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Abatreet-Treatment of the ethanolamine-derived ketimine of two steroidal 20-ketones with either NCS 
or NBS in ether at 25” followed by mild acidic hydrolysis has led to the corresponding 21-haloketones in 

high yield. Application of this halogenation procedure to 2-pentanone demonstrated that this method may 
be general for the selective halogenation of the Me group of methylketones. 

WE DESCRIBE herein a new method for the selective halogenation of the Me group of 
methyl ketones.* Treatment of pregnenolone la with ethanolamine in toluene 
containing some Dowex-20 ion exchange resin (acid form) resulted in a 94% yield of 
the corresponding ketimine 2a.3 Similarly, the ketimine 2b of pregnenolone acetate 
lb was prepared, although in lower yield (60 %) due to partial removal of the acetate 
group by ethanolamine. The NMR spectra of 2a and 2b required the “imine” 

structures shown since sharp 3-proton singlets were observed at 6 1.82 and l-83, 
respectively, for the two substances, attributable to the C-21 Me groups.* The action 
of Nchlorosuccinimide (NCS) in ether at 25” on imines 2a and 2b, followed by direct 
treatment of the ether solutions with dilute hydrochloric acid as a second phase led in 
near quantitative yields to the respective 2lchloro derivatives 3a5 and 3b.’ Bromides 
4a and 4b6 could be prepared in 90% and 43 % yields, respectively, utilizing N- 
bromosuccinimide (NBS) instead of NCS in an analogous manner. It will be noted 
that protection of the 5,6-double bond was not necessary. 

3:x = Cl 
4:X = Br 

a:R=H 
b:R t AC 

In one preliminary test of the generality of this halogenation procedure N-2- 
pentylidene-ethanolamine (5)‘. a was treated as above with varying amounts of NCS. 
The relative yields of I-chloro- (6),Q 3-chloro- (7),’ l,ldichloro- (8)” and l,l,l- 
trichloropentan-2-one (9)” were determined by VFC and are shown in Table 1. 

l The C2,-Me group of the corresponding oxaxolidine structurca would be expected to absorb in the 
6 1.2-1.4 region of the spectra The abacncc of this NMR absorption tog&a with the presence of -C=N- 
absorption in the IR spectra at I650 and 1640 cm-’ respcctiveiy. ia concluaiivc evidena for the imine 
structures. 
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TABLE I. &DDUCT DISTRIBUTION IN THE CHLORINATION OF IMINE 5 WITH NCS 

Molar ratio 
NCS/Imine 6 

% Relative Yield 
7 8 9 OtheP 

05 72 19 5 t* t 
1Q 39 11 SO t t 
2.0 11 4 61 16 8 
3Q t t 15 70 15 

a Sum of other unidentitied materials appearing in the vapor phase chromato- 
gram. 

b t = trace. 

The halogenation reaction probably proceeds oia halogenation of the tautomeric 
enamine form 10 which could be present in solution at low concentration. Enamines 
are known to undergo ready reaction with bromine in dichloromethane, for example, 
leading after water treatment to the corresponding a-bromocarbonyl compound.” 

In the NCS-imine 2b reaction, evaporation of the ether prior to hydrolysis and 
trituration of the residue with hexane afforded, after three recrystallizations of the 
hexane-soluble portion from hexane, a crystalline intermediate which showed no 
absorption attributable to C=N in its IR spectrum. The NMR spectrum displayed 
two 2-proton triplets at 6 3.25 and 3.82 attributed to the ethanolamine moiety together 
with a 2-proton “AB” quartet (?) centered at 6 350 attributed to the C-21 protons. 
These data together with a chlorine analysis and a mass spectrum which showed an 
intense peak at m/e 399 (molecular ion less HCl) were consistent with expression 11 
(tentative assignment). Treatment of an ether solution of intermediate 11 with dilute 
hydrochloric acid as above afforded a quantitative yield of chloride 3b. 

2b 10 11 3b 

EXPERIMENTAL 

IR spectra were recorded with a Reckman IR-SA spectrophotometer. NMR spectra were determined on a 
Varian Associates Modd A-60 high resolution spectrometer. Chemical shifts are recorded in ppm (a) 
downfield from intemal TMS, employing CDCl, as the solvent Mass spectra were determined on a CEC- 
110 spectrometer (70 eu) e-quipped with a direct inlet attachment. Elemeutal analyses were performed by 
Chcmalytics, Inc., Tempe, Arizona Solvents were routinely distilled prior to use. Ail chemicals were reagent 
grade. NBS and NCS were recrystallized from water and benzene, respectively, prior to use. M.ps were 
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21-Bromo-3~-hydroxypregn-5-en-20~~ (4r) Utilizing the above procedure with the exception of a longer 
(overnight) period to complete the hydrolysis step, Za, 180 mg (@50 mhf) gave upon treatment with 69 mg 
(O-50 mM) NBS, 196 mg ofthe 2l-bromide m.p. 130-137. Recrystallization from ether-pentane gave 178 mg 
(045 mM, 90%) of long colorless needks, m.p. 139-140”: NMR 6 @68 (s, 3, H-18), 132 (s, 3, H-19), 3.3-3.8 
(m, 1, H-3). 399 (s, 2, H-21), 53-5-6 (m, 1, H-6); IR (CHCl,) 3600 (w), 1715 (s) cm- *, Recrystalliition from 
MeOH gave the analytical sample, m.p. 141-141.5”. (Found: C, 63.37; H, 8Q7. Calcd. for C,,H,,O,Br: 
C, 63.79 ; H, 7.90 %). 

Chlorhwion oj 2-pentanone (Table 1). To stirred solns of l-29 g (10-O mM) N-2-(pentylidene)-ethanol- 
amine,’ $ 1.4418, in 50 ml dry ether was added solid NCS in the molar ratios shown in Table 1. After 
2 hr the precipitated suczinimide was removed and the solns were hydrolyzed with 30 ml water containins 
3 drops cone HCI for 2 hr. in the cas where the ratio NCS,imme was 30 the reaction was allowed to 
proceed overnight before aqueous treatment. Normal workup with removal of the organic solvent on a 
rotary evaporator at room temp and 40 mm press gave the various product mixtures. Vapor phase chromato- 
grams were integrated (Table 1) and individual peaks collected and identified: I-Ckioro-2-pentunone (6)? 
retention time 7.5 min; d6 l-4386; 2.4 DNP m.p. 138-139” (lit.* 138”); NMR d @93 (t, 3, H-5), 1~3~190 
(m, 2 H-Q), 2.57 (t, 2, H-3). 404 (s, 2, H-l); IR (CHCl,) 2985 (s), 1730 cm-’ (s). 3-CMoro-2-penrunone (7)? 
retention time 5.5 min ; NMR 6 103 (t, 3, H-.5), 1.7-2.2 (m, 2 H-4), 2.32 (s, 3, H-l), 4.15 (t, 1, H-3); IR (CHCI,) 
2985 (s), 1725 cm-’ (s). l,l-Dichloro-2-pentonone (8):“’ retention time 105 min; 1114’ 14483 (lit.“’ 14478); 
NMR 6 @97 (f 3, H-S), 1.4-20 (m, 2, H-4), 2.82 (t, 2, H-3X 5.80 (s, 1, H-l); IR (CHCI,) 2290 (s), 1740 cm- 1 (s). 
l,l,l-TrichIor~2-pentanone (9):” retention time 19.7 min; ni” 1.4615, (lit.” 14618); NMR 6 099 (t, 3, H-5), 
14-20 (m. 2 H-4). 2.97 (t. 2. H-31: IR (CHC&I 2990 (s), 1760 cm-’ (s). 
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