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Ab~trct Trcatmcm of the hthlum dcrlvatrva of 17r-cthynyl stcrouis with bromotrlfluoromcthanc or 
hcprailuoro-1 -1odopropanc m hquld ammonia afforded. respcc~ively. the corrcspnding 17rr-bromo- 

crhnynyl or 17z-mdocrhynyl srerolds in sarisfactory yrclds. 

I~G FARMER studies2 ’ on 17achloroethynyl- 17B-hydroxy steroids we obtained 
compounds with interesting hormonal properties.’ Thu? for example, 17achloro- 
cthynyl-3,17P-dimethoxy-1.3.3 IO)-oestratriene proved to have an improvd claudo- 
genie ‘oestrogenic index over the parent ethynyl steroid. We therefore extended the 
work to include novel 17a-bromoethynyl and 17a-iodoethynyl types. examples of 
which were described in an earlier pubtication.3 

Previous workers have cmployod a variety of reagents to achieve terminal halo- 
genation of ethynyl groups including alkali-metal hypohalites, organic hypohalites. 
organic N-halo compounds, free halogens organic sulphonyl halida and cyanogen 
bromidc3* ‘- ’ 2 These reactions generally proceed by an ionic mechanism which 
may require preliminary formation of a metallic derivative of the ethyne. Thus, for 
cxamplc. the reaction between a lithium ethync and bromine may be written: 

R, CsC-‘Li”’ + Br(*-b-Brla+l + R CE CBr + Li”‘Bfl-‘. ..(i) 
(where R is an alkyl group). 

It is a 
derives 

characteristic of such ha Iogenating agents that the entering halogen atom 
positive character from an electron-attrac ting atom or group IO wh ,ich it 

attached. 
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It is known that the inductive effect of the fluorine atoms in pcrfluoroalkyl 

bromides and iodides enforces relative positive character upn the bromine or 
iodine atoms present in these compounds. From analogy with Eq. (i), it seemed 
possible that this situation might be exploited to provide a novel route to the 
halocthynes. as indicated in Eq. (ii): 

R- C-C’-‘Li”’ + CFJ(-)Br”’ 4 R- C-CBr + CF,’ ‘Li”‘. . . (ii) 
(where R is a stcroidal moeity). 

Accordingly. the lithium derivatives of some 17r-ethynyl steroids, obtained by 
reacting the parent ethyncs with lithamidc in liquid ammonia, were treated with a 
perfluoroalkyl bromide or iodide. In each case. the desired 17a-bromoethynyl- and 
I7r-iodocthynyl-steroids werrz formed, generally in favourabk yield. Further study 
indicated that this novel method of preparing bromo- and iodo-ethynes may be of 
general application. It may thus find utility outside the steroidal field. 

Bromotrifluoromethane and hcptafluoro- 1 Aodopropane were the perlluoroalkyl 
halides of choice on grounds of cost and availability. It may be expected, moreover, 
that other perfluoroalkyl halides will prove to ~YZ equally suitable. 

Unchanged steroidal starting material was recovered from an attempt to apply 
the reaction directly to a I7r-ethynyl- 17lShydroxy steroid and it was found necessary 
to protect the 17P-hydroxy group by tetrahydropyranyl ether formation and subsc- 
qucnt rcgcnaration. 4-Iln-J-one groups were protected as kctals and subsequently 
rcgenc’ratccl. 

The following 17zcthynyl steroids used as starting materials are believed to be new: 
17r-ethynyl-l7P-methoxy4-methyl-1.3,5( IO)-oestratricne (I, X = H) was prepared 
by mcthylating the 17/3-01’~ with sodamide and methyl iodide in liquid ammonia;‘* ” 
3,3ethylencdioxy-l7r-cthynyl-6-methyl-5-androsten-17~-ol (IV. X = H, R = H. 
R’ = Me) was prepared from the appropriate 4-androstcn-3-one.” and converted 
into the 17P-tctrahyciropyranyl ether (IV. X = H. R = C,H,O. R’ = Me). 

Using the above procedure. the following have been prepared: 17a-bromoethynyl 
steroids (1. X = Br ; II.’ X = Hr. R = Me; II, X = Br. R = H ; IILl X = Rr. 
R = II, R’ = H; V?’ X = Br. R = 11) and 17r-iodoethynyl steroids (I, X = I : 
II,’ X = 1. R = Me; III, X = 1, R = H, R’ = H; III. X = I, R = H. R’ = MC; 
v, x = I, R = H). 

An experiment in which bromotrichloromcthane was usd in place of bromo- 
trilluoromcthanc gave the 17a-bromoethynyl steroid in low yield. 

An attempt to extend this typ of reaction to the preparation of 17z-chloroethynyI 
steroids proved unsuccessful. When chlorotrilluoromethane was cmploycd a~ a 
chlorinating agent. the steroidal starting-material was recovered unchanged. Although 
the CF, group in chlorotrifluoromethanc is known to possess elcctroncgative 
character rclativc to the chlorirtc atom.17 chlorot rifluoromct hane is much less 
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reactive than its bromo analogue. ‘* In addition, the halide is gaseous at the reaction 
temperature (b.p.” - 82”) and is of low solubility in the solvents used, so that its 
failure to react was not entirely unexpected. 

The formation of bromoethynyl and iodoethynyl compounds according to Eq. (ii) 
rescmblcs the reaction of heptafluoro-1 -iodopropane with phcnyl magnesium 
bromidc2’ or with methyl. n-butyl and phenyl lithium” in which in addition to a 
prfluoroalkyl organometallic derivative, the corresponding phcnyl or alkyl halide 
is formed : 

C,I1,MgBr + C,F,I 4 CJF,MgBr + C,H51 . . . (iii) 

e.g. LiMe + C,);?l + LiC3F, + Mel . . . (iv) 

The liquid ammonia used as reaction medium has a high diclectic constant and 
would consequently increase the tendency of the perfluoroalkyl halides to participate 
in ionic reactions. 

The reaction (ii) of a steroidal lithium derivative with a prfluoroalkyl bromide or 

‘I1 J. W Hodgins and R. L. Gaines. Can&. J Chem 30.4733 (1952) For tk rcactron bctwccn sodium and 
ido-. hromo-. and chloro~rtfluoromethane, lhc activation energy is shown 10 he I 7, 2.3. and 74 kcl. 

per mole_ rcspccl~vely. 
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iodide may therefore be envisaged as a nuclcophilic attack by the steroidal cthynyl 
anion upon the rclativcly positive bromine or iodine atom. 

Solid I7r-bromocthynyl- I7P-hydroxy and 17P-alkoxy steroids were, in general. 
stable at room temperature. Some of the 17z-iodoethynyl-17P-hydroxy and 17p- 
alkoxy steroids showed some decomposition when stor4 at room temperature in 
the dark for a few months. 

I7a-Iodoethynyl steroids passed readily into the corresponding I?aFthynyl 
steroids. for example when treated with pyridinc. Their acetylaiion was a&eved. 
however. by use of acetic acid. acetic anhydride and p-tolucnesulphonic acid. 

UV absorptton spectra (In EtOHl IR absorption 

the supcrviston of Mr M T Davies. B SC. FRlC 

and optical rotations wcrc dctcrmined 

Lithium 005 g) and a tracx: of Fc(K;O,)~ wcrc added to anhyd liquid h’H, ( 100 ml) and the mixture was 

stlrrcd under rcflux until the hluc colour drsappcarcd The 17x-cthynyl stcrotd (100 g) in anhyd Tl!F 

(25. 75 ml) was added and the mlxturc sttrrcd under rcflux for between I5 min ami 2 hr In preparing 173. 
hromocthjnyl steroids. a slow stream of hromotrtlluoromcthanc (approximately 1Ogl was then passcd 

Into the stirred. rcfluxing solution durmg 2 3 hr In preparing 17x-lodocthynyl stcro~ds. hcptafluoro-l- 

Iodopropanc (5 g) m anhgd TIFF (50 ml) was addcd slowly and the mlxturc &as sttrrcd under rcflux for a 

further 3 4 hr 

The rcactton mtxturc was cautiously poured onto ICC. or. after evaporatron of the ammoma, ammomum 

chloride and water wcrc added ‘Jhc crude stcroldal produc? wss rsolatcd by filtration or hy extractIon 

wtth cthcr 
17~-Btc~mcrr~fh~~n~1-3.17~~1~~~~.~~- l,3.5( IO)+estrcrrnene. (II, X - Hr. R = MC) (A) This compound 

was prcpard b> rcactlng I7~zcthyn~l~3.l7~~Jtmcthox~-l.3.5( IOI-ocstratrIcnc” wtth C‘BrF’, and crystal- 

lircd from MdNl rn plates (yield = ‘3”“~ m.p. 131 not dcprcsscd on admlxturc of a sampk prepared’ 

usmg N-hromo-succintmide as hrommatmg rcapnt (BI 172.Fthynyl-3.17fl-drmcthoxy- l.3.5( IW-ocstra- 

trlcnc (5G g) was rcastrd ulth lithamide (from 0.25 g of 1-i) and <‘BrCI, (lb 6 g) b) a stmllar prazdurc 

The product was Icparated from unrcacteri stcroldal starting-matcrtal by -II.C: on SIIIU-gel (prctrcatcd 

vltth Aph’O,*’ I and crystallized from M&II. affordmg N”,, of II CX = Hr. R - MC). m p 134 129 not 

Jcprcv+cd on adrn~~~~arc of a sample prcparcd by method (A) 

17~-Hromc~rrh~~~~-3-~t~f~~~,~~. 1.3.3 IO)-a~.~~rdrr~~- l?[bol III, X .- Br. R - III, prcparcd by rcactlon of 

172.cthynyl-3.methoxy-I?~~tctrahydro-2. pjranyloxyl-1.32% 101.ocstratrltncz’ I I9 I2 g) wtth CBrF,. fol- 
lowed by treatment with cone l1C-l (0-I ml) an EtOH (400 rnlk warming gently. was purrfiod from aqueous 

l!tOII a\ minute grains (yield, 178 g = Yj”,,). m p l6? 5 , [z]/,’ -’ IS Ic. 1.x m dloxanj; & 218 rnp 

(c. 8910); d_ 278 rnp (c, ,$070~, 287 rnp (r, 197Ih. 12: !tilo cm ’ ((III). 2IXS cm ’ cC’=C’b (Found. C. 

65 I ; 14. 66 C2,11,,Hr0, rcqulrcs C. 64 X: H. 6.15’~ 1 
172 .ErhynyI- 17j-l -merho.r)~-~rh~~-l,~.~ IO)+Wrafrrtwe* II. X * t!L .Sodamidc ~ti prcyrcd from Na 

(0.70 g) and a tracr of FdNO,), In lrqu~d SII, (233 ml) and the stlrrcd mtxturc W;LI co&d to -t# 

I~z-~~th~n~I-4~mcthyf-l.?.kI0~-~stratricn-I7~~-ol1’ (6 (10 g) in anhyd ‘I’W (I(w) ml) wits added. followed 

hj MCI (4.8 g) 111 I’HF 4 IO ml) ‘I’hc mlxturc was stirrd for 34 hr and pourEd onto ICC. The ppt was 

colfcctcd and purrficd by chromatography on alumma clutmg the stcroidal prcduct with toluenc. and 
unrcactcd startmg-material (3 21 p) with ether Cryhtalluatlon from Me011 afiordcd nccdks (ylcld 2.52 g 

- 86”,. havzd on 17[1-01 consumed). m p 149 ; 1%):: - IO (c. 09 m CHCI ,). iln, 219 rnp (L 90401 260 rnp 
I<. 210). ;,., I%? rnp Ir. ,‘!-bI. 2’0 rnp Ir Ibl). ~2,: 3%-H) cm ’ I .-CIII. IWK cm -’ (C- 01 (Found C. 

X!Y. II. xv< C’,,Ii:,O rcqulfc~ I’. 85 7; II. Y.l5”,, I 
t72.Urr~mnc~rh1’rl~/. I 7fl.JJt(‘fhtJx~ .-t.mrrh,id- I .3.k IO)~~e~lrulrrtwe* (1. X = Br). prcparcd from the fort- 





v~d3410ctn ‘(OH), 3220cm “I =CHj (Pound: C, 77 6:H.Y 1 Cr,H,,O,rqu~rcs: (‘. 778; H.925”, I 
3.3-EthJleneddioxy. I ?twrhpyl-6-merh~l- 17P-lrerrahydro-2 -p~run~lox~)-S~n~~5fe~ (IV. X = tf. R r 

C,H,O, R’ = MC) was obtamcd by trcatrng the forcgorng compound 120 g) u-r anhyd THF I 100 ml) with 

2.3-dthydropyran (5 ml) and PWI, (004 ml) at room tcmp for _‘{ hr. The stcrotdat product was Isolated 

by pcruring the reaction mrxturc into h’attCO,aq and purified from aqueous acetone containing a trace 

of pyridinc as nccdlcs. m.p. 105 5 . [z)r 98’ (c 0 M m C’IKI,) (Found: C. 76.3; H. 9.4 C’lPH,lO, 

rquires: C. 76 6; H. 9 3 .‘” ) 
3.3-Erhylenedioxy- I 71JI-r~~~efh~n~I-6-m~lh~l- I7B~fefrah~dro-2-p)ron~~o.r) )-S-androsretw (IV. X - I. R 

- C:,H,O. R’ = MC). prcparcd from the forcgomg compound. was crystalltzcd from aqueous amtone 

contarning a trace of pyrrdmc as needles (y~cfd = 53”“). m p. 1.19 fdec); [z]? . 8H Ic. 104 in dioxan); 

~2: 2170cm ’ ( ( :sC) (Found C, 59.7: H. 7 I, I. II X5 C,oH,,IO, rqutrcs- C, MI-Q; Il. 7.1, I. 21.9”” ) 
17~-~~~~e~h~n~l-~-me~h~l4-undros~enn-17~~~,l-3-u~ (Ill. X - I, R - ti. R - Mel. prepared from the 

foregotng compound by treatment rn FtOH wtth cone IICI (trace) with gentle hcatmg was crystalhzed 

from aqueous FtOH as flat nccdlcs, m p. 145 5 ldccl [s’J~ - 19 (c. 097 m dioxanl; jz,” 240 mp (L. 

I 5.400); r-z!” 3270 cm ’ [OH). 2155 cm * (C‘FCJ, IfitS7 cm-’ (C-C)), Ia cm ’ (Ad). (I:ound: C. 

5X.15; 11. 6.4; I. ?K b C:21112QI02 rqutrcs C‘. 58 4. Ii. 6 5: I. 28.1 Og 1 


