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Reactions of Monomeric Difluorosilylene with Ethylene 

By ELMER E. SIEFERT, SHEILA D. WITT, and YI-NOO TANG 
(Department of Chemistry, Texas AG.M University, College Station, Texas 77843) 

Summary Monomeric 31SiF, reacts efficiently with two ments indicate that ethylene is about ten times less 
molecules of ethylene to give 1, 1-difluoro[31Si]silacyclo- reactive than buta-l,3-diene for the trapping of the 
pentane as the final product, but competition experi- silylene. 
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Regioselective Mercuriation of an Estradiol Derivative : A FacileEntry to 2-Substituted EstrogensBy ENZO SANTANIELLO(Istituto di Chimica, Facoltd di Medicina, Universitd di Milano, V i a Saldini, 50, 1-20133 Milano, Italy)and PATRIZIA FERRABOSCHI(Istituto di Endocrinologia, Facoltd d i Farmacia, Universitd d i Milano, V i a A . del Sarto, 21, 1-20133 Milano,Italy)Summary 3-Methoxy-17/3-acetoxy-1,3,5( 10)-estratrienewas regioselectively chloromercuriated at C-2 to afford(Id), which was converted into the 2-bromo- and 2-iodo-derivatives.THERE exist conflicting reports on the reaction of estradiol(la) with mercury(I1) acetate, Hg(OAc),. In fact, aprevious paper which reported the synthesis of 2-iodo-estradiol by reaction of (la) with Hg(OAc), and I, in aceticacid1 has been very recently corrected., Apparently, only acomplex mixture of iodinated compounds has been ob-tained by the above reaction. Moreover, both reports seemt o be in contrast with the preparation of 4-acetoxymercurio-estradiol by reaction of (la) with Hg(OAc), in acetic acid.3In any event, none of the described procedures seems toprovide a clean preparation of 2-mercuriated estradiol.Because of the biological importance of 2-catecholestrogens(2-hydroxy-estrogens) and their derivatives,* we haveattempted the preparation of a stable mercuriated estradiolof synthetic significance.Since (la) reacted sluggishly with Hg(OAc), and (lb) wasapparently unreactive, (lc) was chosen for the mercuriationreactions. Furthermore, it is known that o-hydroxyphenylmercury chloride can be easily prepared from phenol andHg(OAc),, followed by treatment with a saturated NaClsolution.5We allowed (lc) t o react with Hg(OAc), in dry acetonitrileand treated this solution with aqueous NaCl solution. The2-chloromercurio-derivative (Id) was obtained in 80 yoyield.7 In order to confirm the position of mercuriation, wetreated (Id) with a chloroform solution of I, and Br,, andobtained the 2-iodo- and 2-bromo-derivatives (le) and (If)OR‘ROa; R = R’ = X = Hc ; R = Me, R’ = Ac, X = Hd ; R = Me, R’ = Ac, X = HgCle ; R = Me, R‘ = Ac, X = If ; R = Me, R‘ = Ac, X = Br2; R = Me, R = Ac, X = C1b; R = R’ = Ac, X = Hin quantitative yields (10 min, room temperature). Forpreparative purposes, the 2-chloro-derivative (1 9) wasprepared also using N-chlorosuccinimide in dichloromethane(2 h reflux and left overnight a t room temperature, 90%yield). The above reactions both prove the regioselectivityof the mercuriation reaction and constitute proof that facilepreparation of 2-halogeno-estrogens is possible by this route.In addition, hydrolysis of 3-methoxy-ethers in the estrogenseries is possible by various methods6 and organomercurio-derivatives are valuable intermediates in organic synthesis .’Thus, (Id) could constitute the starting material for thepreparation of 2-substituted estrogens of various structuresand of potential biological activity.We thank C.N.R. (Rome) for financial support.(Received, 3rd December 1980; Corn. 1289.)T. The ‘H-n.m.r. spectra of the regioisomers were in accord with the proposed structures. Two singlets were found in the aromaticregion with the following resonances: (ld) and all three halogeno-derivatives showed a singlet 6 6.6 (4-H), whereas l-H resonated at6 7.1 (Id), 7.3 (lg), 7-4 (If), and 7.7 (le).E. A. Hillman, G. Hillman, and 0. Z. Scheidt, 2. Naturforsch., Teil B., 1953, 8, 436.F. Sweet, T. B. Patrick, and J. M. Mudd, J . Org. Chem., 1979, 44, 2296.C. C. Chin and J . C. Warren, J . Biol. Chem., 1968, 243, 5056.P. Ball and R. Knuppen, Acta Endocrinol. (Copenhagen) Suppl. 32, 1980, 93, 1 .F. C. Whitmore and E. R. Hanson, Org. Synth., Coll. Vol. I, p. 161.J. F. W. McOmie, ‘Protective Groups in Organic Chemistry,’ Plenum Press, London, 1973, p. 145.R. C. Larock in ‘New Applications of Organometallic Reagents in Organic Synthesis,’ ed. D. Seyferth, Elsevier, Amsterdam, 1976,p. 257.
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OWING to the relative instability of the silacyclopropanes, 
studies thus far have indicated that monomeric difluoro- 
silylene can be conveniently trapped only by conjugated 
dienes rather than simple alkenes.,-5 For example, 
monomeric a1SiF, prepared by the nuclear recoil method has 
been successfully trapped by buta-1,3-diene to  give 1, l-di- 
fluoro [31Si]silacyclopent-3-ene (DFSCPE) as shown in 
reaction ( 1 ) . 2  We now report that monomeric 31SiF, can 
also be efficiently trapped by ethylene to give 1,l-difluoro- 
[31Si]silacyclopentane (DFSCPA) as the final product, as 
shown in reaction (2). The interaction of ethylene with 
SiF, formed by the high-temperature reactions of Si and 
SiF4 has been studied.6 In  this system, 1, l12,2-tetra- 
fluoro- 1 2-disilacyclobutane and 1,1,2,2-tetrafluoro- 1,2-di- 
silacyclohexane were obtained] indicating the involvement 
of dimeric (SiFJ2. 

"SiF 
31 

SiF2 -t CH2=CH-CH=CH2 - 
(2) 

31 
SiF2 + ZCHZ=CH2 - 

Recoil ,lSi atoms were formed via the nuclear trans- 
mutation 3lP(n,p)3fSi under irradiation with fast neutrons 
from a Triga nuclear reactor at the Texas A&M Nuclear 
Science Center., PF, served both as the source of 31P 
atoms for the nuclear reaction, and as the source of F atoms 
for the abstraction during the formation of 31SiF2. Pro- 
ducts were analysed with standard radio-gas chromato- 
graphy.' The major product of the system was identified 
as DFSCPA, as shown by comparison with authentic 
samples on three gas chromatographic columns of different 
separating characteristics. Four unidentified products 
with shorter retention times were also observed in lower 
yields. 

Since in previous experiments it was shown that 31SiF, 
could be trapped quantitatively by buta- 1,3-diene as 
DFSCPE,, a set of competition experiments with ethylene 
and butadiene mixtures has been designed to demonstrate 
that both DFSCPA and DFSCPE are derived from the 
same precursor. Systems containing 70% PF, and 30% 
of the olefins were used, in which the olefinic composition 
varied from pure butadiene to pure ethylene. The results 
are displayed in the Figure, which shows a plot of the 
absolute yields of both DFSCPA and DFSCPE as a function 
of the mole fraction of butadiene. Essentially the same 
amount of ,lSiF2 was captured by ethylene and butadiene 
when only they were present. As the mole fraction of 
butadiene increases, the yield of DFSCPA decreases 
sharply as the yield of DFSCPE increases. The two yields 
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FIGURE. Absolute yields from the competition of ethylene and 
buta-1,3-diene for the trapping of ,lSiF,. 0, DFSCPA; 0, 
DFSCPE. The mole fractions of !C,H4 in the samples equal 
0.30 minus the mole fractions of buta-1,3-diene. 

are nearly complementary to  each other; a plot of the sum 
of the yields of DFSCPA and DFSCPE against the mole 
fractions of the olefins shows a shallow minimum corres- 
ponding to  a decrease in total yield of ca. 15% a t  the 
composition where the yields of the two products are 
similar. This decrease is probably due to the formation of a 
presently undetected ethylene-butadiene cross-product, 
resulting from the interaction of an initially formed 31SiF,- 
C,H, adduct with butadiene. These results also provide 
information about the relative reactivities of the two olefins. 
The olefinic composition where the DFSCPA and the 
DFSCPE yields are identical corresponds to  3% of buta- 
diene and 27% of C2H4 in the mixture, implying that buta- 
diene is about ten times more reactive than ethylene for the 
trapping of 31SiF,. 

Besides the ethylene-butadiene competition systems, 
other experiments have shown a maximum in the DFSCPA 
yield when the relative amounts of PF, and C2H4 were 
varied, confirming that both compounds are precursors of 
the product. The lack of a scavenger effect (with NO or 
0,) indicates that the 31SiF2-C2H4 adduct is probably a 
molecular intermediate] while the increase in the DFSCPA 
yield with Ne-moderation shows that reaction (2) is a low- 
energy process. The combination of the results with the 
scavenger and the moderator also indicates that  the reacting 
31SiF, is in its singlet ground state. 
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