
2294 J .  Org. Chem., Vol. 44, No. 13, 1979 Notes 

R e g i s t r y  No.--t, 23726-93-4; 3a, 10063-97-5; 4,69795-74-0; 5a, 
69795-75-1; 5b, 69795-76-2; 6b, 69795-77-3; 7, 15874-80-3; 8, 19041- 
17-9; al ly l l i th iun i .  305’2-45-7; a l l y l  pheny l  ether, 1746-13-0. 

References and  Notes 

(1) Alicyclic Terpenoids from Cyclocltryl Phenyl Sulfides. 10. Part 9: Torii, S.; 
Uneyama, K.; Ichimura, H. J. Org. Chem. 1978, 43, 4680. 

(2) Demole, E.; Enggist, P; Saeuberli. U.: Stoll, M; Kovats, E. Sz. Helv. Chim. 
Acta 1970, 53, 541. 

(3) Damascenone has also been isolated from other natural products: (a) 
Demole, E.: Berthet, D. Helv. Chim. Acta 1971, 54, 681. (b) ibid. 1972, 55, 
1866. (c) Winter, M.; Enggist. P. ibid. 1971, 54, 1891. (d) Karlsson. K.; 
Wahlberg, I.; Enzell, C. R. Acta Chem. Scand. 1972, 26, 2837. (e) Strating, 
J.: Van Eerde. P. J. lnst. Brew., London 1973, 79, 414. 

(4) (a) Rautenstrauch. V.: Naf. F. Ger. Offen. 2 242 751 (CI. C07c. C l l b ) ,  March 
15. 1973. Swiss Appl. 12 755171, Aug31. 1971. Ghem. Abstr. 1973, 79, 
5053. (b) Isoe. S.; Katsumura, S . ;  Sakan, T. Helv. Chim. Acta 1973, 56, 
1514. (c) Ohloff. G.; Rautenstrauch. V.: Schulte-Elte, K. H. ibid. 1973, 56, 
1503. (d) Isoe, S.; Sakan. T. Japan Kokai 74 75 556 (CI, 16c852), July 20, 
1974. Appi. 72 118 289, Nov 24, 1972. Chem. Abstf. 1975, 82, 124 888. 
(e) Schulte-Elte. K .  H. Ger. Offen. 2 646 322 (CI. C07c 49/61), April 28, 
1977. Swiss 4ppl. 13 660175 Oct 22, 1975. Chem. Abstr. 1977, 87, 
84 622. 

(5) (a) Erwin, K.; Demole. E.; Ohloff, G.; Stoll, M. Ger. Offen. 1 807 568 (CI. 
C07c, C1 lb). June 19. 1969. Swiss Appl. Nov 9, 1967-Nov 1, 1968. Chem. 
Abstr. 1969, 77, 80 798. (b) Kovats, E.; Demole, E.; Ohloff, G.; Stoll, M. 
Ger. Offen. 2 065 323 (Cl. C07c, C l l b ) ,  May 22, 1973. Swiss Appl. 
6976167, May, 07 1969. Chem. Abstr. 1973, 79, 31 582. (c) Buchi, G.; 
Wuest, H. Helv. Chim. Acta 1971, 54, 1767. (d) Buchi, G.: Wuest, H. Ger. 
Offen. 2 240 31 1 (CI. D07c, C1 lb ,  A231, A24b), Feb 22, 1973. Swiss Appl. 
12 119/71, Aug 17. 1971. Chem. Abstr. 1973, 79, 5052. (e) Schulte-Elte, 
K .  H. Ger. Offen. 2 305 140(CI. C07c. C l l b ) ,  Aug 16, 1973. Swiss Appl. 
1618172. Feb 3. 1972. Chem. Abstr. 1973, 79, 115 743. (f) Reference 4a. 
(9) Schulte-Elte. K. H. Ger. Offen. 2 244 680 (CI. C07cd, A231, A24b), 
March 22, 1973. Swiss Appl. 13 397/71. Sept 13, 1971. Chem. Abstr. 
1973, 79, 42 041. (h) Schulte-Elte, K. H. Swiss 548 967 (CI. CO~C) ,  May 
15, 1974. Appl. 13397171. Sept 13, 1971. Chem. Abstr. 1974, 81, 
77 558. 

(6) (a) Ayyar. K. R.; Cookson. R.  C.; Kagi, D. A. J. Chem. SOC., Chem. Commun. 
1973, 161. (b) J. Chem Soc.. Perkin Trans. 1 1975, 1727. 

(7) Rautenstrauch. V.; Naef. F. Swiss 563 326 (CI. CO~C),  May 15, 1975. Appl. 
2060/73. Feb 14, 1973. Chem. Abstr. 1975, 83, 163 716. 

(8) (a) Koenst. W. M. B.; Van der Linde, L. M.; Boelens, M. Tetrahedron Lett. 
1974, 3175. (ti) Karrer, P.: Ochsner, P. Helv. Chim. Acta 1947, 30, 2092. 
(c) Mousserron-Canet. M.; Mani, J. C.: Olive, J. L. C. R Hebd., Seances 
Acad. Sci., Ser C 1966, 262, 1725. 

(9) Bachli, E.; Karrer. P. Helv. Chim. Acta 1955, 38, 1863. 
(10) Kuhn, R.; Wendt. G. Chem. Ber. 1936, 69, 1549. 
(11) Stork, G.; Burgstahler. A. W. J. Am. Chem. SOC. 1955, 77, 5068. 
(12) Smit, V. A.; Semenovskii. A .  V.; Vlad, P. F.; Kucherov. V. F. Izv. Akad. Nauk 

SSSR, Ser. Khim. 1962, 312. Chem. Abstr. 1962, 57, 11 239. 
(13) (a) Torii, S.; Uneyama. K.; Ishihara, M. Chem. Lett. 1975, 479. (b) Kato, T.; 

Takayanagi, H.: Uehara, T.; Kitahara, Y hid. 1977, 1009. 
(14) Torii, S.: Uneyama, K : Kawahara, I.: Kuyama, M. Chem. Lett. 1978, 

455. 
(1 5 )  Treatment of 6b with SnCI4 or BF3 in dry benzene induced the elimination 

of the phenylsulfonyl group, resulting in the formation of a small amount 
of methyl 3.7-dimethyl-2.4.6-octatrienoate along with an unidentified 
complex mixture. The compound 5 was found to be unstable under the 
reaction conditions 

(16) Seitz, K.; Buct-i. G.; Jeger. 0 Helv Chim. Acta 1950, 33, 1746. Reference 
8C 

(17) Eisch, J. J.: Jacobs, A. M. J. Org. Chem. 1963, 28, 2145. 
(18) We are grateful to Professor S. Isoe, Department of Chemistry, Faculty 

of Science. Osaka City University, for his generous gift of the ’H NMR and 
IR spectral data of an authentic sample of 1. 

Solvolytic Rea r rangemen t  Route  to  D -Homosteroids 

K a t h a n  G. Steinberg* 

S t  ei’e ns  Ins  t it u t e of Tee h no 1 ogy , Hobo k en ,  N e w  Jersey 0 7090 

Gar!. H.  Rasmusson a n d  Rober t  A. Reamer 

Merch S h a r p  arid Dohme Research Laboratories, 
Rahwci>,, .Veri Jprse)  0706.5 

KeceiccJd January  19, 1979 

In connection with previous studies aimed a t  modifying 
the ring system of steroids,2J we have carried out an acid- 
promoted ring expansion on the D ring of 16a,l7cu-cyclopro- 
pano steroids 3 and 4. This rearrangement has been previously 
observed in the simple l-bicyclo[3.l.O]hexylethan-l-o1 sys- 
t e m s 4  
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The synthesis of key intermediates 3 and 4 was accom- 
plished by reaction of dimethylsulfoxonium methylide with 
1 to form the cyclopropyl ketone 2 which was then reduced to 
a mixture of epimeric alcohols with sodium borohydride 
(Scheme I). 

The stereochemistry of the introduced methylene group in 
2 was assumed to be that which would result from the pre- 
ferred LY attack of the ylide on the least hindered side of the 
molecule. The  orientation of addition to steroid cyc’ ,o h exe- 
nones and cyclopentenones with dimethylsulfoxonium 
methylide generally corresponds to that of the Michael reac- 
tion and of the conjugate addition of organometallic re- 
a g e n t ~ . ” ~  

Unambiguous evidence of the presence of a cyclopropyl 
methylene group in 2 was obtained from spectroscopic data. 
The  chemical ionization mass spectrum (methane as carrier 
gas) shows mle 371 ( M  + H)+. The NMR spectrum clearly 
shows the cyclopropyl protons at  d 0.76-0.80 as well as the loss 
of the Al6-hydrogen. The IR spectrum exhibits a higher fre- 
quency absorption a t  1677 cm-I for the C-20 carbonyl as 
compared to that observed in the spectrum of the unsaturated 
ketone 1 (1663 cm-I). The reduction of 2 afforded, after 
chromatographic separation, the two diastereoisomers 3 and 
4 in a ratio of 1:l. The two isomers were readily distinguished 

3 4 
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by differences in the chemical shift of the C-20 methine pro- 
tons at d 4.25 (9) and  4.37 (9). Because of the  unique envi- 
ronment of these hydroxyl groups, the Stereochemistry of the 
newly created asymmetric center could not be unambiguously 
assigned by analogy with reported methods of determining 
stereochemistry a t  the  C-20 position.8 

Treatment of either 3 or 4 with glacial acetic acid at 110-112 
"C for 2 h resulted in the formation of the major product 5.9J0 
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5 6 

T h e  acetoxy group at C-16 has been assigned to  axial orien- 
tation. This is apparent in the 'H NMR of 5 where the 16- 
hydrogen appears as a quintet at 5.13 ppm with only small 
coupling values (53 Hz) indicating an equatorial orientation 
of the hydrogen in the  six-membered ring. T h e  assignment 
of the E configuration to 5 is based on NMR chemical shift 
data which was correlated with the predicted values based on 
the  flexible models 7 and 8.' 

7 8 

However, before this correlation could be made, assign- 
ments in the 13C spectrum of 5 were essential. Single-fre- 
quency off-resonance decoupling (SFORD)" and noise off- 
resonance decoupling (NORD)I2 experiments were used to 
establish the multiplicities associated with the signals seen 
in the fully proton decoupled carbon spectrum. Assignments 
of the carbons in the A and B rings in 5 were made by com- 
parison with the cholest-5-en-3@-yl acetate13 which differs 
only in the D ring. All of the remaining signals could be as- 
signed based on their multiplicities in the SFORD spectrum 
and 1:'C chemical shifts with the exception of two methylene 
carbons corresponding to C-15 and C-17. However, the two 
carbons in question appear a t  27.7 and 29.3 ppm, and un- 
equivocal assignment is not necessary for comparison with the 
predicted values." 

Since models 7 and 8 most likely have equatorially oriented 
acetoxy groups, and 5 has an axial acetoxy group, parameters 
from Schneider and V. Hoppen's's work were used to predict 
chemical shifts in 7 and 8 resulting from axial orientation of 
the  acetoxy group. Using androstane13 and cyclopentane,'6 
shielding parameters were obtained for the effect of the rest 
of the steroid skeleton on the D ring. These parameters were 
then used on models 7 and 8 to give predicted values for C-15 
a t  29.4 ppm in both isomers and for C-17 a t  34.6 in the Z (6) 
and 28.4 in the E isomer (5). The prediction of 29.4 and 28.4 
for C-15 and C-17, respectively, correlates quite well with the 
experimental values if 5 is assigned as having the E configu- 
ration. 

We suggest that  the severe steric repulsion between the 
C-21 methyl group and the C-12 methylene group prevents 
the formation of 6. Space filling models corresponding to 
structures 5 and 6 clearly demonstrate the nature of this in- 
teraction in the latter structure (Figures 1 and 2). 

Experimental  Section 

Melting points were determined on a Kofler hot-stage microscope 
and are uncorrected. Infrared IIR) spectra were recorded on a Per- 

"H 
CH:, 

Figure 1. 

Figure 2. 

kin-Elmer 137B spectrophotometer and are repurled in wavenumbers 
(cm-I). Low-resolution mass spectra (MS) were determined on an 
LKB-9000 spectrometer. Chemical ionization mass spectra (CI-MS) 
were determined on a Biwpeet mass spectrometer manufactured by 
Scientific Research Instrument Corp., Baltimore, Md. (using methane 
and isobutaneas carrier gases). Nuclear magnetic resonancespectra 
were measured on a Varian SC-300 o r  an EM-390 Varian instrument. 
lor proton ('H NMR) and on a Varian CFT-20 fur carbon-13 ('"C 
NMR). The resonances are reported in parts per million 16) dawnfield 
from tetramethylsilane; the abbreviations b, d. s, t. q. and m refer to 
broad, doublet, singlet, triplet, quartet. and multiplet. 

:I8-Aeetoxy-l601,17cr-methylene-5-~=egnen-2O-~n~ (2). A so- 
lution of the ylide was prepared at rwm temperature under nitrogen 
Iwm 120 mg of sodium hydride (99%), 880 mg of trimethylsulfoxon- 
ium iodide, and 6.0 mlofdimethyl sulloxide (MepSO). The mixture 
was stirred at roam temperature under nitrogen until evolution of 
hydrogen ceased. A solution of 1.43 g of I in 6.0 mL of MezSO and 6.0 
mL of ether was added dropwise with stirring under nitrogen. After 
being stirred at roam temperature overnight. the mixture was poured 
into 100 mL of cold 5% hydrochloric acid and extracted with ether; 
the extracb were washed twice with water and once with saturated 
salt solution and dried over magnesium sulfate. After the solvent was 
evaporated under reduced pressure, the residue was crystallized from 
methanol togive white needles (575 mg, BM.fi% yield): mp 202-203 "C; 
IR (Nujol mull) 1692, 1669, 1176, 1027 cm-l; MS mfe 310, (M - 
CH:rCOOH)+ CLMS (methane as carrier gas) m/p 371 IM + H)+; 
'H NMR (CDCI:,) 0.75-0.81 (m. cyelopropyl methylene). 0.97 (s, 
IX-CH:d, 1.0 Is. WCH:,), 1.97 Is, CH:%C(O)-), 2.01 (s, CH:~ClO)OC:~ 
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equatorial), 4.6 (m, 3-CH, axial), 5.18 (broad d, 6-olefinic C-H). 
3~-Acetoxy-16a,17a-methylene-5-pregnen-2O-ols (3 and 4).  

To a solution of 557.0 mg of 2 in 10 mL of dry tetrahydrofuran and 30 
mL of 2-propanol was added 557.0 mg of sodium borohydride. The 
rapidly stirred suspension was reacted at room temperature for 3 h. 
After being cooled to 0 "C, the reaction mixture was diluted with 10 
mL of methanol and allowed to proceed for an additional 2 hat  25-27 
"C. The reaction mixture was cautiously treated with saturated 
aqueous potassium dihydrogen phosphate and extracted with ether. 
The combined extracts were washed with water and saturated salt 
solution and dried over magnesium sulfate; the filtrate was evaporated 
to dryness under reduced pressure. The residue was chromatographed 
on eight 20 X 20 silica plates (1000 pm) using 95:5 benzene/ether as 
eluent to give the fast moving alcohol 3 which crystallized from 
chloroform as white needles (173 mg, 30.89% yield): mp 149-151 "C; 
IR (Nujol mull) 3448,1727,1266,1089,1044 cm-l; CI-MS (CH4) mle  
:K3 ( M  + H)+: lH NMR (EM-390) (CDC13) 6 0.3-0.73 (m, cyclopropyl 
methylene), 0.92 (s, 18-CH:j), 1.03 (s, 19-CH:3), 1.2 (d, J = 6 Hz, 21- 
CH.,), 2.03 (s. CH:&(O)OC:\, equatorial), 4.25 (q, J = 6 Hz, 20-CH), 

(broad d, 6-olefinic CH). 
.160:j: C, 77.42; H,  9.15. Found: C, 77.52; H,  

9.20. 
The slow mo1:ing alcohol 4 crystallized from chloroform as white 

needles (139.0 mg, 24,8%i: mp 140-144 "C; IR (Nujol mull) 3571,1709, 
lz;i9,1036 cm-I; CI-MS (CH4) mle 373 (M + Hi+; 'H NMR (CDC1:I) 
6 0.:3-0.8 (m, cyclopropyl methylene), 0.92 (d, 21-CH3, half of the 
doublet obscured), 0.97 (s, 18-CH3), 1.03 (s, 19-CH3), 2.02 (s, 
(1H:&(O)OC:j, equatorial), 4.37 (q ,  J = 6 Hz? 20-CH), 4.5 (m, 3-CH, 

Anal. Calcd for CnlH&j: C, 77.42; H,  9.15. Found: C, 77.40; H, 
9.11. 

( 17aE)-D-Homo-5,17a(20)-pregnadien-38,16-diyl Diacetate 
(t5). (a)  From the Fast Moving Alcohol. A solution of 40 mg of the 
fast moving alcohol derivative in 2.0 mL of glacial acetic acid was 
heated at 110-11 2 "C (oil-bath temperature) under nitrogen for about 
2 h. After being icooled to room temperature, the reaction mixture was 
diluted with cold. water and brought to pH 8 with sodium bicarbonate. 
The aqueous mixture was extracted with ether. The ethereal solution 
was washed with water and saturated salt solution, dried over mag- 
nesium sulfate, and filtered: the filtrate was evaporated under reduced 
pressure. The residue was chromatographed on a 20 X 20 silica plate 
( 1000 Fm) using 95:5 henzene/ether as eluent 
(39  mg. 88C;) h(4niogeneous on  a TLC analy 
zeneiether); IR (Nujol mull) 1739. 1242, 1136 
IM - CH:ICOOH)+: CI-MS (isobutane as gas carrier) m l e  415, (M 

3 (broad doublet. 6-olefinic CHI. 

+ Hi+; 'H NMR ( 3 - 3 0 0 )  (CDCIi3) 60.92 (s, 18-CH:3), 1.01 (s, 19-CH:Ii, 
1 . j5  (d.J = 6 Hz. 2lI-CH: i, 1.99 (s.CH:IC(O)OCle), 2.03 (s,CH:~C(O)- 
OC i). 4.6 (m. N ' H ,  axial), 5.13 (quintet, 16-CH, equatorial), 5.28-5.4 
( m .  2 H,  vinyl H at C-6 and C-20). 

(b) From the Slow Moving Alcohol. A solution of40 mg of slow 
moving alcohol in 2.0 mI. ( J f  glacial acetic acid was heated at 110-112 
"C (oi l  bath temperature) under nitrogen for about 2 h. Workup as 
described above (39.3 mg. 88.3%) gave material homogeneous on TLC 
analysis, R f  = 0.34 195:5 henzene/ether), whose spectral data are 
identical in all respects with those of the above described product 
.i . 

The combined products from (a i  and ( h )  experiments were analyzed 
I I ~  'C XMR (C'DCl.j) and showed d( 1:1.04 (C-19). 17.74 and 19.19 
I C 2 1  and C-18). 20.54 tC-11). 21.93 ( 2  C H . ~ C O ~ i .  27.73, 28.12. and 
29.26 (C-2, C-15. and (.'-17i. 31.87 (C-7 and C-81, 35.93 (C-l2),  36.63 

70.89 (C-16), 7?.8:1 lC-:3\, 115.48 (C-20), 122.31 (C-6), 139.35 (C-S), 
id:i.Of, (C-17a) .  170.46 and 170.75 ( 2  CH:jCO2i. 

Suhsequently. the compound 5 was crystallized from methanol, mp 
158-159 "C (effervesces 1. and analyzed as a dimethanol solvate. 

Anal. Calcd t'or C &  404.(2CH,jC)Hi: C ,  70.26: H, 9.60. Found: C. 
7O.:C3; H, 9.87. 
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Contrary to the earlier reports, A-ring monoiodination of 
estradiol was found not to be a selective process in the present 
work. Unambiguous syntheses of 2-iodo- and 4-iodoestradiols 
are described here for the first time. 

Iodination of estradiol was explored to extend our synthesis 
and to investigate the biological activity of A-ring substituted 
estrogen derivatives.' Thirty years ago it was reported that  
2 equiv of N-iodoacetamide or molecular iodine under alkaline 
conditions reacts with estradiol to give 2,4-diiodoestradiol, 
a mixture of monoiodinated steroids, and unreacted starting 
material.? Four years later Hillmann-Elias and co-workers 
reported that  mercuric acetate catalyzed iodination of estra- 
diol gave a 90% yield of 2-iodoestradiol? The  remarkably se- 
lective monoiodination reaction remained a standard for the 
preparation of 2-iodoestradiol for over two '41- 
though selective monobromination of estradiol has also been 
reported,8 this reaction was unequivocally shown to give an 
isomeric mixture of 2- and 4-hromoestradiols." Thus, it 
seemed that  the earlier reported selective monoiodination of 
estradiol was questionable. 

We repeated the mercuric acetate catalyzed iodination of 
estradiol:] and consistently obtained mixtures of four or  five 
components. Therefore, we attempted t o  obtain direct mo- 
noiodination of estradiol by employing different reaction 
conditions. Iodination of estradiol in the presence of' sodium 

.' A d d r e v  ciirre.;piindence t o  1V;ishinaton L 'n iyerh i t \  S ~ ~ l i o o l  01' Med ic ine .  
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