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Communications 
Synthesis of (&)-3-Methoxyestra-l,3,5( 10)-triene: 
Stitching and Riveting as a Tool for Steroid Synthesis 

Summary: (&)-3-Methoxyestra-l,3,5(10)-triene has been 
prepared from 1-chloromethylcyclopentene and 2-(N,N- 
dimethylamino) -44  rn -methoxyphenyl)butyronitrile. 

Sir: We have been exploring the synthetic strategy of stitching 
and riveting,' hydroboration-carbonylation, as a means of 
preparing steroids and other stereochemically demanding 
natural products. Described herein are some of the initial re- 
sults from our investigations directed toward the synthesis 
of 3-methoxyestra-l,3,5( 10)-triene (1). This well-characterized 
steroid2 was chosen as our first synthetic objective due to the 
presence of the natural configuration of the ring junctures 
along with its lack of complicating functional groups, and we 
envisioned it as evolving from diene 2 through the hydrobo- 
ration-carbonylation procedures of Brown (Scheme I).3 The 
well-documented theory of selectivity in the addition of alk- 
ylboranes to olefins led us to the proposition that thexylbo- 
rane4 would regioselectively add to the monosubstituted 
double bond in 2, boron becoming bonded to the least-sub- 
stituted end of that double bond, generating carborane 3. This 
compound (3) would then be predisposed to deliver boron and 
hydrogen (cis addition) to the trisubstituted olefin ( E  geom- 
etry) of compound 3 in an intramolecular process that is 
stereochemically guided by attachment of these groups to the 
steroidal "D ring" as illustrated in Scheme I. Realization of 
this stitching process would force formation of all trans tri- 
cyclic carborane 4. Carbonylation and oxidation of 4 would 
then form hydrindanone 5, a structure analogous to com- 
pounds previously converted to estrone derivatives by Cohen 
and Smith.5 

Pursuing these considerations, compound 2 was prepared 
and added to a solution of thexylborane (BH3 was generated 
in situ, LiAlHfiF30Et2, -78 "C; then 2,3-dimethyl-2-butene 
was added at  0 "C) forming crude carborane 4 (vinyl proton 
resonances of 2 absent in lH NMR of 4). This material was 
immediately treated with carbon monoxide (1200 psi, 50 "C, 
5 h) and then oxidized (NaOAc, H202, aqueous THF) af- 
fording 5 (53% from 2). Studies on 5 have been strongly sug- 
gestive of the all trans structure shown in Scheme Acid- 
catalyzed cyclization of 5 (10 N HCl/methan01)~ gave 3- 
methoxyestra-1,3,5(10),9(ll)-tetraene (6 ,  mp 82-85 oC),8 
which forms the desired 3-methoxyestra-1,3,5( 10)-triene (1) 
via reduction (1 atm K2, Pd/C; mp 78 "C from methanol).2 
Chromatographic and spectroscopic comparison of this 
(&)-steroid with optically active 3-methoxyestra-1,3,5(10)- 
triene ( I )  prepared from natural 3-methoxyestra-1,3,5(10)- 
trien-17-one via deoxygenation (tosylhydrazone, N ~ H S B C N ) ~  
confirmed the structural identity of these two substances. 

Scheme I 

L 3 

HC1 

1 6 

Bicyclic diene 2 is accessible (Scheme 11) through two sig- 
matropic rearrangements starting with l-chloromethylcy- 
clopentene (7)1° and the N,N-dimethylaminonitrile 8,ll the 
latter of which is derived from rn-methoxyhydrocinnamal- 
dehyde. These two reagents (7 and 8) react to form amorphous 
salt 9,12 which was rearranged to amino nitrile 10 by the action 
of base (potassium tert-butoxide, MezSO/THF, -30 OC).13 
Copper sulfate (pentahydrate) assisted hydrolysis13 (refluxing 
EtOH, 10 min) and acid-catalyzed bond migration (HCl 
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aqueous in THF, 8 h) forms enone 11 [46% from 8: IR 1680, 
1650 cm-1; lH NMR 6 2.05 (allylic CH3)]. Reduction (11 to 12, 
LiAlH4, ether, 15 min), vinyl ether exchange [ 12 to 13, ethyl 
vinyl ether, Hg(OAc)z], and Claisen rearrangement affords 
aldehyde 14 [55% from 11; IR 2740,1725 cm-l; lH NMR 6 9.51, 
5.12 (aldehyde and vinyl H's)] with the transoid geometry of 
the trisubstituted olefin in 14 (Scheme 11) resulting from this 
rearrangement. Diene 2 was cleanly formed by reduction 
(LiAlHd, THF) and dehydration using the multiple step 
procedure of Sharpless (MsC1, o - N O Z C G H ~ S ~ N ~ ,  HzOz, 
A).14 

The ease with which we have been able to prepare steroid 
1 with the all trans natural configuration starting from simple 
starting materials via stitching and riveting has encouraged 
us to pursue more complex natural products, the report of 
which will be forthcoming. 

Acknowledgment. We gratefully acknowledge the Na- 
tional Institutes of Health (HEW) for support of this work 
(Grant AM-18802). 

References and Notes 
(1) H. C. Brown, Acc. Chem. Res., 2, 65 (1969). 
(2) (a) L. Caglioti and M. Magi, Tetrahedron, 19, 1127 (1963): K. J. Sax, R. H. 

Blank, R. H. Evans, Jr., L. I. Feidman, and C. E. Holrnlund, J. Org. Chem., 
29,2351 (1964)' M.-M Canet and J.C. Guilleux, Bull. Soc. Chim. Fr., 3858 
(1966): L. Throap and L. Tokes, J. Am. Chem. SOC., 89, 4789 (1967); P. 
Francois and J. Levisalles, Bull. Soc. Chim. fr. ,  318 (1968). (b) For the I3C 
NMR data of 1 see: T. A. Wittstruck and R. I .  W. Williams, J. Org. Chem., 
38, 1542 (1973): G. Enaeihardt. D. Zelaan. B. Schonecker. and K. Ponsold. 
2. Chem.; 15, 60 (197%). 

1975 

- 
(3) H. C. Brown, "Organic Syntheses via Boranes", Wiley, New York, N.Y., 

(4) 4: Zweifel and H. C. Brown, J. Am. Chem. Soc., 85, 2066 (1963). 
(5) (a) N. Cohen, 8.  L. Banner, W. F. Eichel, D. R. Parrish, G. Saucy, J.-M. 

Cassal. W. Meler, and A. Furst. J. Org. Chem., 40, 681 (1975); (b) 0. 

Douglas, J. Graves, D. Hartley, G. Hughes, B. McLaughlin, J. Siddall, and 
H. Smlth, J. Chem. SOC., 5072 (1963). 

(6) The hydrindanone methyl group appears at 6Me,s~ (CDC13) 1.01, which is 
consistent with the expected chemical shift of the trans system 5, see ref 
5. See also T. C. McKentie, J. Org. Chem., 39, 629 (1974). 

(7) All compounds gave satisfactory analytical data by IR, NMR (13C, 'H), UV, 
spectral, and chromatographic analysis. All compounds were racemic 
modifications unless otherwise indicated. 

(8) R. C. cambie and N. F. Carlisle, J. Chem. Soc. C, 1706 (1970); NMR spectra 
and physical constants of 8 are reported therein. 

(9) R. F. Borch, M. D. knstein,  and H. D. Durst, J. Am. Chem. Soc., 93,2897 
(1 97 1). 

(10) P. Ranjan. C. Skinner, R. Dennis, and W. Shive, J. Am. Chem. Soc., 78, 
5116 (1956). 

(11) A. Lespagnol. E. Cuingnet, and D. Debaert. Bull, SOC. Chim. Fr., 383 
(1 960). 

(12) The NMR of crude salt 9 exhibited a downfield shift (A6 of -1 pprn) of the 
methyl groups on nitrogen with respect to free base 8. 

(13) G. Buchi and H. Wiiest, J. Am. Chem. SOC., 96, 7573 (1974). 
(14) K. B. Sharpless and M. W. Young, J. Org. Chem., 40, 947 (1975). 

T. A. Bryson,* W. E. Pye 
Department of Chemistry, University of South Carolina 

Columbia, South Carolina 29208 
Received June 20.1977 

Formation of Intramolecular Oxetanes in the 
Photolysis of N-2-Alkenyl Alicyclic Imides 

Summary: On irradiation in acetonitrile, N-(2-methylally1)- 
succinimide (1) underwent intramolecular ring closure to give 
oxetane 4. On the other hand, in weakly acidified methanol 
(or water) 1 gave the corresponding ring-enlarged compound 
7 (or 5) via oxetane 4. 

Sir: We wish to report on the first example of intramolecular 
oxetane formation in the photolysis of N-(2- 
Methylally1)succinimide ( l ) ,  N-allylsuccinimide (2), and 
N-allylglutarimide (3) were examined in this work. 

Irradiation of 1 (0.05 M) in acetonitrile with a 120-W low- 
pressure Hg-arc lamp for about 120 h gave, after evaporation 
of the solvent, an oily product 4 almost quantitatively. After 
a prolonged heating at  about 100 "C, 4 decomposed into the 
starting material 1. The structure of 4 (oxetane) is assigned 
on the basis of its 13C and lH NMR spectraS3 The 13C NMR 
spectrum of 4 revealed the presence of eight different carbon 
atoms: 6 (CDCl3) 14, 15, 27, 30, 50 (NCC), 59 (OCC), 79 
(NCO), 181 (NC=O). In the lH NMR spectrum the observed 
long-range coupling between Ha and H,, which is confirmed 
by the spin decoupling, clearly demonstrates the fixed W 
configuration (H,CCCH,) for 4: 6 (CDC13) 1.32 (s, 3 H, CH3), 
1.9-2.9 (m, 4 H, -CHzCH2-), 3.68 (dd, J = 2,9 Hz, 1 H, Ha), 
4.10 (d, J = 9 Hz, 1 H, Hb), 4.36 (dd, J = 2,6 Hz, 1 H, HJ, 4.69 
(d, J = 6 Hz, 1 H, Hd). By treatment with aqueous acid, 4 was 
converted to 5 (oil), then to acetate 6: mp 111.0-112.5 "C; lH 

(m, 4 H), 3.24 (dd, J = 6,16 Hz, 1 HI, 3.44 (dd, J = 6,16 Hz, 
1 H), 4.20 (br s, 2 H, CH~OAC), 7.20 (br t, 1 H, NH); IR (KBr) 
3320,3090 (NH), 1737 (ester), 1706 (keto), 1663 (amide) cm-l. 
Irradiation of 1 in water acidified with a trace of hydrochloric 
acid also gave 5 in a good yield. On the other hand, irradiation 
of 1 (0.05 M) in acidic methanol acidified with a trace of hy- 
drochloric acid for about 20 h afforded a ketal 7 (88%): mp 

(m,4 H,-CHzCHp),3.34 (s,3 H,0CH3),3.39 (s,3 H,0CH3), 
2.8-4.0 (m, 5 H), 6.80 (br t, 1 H, NH); IR (KBr) 3400 (OH), 
3240, 3070 (NH), 1655 (amide) cm-l. Acetate of 7 (8): mp 

3 H,OAc),1.8-2.6 (m,4 H,-CH2CHz-),3.28 (s, 3 H,OCH3), 
3.34 (s, 3 H, OCH3), 2.8-3.5 (m, 2 H), 4.02 (d, J = 12 Hz, 1 H), 
4.23 (d, J = 12 Hz, 1 H),  6.36 (br t, 1 H, NH); IR (KBr) 3200, 
3080 (NH), 1735 (ester), 1670 (amide) cm-' (Scheme I). 

NMR (CDC13) 6 1.02 (s, 3 H, CH3), 2.04 (s, 3 H, OAC), 2.4-3.0 

160.0-161.0 "C; 'H NMR (CDCl3) 6 0.98 (s, 3 H, CH3), 1.8-2.6 

124.0-126.0 "C; 'H NMR (CDCl3) 6 1.02 (s, 3 H, CH3), 2.06 (s, 


