*-H. d. J = 2 Hz) 

12Q 8.0 (I-H): 7a5 (4-H); 740 (C-4’-H. d. J = 2 Hz); 8.83 (C-5,-H, d. J = 2 Hz). 

lzb 7.68 (1-H): 6.92 (4-H): 6.59 ((X-H. d. J = 2 Hz); 8.45 (C-Y-H, d, J = 2 Hz) 

13 7.30-7.47 (3 aromatic H): 7.62-7.82 (2 aromatic H); 815 (C-3-H. d. J = I.5 Hz); 

14 

760 (1-H); 6.71 (4-H); 2.61 (AC) 

7-60 (1-H): 6.68 (4-H); 2.56 (AC) 

7-75 (I-H); 6.81 (4-H); 2+5O(Ac) 

7.31 (1-H); 6.58 (4-H): 2.52 (T-Me); it.26 (3-OH); I i-35 (oxime-OH)P 

8-08 (I-H): 7.14 (4-H); &28 (2,-H, d. J = 6 Hz): 7.81 (3*-H. d, J = 6 Hz) 

7.81 (I-H); 6.70 (4-H); 2.78 (2,-H. t. J = 6.5 Hz); 4.51 (3,-H, t, J = 6.5 Hz) 

7.77 (I-H): 664 (4-H); 2.96 (2,-H, t. J = 6 Hz): 4-21 (3,-H, I. J = 6 HZ) 

7.53 (1-H); 7-13 (4-H): 2.55 @‘-Mel 

7.50(1-H): 7.23 (4-H); 2.53 (3’-Me) 

6-75.-7-73 (4 aromatic H); 2.55 (2-Me).’ 

6.62-7.72 (4 aromatic H): 2.51 (3-IMe)? 

7.48 (I-H): 6.75 (4-H); 6.69 (C-4,-H. d. J = 2 HZ): 7.58 (C-5,-H, d, J = 2 Hz): 9.50 

642 (C-4-H. d. J = l-5 Hz): 

7.28-7.43 (3 aromatic H): 7.65-7.85 (2 aromatic H): 6.54 (C-4 H. d. J - 1.5 Hz): 8-34 

(C-5-H, d.J= I.5 Hzy 

* In DMSO soln. 

* 1 M soln. in Ccl,. 

’ In d,-pyridine soln. 

The structures assigned to ~orn~~~ 6 and 7 are derived from the mechanistic 
pathways outlined in Chart I (see below). Whilst the IR properties of benzoxazoie have 
been commented upon,P comparison of the spectra of the isomers (6 and 7) did not allow 
one to reach any satisfactory conclusion. Conversely, examination of the UV and NMR 
data of these substances gave valuable ~fo~ation, when compared with the properties 
of model compounds, such as 2-methytbenxoxazole (8) and 3-methylbenxisoxazole (9). 

Whereas 2-methylhenzoxazoie (8) was easily prepared by the method ofTheiiacker,iO 
in our hands the technique reported by Lindemann et al.” for the preparation of 3- 
methylbenzisoxazole (9) lead to a 1: 1 mixture of isomeric 8 and 9.i2* I3 These isomers 
could be separated by preparative GLC. The W properties of compounds 6 to 9 Iisted in 
Table 2 indicate that the spectrum of steroid 6 is more similar to that of the bicyciic 
compound 8 than its isomer 9. Moreover, the absorption pattern of 7 is in better 
agreement with that of 9 than 8. The small bathochromic and hyperchromic shifts 
observed in the case of the steroidal isomers 6 and 7, compared with the model 
compounds 8 and 9 may he attributed to inductive and/or ~~o~ation~ effects 
induced by the polycyclic steroidal skeleton.14 

Various authors have attempted to correlate the chemical shiftsi of the protons in 
some aromatic substances with the dectronic densitiesi at the corresponding positions. 
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OAC OAC 

2’ 

3 
,,,g 

1 *n : 1 

5a, Ft.0 

b, R m N-OH 

Q 

1’ 4 

6 

10 a, R = AC 

b, R.H 

Thus, we compared the quantum mechanical data available for the molecules of 
benzoxazole (8) and benzisoxazole (9), with the experimental chemical shift observed 
for the methyl group in compounds 8 and 9. The NMR spectra of compounds 8” and 9 
were obtained in carbon tetrachloride solution at 1 M concentration. The methyl 
resonance signals appear at 2.55 and 2.51 ppm respectively (Table 1). Hence, the 
available information does not allow correlation of the chemical shiRs with the cal- 
culated data for electronic densities in the benzoxazole (8)and benzisoxau>le (9)“. I6 

Table 1 also reports the Me signal of the isomeric steroids (6 and 7). The Me signal of 
6 appears at lower field than that of 7. Worth noting is the fact that the electronic density 
data calculated by quantum mechanics for position 4 in benzoxazole (8) and benzisoxa- 
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TABLE 2. 

Compounds UV properties J._ (nm); log I: 

2a 218(4.37); 266(4.18): 337(3.65) 

2b 217(4.33): 266(4.15): 338(3.61) 

2c 216 (4.38): 256(406): 290(3.23) 
2d 260 (4.11); 316 (3.67) 
4 225 (4.36): 230 (4.32); 244 (4.14): 252 (4.11); 270 (3.87): 310 (3.86) 
5a 218 (4.36): 262 (4.11): 336 (3.62) 
Sb 264 (4.07) 
6 240 (4.05): 274 (3.70): 279 (3.83); 284 (3.81); 289 (3.82) 
7 243 (4.00): 249 (4.04); 255 (3.96); 296 (364) 
8 232 (4.04): 263 (3.48): 270 (3.67): 277 (3.70) 
9 235 (3.89); 243 (3.83); 285 (3.42); 330 (2.85) 

108 217 (4.39): 253 (4.21): 263 (4.25); 304 (3.85): 311 (3.85) 
10b 214 (4.42): 254 (4.19); 262 (4.22): 302 (3.86); 310 (3.86) 

110 226 (4.28): 266 (4.30); 276 (4.21); 316 (4.02) 

llb 207 (4.27): 219 (4.30): 266 (4.29) 
121 221 (4.28): 258 (4.00); 308 (3.74) 
12b 210 (4.43): 248 (4.12): 282 (3.36) 
13 263 (4.20) 
14 240 (4.15) 

zole (9) [position 1 in the steroidal isomers 6 and 71, are also in disagreement with the 
experimental chemical shift observed for this proton (Table 1). The chemical shifts of the 
aromatic protons in steroids 6 and 7, indicate a deshielding effect on the protons at C- 1 
and C-4, exercised by the oxazole and isoxazole ring in these steroids. The shift is 
roughly the same in compounds 6 and 7 and is comparable with that observed in the y- 
pyrone (4).r8 

In addition, the proposed structures shown in formula 6 and 7 are also in agreement 
with the results obtained by Blatt et al.” in other series. 

From the reaction mechanism view point, the formation of isomers 6 and 7 can be 
rationalized as indicated in Chart I. In the weakly basic pyridine medium, the benzene- 
sulfonate ester (A) of the oxime (2d). suffers a Beckmann rearrangement (A)-+(B), 
before attack by the phenolic hydroxyl at C-3, to give 6.r9 

In a strongly alkaline medium (KOH), the C-3 phenoxide anion (C) displaces the 
benzenesulfonate to afford the methylbenzisoxazole (7), without rearrangement. For 
steric reasons, the anti configuration of the OH group viz. the steroid nucleus in oxime 
(2d) is to be expected. Thus, if the above mechanisms are correct, the stereochemistry of 
oxime (2d) is automatically established, since both mechanisms (&l)+(A)+(B)-+ (6) 
and @I)-, (A)+(C)+ (7) imply the configuration of the oxime to be anrf, as in formula 
zd20 Furthermore, in the reaction mechanism @d)-+(6), the aromatic ring migrated, 
instead of the Me, also indicating this group to be in position anri with regard to the 
oxime.2’ Finally, in the reaction mechanism (&l)+(7), the benzenesulfonate group must 
be displaced by the phenoxide anion at C-3 in a rrans fashion as is usually the case in 
nucleophilic substitution reactions.19 

Chromones are known to react with hydrazine hydrate and hydroxylamine hydroch- 
loride to provide rearranged compounds. 22-2s Treatment of the steroidal chromone (4) 
with hydrazine hydrate in ethanol solution afforded 3.1 ‘Ifldihydroxy-2-(3’-pyrazolyl) 
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estra- 1,3,5( 10)trien l7-acetate (Ma), whose NMR spectrum is characterized by 
doublets at 6.69 and 7.58 ppm (J= 2 Hz), corresponding to the pyrazole protonsz6 at C- 
4’ and C-5’, (Table 1). The corresponding diol (lob) was obtained if’an excess of water 
was present in the reaction medium. The pyrazole (lOa) is presumably formed from 
chromone (4) through a reaction mechanism (4)+(D)+(E)-+(F)-+(G)-+(lOa) shown in 
Chart II. 

The reaction of hydroxylamine with chromones has been little stt~died.~~ The first 
authors23 thought that the products were the isomeric oximes. Later, during a study on 
flavones the investigators,24 proposed an isoxazole structure. More recently, some 
reports appeared on the reaction of hydroxylamine with various types of chromones;2’ 
however, without providing convincing evidence to support the pot-posed structures. 

In previous works,24* 25 it is inferred that it is the 3arylisoxazole structure which is 
obtained by treatment of a chromone with hydroxylamine, without apparent reason for 
disregarding the alternative isomeric 5arylisoxazole. Chart II shows that a 3- 
arylisoxazole would result from initial attack by the oxygen atom of hydroxylamine on 
the y-pyrone ring. However, taking into consideration the normal behaviour of ambident 
nucleophilic reagents,27 an initial attack by the nitrogen atom should be favoured to give 
a 5-arylisoxazole. Furthermore, it is of interest to note that there is apparently no report 
on the isolation of both 3-arylisoxazole and 5arylisoxazole isomers from the reaction of 
a chromone with hydroxylamine. 

We wish to present evidence here that treatment of chromone (4) with hydroxylamine 
hydrochloride in pyridine solution leads to a mixture of isomeric isoxazoles (1 la and 
12a), separated by fractional crystallization. The isoxazole (1 la) was isolated in 
moderate yield Its diacetate (1 lb) was prepared under usual acetylation conditions. The 
mother liquors of lla gave the isomeric isoxazole (UN), easily converted into its 
diacetate (12b). 

Since comparison of neither the UV, nor the NMR properties of isomers 1 la and 12a 
with those reported in the literature 26. 29 led to a definite proof of the structure, 3- 
phenylisoxazole (14) and S-phenylisoxazole (13) were prepared as model compounds. 
3-Phenylisoxazole (14) was obtained by a technique previously described,30 but 
modified according to a recent report3’ on nitrile oxides (Experimental). 5- 
Phenylisoxazole was prepared according to the excellent method of Woodward er ~1.‘~ 

The relevant NMR data of compounds 1 la to 14 are listed in Table 1. It is worth 
mentioning that the chemical shifts of the protons vicinal to the heteroatoms in 13 and 14 
are almost identical with those reported by Doorenbos et ~1.~ The major discrepancies 
are found in the chemical shifts of the resonance signals of the protons at C-4. These 
signals appear at lower field in 13 and 14 than in the previously described steroids.29 This 
can be attributed to a negative inductive effect of the aromatic ring, which due to its 
close location to these positions deshields them more than the others, and/or to a ring 
current effect. 

The NMR of the 3’-arylisoxazole (12b) presents a pair of doublets at 6.59 and 8.45 
ppm attributed to the protons on the heterocycle, in reasonable agreement with the data 
found for the bicyclic derivative 14 (Table 1). Similarly, the NIvlR properties of steroid 
1 lb, are reminiscent of those of the bicyclic analogue 13. 

Worth mentioning is the fact that also in this case the quantum mechanical calcula- 
tions did not allow correlation of experimental chemical shifts of the protons of the 
heterocycle with the electron density dataI 
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The foregoing discussion of the reaction mechanisms and spectroscopic properties 
of steroids 6,7,1 la, b, and 12a, b by comparison with those of model compounds ?I, 9, 
13, and 14, has the feature of providing reasonable support for the proposed structures. 

QAC 
3’ 

2’/ 4 ?oP I u 1 

‘0 / 
1 

\ 
I 

R” 4 

lla, R.H 

b, R.Ac 

OAc 
5' 

‘0 
l4 %P 3’ 1 

‘y, / 
\ 

R” 4 

120, R. H 

b, R. AC 

13 14 15 

EXPERIMENTAL 

Microanalywx mre done by Dr. A. Bcmhardt, Millhcim, Germany. M.ps wae dctmnined with a Mel- 
tcmp and Kc&r apparaw and arc uncorrected. Specilk rotations were taken bawbtn 16 and 22O with a 1 
dm tube at Na D line. IR spectra wue taken with a Perkin-Elma, Model 2 1, NaCI prism. UV abxwptiin 
spectra were obtained in 95% EtOH with a Beckmaa Model DU epcctrophotomcta. Unlcas stated 
otherwise. NMR spcotra mrc rccordaJ with a Varian A-60 or H- 100 epcctrometcr. using 5-896 w/v solo of 
substance in CDCI, containing TMS as an &anal rcfaencc. Rcsonaocc frequencies are quoted in ppm 
downfield from the TMS refaence sod are accmatc to kO.01 ppm. coupliag constallts.l, cxprcssed in hertz 
Hz) are accurate to 2 I Hz; d r&n to a doublet, t=triplct. q=quarbzt, m =multiplct. 

To 500 mg la in 10 ml diosaa, 5 ml acrylonitrile. 1 ml water, and 4 drops of 30% Triton B wcrc add& 
The mixture wa9 allowed to r&u for 2 hr. It was that coowMratal to half its volume u&r rcduccd 
pressure. Tbc resulting soh was poured into wat+zr, washed with 10% NaOH aq, with water. sod extra&d 
with EtOAc. The organic layer was wasbed with water and dried over NqSO,. flItaM and evaporated to 
dryness in YMU). The residue (350 mg) was crystallized from ac&me-beunc to afTord the aoalytical 
sample of lb as prisms, m.p. 154-155O. [aID -36“;1,279.287 nm (log a 3.23.3.20); ~~‘13580.2250. 
1610. 1580 cm-‘. (Found: C. 77.68; H, &37;0. lO.Ol;N. 4.47. CI,H,,OzN requires: C, 77.50; H, 8.36; 
0, 9.83; N. 4.30%). The lb is moat coovtiently puri6al through its 17-acuatc 1~). 
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Acqhtfon sf lb IO its 1 l@xtaze (lc) 
Asolnoflb(100mg)in3mldrypyridinelrnd2mlA~Owasheuedonthe81gm-bathfor2hr.Afta 

cooling. the mixture was poured into iced-water. and the organic compound isolated by usual procedure. 
The crystalline mat&d (95 mg) was recrystallized from CHCI,-MeOH to give the pure sample of lc as 

longnadhm.p. 137-138°,1aI,-40;1,279,287nm(logr 3~24,3~20);vc~~2250,1730, 1610,1570, 
1250 cm-‘; NMR 0.81 (18-H). 1.99 (17-OAc), 2.68 (t, 1=6.5 HZ. CHx-CH), supqosed on above 
mentioned resonance (3-benzylic H),4.08 (fl=6.5 Hz, O-CH,), 4.68 (broad, 17a-H), 6.53.7.08ppm 
(3aromaticH).(Found:C.75.18;H,8G4;0, 13.22;N,3.83.CUH,,0,Nrquires:C.75.17;H,7.95;0, 
13.06; N, 3.81%). 

To3goflcdissolvedin60mlgl~~AcOH60ml~cHCIwacaddad.andthcmixturc~htlted 
under rdiux for 16 hr. The mixture was cooled and concentrated in vacua to $ of its volume. Water was 
added and the ptwbtct was exuackd with RtOAc. The organic layer was washed several times with 
NaHCO,. This alkaline soln was treated with 20% HCI soln and extracmd with EtOAc. These extracts were 
washed with a satwamd NaCl-water soln until neutral. After distillation of the solvent under reduced 
pressure, the residue was treated with 4 ml anhydrous pyridine and 3 ml Ac,O at room temp for 48 hr. After 
extraction the crude acetoxy-acid was dissolved in 20 ml 5% HCI-MeOH soln (2 ml AcCl in 20 ml 
MeOH).” The mixture was alloartd to stand overnight at room temp and was then rdluxed for 1 hr. The 
crude reaction product (2 g) was pnritkd by chromatography over florisil. Elution with knxene-hexane 
(7 : 3) atkded 600 mg of the 17aher (It). Recrystallization from MeOH furnished the analytical sample of 
Ie, m.p. 92-93O, Ialn + 45°;1,281. 289 run (log a 3.20,3.17); ~2’~ 3400 (solvated H,O), 1730, 1605 

-‘; NMR 0.76 (18-H). 2.76 (1, 1=6.5 Hz, OCH&I+CO,CH,), 4.20 (t, 1=6.5 Hz. 
&&H,CO,CH,). 3.68 (17-OCH,), 3.71 (CO&H,), 6.61. 6.76, 7.10 (3 tU0flUt.k H). (Found: C, 
70.37; H, 8.88. C,H,,O,,H,O requires: C, 70.74; H, 8.78%). 

Further clution with bauene-hexane (9 : 1) provided 450 mg of the 17-alcohol (la). Recrystallization 
from hcxanc gave the pure sample as small needles, m.p. 100-lO1°, IaID + 50°; J-280,288 mn (log a 
3.29. 3.27); ~~‘13560. 1730. 1600 cm-‘; NMR 0.79 (18-H). 2.78 (t,J=6.5 Hz.OCH&&CO,CH,), 
425 (1. J =605 Hz. OCH,CH,CO,CH,), 3.73 (CO,CH,), 6.65, 6.78, 7.15 and 7.29 ppm (3 aromatic H). 
(Found: C, 73.48; H, 8.40; 0, 18.40. C,,H,,O, requires: C, 73.71; H, 844; 0, 17.85%). 

Asolnof 150mgofmcthylcster(ld)in20mlEtOHand2mlwater.containing65OmgNaHCO,was 
heated under rdlux for 3 hr. As soon as the retbut started, a strong odor of methyl acrylatc [formal by retro- 
Michael on ld] could be detected. The soln was cooled, the solvent distilled under reduced pressure; water 
and EtOAc wrc added to the residue which was washed with NaHCO, 4. The organic phase was washed. 
dried, and the solvent removed in vvacuo. The crude product was reqstallixed from MeOH, affordmg 75 mg 
of la (m.p. 173- 174O). shown to be identical with an authentic sample by usual criteria (mixed m.p., IR, and 

Tw. 
The alkaline extmcts were acidilied with 10% HClaq and extracted with RtOAc. After usual isolation 

procedure. 50 mg of If WM obtained. Recrystallization from MeOH afforded UK analytical sample as 
needles, m.p. 203-204O, [alo + 70”; A, 281, 289 nm (logs 3.28.3.25); Y_ = 3450.3400-2600. 1725, 
1610.155Ocm-‘.(Found:C.73.16;H,8.25;0, 18.51.CI,Hxs0,requires:C,73~22;H.8~19;0, 18.58%). 

To a mixture of dry chk~obenmnc ( 100 ml). acetyl chloride (4 ml). and anhyd AlCI, ( 10 g), cooled to 0’. 
5 g of la was w with vigorous stirring over a period of 3 hr. The mixture was left overnight at room 
temp. The orange-red colored complex which formed was decomposed with a dil HCI aq. Fkbaction with 
RtOAc, washing with water, and dryii over Na$O, provided, a&r tiltration and dkihation of the 
solvents, an oily residue. Addition of MeOH furnished crystals (front 2.2 g to 3.5 g, &peruiiig on the 
experiment) of 2a6 as nice prisms, m.p. 195-197’. [al,+ 51’; d,, 218, 266, 337 run (log s 4.37.4.18, 
3.65); v,” 3400,1730,1650. 1620, I25Ocm-‘; NMR 0.86 (18-H). 2.08 (17XXc). 2-61 (XO-CH,). 
2.84 (hcnzylic-H), 6.71,7.60 (2 aromatic H). 12.0 ppm (chehtd OH.disappun with DrO). (Found: C, 
74.17; H. 8.08; 0, 18.08. C&&O, requires: C. 74.13; H, 7.92; 0, 17.96%). 

The residual oily product obtained after separation of h was submitted to steam diillation which 
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eliminrtal p-chloro acetophamne formed during the raction. Antes extraction with ethyl acetate by usual 
~~,xmixhucottnomaincompoDmtswaso~ed.Ontheoaehandthia mixture wax dissolved in 
dry pyridine (5 ml) and acetylatcd with AGO (4 ml) cat night at room temp. Afta extraction and 
cryxWization from mahanol. 2.6 g oftbc pure sample of 2c was obtained, m-p. l48-150°, [a],, - lO3O; 
1,216,256.290nm(logr4.38,4~06.3~23);~, m 1780,1725,1680,1610cm-‘;NMR0.83(18-IQ2.05 
(17GAc). 2.31 (3-OAc). 2.50 (-CO-CH,). 6.81 (4-H), 7.75 ppm (I-H). (Found: C. 71.99; H. 7.54. 
C,H,,OI rquircs: C, 72.59; H. 7.58%). 

On the c&a hand, thix mixture wax m by Tu: using benzene-EtOAc (4 : I) as clumt, affording 
aand 2b,ranccdlca,aftascvaalcryxtallixationxfrom Mc0H.m.p. l95-196O. [a]u + 98O;1,217,266, 
338 nm (log 8 4~33.4~15.3~61); v,” 3420, 1630, 1610. 1570 cm-l; NMR 0.76 (18-H). I.45 (OH-17, 
d@pcam with 40). 2.56 (-CO-CH,). 6.68 (4-H), 7.60 (1-H). 12.01 ppm (chclti OH, disappears 
with 40). (Found: C. 75.86; H. 8.24. C,&I& rquirs: C. 76.39; H, 8.30%). 

Compound k can be hydrolixed selectively into 2a using a K&O,-H,LMcOH solution. 

Oxlme (2d) 4/2-acefyl-3.17~th~&o.ayatrcr- I .3.5( lO)_nicn- 17-tz1~1e 
A mixture of 200 mg (2a). NH,OH.HCI (200 mg). J?tOH (IO ml), and pyridine (5 ml) was gently heated 

undo r&x for 4 hr. After cooling and solvent removal, water was added Extra&m with EtOAc, followed 
by waxhing with dil HCI, water, and dryimg. fiunishui 200 mg of crystalline residue. Recrystallization from 
chlorof orm-mcthaaol gave the analytical sample of 2d ax light needles, m.p. 249-250°, [alo + 74O; 1, 
260, 316 nm (log x 4-I I, 3.67); pd’B 3500.3350 (OH associate), 1735, 1630. 1575. 1250 cm-‘; NMR 
(d,DMSO). 078 (l&H). 29 (17-OAc). 2.22 (vioylic CH,), 6.58 (C-4 aromatic H). 7.31 (C-l aromauc H), 
- II.30 ppm (3-OH and N-OH,exchangcd with D,O). (Found: C. 71.31; H, 7.96;0, 17.36; N. 3.86. 
C,,H,,O,N rquires: C, 71.13; H. 7.87; 0, 17.23; N, 3.77%). 

~3,2bl-y-~~isna-l$J(lO~~-l7~f~t~ (4) 
To a suxpcnaion of 10 g powdered Na and 50 ml ethyl formate (redistilled over P,D,), cooled to 0”. a soln 

of4g(~)in200mldrycthylfo~w;rsaddcddropwisc,~vitbstirring.~emixtwekg~Oo,wpsstimd 
for 14 hr. The excess of Na wu arcfully destroyed with MeOH. Then water and AcOH WQC added. The 
cxceab of ethyl forma& wax removed by vruum distillation. The residue Watt extracted with EtOAc, washed 
with water, dried over Na$O,, ffltercd, and concentrated 61 vacua to give the amorphous derivative 3 (viola 
color with FCC&). It was not purikd but immuG~4y dissolved in 50 ml glacial AcOH; conrmtrated HCI 
(ISml)was~andthcmixturrwrs~owedtor~uxfor45min.Aftacooling,partofthcAd)H~ 
eliminated @I vacw, the xoln wax thea diluted with water and extrsted with EtOAc. After usual work-up 
and dccolomtion with Noritc A. followed by prrpuative TLC and rccrystallixation from MeOH, 50% of 
purc4waeobtlinadurpripms.m.p.21~211°.[aJ,+990;1, 225.230.244,252,270.310~~ (loga 4.36, 
4.32.4. 14,4ell,3e87, 3-86); v= 1730.l650,1625,1595.1250cm-‘;NMR0~84(18-H).2~07(17-0Ac), 
2.98 (bcnzylic H), 6.28 (d,Jk 6 Hz, vinylic H ofy-pyrcme). 7.14 and 8.08 (aromatic H). 7.81 (d,J= 6 Hz, 
vinylic H of pyrone). (Found: C, 75.28; H. 7.22; 0, 17.60. C,,H,,O, requires: C, 75.38; H, 7.15; C, 
17.47%). 

To a prd~ydrogcarted auxpaxsion of 66 mg PQ in glacial AcOH, 250 mg cbromonc (4) was added. The 
mixture WM a&km in H, atmosphae until one quivalcnt of H had beu~ taken. The catalyst we ffltcrcd off 
andtbesoln~~~~61~.AftQconcentratioato~itsvolume,wrtaarasadded,aodthc 
mixture cxtractbd with l3OAc. The aganic layer was w&cd with NaHCO, q and the0 with water until 
neutral. Afta drying over NqSO,, filtration. and mporrrtion to dryness, the analytical sample of the 
dihydro 5a (200 mg) was obtainai by crysullization Tom acetone-hcxanc: silky plates. m-p. l57-l59O; 
[aID + 195°;1,218,262.336nm(logr4~36.4~ll.3~62);~~ 1730,1680,1615.1555,1250cm-1;NMR 
0.84 (18-H). 2.08 (17-OAc). 2.78 (t./=6.5 Hz, Cw-). 4.51 (t,J=6.5 Hz, O+&--). 6.70, 
7.81 (aromatic H). (Found: C. 75.15; H, 7.78; 0, 17.51. C&,0, rquirca: C, 74.97; H, 7.66; 0, 
17.37%). 

Oxime (5b) M 5’.6’dfh_vitrel33bl-y-pyro~utra- l.3.5( IO)tr&n- 17Bor_ocrrolc 
To 130 mg of& I50 mg hydroxylamine hydrochloride, 5 ml EtOH. aad 5 ml pyridinc were added. This 

soln was allowed to rdlux for 3 hr. Water WM added, md cxtrtioa with WAC. followed by washing with 
dil HCI, and water, providing 120 mg of crystaUiae 5b. Rexystailizatian from CHCI,-McOH gave the 
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pure sample as long needles. m.p. 250-252O (dec), lalo + 88O;1,264 nm (log6 4.07); vcEb 3550.3400 
(a!isociatcd OH). 1725, 1630, 1600, 1250 cm-‘; NMR 0.83 (18-H), 2.07 (17_OAc), 2.96 (t. 5=6 HZ. 
c&-C=N-_), 4.21 (t. 5=6 Hz, m&I-), -4.75 (17a-H). 6.64 (C-4 aromatic H), 7.77 (C-l 
aromatic H), 8.11 ppm (N-OH, disappears with 40). (Found: C, 72.21; H, 7.80;0, 16.81; N, 3.59. 
C,,H,,O,N requires: C, 72.03; H. 7.62; 0, 16.69; N. 3.65%). 

~3,~l-2’-MefhylyIoxarole-esrro-1,3,5( lO)trfen-17bl acetate (6) 
(a) Benrenesu~nyl chloride technique. The oxime 2d ( 150 mg) was dissolved in 4 ml anhyd pyridine 

and 0.5 ml bcnzenesulfonyl chloride was added dropwise, with vigorous stirring. The &I, originally 
CO~O~SS. becat~ intensely red and was allowed to stay 1 hr at room temp. Water was added and extraction 
with EtOAc was followed by washing with 5% HCI, water, drying, and evaporation. After dccoloration with 
Norite A, 100 mg of crystalline 6 was obtained. Recrystallization from McGH provided the analytical 
samplcasprisms,m.p. 159-160°.[a],-40°;1_ 
3.82); $:: 

240,274.279,284.289nm (log6 4.05.3070,3.83, 3.81. 
t 1730,1610,1580,1245cm~‘;NMR0~85 (18-H),2.09 (17-GAc),2.55 (oxaZolemcthyl),2.98 

(benzylic H). 7.13and 7.53 ppm (aromaticH). (Found:C,74~83;H,7~66;0,13~71;N,4~03.C,,H,,O,N 
requires: C, 74.75; H, 7.70; 0, 13.58; N. 3.96%). 

(b) p-Tohenesufinyl chloride technique. The oxime 2d (300 mg) was dissolved in 8 ml anhyd pyridiie, 
and 1.5 g p-tolucncsulfonyl chloride was added in small portions. The original colorless soln became 
orange-red and was allowed to stay I hr at room temp. After the same treatment as above, 184 mg of 
crystalline 6 was obtained. Recrystallization from MeGH provided the pure sample of 6 as prisms, m.p. 
159-160°, [alo -40”. 

[3,2dl-3’-MerhyILso~o~e~s~a- 1,3,5( 10)+&n- 178-01 aceme (7) 
A suspension of 150 mg of 2d in 5 ml of a 20% KOH-water soln was vigorously shaken for 3 min. then 

0.6 ml of bcnzcnesulfonyl chloride was added. The mixture was shaken for 2 additional hr. diluted with 
water, and extracted with EtOAc, then washed. dried, and evaporated. The residue was crystallized from 
McOH (90mg).thusaffordingthcpuresampleof7.m.p. 181-182°,[a1, +98°;1,,243,249.255,296nm 
(log 6 4*00,4.04,3.96,3.64); v::’ J 1725,1610,1590,1245cm~‘;NMR0~76 (18-H), 2.0(17GAc).2.53 
(isoxaxolc methyl), 2.95 (benzylic H), 7.23 and 7.53 ppm (aromatic H). (Found: C, 74.58; H, 7.68; 0, 
13.73; N, 3.77. C,H,,O,N requires: C, 74.75; H, 7.70; 0. 13.58; N, 3.96%). 

2-Merhyl&nzoxazo& (8). Prepared by the method ofTheilacka:Lo c,,, 188-192°;1, 232,263,270. 
277 nm (log6 4X&3.48,3.67.3.70); vi: 1616, 1575 cm-‘;NMR(CCl,),2.55 (2CH,),6.75-7.73 ppm 
(4 aromatic H). 

3-Merhylbenrfsawzole (9). The technique of Lmdcmann et al.” led to a 1: 1 mixture of 8 and 9 (shown 
by NMR and GLC). These isomers were scparatcd by GLC with a Varian Acrograph 705. using 6 10 x 1 cm 
aluminum column filled with 15% SE-30 on chromosorb W; the column temp was 28 1 Q ; the retention times 
were: 2-mcthylbenzoxazole (8): 9.1 min; and 3-mcthylbenzisorazole (9): 10.2 min. 

Compound 9 showed. e,. 95O; 1, 235, 243. 285, 330 nm (log 6 3.89, 3.83, 3.42, 2.85); vi, 1650, 
1620, 1580 cm-‘; NMR @XI,). 2.51 (3CH,), 6.62-7.72 ppm (4-aromatic H). 

To 150 mg of 4 in 5 ml EtOH, 1 ml NH,-NH,,H,O in 1 ml EtGH was added, and the mixture was 
gently rdluxcd for 30 min. The mixture was cooled, poured into water, and extracted with E1OAc. The 
organic layer was washed with water, dried over Na$O,, filtered, and concentrated invacuo. affording 100 
mg 1Oa. The analytical sample recrystallircd from xcctonc-hexfu~c. gave 1Oa solvatal with acetone as light 
prisms, m.p. 260-262O. [a],, + 194O; 1, 217.253,263,304.311 nm (log6 4.39.4.21.4.25.3.85,3.85); 
vc~‘3440~3300.1725,1710(~one), 1630,1580,1250cm~‘;NMR0~84 (18-H). 2.09 (17a-HX2.19 (j 
mole acetone), 2.82 (bcnzylic H), 6.69 (pyrazole H), 6.75, 7.48 (aromatic H). 7.58 (pyraxole H). 9.50 
ppm (brondcn signal, OH and NH, dim with D,O). (Found: C, 72.16; H. 7.43; 0. 14.05; N, 6.38. 
CI,H,O,N,, j CH,COCH, requires: C, 71.88; H, 7.58; 0. 13.69; N, 6.84%). 

3,17~-DU1ydroxy-2-(3’-pyrazolyl)-esfra- 1,3,5( lO)niene (lob) 
Treatment of 4 with NH,-NH,.H,O. containing an excess of water, under the above conditions, 

afforded uclusivcly 1Ob. Recrystallization from CHCI,-McOH gave the analtyical sample as large prisms, 
m.p. 297-299O, [alo + 203O; A, 214.254.262, 302.310 nm (log 6 4.42.4.19,4.22. 3.86.3.86); vrz 
3540 (NH), 3425-3 100 cm“ (OH and NH associated), 1630.1580 cm-‘; NMR (4DMSO) 0.69 (18-H). 
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6~59(C4aromaticH),6~83(C4-H,~J=2Ht).7~56(C-laromaticH).7~81 ppm(C-5’-H,d,l=2.5 
Hz). (Found: C, 74.29; H, 7.40; 0.9.88; N. 8.72. Cr,H,,O,N, requires: C, 74.52; H, 7.74; 0.9046; N. 
8.28%). 

Tbis compound lob was identical (mixed m.p.. IR, and TLC) with a sample obtained by direct alkaline 
hydrolysis of tbc acetate IOa 

3,17BDulydroxy-2-(5’-r~f~~a-1,3,5( IO)-~rien-l7-acefore (Ila) and 3,17g-dihydro~y-2-(3’- 
isoxazolyl)-estra- 1,3.5( IO)~ien-ace~cue (121) and the 3,17-dhu-etate (12b). 

A mixture of 400 mg of 4,150 mg NH,OH, HCl in 10 ml EtOH. and 5 ml dry pyridine was heated under 
rdiux for 4 br and then left at room temp overnight. Tbe reaction mixture was conccntratcd under reduced 
pressure, water was added, and tbe soln extracted with EtOAc. Tbe organic layer was wasbcd with water, 
dried over NQO,, filterad, and evaporated to furnish 130 mg of I la. Tbc analytical sample was obtained by 
sevwal crystallixations from EtOAc. as prisms, m.p. 239-240° (dcc), ]a], + 75’=‘;1,226,266,276,3 16 
nm (log s 4.28, 4.30, 4.21, 4.02); v= 345&3350 and 3X0-3150 (associated OH), 1730, 1620, 1575, 
1250cm-‘;NMR (d,-pyridinc)O.85 (la-H),2.06( 17-OAc), 7.03 (4-H).8.1 (I-H). 7.30and8.66ppm (3’- 
H and 4,-H, d.J= 2 Hz). (Found: C. 72.33; H, 7.16; 0.1664; N, 3.54. CuH,,O,N requires: C, 72.42; H, 
7.13; 0. 16.78; N. 3.67%). 

Tbe mother liquors WKC evaporated to dryness, affording 3 IO mg of a mixture constituted mainly by the 
isomers 1 la and Ik. 

On the one band, this mixture was heated with 3 ml A$0 in 5 ml pyridinc one nigbt at room temp. After 
usual extraction procedure, 150 mg 12b was obtained. The analytical sample was recrystallized from 
CHCI,-McOH to afford wbitep1ates.m.p. 201-202°,]a], + 120°;1, 210.248.282nm (logs 4-43.4.12. 
3.36); v:: 1770, 1730, 1610. 1550, 1250 cm-‘; NMR 0.85 (18-H), 2.07 (170Ac), 2.29 (3-OAc). 2.92 
(broad, bcnxylic H), 6.59 (d, 5=2 Hz. isoxaxole H). 6.92, 7.68 (aromatic H), 8.45 ppm (d, J= 2 Hz, 
isoxaxolc H). (Found: C, 70.72; H. 6.9 I; 0. 18.97; N, 3.46. C,,H,,O,N requires: C, 70.90; H, 6.90; 0, 
18.89; N, 3.31%). Alkaline hydrolysis (K&O,-H,LMeOH) of I2b gave I2a. 

On the other band, this residue was scparatcd by TLC using benzencEtOAc (4 : 1) as eluent, affording 
45 mg of I Ia and 70 mg of IZI, as white plates from CHCI,-MeOH, m.p. 225-227O. ]a], + 56O; I,, 22 1. 
258. 308 nm (log 4.28. 4.00. 3.74); ::zB 35CMI-3260 (OH assoc), 1725 (l7g-OAc), 1630, 1580 cm-‘; 
NMR (d,-pyridine) 0.81 (18-H). 2.03 (17-OAc). 5.33 (broad OH), 7.05 (4-H). 8.0 (1-H). 7.40 (d,/= 2 
Hz, 4-H) and 8.83 ppm (d, /= 2 Hz, 5,-H). 

3,17-Dihydrov-2-(5’~iroxuxolyl)-estru- 1.3,5( lO)rrfen-3.17 diacetate (Ilb) 
82 mg of IIa were treated witb 3 ml AGO in 5 ml dry pyridine one night at room temp. After usual 

extraction procedure 90 mg of Ilb were obtained as plates from CHCl,-MeOH, m.p. 174-175“. [a],, 
+600;1, 207,219.266 nm (logs 4.27.4.30.4.29); vz 1760, 1720, 1615, 1590cm-1;NMR0.81 (18. 
H). 2.03 (I 7aAc). 2.33 (3-OAc), 6.45 (d. J= 2 Hz, isoxaxolyl-4-H). 8.28 (d, J= 2 Hz, 3’-H isoxaxolc). 
6.91 (4-H) and 7.80 ppm (1-H). (Found: C. 70.72; H. 6.91; N, 3.24. C&H,,O,N requires: C. 70.90; H. 
6.90; N, 3.31%). 

5-Phenylisomzole (13) 
Prepred by tbe method of Wcodward et al;“1,, 263 nm (loge 4.20); v:z 1610, 1595, 1575 cm-‘; 

NMR (Ccl,) 6.42 (d, /= 1.5 Hz, C--4-H). 8.15 (d. J= I.5 Hz. C-3-H). 7.30-7.47 (3 aromatic H). 
7.62-7.82 ppm (2 aromatic H). 

3-Phenylisoxazole (14) 
(a) Benzonhrife arti. ln a 1 I. separating funnel, 15 g bcnzaldoximcs dissolved in 100 ml DMF was 

introduced. N-bormosuccinimidc (22 g) dissolved in 50 ml DMF was added. To this red cxotbermic 
reaction mixture, cooled to 5O. 25 g trietbylaminc in 50 ml DMF was added portion-wise with vigorous 
shaking. Tbe solid which formed during the addition of trietbylamine dissolved by addition of iced-water 
(300 ml) and ether (250 ml). At tbc end of tbc addition of trietbylamine, tbc red color changed to light 
yellow. The ether layer was separated, and tbe water pbasc was extracted again with etba. Tbe organic pbasc 
was washed and used as such for the next step. 

(b) 3-Plrenyl.5-ocerary-Az-isoxazoline. To the ethereal soln of bcnzonitrilc oxide. coolcd to 0”. 25 ml 
recently distilled vinyl acetate in 50 ml ctha was added portion-wise, with stirring in a period of 10 min. Tbc 
mixture was IeR for 30 min at O”. then BItered to separate 2.3 g of 15 (m.p. I IO“). Thecthcr soln was allowed 
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to stand at room tunp for 3 hr. thm it was dried and conccntratcd in uacuo. The residue afforded 9 .g (36%) 
of a slightly yellow crystalline material, m.p. 8&87O.” 

(c) 3-Phenylfroxclrole (14). The previously described proccdur~~ was followed to provide 89% of 14, a,, 
122°;1,240nm(logt4~15);v~~ 1590.156Ocm~‘;NMR (CCl,)6.54 (d,J= 1.5Hz.C4H),8.34 (d, 
/= I.5 Hz. C-5-H). 7.287.43 (3 aromatic H), 7.65-7.85 ppm (2aromatic H). 
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