ziT

Steroidal alkenylphosphonates via
palladium-catalyzed coupling reactions

Rita Skoda-Foldes, Laszl6 Kolldr, Judit Horvath, and Zoltin Tuba

University of Veszprém, Department of Organic Chemistry, Veszprém,; Chemical Works of Gedeon
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The palladium-catalyzed coupling of various 17-iodo-A® steroids (17-iodo-androst-16-ene, 17-iodo-4-methyl-
4-aza-androst-16-en-3-one, and 17-iodo-4-aza-androst-16-en-3-one) with dialkyl phosphites (dimethyl
phosphite, diethyl phosphite, and diisopropyl phosphite) was examined in detail. The only successful condition
for homogeneous coupling involved carrying out the reaction in the absence of any solvents. A large excess of
dialkyl phosphite was used, which means that the phosphite itself acted as a solvent. Eight new androst-16-ene
derivatives with phosphonate groups at C-17 were synthesized and characterized. These steroids are of phar-
macological interest as potential Sa-reductase inhibitors. Under the same conditions, methylation of lactam NH

was observed using dimethyl phosphite. (Steroids 60:791-795, 1995)
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Introduction

Recognition of the importance of Sa-dihydrotestosterone
(DHT) levels in many diseases has stimulated efforts to
synthesize inhibitors of Sa-reductase, which is an NADPH-
dependent enzyme that converts testosterone to DHT. Phos-
phonic acid-substituted aromatic steroids, synthesized by
the hydrolysis of the corresponding phosphonates, have
been shown to be efficient inactivators of this enzyme.'
The Michaelis-Arbuzov reaction is a well-known method
for the formation of carbon-phosphorus bonds but is not
applicable for the synthesis of arylphosphonates and hardly
applicable for that of vinylphosphonates.? One of the meth-
ods used for the synthesis of these compounds is the direct
reaction of vinyl- bromides with trialkyl phosphites in the
presence of nickel halides. However, this method requires
severe reaction conditions, and the stereochemistry of vi-
nylphosphonates has not been clarified.® Other methods in-
volve the reaction of alkenes with PCls, followed by ester-
ification with ethanol and dehydrohalogenation.* The
easiest and most elegant route for the synthesis of simple
arylphosphonates and vinylphosphonates is reacting the or-
ganic bromide or iodide with dialkyl phosphite in the pres-
ence of an amine and a homogeneous Pd(0)-catalyst.> In
the case of steroidal substrates, estratriene-! and cholesta-
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3,5-diene-3-phosphonate derivatives’ were synthesized us-
ing the corresponding triflates as starting material.

In this paper, we describe the palladium-catalyzed cou-
pling reaction of 17-iodo-androsta-16-enes (17-iodo-
androst-16-ene, 1; 17-iodo-4-methyl-4-aza-androst-16-en-
3-one, §; 17-iodo-4-aza-androst-16-en-3-one, 9) and
dialkyl phosphites in the presence of palladium catalysts
and triethylamine, which yields the corresponding A'6-17-
phosphonates.

Experimental

Pd(PPh,), and Pd,(dba), - CHCl; (where dba is dibenzylideneac-
etone) were prepared as described previously.® Solvents were
dried (dimethylformamide over molecular sieves, toluene over so-
dium, acetonitrile over P,0Os) and distilled under argon. Dialkyl
phosphites were used after distillation.

The 'H NMR and '*C NMR spectra were recorded in CDCI,
with TMS as the internal standard on a Varian Unity 300 spec-
trometer at 300 and 75.4 MHz, respectively. Gas-liquid chroma-
tography (GLC) analyses were carried out on a Shimadzu GC-14A
gas chromatograph fitted with a 10 m HP-17 column. Gas chro-
matography-mass spectroscopy (GC-MS) measurements were
made on a Hewlett Packard 5971A GC-MSD; mass spectra of
solid samples (6b, 6¢, 10b, 10c) were recorded on a VG-16F mass
spectrometer. Infrared spectra were recorded in KBr pellets on a
Specord-IR 75 instrument.

General method for the coupling reaction of dialkyl
phosphites with various steroids

In a typical experiment, 1 mmol of the steroid (1, 5, 9) was reacted
with 25 mmol dialkyl phosphite in the presence of 0.05 mmol
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Pd,(dba); - CHCl; and 3 mmol Et;N under an Ar atmosphere at
110°C for 20 h. (The reaction was monitored by GC, temperature
program: initial temperature: 150°C (2 min), rate: 10°C/min, final
temperature: 300°C.) Subsequently, the phosphite was removed in
vacuum, and the oily product was washed with four 10 mL por-
tions of diethyl ether. After removing the ether in vacuum, the
product was purified by column chromatography on silica gel with
CHC1;/MeOH (95:5 v/v) as the eluent. The products were char-
acterized by '"H NMR, '*C NMR, mass spectroscopy (MS), ele-
mental analysis, and IR measurements.

Characterization of thef products

Dimethyl androst-16-en-17-phosphonate (2a). 'H NMR (5,
CDCly): 6.65 (m, 1 H, 16-H); 3.66 (d, / = 2.4 Hz, 3 H, P-O-
CH,); 3.62 (d, J = 2.4 Hz, 3 H, P-O-CH,); 1.0-2.3 (m, 22 H.
ring protons); 0.85 (s, 3 H, 19-H;); 0.75 (s. 3 H, 18-H;). MS
(m/z, relative intensity): 366/3 (M *); 351/65; 281/5; 257/45; 256/
100. IR: 1580 cm ™' (v C = C); 1240 cm ™' (v P = 0); 1030
cm™ ! (v P-OMe). Analysis calculated for C,,H;5PO; (366.48): C
68.83; H 9.63; Found: C 68.56, H 9.81. Yield: 30%.

Diethyl androst-16-en-17-phosphonate (2b). 'H NMR (3.
CDCl;): 6.65 (m, t H, 16-H); 4.05 (m, 4 H. P-(O-CH,-CH,),):
2.25 (m, 1 H, 15a-H); 2.0 (m, 2 H); 1.0-1.8 (m, 19 H, ring
protons); 1.32 (t,J = 6 Hz, 6 H, P-(O-CH,-CH),); 0.87 (s, 3 H.
19-H,); 0.78 (s, 3 H, 18-H,). ?C NMR (3, CDCl,): 147.2 (d. J
= 14.7Hz, 16-C); 144.0 (d, J = 182.6 Hz, 17-C); 61.1 (d.J =
5.8 Hz, P-(O-CH,-CH,),); 57.4 {d, J = 9.8 Hz, 14-C); 54.9
(9-C); 47.9 (d,J = 11.7 Hz, 13-C); 47.0 (5-C) 38.3: 36.2: 34.9:
33.9(8-C); 32.8 (d, J = 18.6 Hz, 15-C); 31.9; 28.8; 28.7, 26.6:
21.9;20.4; 16.4 (19-C); 16.2 (d. J = 6.8 Hz, P-(O-CH,-CH,), )
12.0 (18-C). MS (myz, relative intensity): 394/16 (M ™), 379/100;
257/41; 256/91. IR: 1580 cm ' (v C = C); 1240 cm ™' (v P =
0); 1030 cm ™' (v P-OEt). Analysis calculated for C,;H,,PO,
(394.53): C 70.02; H 9.96; Found: C 69.85, H 10.12. Yield: 86%.

Diisopropyl androst-16-en-17-phosphonate (2¢). 'H NMR (3,
CDCly). 6.60 (m, 1 H, 16-H); 4.70 (m, 2 H. P-(O-CH-(CH;),)>):
2.25 (m, 1 H, 15a-H); 2.0 (m, 2 H); 1.0-1.8 (m, 19 H. ring
protons); 1.28 (m, 12 H, P-(O-CH-(CH,),),); 0.92 (s, 3 H, 19-
H,); 0.80 (s, 3 H, 18-H;). '>*C NMR (8, CDCl,): 145.8 (d. J =
14.6 Hz, 16-C); 145.6 (d,J = 185.5 Hz, 17-C); 69.6 (d.J = 6.9
Hz, P-(O-CH~(CH;),),); 57.6 (d, J = 11 Hz. 14-C); 54.9 (9-C);
47.9 (d, J = 11.7 Hz, 13-C); 47.0 (5-C); 38.3; 36.3: 34.9: 33.9
(8-C); 32.6 (d,J = 18.5 Hz, 15-C); 31.9; 28.8; 28.7; 26.6; 24.05
(d, J = 4.9 Hz, P-O-CH-CH;); 24.0 (d, / = 3.9 Hz, P-O-CH-
CH,); 23.9(d,J = 5.8 Hz, P-O-CH-CH,); 23.85(d, / = 5.9 Hz.
P-O-CH-CH,); 22.0; 20.5; 16.5 (19-C); 12.0 (18-C). MS (m/z.
relative intensity): 422/10 (M™); 407/10; 380/7; 365/17: 323/62:
257/55; 256/100. IR: 1580 cm ™' (v C = C); 1240 em "' (v P =
0); 970 ecm™ ' (v P-OiPr). Analysis calculated for C,sH,,PO,
(422.59): C 71.06; H 10.26; Found: C 70.86, H 10.37. Yield:
83%.

Dimethyl 4-methyl-4-aza-androst-16-en-3-on-17-phosphonate
(6a). '"H NMR (3, CDCl,): 6.75 (m, | H, 16-H); 3.78 (d.J = 2.4
Hz, 3 H, P-O-CH,); 3.74 (d, J = 2.4 Hz, 3 H, P-O-CH,); 3.12
(m, 1 H, 5-H); 2.93 (s, 3 H, N-CH,); 2.50 (m, 2 H, 2-H,);
1.4-2.4 (m, 15 H, ring protons); 0.99 (s, 3 H, 19-H;); 0.95 (s, 3
H, 18-H,). MS (mv/z, relative intensity): 395/83 (M™*); 380/100;
286/40; 285/87; 70/57. Analysis calculated for C, ,H,,NPO,
(395.48): C 63.78; H 8.67; N 3.54; Found: C 63.51. H 8.79. N
3.48. Yield: 40%.

Diethyl 4-methyl-4-aza-androst-16-en-3-on-17-phosphonate

(6b). '"H NMR (3, CDCl,): 6.68 (m, 1 H, 16-H); 4.10 (m, 4 H,
P-(O-CH,-CHs;),); 3.08 (m, 1 H, 5-H); 2.93 (s, 3 H, N-CH,); 2.45
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(m, 2 H, 2-H,); 1.4-2.4 (m, 15 H, ring protons); 1.35(t,J = 6
Hz, 6 H, P-(O-CH,-CH;),); 0.95 (s, 3 H, 19-H,); 0.92 (s, 3 H,
18-Hy). *C NMR (3, CDCl,): 170.2 (3-C); 146.6 (d, J = 14.6
Hz, 16-C); 143.8 (d, J = 183.7 Hz, 17-C); 65.3 (5-C); 61.0 (d,
= 4.9 Hz, P-(O-CH,-CH,),); 56.6 (d, J = 10.7 Hz, 14-C); 51.8
(9-C); 47.8 (d, J = 12.7 Hz, 13-C); 36.2 (10-C); 34.4 (2-C); 32.6
(8-C); 32.4: 32.5 (15-C); 29.8; 28.7 (N-CH,); 28.7; 25.0; 20.6;
16.3 (19-C); 16.07 (d, J = 5.8 Hz. P-(O-CH,-CHj;),); 12.0 (18-
C). MS (m/z, relative intensity): 423/20 (M™); 408/65; 286/40;
285/57; 163/92; 83/85; 69/52; 43/100. IR: 1630 cm ™! (v NC =
0);1580em™ ' (v C = ;1230 cm ™' (wP = 0); 1040 cn ™ (v
P-OEt). Analysis calculated for C,;H,,NPO, (423.53): C 65.23;
H 9.04; N 3.31; Found: C 65.11, H 9.14, N 3.27. Yield: 91%.

Diisopropyl 4-methyl-4-aza-androst-16-en-3-on-17-phos-
phonate (6¢). 'H NMR (3, CDCL,): 6.62 (m, 1 H, 16-H); 4.70
(m, 2 H, P-(O-CH-(CH,;),),); 3.08 (m, 1 H, 5-H); 2.93 (s, 3 H,
N-CH,): 2.45 (m, 2 H, 2-H,); 1.4-2.4 (m, 15 H, ring protons);
1.34(d,J = 6.1 Hz, 6 H, P-O-CH-(CH;),); 1.32(d,J = 6.4 Hz,
3 H. P-O-CH-CH;); 1.29 (d, J = 6.4 Hz, 3 H, P-O-CH-CH);
0.95 (s. 3 H, 19-H,); 0.92 (s, 3 H, 18-H;). "*C NMR (3, CDCl,):
170.3 (3-C): 145.4 (d, J = 14.6 Hz, 16-C); 145.3 (d,J = 186.5
Hz. 17-C); 69.6 (d, J = 5.8 Hz, P-(O-CH- (CH,;),),); 65.4 (5-C).
56.7(d.J = 9.7 Hz, 14-C); 51.9 (9-C); 47.8 (d, / = 11.8 Hz,
13-C): 36.3 (10-C); 34.5 (2-C); 32.6 (8-C); 32.4, 325 (d, J =
15.6 Hz, 15-C); 29.8; 28.7 (N-CH,); 28.7;25.0;23.92 d, J =
4.8 Hz, P-O-CH-CH;); 23.87 (d, J = 4 Hz, P-O-CH-CH,); 23.80
(d.J = 4.8 Hz, P-O-CH-CH,); 23.74 (d, J = 4.9 Hz, P-O-CH-
CH;): 20.6; 16.4 (19-C); 12.0 (18-C). MS (nv/z, relative inten-
sity): 451/9 (M ™); 436/6; 352/60; 286/35; 285/40; 84/65; 83/100;
70/53.1R: 1630 cm ™' (1 NC = 0); 1580 cm ' (v C = C); 1230
em ' (v P = 0);980 cm ! (v P-OiPr). Analysis calculated for
C,sH,.NPO, (451.59): C 66.49;: H 9.37; N 3.10; Found: C 66.32,
H 9.42, N 3.07. Yield: 89%.

Diethyl 4-aza-androst-16-en-3-on-17-phosphonate (10b). 'H
NMR (8, CDCl,): 6.8 (s, 1 H, NH); 6.65 (m, 1 H, 16-H); 4.10 (m,
4 H. P-(O-CH,- CH;),); 3.08 (m, | H, 5-H); 2.40 (m, 2 H, 2-H,);
1.3-2.35 (m, 15 H, ring protons); 1.32 (t, / = 6 Hz, 6 H, P-(O-
CH,-CH,),); 0.95 (s, 3H, 19-H;); 0.92 (s, 3 H, 18-H;). '*C NMR
(5, CDCl5): 172.4 (3-C); 146.8 (d, J = 14.6 Hz, 16-C); 143.8(d,
J = 183.7 Hz, 17-C); 61.1 (d, / = 4.9 Hz, P-(O-CH,-CH,;),);
60.4 (5-C); 56.7(d, J = 9.8 Hz, 14-C); 51.3(9-C);47.9(d,J =
11.7 Hz, 13-C); 35.5 (10-C); 34.5 (2-C); 33.4 (8-C); 33.0; 32.6
(d.J = 17.5 Hz, 15-C); 29.3; 28.3. 26.7; 20.7; 16.4 (19-C); 16.1
(d,J = 6.9 Hz, P-(O-CH,-CH,),); 11.1 (18-C). MS (nvz, relative
intensity): 409/12 (M™*); 394/82; 272/54; 271/100; 85/53; 84/80.
IR: 3160 cm ™' (v NH); 1680 cm ™' (v NC = 0); 1580 cm ™! (v
C=Cyl1230cm™ ' (vP = 0); 1020cm ! (v P-OEt). Analysis
calculated for C,,H;,NPO, (409.51): C 64.53; H 8.86; N 3.42,
Found: C 64.35, H 8.92, N 3.35. Yield: 92%.

Diisopropyl 4-aza-androst-16-en-3-on-17-phosphonate (10c).
'H NMR (3. CDCl,): 7.15 (brs, 1 H, NH); 6.60 (m, 1 H, 16-H);
4.70 (m, 2 H, P-(O- CH-(CH,),),); 3.08 (m, 1 H, 5-H); 2.40 (m,
2 H, 2-H,); 1.4-2.35 (m, 15 H, ring protons); 1.34 (d, J/ = 6.1
Hz, 6 H, P-O-CH-(CH;),); 1.32 (d, / = 6.4 Hz, 3 H, P-O-CH-
CH,); 1.29 (d, J = 6.4 Hz, 3 H, P-O-CH-CH,); 0.95 (s, 3 H,
19-H,); 0.92 (s, 3 H, 18-H;). '*C NMR (3, CDCl,): 172.3 (3-C);
145.5 (d, J = 14.6 Hz, 16-C); 145.4 (d, J = 186.6 Hz, 17-C);
69.7 (d, J = 5.9 Hz, P-(O-CH- (CH,),),); 60.5 (5-C); 56.8 (d, J
= 10.7 Hz, 14-C); 51.4 (9-C); 47.9 (d, J = 12.7 Hz, 13-C); 35.6
(10-C); 34.5 (2-C); 33.5(8-C); 33.0; 32.5(d, J = 18.6 Hz, 15-C);
29.3.28.3;26.8,24.0 (d, J = 4.9 Hz, P-O-CH-CHy,); 23.95 (d,
J = 3.9 Hz, P-O-CH-CH,); 23.87 (d, J = 4.9 Hz, P-O-CH-CH,);
23.80 (d. J = 4.9 Hz, P-O-CH-CH,); 20.7; 16.5 (19-C); 11.1
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Scheme 1 Reaction of various steroids with dialkyl phosphites.

(18-C). MS (m/z, relative intensity): 437/2 (M™); 422/3; 338/28;
272/20; 271/30; 84/100. IR: 3180 cm ™' (v NH); 1680 cm ™! (v
NC =0)1580cm™' (v C = C); 1230 cm ™' (v P = 0); 980
cm™! (v P-OiPr). Analysis calculated for C,,H,,NPO, (437.50):
C 65.88; H9.21; N 3.20; Found: C 65.64, H9.32, N 3.16. Yield:
93%.

Results and discussion

Using 17-iodo-androst-16-ene (1, Scheme 1) as a model
compound, we tried to find appropriate conditions for cou-
pling the steroid with diisopropyl phosphite. Applying nu-
merous solvents (acetonitrile, toluene, dimethylforma-
mide), amines (triethylamine, N-methyl-morpholine), and

catalysts (Pd(PPh,),, Pd,(dba); - CHCl;) generally used in
such coupling reactions, yielded only traces of the desired
product, even after prolonged heating (Table 1). Only the
addition of an excess of dialkyl phosphite seemed to im-
prove the conversion (Run 5), but only to a small extent.
By reacting the steroid with a high excess of dialkyl
phosphite (25 Eq) in the absence of any solvents, the prod-
uct could be synthesized in good yields in the presence of
various Pd catalysts (Table 2). The reaction mixture was
homogeneous at the applied temperature, and no catalyst-
decomposition could be observed. Analysis of the mixture
by GC-MS showed that, besides the desired phosphonate
derivative, approximately 20% of androstane (4) and an-

Table 1 Reaction of 17-iodo-androsta-16-ene (1) with diisopropyl phosphite in the presence of triethylamine and Pd,(dba); - CHCI,
Amine/ Phosphite/ Reaction time Yield

Run Solvent substrate substrate Substrate/Pd (h) {%)

1 Acetonitrile 1.57 1 40° 9 —

2 Toluene 1 1 40° 9 Traces

3 Toluene 3 1 40 9 Traces

4 Toluene 10 1 40 9 Traces

5 Toluene 3 10 40 9 1"

6 N-Me-Morpholine — 2 40 9 —<

7 Triethylamine — 2 40 9 -

8 Dimethylformamide 3 10 40 9 Traces

2N-Me-Morpholine was used as the amine component; reaction temperature 70°C.

5Pd(PPh,), was used as a catalyst.
‘No reaction.
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Table 2 Reaction of 17-iodo-androst-16-ene {1) with diisopropyl phosphite using the phosphite as solvent

Product
distribution® (%)
EtsN/ Reaction time Conversion

Run Catalyst substrate Substrate/Pd (h) (%)? 2c 3+4
1 Pd,(dba); - CHCI; 1 40 9 (24) 74 (>99} 78 22
2 Pd,(dba); - CHCI, 3 40 4(9) 81 (>99) 80 20
3 Pd,(dba); - CHCl, 10 40 2 (4) 83 (>99) 87 13
4 Pd,(dba); - CHCI; 3 100 9 63 74 26
5 Pd,(dba); - CHCI; 10 100 9(24) 82 (>99) 82 18
6 Pd(PPh3), 3 40 9 (24) 23 (35) 75 25
7 Pd,(dba); - CHCI; + 4 PPh, 3 40 4 (9) 84 (86) 82 18
8 Pd(OAc), 3 40 9 (24) 58 (75) 93 7
9 Pd{OAc), + 2PPh, 3 40 4(9) 67 (77) 81 19

Mol reacted substrate/mol initial substrate x 100.
5Mol product/mol reacted substrate x 100.

drostene isomers (3) produced possessed unsaturation in
ring D (Scheme 1). Hydrodehalogenation as a side reaction
was observed by other authors,'° but the mechanism has not
been clarified. Running the reaction without a catalyst dem-
onstrated that hydrodehalogenation takes place to some ex-
tent even in the absence of catalyst. Reduction of organic
bromides with diethyl phosphite and triethylamine has been
reported,’’ but in this case only activated halogen atoms
were reactive towards reduction. The reduction of 17-iodo-
A'® derivatives may be accelerated by a hydrido-palladium
species formed by the oxidative addition of dialkyl
phosphite to palladium(0)-complex.

The formation of the products can be explained by the
following mechanism: The palladium(0) species undergoes
oxidative addition with alkenyl iodide to give the alke-
nylpalladium complex. The attack of dialkyl phosphite on
this complex leads to the dialkyl alkenylphosphonate. Tri-
ethylamine regenerates palladium(0) with the deposition of
Et;N - HI. The palladium(0) species obtained this way is
available for another catalytic cycle. According to the lit-
erature, the reaction with aryl bromides also proceeds with
dialkyl sodiophosphites in the place of dialkyl phosphites
and produces reasonable yields.'® This suggests that the
reaction probably involves formation of an intermediate,
arylpalladium dialkyl phosphonate, which reductively elim-
inates the arylphosphonate diester.

Analogously, in our case an alkenylpalladium dialkyl
phosphonate intermediate may be produced. This interme-
diate can be formed by two routes: First, as mentioned
above, by oxidative addition of the alkenyl iodide to the
palladium(0) complex followed by attack of the dialkyl
phosphite. Second, by reaction of the dialkyl phosphite with
the palladium(0) species producing an H-Pd-P(O)}(OR),
intermediate which reacts with the iodoalkenyl substrate to
give the alkenylphosphonate. This H-Pd-P(O)(OR), inter-
mediate may also act as a simple reducing agent for the
iodo-alkenyl moiety and results in a hydrodehalogenated
steroid possessing a A'® double bond. This compound can
isomerize producing steroids with A'> or more stable A'*
double bonds. The hydrido-palladium intermediate formed
during the reaction of ;‘)alladium(O) with dialkyl phosphite
may hydrogenate the A'®, A'®, or A' steroids, resulting in
a compound with a saturated D-ring.
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The influence of reaction conditions on conversion of the
substrates and on the yield of the desired product was also
examined (Table 2). Increasing the amount of triethylamine
greatly increased conversion due to the formation of Pd(0)
complexes via HI abstraction, which is crucial for oxidative
addition of the H-P bond. The chemoselectivity could also
be improved to some extent (Run 1--3). Applying a greater
amount of amine produced good results even if the sub-
strate/catalyst ratio was increased, although in this case the
chemoselectivity was somewhat poorer (Run 4-5). The
presence of 2 PPh; ligands for each Pd atom in the catalyst
decreased the conversion slightly, especially for reactions
with longer reaction times (Runs 7 and 9). Using a catalyst
with a PPh;/Pd = 4 ratio considerably decreased the con-
version (Run 6). Considering the product/side-product ra-
tio, Pd(OAc), was the best catalyst (Run 8). In this case, the
conversion was relatively poor compared to that obtained
with Pd,(dba), - CHCl; for example (Run 2). This can be
explained by the fact that when Pd(OAc), is used as a
catalyst, the first step of the reaction involves the reduction
of the precursor Pd(II) complex to Pd(0), which is a well-
known reaction in the presence of PPh,.'? In the absence of
phosphine the dialkyl phosphite may serve as a reducing
agent. Thus, it turned out that under the above reaction
conditions, the palladium(0) precursors, which bear

Table 3 Reaction of various steroids with HP(O)(OR), in the
presence of triethylamine and Pd,(dba), - CHCI; using the
phosphite as solvent

Reaction

time Yield
Run Substrate R Product {h) (%)?
1 1 Me 1a 22 57
2 1 Et 1b 4 89
3 1 iPr 1c 9 47
4 5 Me 2a 30 69
5 5 Et 2b 20 >90%
6 5 iPr 2c 20 >90?
7 9 Et 3b 20 >90°
8 9 iPr 3¢ 20 >90°

Mol product/mol initial substrate x 100.
“Determined by *H NMR.
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Scheme 2 Reaction of 17-iodo-4-aza-androst-16-en-3-one with HPO{OMe),.

ligands of lower basicity, were superior both to those con-
taining phosphines and to palladium(ll) complexes, which
must be reduced in situ before they can act as active cata-
lytic intermediates.

The reactivities of some dialkyl phosphites (Me, Et, iPr)
were also compared (Table 3). The dimethyl derivative was
found to react very slowly, giving 57% conversion after 22
h of heating. Diethyl phosphite proved to be the best of the
three phosphorous compounds (Run 2). The same phenom-
enon was observed in the case of the other two substrates
(17-iodo-4-methyl-4-aza-androst-16-en-3-one, § and 17-
iodo-4-aza-androst-16-en-3-one, 9) although no exact data
can be given in the last four cases (Runs 5-8) because the
reaction mixtures could not be analyzed by GC under the
conditions used. 17-lodo-4-aza-androst-16-en-3-one (9)
showed special behavior upon reacting with dimethyl
phosphite (Scheme 2): the formation of 5, 6a, and isomers
of § and 9 were detected by GC-MS instead of the desired
product 10a. These isomers have retention times completely
different from those of 5 or 9, and according to mass spec-
tra, the isomers have molecular ions with the same weight
but different fragmentation as compared to 5 and 9. Al-
though these isomers could not be isolated, and their correct
structures were not determined, MS data suggest that open-
ing of the A-ring resulted in the open-chain amides. This
phenomenon can be explained by the presence of P(OH)
derivatives formed by NH-methylation. Reducing the reac-
tion time (5 h) produced S, 9, and traces of the coupling
products 6a and 10a in the reaction mixture. Above all,
dimethyl phosphite acts as a methylation agent for lactam-
NH, and the methylation seems to be much faster than the
expected carbon-phosphorus coupling reaction.
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