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Abstract-A synthesis of 3cyano-3-methyl-7-mcthoxyc~o~~ne is reported. The structure of 
an “abnormal” product obtained during komerization of the isoxazole (III) with potassium 1-butoxide 
in t-butanol followed by alkylation with methyl iodide has been proved to be 3-t-butoxy-2-cyano- 
2-methyl-2’,4’dimethoxypropiophenone (IVa). 

RECENT interest in the synthesis and study of the physiological activity of oxasteroids1-7 
prompted a stereospecific synthesis of a key-intermediate (I) by the well-known 
benzhydrindane approach for the construction of trans-fused C/D rings.8.O The 
intermediate (I) can be used for further elaboration of 11-oxasteroid analogues. 
Very recently, Smith et d4 starting from 7-methoxychroman4one achieved a total 
synthesis of 6-oxaestrone, 6-oxa-Gsoestrone and 6-oxa-&iso-17estradioL3-mono- 
methyl ether, the latter showing 66% of the activity of estradiol. 

7-Methoxychroman-Qone’O was condensed with ethyl formate to give the corre- 
sponding 3-formyl derivative in 95% yield. This was converted to the isoxazole (III) 
in 80% yie1d.s The UV [ilmsx 234 (& 13,090), 278 (9925), 286 (10,050) and 318 rnp 
(12,200)] and the IR [(CHCQ 1658 (C=N), 1613 and 1575 cm-l (aromatic C=C)] 
spectra of III are in agreement with the expected structure. The NMR spectrum of III 
which shows signals at 228.5 (3H, -OCH& 322 (2H, -OCI-I&, 405.5 (2H, multiplet), 
450.5 (1 H, doublet, J = 9 c/s) and 486.5 c/s (IH, -N=C-I-I) proved its structure 
beyond doubt. Initially, the isomerization of III followed by methylation was carried 
out according to Johnson’s conditions and the crude neutral product, isolated from 
the reaction mixture,” was chromatographed on activated Brockman alumina. 
The fraction eluted with 1: 1 petroleum ether-benzene gave a white crystalline 
solid (45% yield) with UV max at 232, 271 and 299 rnp and IR (nujol) peaks, 2273 
(C=N), 1678 (C=O conjugated) and 1613 and 1575 cm-l (aromatic C=C). Even 

* G. R. Pettit and T. R. Kasturi, J. Org. Chem. 26,4557 (1961). 
8 G. R. Pettit, A. K. Das Gupta and U. R. Ghatak, Steroidc 1,137 (1%3) and Refs cited therein. 
s R. Pappo and C. J. Jung, Tetruhedron Letters 365 (1962). 
’ H. Smith, G. H. Douglas and C. R. Walk, Experientia 20,418 (1964). 
s S. Rakhit and M. Gut. J. Org. Chem. 29,229 (1%4). 
a G. V. Bhide, N. L. Tikotkar and B. D. Til&, Tetrahedron 10,223 (1960). 
’ S. D. Levine, Tetrahedron Letters 2233 (l%S). 
n W. S. Johnson, J. W. Peterson and C. D. Guts&e, J. Amer. Ckm. Sot., 67,2274 (1945); e, 2942 

(1947). 
g D. K. Banerjee, S. Chatterjee. C. N. Pillai and M. V. Bhatt, J. Amer. Chem. Sot. 78,3769 (1956). 

lo E. M. Padfield and M. L. Tomhson, /. Chem. Sot. 2272 (1950). 
I1 Investigations on the nature of the other products obtained from this mixture are in progress. 

1027 



1028 T. R. KASTURI and K. M. ~AMODARAN 

though the ~orementio~ed spectraI characteristics correspond to the expected cyano- 
methylchromanone (Ha), yet the elemental composition of this compound was found 
to be C,H,NO, implying the formation of an “‘abnormal” product during this 
isomerization. Speckamp et a1.12 reported a cleavage product (Va) of the cyano- 
methyl ketone (IIb) during Stobbe condensation. Similar ring cleavage was earlier 
observed during Stobbe condensation by Johnson,8 Tllak et al.*and Subra~anyam.l~ 
In the light of these observations, we’@esumed~at first that a similar cleavage of the 
initi~y formed IIa would give rise to Vb. The reaction product, however, on reduction 
with sodium borohydride gave a hydroxy compound (IVb) with no IR absorption 
corresponding to ester carbonyl, thus disproving the structure Vb for this abnormal 
product. The benzylic nature of the carbonyl group was indicated by hydrogenolysis 
of the aforementioned alcohol (IVb)ls to give IVc. 

Finally, assignment of structure IVa for the abnormal product resulted from a 
study of its NMR spectrum which shows peaks at 70 (9H, singlet), 95.5 (3H, singlet), 
229 (3H, singlet), 233 {3H, singlet), 217 (2H, m~tiplet), 390 (2H, multiplet) and 
439 c/s (1 H, doublet, J = 9 c/s). The presence of a t-butyl moiety in this product was 
clearly indicated by the signal at 70 c/s with an in~nsity of nine protons. Cleavage of 
the chromanone ring was inferred from the two signals occurring at 229 and 233 c/s, 
expected for methoxyl groups on an aromatic ring. The signals at 390 and 439 c/s 
indicate the 1,2, Csubstitution pattern of the aromatic ring.* Further evidence for the 
presence of the t-butyl moiety in this product was obtained from its IR spectral 
characteristics. The bands at 1379 and 1364 cm- r, the intensity of the latter being 
more than that of the former is characteristic of the t-butyl group.18 The bands at 
1174, 1022,900,813 and 758 cm-l are also indicative of a t-butoxy group.” 
I With a view to providing chemical evidence for the presence of the t-butoxy moiety, 

the abnormai product (IVa) was treated with ~5noroa~tic acid according to the 
procedure of Beyermaa et al. l8 The crude product, thus obtained, shows thepresenceof 
hydroxyl(3636 cm-l), trifluoroacetate (1792 cm-l) and conjugated ketone (1681 cm-l), 
and also the absence of a t-butoxy group in the IR spectrum. Further purification to 
obtain IVd could not be achieved as the trifluoroacetate moiety was partially removed 
on chromato~aphy. Such an observation has recently been made by Beyerman ef af.ls 
However, treatment of IVa with glacial acetic acid containing perchloric acid fur- 
nished the acetate (IVe) as proved by its IR spectrum. 

The probable mechanism for the formation of IVa during the isomerization of I.11 
followed by methylation is shown in Chart I. 

The initially formed anion (VI) could undergo a /I-elimination’LD followed by 

I* W. N. Speckamp, U. K. Pandit and H. 0. Huisman, Rec. Trav. Chim. 82,39 (1963). 
18 M. K. Bhattacharjee, R. B. Mitra, B. D. Tilak and M. R, Venkiteswaran, T&&&on 10,215 (1960). 
14 G. Subrahmanyam, Ph.D. Thesis of Jadavpur University, Indii, p. 36 (i462); D. K. Ranerjee 

and 6. Subr~any~. Unpub~~h~ work. 
16 Under similar conditions, hydrogenolysis of the parent ketone (IVa) was very sluggish. 
16 C. N. R. Rao, The Chemical Applications of Infrared S’ctrc)scopy p. 139, Academic prr?ssi, New 

York (1963). 
17 J-I. A. Oty, Ana2yr. Chem. 32,509 (1960). 
I* H. C. Beyerman and J. S. Bontekoe, Rec. Tram. Chim. 82,691 (1962). 
19 H. C. Beyerman and G, J. Heisxwolf, Rec. Truu. Chim. 84,203 (1965). 
so Similar /&elimination resulting in the cleavage of the chromenone ring after prolonged refluxing 

with sodium ethoxide in ethanol is also recorded.“’ 
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Ha, R = 0 
b, R = NTs 

IV a, R, = C(CH&; R, = 0 
b, R, = C(CH&; R, = ,-OH 

H 

Va, R = NHTs 

CHS 

c, R, = C(CH,),; R, = I-1, 
d, R, = COCF,; R, = 0 
c, R, = COCH,; R, = 0 

b, R = OCH+H-CN 

CHART1 

methylation to give VII. Michael addition of the t-butoxide anion21*2a to the highly 
resonance stabilized species (VII) followed by methylation could lead to IVa. Such 
an “abnormal” reaction was not noticed when alkoxides like sodium methoxide in 
methanol, sodium ethoxide in ethanol and even potassium isopropoxide in isopropanol 

I1 C. E. Rehberg, Marion B. Dixon and C. H. Fisher, J. Amer. Chem. Sot. 68,544 (1946). 
** J. H. McGregor and C. Pugh, J. Chum. Sot. 535 (1945). See also H. Bruson, Orgunic Reactions 

Vol. V, p, 79. J. Wiley, New York (1949). 



were employed in the above isome~~tion reaction.= however, the expected cyano- 
methyl ketone (IIa) was obtained in very poor yield. 

Co~side~ng that the excess of ~~~ssi~ t-butoxide used in the foregoing iso- 
merization experiment could lead to the formation of IVa, an inverse addition of only 
I.2 moles of potassium t-butoxide to a stirred suspension of III in t-butanol containing 
a fairly large excess of methyl iodide was carried out to yield the desired= cyanomethyl 
ketone {IIa) in 45% yield. This reaction using similar molar proportions of sodium 
methoxide and sodium ethoxide, gave fIa, sodium e&oxide in ethanol furnishing 
the better yield (600/,)). The structure of IIa was proved beyond doubt by its UV 
[&,, 235 (E 9520), 278 (14,410) and 310 rnp (8065)], IR [(Nujol) 2262 (CSN), 
1689 (conjugated C===C), 1613, 1567 (aromatic i&C), 1035, 1024, and 834 cm-l 
~~,2,~trisubstituted benz~ne~] and NMR spectra. The signals at 96.5 f3H, Cl-I& 
267 (2H, quartet, J = I2 c/s, -Q-C&---) and 231 c/s (3H, -WX-Q are in 
conformity with structure Ha, Further, the doublet centred at 469 c/s (J = 9 c/s, Cs 
proton coupled with C, proton), the doublet centred at 387 c/s (J = 2.5 e/s, C, proton 
coupled with C, proton) and a pair of doublets centred at 398*5 c/s (C& proton split 
by C, and C, protons, JII,s = 9 c/s and Js,s = 2.5 c/s) are indi~a~ve of I ,Z&ubstitu- 
tion pattern of the aromatic ring.k 

Attempts to convert Ha to the key intermediate (I) are in progress. 

E~~ER~~~NTA~* 

G~JWUL AIi m,ps am uncorrected. UV spectra were determined in 95 % MOW (unIess otherwise 
specifiwi) using a &&mann DU Spectrophotometer. IR spectra were recorded with a Ferkiu-Elmer 
Model 137 B Infracord Spectrophotometer. NMR spectra wem measured in CDCl, solution on a 
Varian A-60 Spectrometer; chemical shifts are quoted iu c/s uuits at 60 MC/S downtleld from tetra- 
~~y~iI~ as Internal staudard. Pet. ether b.p. 4@-6O* only was used. Microanalyses were carried 
out by Messrs. B, R, ~~~a and H, S. ~ya~j~ of this d~~~nt* 

3-Formyl-7-metltoxychromM_eonc 

A solution of ‘7”methoxychroman4one (20 @ in dry benzene (30OmI) was added at 15’ to a 
mixture of dry MeONa (from ‘F6 g Na}, ethyl fo~ate (20 ml) and benzene (So mt) in an atmosphere 
of NI. The mixtum was stirred for 1 hr at B-20” and for 5 more br at room temp. The pale orange 
reaction mixture was diluted with water, and the beuxene solution extracted with 5% NaUHaq, The 
combined water and alkaline extracts, after cooIing, were acidified with ice-cold cant. HCl and the 
precipitate iiltered, washed and dried. The sticky sofid (22 g, 95 “A on c~~I~tion from aqueous 
EtOH gave pale yellow leaflets, m.p. Q6-9F. Pound: C, 64.07; H, 4.86. G&,0, mquires: C, 
64@I; H, 4‘85%.) UV &, 230 (e ll,Sso), wf {‘?470), 274 (11,4oof, 305 f7I46) and 355 ml* @GO]. 
IR [CHCls) peaks at 3356 (bonded --OH& 168% (conjugated C==0) and 1639 cm-’ (cheIated con- 
jugated CL=% 

A soiutbri of the forego&g formyl compound (lo*5 9, in gIacii acetic acid (240 ml) wag treati 
with &y powdered hy~oxyi~e hydr~~o~d~ (2.9 @ and the mixture quickly heated to boibng in 
an oil-bath maintamcd at 170”. Refluxing was u?ntinued for 7 min and then hot water was added 
until the pink solution became turbid, The contents were cooled and left overnight in the refrigerator. 
The mixtum was extracted with barmsne, washed with water, cold 5 % NaOHaq and then severaI timee 

* We are ~~ to Mr. B. L. MyIari for some of the prcliinary expariments in &Is aaries. 

** Further work is being carried out to throw more right on the me&a&m. 
*( The natum of the other products obtained in this reaction is uudsr further investigation. 
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with water. The solvent was distilled off to give a pale yellow solid (8.3 g, 80’%). One crystallization 
from EtOH afforded pale yellow needles, m.p. 95-96”. (Found: N, 7.16; C, 65.6; H, 4.63. CrlH*NO, 
requires: N, 6.9; C, 65.03; H, 4.43%) 

Treatment of isoxazok (III) with &oxides and methyl iodide using Johnson’s conditbns’ 

(a) Potassium t-box&k in t-butanol. Compound III (1.08 g) was added to a solution of K (0.68 g) 
in t-butanol(20 ml). The orange suspension of the potassium derivative was heated with stirring at 
75-80” (10 min) when a clear orange solution was obtained; and then Me1 (7 ml) was added dropwise 
(10 min) with continued stirring and heating under reflux which was continued for an additional 
20 min. The unreacted Me1 and the solvent were removed in uacuo, water was added and the mixture 
extracted with benzene. The benzene solution was washed s uccessively with cold 5 % KOHaq, water, 
cold dil. HClaq and then several times with water. The residue (1.19 g) obtained after removal of the 
solvent was chromatographed on activated alumina to give three fractions:- 

Fraction I. (1: 1 pet. ether-benzene mixture, @72 g), crystallized from pet. ether containing a few 
drops of benzene, m.p. 77-78”. (Found: N, 444; C, 67.15; H, 7.82. CI,HI,NOI requires: N, 459; 
C, 66.84; H. 7.54%); identilied as IVa. 

Fraction II. (Benzene-ether mixture, 0.2 g), a fluorescent yellow oil having peaks in the IR (smear) 
at 2222 (conjugated -N), 1678 (conjugated C=O), 1608 and 1582 cm-’ (aromatic C==C). 

Fraction III. (MeOH, 0.2 g), crystallized from MeOH in shining white plates, m.p. 150-152”. 
uv 1, 234, 274 and 308 mp. IR (CHClJ 1681 (conjugated C==O), 1639, 1608 and 1582 cm-’ 
(aromatic c=c). 

(b) Sodium methoxide in methunef. Compound III (500 mg) was added to a solution of Na (185 mg) 
in dry MeOH (12 ml) and then treated with Me1 (4 ml).according to the experimental conditions 
given under (a). The crude neutral product was chromatographed and two fractions were collected : 

Fraction I (1: 1 pet. ether-benxene, 55 mg), crystallized from pet. ether-CC&, m.p. 91-92” and 
identitied as Ha. (Found: N, 6.81; C. 66.7; H, 5.25; Cr,HllNO, requires: N, 645; C, 66.35; H, 
5.25 %.) 

Fraction II. (MeOH, 215 mg). Repeated crystallization from EtOH gave a pale yellow solid, 
m.p. 174-175”. UV &,,,, 249,276 and 305 mp. IR (Nujol) 1672 (conjugated c--O), 1637.1608 and 
1582 cm-i (aromatic C==C). 

(c) Sodium ethoxlde in ethanol. Experiment (b) was repeated with the isoxaxole (300 mg), Na 
(111 mg), EtOH (12 ml) and Me1 (3 ml) when IIa (47 mg) and fraction II (44 mg) of experiment IIIb 
were obtained. 

(d) Potnrsium isopropoxide In isopropanol. From III (300 mg), K (195 mg). isopropanol (12 ml) 
and Me1 (3 ml), IIa (153 mg) and fraction II (100 mg) of experiment IIIb were obtained. 

Treatment of isoxazok with alkoxldes and methyl kdide umier modified condition 

(a) Potassium t-butoxide in t-butanol. To a stirred suspension of III (300 mg) in t-butanol (10 ml) 
containing Me1 (0.5 ml). a solution of K (72 mg) in t-butanol (5 ml) was added dropwise and the 
stirring continued for 5 hr. The solvent was removed fn uucuo, water added and the mixture extra&d 
with benzene. The extract was washed with 5% NaOHaq, water, dil. HClaq and water respectively. 
The residue obtained after removal of solvent was chromatographed to yield two fractions: 

Fraction I. (1: 1 pet. ether-benzene, 140 mg), crystallixed from pet. ether-CCl,, m.p. 91-92” 
and identitied as IIa. 

Fraction II. (h4eOH, 48 mg), crystallized from EtOH, m.p. 173-175’. identical with fraction II 
of aforementioned experiment (IIIb). 

(b) Sodium methoxti. Experiment (a) was repeated with III (300 mg), Na (41 mg), MeOH (15 ml) 
and Me1 (0.5 ml) when IIa (142 mg) and fraction II (85 mg) of experiment IIIb were obtained. 

(c) Sodium ethoxide. From III (300 mg). Na (41 mg), EtOH (15 ml) and Me1 (0.5 ml), IIa (195 mg) 
and fraction II (75 mg) of experiment IIIb were obtained. 

Sodium borohydride reduction of IVa 

3-t-&rtoxy-2-cyMc)-l-hydroxy-2-~thyl-~,~~i~t~xypropyl~n~~ (IL%). A solution of IVa 
(100 mg) and NaBH, (13 mg) in dry EtOH (10 ml) was stirred for 1 hr. EtOH removed in vucrw and 
water added. The organic material was extracted with ether, the extract washed with water and dried 
(Na,SO,). The solvent was removed and the residual oil (100 mg) puritied by short-path distillation, 
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b.p. 130-140’/1-2 mm. (Found: N, 509; C, 66.56; I-I, 8.45. Cr,H,‘NO, requires: N, 456; C. 
66.42; H, 8.20 %.) UV &,, 230 (e 8190) and 278 rnp (2400). IR (smear) 3636 (-OH), 2273 (-Ca=N) 
1613, 1587 (aromatic C===C), 1389, 1361 (--fBu), 1190, 1031,962, 833 and 761 cm-r (r-BuO). 

Hydrogenolysis of IVb 

3-t-butoxy-2-cyano-2-methy1-2’,4’-dimethoxypropyKwuene (IVc). A solution of IVb (350 mg) in 
ethyl acetate (25 ml) containing a trace of 70 % HCIO, was stirred with 30 % Pd-C catalyst (350 mg) 
in an atmosphere of H, until no more HI was absorbed. The solution was filtered, washed with 5% 
NaHCO,aq and water. The residue obtained after removal of solvent was puritied by chromatography 
over neutral alumina. The pet. ether fraction (95 mg) was further puritied by preparative TLC and an 
analytically pure sample obtained by short-path distillation, b.p. 140”/1-2 mm. (Found: N, 4.31; 
C, 69.61; H, 9*00. C,,H,,NO, requires: N, 4.81; C, 70.09; H, 8.59 %.) Ups A,,, 230 (e 8695), 
278 (2625) and 284 rnp (2405). IR (smear) 2273 (-C=N), 1613, 1587 (aromatic C====, 1389, 1361 
t-Bu), 1190, 1031, 880, 833 and 766 cm-’ (t-BuO). 

Action of perchloric acid and acetic acid on IVa 

3-Acetoxy-2-cyano-2-tnethyf-2’,4’-dimethoxypropfophenone (IVe). A solution of IVa (300 mg) in 
glacial acetic acid (10 ml) containing 70% HCIO, (1 ml) was stirred at room temp for 24 hr. The 
solution was then diluted with water, neutralized with solid NaHCO,, extracted with ether, washed 
with water and dried @&SO,). The residue, obtained after removal of the solvent, was chromato- 
graphed over neutral alumina. The benzene fraction (165 mg) was further purified by preparative 
TLC and short-path distillation, b.p. 14&150”/1-2 mm. (Found: N, 5.01. C,,H,,NO, requires: 
N, 4.81x.) UV LX 234 (a 9955), 273 (8595) and 305 rnp (6225). IR (smear) 2273 (-C=N), 1754 
(ester C==O), 1678 (conjugated C===O), 1608, 1582 (aromatic C==, 1504 and 1260 cm-r (acetate). 
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*a UV spectrum was measured in cyclohexane. 


