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Abstrs~~~-Thc enzymatic hrominatioo of a-bydroxymcthyknc kcto rtcroida using UIC haloperoxidar d 

caI&Tiomycu~ has bcal invatigalat. The iaolaral producu Ivc not the Uicipatal bfolnio8lcd 
kcto aldehydm, but a-browketones The rnechnism d &is reaction is discusxd This mehod rllords 
a practical route IO 2fLbromo-3-kacFS~androstancs 

A RECEhT report from these laboratories ’ described the chlorination and bromi- 
nation of 16-keto-progesterone, 16-keto-A-norprogesterone and 15-keto-ldehydro- 
testololactone using the haloperoxidase of Caldmiomycesfumaeo.’ In this paper, we 
describe our results when another type of enolizable vicarbony system was used as 
a substrate for the halogenation. We set out to explore tbe enzymatic halogenation of 
a-hydroxymethylene keto steroids (A) and envisioned obtaining products of structural 
type B. 
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when 2-hydroxymethylene-17~hydroxy-5a-androstan-3-one3 (1) was incubated 
for 05 hr at room temperature with the enzyme system containing hydrogen peroxide 
perxide and potassium bromide and the crude product chromatographed on neutral 
alumina, a halogenated (+ Beilstein) steroid was obtained in 2&25x yield. Since the 
IR sptctrum exhibited only one Co peak at 5.79 p, it was obvious that the product 
was not a brominated keto aIdehyde. This compound was formulated as 2a-bromo- 
17phydroxy-Sa-androstan-3-one (2) on tbe basis of its microanalysis, infrared and 
Nh4R spectra. The C-2 proton appeared as a quartet centered at r 5.27 (J = 6.5, 
12.8 c/s). This is typical of an axial proton4 and provided further evidence for the 
equatorial configuration of the Br atom The m.p. and optical rotation of 2 were not 
in agreement with those reported in the literature.‘*6 However, acetylation gave the 
1 ‘Ikacetate’ (3) and Jones oxidation’ gave tbe 17-ketone’ (4) both of whose physical 
properties were in agreement wi@ previously preparaI samplcj. The bromo ketone 2 
could also be prepared non+nzymaticalIy by bromination of 1 with N-bromosuccini- 
mide in a pH 4.3 buffer. As in the enzymatic CIUC, 2 is obtained directly without bass 
catalyzed cleavage of the expected bromo kcto aldchyde. During the preparation of 
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2~fluoro steroids” by reaction of the sodio salt of 2-hydroxymethylene-3-keto 
steroids with perchloryl fluoride, the resultant 2-aldehydo-tfluoro compounds (no 
physical data was given to support the prestnoe of this grouping) were treated with 
aIkali to eliminate the aldehyde. Although we cannot exclude the possibility that the 
loss of the C-2 formyl group during the enzymatic bromination occurs via an enzy- 
matic process, we wish to propose the following mechanism for both the chemical and 
enzymatic bromination. The 2-hydroxymethylene steroid (1) is brominated’ by Br * 

b 

to afford the anticipated bromo keto aldehyde (a). The hydration of a is facilitated by 
the presence of the electron withdrawing Br atom adjacent to the aldehyde. The 
resulting hydrated aldehyde @) can either lose water to reform a or expel a molecule 
of formic acid to give the enol (c). Ketonization of c then gives rise to the more stable 
(equatorial) bromo ketone (2). 

An attempt to prepare 2-formyl-17phydroxy-androst-l-ene-3-one (5) by the 
bromination of 1 followed by dehydrobromination was reported to be unsuccessful,’ ’ 
but the nature of the brominating agent, reaction conditions, and products obtained 
was not presented. From the results presented herein, it appears likely that the product 
obtained after the bromination step did not contain any aldehyde group, and that the 
compound which was actually dehydrobrominated was 2. 

In a similar fashion, enzymatic bromination of 2-hydroxymethylenetestosterone’2 
(6) gave non-crystalline Za-bromo testosterone (7) which was characterized by its 
NMR spectrum and conversion by acetylation to 8” and by oxidation to 9.6 

These results suggested that a convenient and practical route to 28-bromo-3- 
keto-SB_androstanes was feasible since A/R cis-3-ketones are preferentially formylated 
at C-2.‘. Recently, Liston ” has investigated the en01 acetylation of 17I3-acetoxy- 
5g-androstane-3-one and demonstrated that under kinetic control a 7:3 mixture of 
A’ and A’cnol acetates was formed. These were separable by preparative GLRC 
and the AZ-en01 acetate could be isolated in ca. 5% yield and brominated to 12 
which was characterized by its microanalysis and infrared spectrum. Incubation of 
2-hydroxymethylene-17~hydroxy-5~androstan-3-one’* (10) with the brominating 
enzyme system gave the oily Z~bromo-17I3-hydroxy-5~androstan-Eone (11) 
in ca. so”/, yield. In accord with this structure, the NMR spectrum exhibited signals 
at T 9.24 (s, 18Me), 894 (s, 19Me), 6.33 (rn, 170-H) and 5.29 (q. J = 5.5, 14 c/s, 2a-H). 
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Acetylation of 11 gave the previously mentioned acetate” (12) and oxidation gave 
the 17-keto compound (13). 
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That the brominatcd derivatives described herein were enzymatically produced was 
demonstrated by the fact tbat omission of any of the components of the complete 
system (enzyme preparation, potassium bromide or hydrogen peroxide) prevented 
formation of these products and only starting materials could bt detected. 

EXPERIMENTAL 

Mp were taken 011 a Fiaber-Jobm m.p. apparatus and are uncorrected. Gptical rotatioos were deter- 
minal in CHCl, ma Perkin-Elmer 141 @arimeta and the ti cf[ab have been approaimatcd to the 
aarat~IRrpca~renddcrmiDadoaaPatia-Elma2lrpbccromctainprarsdKBrpdkrr. 
~NMRrpa~oaaVuLoAdO~CDC1,rPithTMS~in~ stand&. The alumina used for 
chromatography r&rs to Me&. A.G. ueutml alumi~ (activity V-). Solns were driut over Na,SG, and 
altmporationsweretialoutinr%lLlKI 

Growth of my&d pads oj Cold&cary~c~ fvmorzo AT%C 16373. American fyp culrure collccrion. 
Rockatllc, Maryland. l-be organism was maiomnsd on potato agar slants prrpred as follows: Sliced 
po~to(200g)wrscooksdindircilbdwrca(500ml)for40minand~~A~oholgl~(2lg) 
and agar (20 0) in dktilkd water (500 ml) was added to the str&ed aoln lbe pH was sdjustal to 68 
and the volume brought to I 1 with distiJlai water. The medium was rterilirzd at 121” for I5 min. 

The organism was grown for about one week on these slants at room temp and was then used IO moculatc 
25Oml. Erknmeyer flasks coataitung a soybean-glucose mcdnrm (50 ml) w u follows: To I I. of 
dktilkd water were ad&d extmctiou proasa soybun meal (3Ogp). gluome (3Og) and CaCO, (7g) The 
nKcliumwassterihzedrt l2l”for3omin. 

TM organism was grown for 4-5 days on a rotary abaker at 25’. Five ml of this material was used to 
inoculrtcacb500mlErkomc)a~contliningl00mldr~(3npck-Dexmodirnaptpuadby 
adding the loUowing to I L of distilled water: NaNO, (3 & KH,PG. (I g), KQ (05 3 MgSG,.7HrO 
(@5 g), FeSG,*7H,O (IO me) and glucose (4Og) lbe medium was st&izod at 121’ for 20 min. 

The or&am was grown u&u static conditions at room tanp for 5 7 days Tbe black mycelial pads 
which formed were colkcted, rinsed with dutiBed water and stored in plastic bag in a deepfreeze for 
subeequent use. 

Enrymcrtic brominmion cj 2-hydroxymrchy~l7BLydtoxy-Sa-cmdrowc (1) The balmting 
entym~olnwasprcpuadby~6m~pr~dcho~@rrpuadrs~badabove) 
with &d-w&rod sand (60 e) atxl diat&d water (300 ml) in a Waring Blendor for 2 min sod then centri- 
fuging The supematant was treated with @,% HsO, (60 ml), KBr (300 me) in water (60 ml), D3M potassium 
phospbatc buffer @H 39 I20 ml), l(300 mg) in DMSG (24 ml) and distilkd water (36 ml) The mixture was 
dutributed in 2C0 ml ahquots among three 5@3 ml Erknwyer flasks and placed on a rotary shaker at 
25” for 30 min CHCI, (I20 ml) was added to the mixrure and filtered through Hy-flo. The CHCI, layer of the 
filtrate was separated and rbc aqueous phase extracted with CHCI, (3 x 250 ml), dried and evaporated. 
The residue was p&tc-chrotnatographat oo ahrrnina using CHCIs-bexaue (3:2) as the developing solvent 
aad gave a major band detect&k with I, vapor. Elution with EtOAc evaporntia and crystllliution of 
the residue from EtOAc-aher gave 2 (82 mg m.p. 16~166” (d) Recrystallization from EtOAcether gave 
the anaJytical sampk: m.p. 167-168” (d) [lit. 180 lgl“]; [x]: + 55‘ (c 0265) [lit. + 29‘ “3; i 5.79 u; 
r 9.24 (3H s,* I&Me), 891 (3H s. 19-Me). 6.37 (IH m, 17x4) and 5.27 (IH qu, I - 6.5. 12.8 cir. 2g-H) 
(Found. C. 6140; H. X00; Br. 21.51. Calc. for C,,H,,BrG,: C. 61.77; H. 791; Br. 21&t“/,). 

A soln d 2 (20 ma) in Ac,O (005 ml) and pyndme (0 I ml) was left at room temp ovcrmght. The reactron 
mixture was diluted with water aud the pp colkcted by filtration C~allimtioo from MeOH-isopropyl 
ether gave 3: m.p. 175,176”; [alp +29 (c @569) @it. I75 in--; [I]~ +32*‘] 

A sobt d 2 (20 mg) in acetone (5 ml) was treated with a shght exccas d loner ragent. MeGH was addad 
to decompose exocg ragent and the suapensioo tikered. Tbe fdtratc was concentrated. diluted with water 
and extractal with CHCI,. The CHCI, extracts were & with p/, salt aoln, dried and evaporated. 
Two r~llizations from CHCl,-MeGH pve4: m.p. 211+212.5”; [%]A’ +99”(cO244) [lit 215216’; 
[ago + 102”8] 

Chemkd brominarkm qf 2-hydroxymrihylmr-l7~ydroxpSa_androsr~3~ (I) A soln d l(300 ma) 
in dioxan (I5 ml) was treated with N-bromauccimmide (175 me) ti a butfer solo (6 ml) prepared by 

l s - sir&t, m = multipkt. qu - quartet 
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