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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 h a t  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+;" 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  t o  t h e  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 
a r e  described here  for t h e  f i rs t  t ime. 

Iodination of estradiol was explored to  extend our synthesis 
and  t o  investigate t h e  biological activity of A-ring subst i tuted 
estrogen derivatives.' T h i r t y  years ago it was reported t h a t  
2 equiv of N-iodoacetamide or molecular iodine under alkaline 
conditions reacts with estradiol t o  give 2,4-diiodoestradiol, 
a mix ture  of monoiodinated steroids,  and  unreac ted  s tar t ing 
material .? Four  years later Hi l lmann-El ias  and  co-workers 
repor ted  t h a t  mercuric acetate  catalyzed iodination of es t ra-  
diol  gave a 90% yield of 2-iodoestradiol? T h e  remarkably se- 
lective monoiodination reaction remained a s t anda rd  for t h e  
prepara t ion  of 2-iodoestradiol for over two '41- 
though selective monobrominat ion of estradiol has also been 
reported,8 this  reaction was unequivocally shown t o  give a n  
isomeric mixture  of 2- and  4-hromoestradiols." T h u s ,  it 
seemed t h a t  t h e  earlier repor ted  selective monoiodination of 
estradiol was questionable.  

W e  repea ted  t h e  mercuric acetate  catalyzed iodination of 
estradiol:]  a n d  consistently obta ined  mixtures  of four or  five 
components .  Therefore ,  we a t t empted  t o  obta in  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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hydride in dimethoxyethane"' or thallium(1) acetatell pro- 
duced similar complex reaction mixtures. Analysis by thin- 
layer chromatography of the reaction mixtures from mercuric 
acetate catalyzed iodination of estradiol showed that these 
mixtures mainly contained 2-iodo- and 4-iodoestradiols. We 
prepared these compounds by well-established synthetic 
methods to  provide authentic materials for comparison. The 
close Xi values of the two isomers (0.44 and 0.41 in chloroform 
cctntaining 5% acetonitrileY) precluded their precise quanti- 
tative analysis in the reaction mixtures. Minor amounts of 
?,-k-diiodoestradiol (R ,  0.71) and unreacted starting material 
( K ,  0.30) were also identified in the mixtures from the mer- 
curic acetate catalyzed iodination reaction. 

ZIodoestradiol (7)  and 4-iodoestradiol (8) were prepared 
t'rom the corresponding aminoestrone 3-methyl ether deriv- 
atives'" represented by equations in Scheme I. Demethylation 
of' d and 6 was difficult. Boron tribromide demethylationl:' of 
:I followed by reduction gave 7 ,  but this method did not suc- 
ceed with 4. Sodium ethylmercaptide demethylationI4 of 5 or 
6 gave 7 o r  8, respectively, in satisfactory yields. Structural 
assignments for all of the new compounds were supported by 
elemental and spectral analyses, described in the Experi- 
mental Section. 

Experimental Section 
'I'emperature readings are reported uncorrected. Elemental anal- 

p e s  were performc.d by (hlhraith Laboratories, Inc., Knoxville, Tenn. 
1 nf'rared spectra were recorded on a Reckman IR- :E  spectrometer. 
Kitclear magnetic resonance spectra were recorded on a Varian T-60 
( 'HI with tetramet hylsilane as an internal standard i d  0.01. Thin-layer 
(hriimatography was perfctrmed with Eastman silica gel G (20OO-pm 
thickness) plates containing a flnorescent indicator. 
2-Iodo-:$-methoxy-l,:l,.i( 10)-estratrien-17-one ( 3 ) .  A solution 

ill ,700 mg 11.67 inmi~li of' 2-amino-:i-~nethoxy-1.:1,5~lOJ-estratrien- 
I7-cine (1)" in 10 mL of6  N sulfuric acid was treated at 5 "C with a 
.oluticin ~ f O . ~ ' i  g oi sodium nitrite in 5 ml, of' water. After 0.5 h ,  the 
stirred mixture WEIS treated with l.:i :: ofpcitahsiitm iodide in 5 ml, c i f  

water, A thick red precipitate formed which was dissolved hy addition 
o! 1 0  tnl, of dioxane. Excess iodine was reduced h y  adding aqueous 
i idium hisulfite. The resulting mixture was extracted with ether. The 
ethereal extract was dried 1 Na2SOj), filtered, and concentrated to a 
yellow oil. Chromatography of' the oil o n  a 2.5 X 20 cm column 111 

;iluniina (eluted with benzene-chlorofc~rm, 2: 1 i furnished a white solid 
which was recrystallized from 2-propanol to give :300 mg (44%) of pure 
3:  mp 158-159 'C: R, 0.40 ibenzene-CHCI:c, 1 : l i ;  IR ( K R r )  1745 

tC=O), 1250 (C-0),1065 ((2-0) cm-C UV (CHC1:J 246,289,298 nm; 
IH NMR (CDC13) 6 8.1 (s, 18-CH1), 1.2-3.2 (br ,  aliphatic), 3.85 (s, 
0CH:J. 6.6 (s, aromatic), 7.7 (s, aromatic). 

Anal. Calcd for C19H2302I: C, 55.61; H, 5.61; I, 30.98. Found: C, 
,55.78; H,  5.72; I, 30.68. 
4-Iodo-3-methoxy-1,3,5( lO)-estratrien-17-one (4). A procedure 

similar to that described above for the preparation of 3 was used 
starting with 1.0 g (3.3 mmol) of ~-amino- : i -methoxy- l , : i ,5o-es-  
tratrien-17-one (2).12 Recrystallization of the crude product from 
2-propanol furnished 0.72 g (53%) of pure 4: mp 209-212 "C; R/ 0.91 
(benzene-chloroform, 1:l); IR (KBr) 1730 (C=O). 1270,1065 (C-0) 
cm-l; 'H NMR (CDCI:,) 6 0.9 i s ,  18-CH:{), 1.0-3.0 (aliphatic). 3.85 (s, 
OCH:iJ, 6.7 (d, J = 10 Hz, aromatic), 7.B (d ,  J = 10 Hz. aromatic). 

Anal. Calcd for C19H2:302I: C, 55.61; H ,  5.61; I ,  :10.98. Found: C. 
.it5.71; H. 5.58; I, 30.70. 
2-Iodo-3-methoxy-l,3,5( lO)-estratrien-17,9-01 (5). A solution 

o f  :100 mg (0.73 mmol) of 3 in 10 mI, of ethanol was treated a t  room 
temperature with 200 mg of sodium borohydride. .4fter standing 
iivernight, the mixture was acidified and extracted with ether. and 
the ethereal extract was concentrated. Recrystallization from 2 -  
propanol furnished 5 as white plates: 260 mg i8Ci"d; mp 162-165 "C: 
I I i  (KBr) :I200 (broad OH), 1180,970 (C-0) cm-I; IH NMR (CDCI,,) 
d 0.8 (s. 18-CH:i), 1.0-:3.0 (broad, aliphatic). :1.7 (m. 17-CHJ. 3.8 Is, 
OCH:j), 6 . j  (s, aromatic), 7.6 (s, aromatic). 

Anal. Calcd for ClgH2sOeI: C. 55.34: H. 6.07. I .  30.8:i. Found: C, 
. ta.12; H. 6.22; I, :31.01. 

4-Iodo-9-methoxy-l,3,.i( IO)-estratrien-17,9-01 (6). Sodium 
hcirohydride was used to reduce 0.3 g o f 4  under the above conditions. 
Pure 6 was obtained in 99$ yield (300 mg1 after recrystallization from 
2-propanol: mp 153-156 "C: IR (KBr)  3200 (OH, 1380, 950 (C-0) 
c.m-'; 'H NMR d 0.78 (s, 18-CH:l), 1.0-3.0 (broad. aliphatic), 3.76 (m, 
IY-H), i3.85 (s, OCH.11, 6.64 (d,  J = 13 Hz, aromaticl. 7.2 ( d , J  = 13 Hz. 
aromatic). 

Anal. Calcd for C ~ Y H ~ ~ O Z I :  C, 55.34; H, 6.07: I .  30.83, Found: C. 
55.6'1; H ,  5.93; I, 30.66. 

2-Iodo-1,3,5(lO)-estratriene-3,17~-diol (71.  A. 'To a solution 
containing 0.4 g (0.98 mmol) of 3 in 2,5 mI, of  anhydrous chloroform 
was added dropwise 1.5 g of' boron trihromide at 0 ' C y .  The mixture 
was stirred for 1 h, and then it was poured into ai l  ice and ammonium 
hydroxide mixture. The chlorntnrm layer \vas separated and filtered 
through a column of Florisil. Concentration ofthe filtrate gave 60 mg 
( IS'?) ot'the crude light yellow product 2- iodo- : i -h~drc~xy- l , : ? .~(10l -  
estratrien-17-oiie: mp 176-178 "C: 113 ( K R r i  :K50 (OH).  1720 (C=O) 
c n - I :  'H NMR ICDC1:i) d 0.95 is, lH-CH:I), 1.1-:1.1 (broad, aliphatic). 
. i .4 (OH) ,  6.96 and 7.7,5 IS. aromatic): K i  0.22 ( 1 : I  henzene-chloro- 
lorm) .  

The crude product was reduced with sodium t)oriihydride (see 
liriicedure above for 3 - .iJ. which gave 30 mg I l : 3 5  overall from 3)  
o f 7 .  nip 176-178 "C dec (ether-hexane). 

H. A mixture of :300 mg (0.7:l mmiil) of' 5 in 20 mf. 0 1  anhydrous 
tiitnethylfiirtnamide was treated with 0,:l :: iil'.;odium ethylthii~late 
(ethyl mercaptan and sodium hydride) in 15 mL of dimethylform- 
amide. 'The resulting mixture was heated under gentle reflux for 6 h 
aiid then poured into ice water. 'The aqueous niixture w a s  tnade al- 
kaline with potassium hydroxide solution atid then extracted ;everal 
limes with chloroform. The remaining ayueoirs x ) l u t i i i n  \vas acidii'ied 
and extracted with chloroform. The chlorotiirnr solution was dried 
( MgSO,) and concentrated. The residue was chromatographed on a 
silica gel column (0.6 X 5 cm, CHC1,l) to give pure 7 as a light yellow 
Iiimder: 110 m g  (:W<J; mp 177-178 "C der: I K  ! l<Hr)  ;1400 (OH) .  1410. 
1200, 1000 i s )  cm-]: R, 0.44 (CHC1,i-C" jCb,  9.551: L l ~  A,,,,,, (CHCI,li 
2.48. 287 nm; 'H N M R  iCI)Cl,ll 6 0 8 2  (18-CH,j). I . l - L 6  chroad. ali- 
phatic). 2.95 (m.  17-H). i1.9 ( m ,  OH). 6.9 and 7.7 (s.  aromatic, 

Anal. Calcd tor Cl-,H:!jO?I: C. 64.27; H. 5.78: I .  :I.Yl. Found: C,  .54.:%3: 
H. 5.63: I ,  :1.80. 

4-Iodo- 1,3,5( lO)-estratriene-:I,l7~-diol (8). .A solution containing 
:io0 mg (0.73 mmol) of  6 in 25 mI, ofanhydrouh dimethyll'ormaniide 
was treated with sodium ethylmercaptide as drscrihed above. T h e  
c.rude product was chromatographed on a silica gel column (0.6 X 5 
c.m. chliirofrirmi to give 100 mg ( i l l '  p u r e  X:  mp 78-80 O ( ' :  IR  
( K H r )  :3:1t50 ( O H ) .  1463. 1260, 10:10 (SI cm-I: L.1 '  A,,,,, (CHCIO 288. 
:W:3 nm: IH NMR (CDC1:i) b 0.8 i s .  lX-CH,r). l.O-:iU (hroad. aliphatic). 
:Ls7 ( in .  IY-H), 6.6 and 7.1 (d.  ./ = 6.8 H i .  x+oiiiatic): K, 0.41 

Anal. Calcd for C I ~ H ~ . ~ O ~ I :  ('* N 2 7 :  H. 3 .X:  1. :31.91. Found: C, 

_ _  

!('H('I:~-CH,~CN, 95:51. 

.-i4.,71; H, 5.97; I ,  32.06. 
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Previous work on the chloranil dehydrogenation of phenolic 
flavans to flavylium salts’ has shown the need to protect any 
o-dihydroxyphenyl function present in the flavan prior to the 
oxidation. In addition, it was shown that the oxidation in- 
volves the formation of a p-quinone methide intermediate, 
thus requiring a free phenolic OH either at  C4, or C7. To extend 
this reaction to (+)-catechin ( l ) ,  it would be necessary to first 
modify the B ring, preferably through partial methylation, to 
protect the reactive o -dihydroxyphenyl group. 

Although the exhaustive methylation of 1 with diazo- 
methane is known to give the tetramethyl ether 2,2 a recent 
study3 on the ionization of 1 has shown that the pK,s of the 
four reactive phenolic groups differ significantly, the most 
acidic one being present in ring B (either the 3’ or 4‘ position). 
From this evidence, it was felt that under partial methylation 
conditions, the monomethylation of ring B should be expected 
to occur preferentially. Treatment of (+)-catechin (1) with 
1 equiv of CHzN2 in EtzO-MeOH for 30 min a t  room tem- 

1 R 1 = R 2 = R 3 = R 4 = H  

2 R 1  = R2 = R 3 =  R 4 =  C H 3  

3 R 1  = R 2  = R 4  = H ,  R J  = CH3 

4 R 1  = R p  = R 3  = H .  R 4  = C H 3  

5 R 1  = R 2  = H, R 3  = , R 4  = C H 3  

6 R~ = R~ = R~ = c ~ H ~ ,  R~ = C H ~  

7 R I ’ R ~ ’ R ~ = C ~ H ~ , R J = C H ~  

d 

Figure 1. LC analysis of (+)-catechin methylation products: (a) 
compound 5; (b) compound 1; (c) crude mixture of 3 and 4; (d) crys- 
tallized 4; (e) 3 recovered from mother liquors of 4. 

perature gave a mixture which showed three spots on TLC 
(silica gel, 10% MeOH in CHCla as eluant). These were sepa- 
rated as three fractions via column chromatography on silica 
gel 60. The first material to elute (4%, HPLC trace Figure la)  
was readily identified as 3’,4’-dimethylcatechin ( 5 )  from its 
characteristic retro-Diels-Alder MS fragment at  mle 180. 

The second fraction eluted (43%) showed two peaks on LC 
analysis (2:l ratio, Figure IC) indicating a mixture of mono- 
methyl ethers. From the MS spectrum of the mixture, it was 
evident that  the two compounds present were the 3’- and 4’- 
monbmethyl ethers 3 and 4, because of the presence of a strong 
retro-Diels-Alder fragment a t  mle 166 and the absence of a 
fragment a t  mle 153 expected if the 5- or 7-monomethyl de- 
rivatives were present. The third fraction eluted (39%, LC 
trace Figure Ib)  was identical to starting material 1.. 

Proof of structure for the isomeric monomethyl ethers 3 and 
4 was obtained by chemical degradation, as the available 
NMR data4-7 for phenolic compounds bearing similar vanil- 
lic/isovanillic isomerism showed no appreciable differences 
for the chemical shifts of C : ~ J  and C4,. 

To that effect, the crude mixture of 3 and 4 was crystallized 
from MeOH-CHCl3 to give one of the isomers as a white solid, 
mp 222-4 “C, 80% pure by LC (Figure Id). It was shown to be 
the 4’-O-methyl isomer 4 through ethylation to 6, which gave 
4-methoxy-3-ethoxybenzoic acid upon oxidation with aqueous 
KMn04. 

From the mother liquors of 4, the isomer 3 (78% pure, Figure 
le )  was recovered as a glassy solid that failed to crystallize. 
Ethylation of 3 afforded 7, which on oxidation with KMn04 
gave the expected 4-ethoxy-3-methoxybenzoic acid. 

The observed exclusive methylation of (+)-catechin ring 
B indicates that, under the conditions adopted, its two phe- 
nolic groups are the most acidic of the four present. 

Experimental Section 
Melting points are uncorrected. ‘H NMR spectra were recorded in 

CDCI:j unless otherwise stated. Chemical shifts are given in ppm 
downf‘ield from Me4Si. Abbreviations: s = singlet; b s = broad singlet; 
I, d = broad doublet; d = doublet; t = triplet; m = multiplet. All re- 
agents were used as received from the supplier and were reagent grade. 
Silica gel 60 was supplied by E. Merck, Darmstadt, West Germany. 
Microanalyses were performed by Gailbraith Laboratories, Knoxville, 
‘I’enn. LC analyses were performed on a Waters liquid chromatograph 
using a :300 X 4 mm pBondapak/CIH column and a Schoet’fel SF 770 
UV/Vis detector set a t  280 nm. A flow rate of 2 mL/min was main- 
tained employing a mixture of water-acetic acid-methanol (90:IO:lO 
by volume) as eluant. 

Methylation of (+)-Catechin. To a solution of2.0 g of’(+)-cate- 
chin (K&K) in 100 mL of 10°C MeOH-Et20 was added 1 equiv of‘ 
CH.”’ in Et20 (-70 mL, solution titrated vs. benzoic acid). After 
standing for 30 min a t  room temperature, one drop of HOAc was 
added and the solution was evaporated. The resulting light hrown oil 
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