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ALTERNATIVE SYNTHESES OF STEROIDAL MALEIMIDES* 

Pavel DRASAR, Vladimir POUZA R, Ivan CERNY and Miroslav HAVEL 

II/stitute of Organic Chemistry and Biochemistry, 
Czechoslovak Academy of Sciences, 166 10 Prague 6 

Received October 6th, 1982 

The described synthesis s tarts from the a -keto esters VIII and XV-I which atford the maleimides 
X and XVIII via products of condensation with carbamoylmethylenetriphenylphosphorane 
(IX and XVII). In this way, the steroidal maleimides X and XVIII (structurally si mila r to the 
cardenolides), derived from 1713-androstanyl-(2-maleimide) and 21-nor-pregnanyl-(2-maleimide) 
were prepared. Other routes for their preparation have been st udied. 

The present paper describes some potentialities of synthetic utilization of condensa­
tion products of malonic acid derivatives with steroidal ketbnes described earlier' . 
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For the synthesis of the maleimide X VJlI , representig a homologue of the already 
described 2 series of steroidal maleimides X, we devised a synthetic approach via 
the unsaturated ester nitrile VII. Reduction' orthe ester nitrile I afforded the saturated 
derivative JI which was decarboxylated and hydrolyzed' to give the acid III (reU). 
This was acetylated to the acetyl compound IV according to the method published 
in the literature 3.4, the undesired steroidal anhydrides being destroyed by boiling 
with waters. The acid I Von treatment with oxalyl chloride in ben zeiTe~.4 was con­
verted into its chloride V which without isolation was treated with hydrogen cyanide 
using the method described previously2. The resulting cyanide VI was transformed 
into the ester nitrile VII by condensation with methoxycarbonylmethylenetriphenyl­
phosphorane. The cyanide VI was characterized by the infrared band at 1 770 cm- 1 

I 
whose wavenumber as well as intensity were comparable with those of the C=O I 

band in acid chlorides (su~h as in V: 1 798 cm -'; ref. 3
), and also by 1 H NMR and 

mass spectra. The latter contained no molecular ion ; however, the fragment arising I 

by loss of acetic acid from the molecular ion was well di scernible. The ester nitrile VII 
was characterized by bands at 1 730, 1 638 and 1 439 cm - 1 due to the conjugated I 

ester grouping and also by the band at 2 230 cm - , ascribed to the conjugated nitrile 

group. Characteristic feature was also the' H NMR signal of the proton at C(23) I 

in the side chain (c5 = 6·32). The observed chemical shift, corresponding to those 
of (Z)-ester nitriles prepared previously2 .6, indicates that also in this case the com- I 

pound has the (Z)-configuration. Mass spectrum of the compound VII displays 
no molecular ion but the (M+ - CH3COOH) fragment is again well discernible. 
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A direct synthetic way to the steroidal ma leimide XVIII should have been acid 

cyclization 2 of the ester nitrile VII in a mixture of glacial acetic acid, concentrated 
sulfuric acid and acetic anhydride at elevated temperature. Analogously to a number 

of previous cases 2
,6, thi s reaction failed due to a profound decomposition of the 

compound VII under the reaction conditions used . 

III , RI=H ; R~ = OH; R)= O 
IV, RI=Ac: R~=OH: R)= O 

V, RI =Ac: R' = CI; RJ= O 
VI, RI=Ac ; R~=CN ; R.1= O 

VIJ, RI = Ac: R" = CN ; RJ = CHCOOCH 1 

XVI, RI=Ac; R"=COOC2 H~; R·' = O 
XVII, RI = Ac; R" = COOC~Hl; 

RJ = CHCONH, 

II, R= H, CN 
VIII, R= 0 

IX, R=CHCONH 1 
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XI. R = COO H 

XII. R = CH 10H 
XII I, R = CHO 
XI ' , R = CH,CH(CN)COOC1Hl 

XIV, R = rH "'-~ C(CN)COOC1 Hl 
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We applied therefore a synthetic method, utilizing transformation of the ex-keto 
ester into the maleimide via the product of Wittig condensation with carbamoyl­
methylenetriphenylphosphorane 7 . The reaction pathway was first checked on the 
sequence II-+ VIII-+IX -+X, leading to the known 2 maleimide X. 

Using condensation products of malonic acid derivatives with steroidal carbonyl 
compounds I, the ex-keto ester VII I was obtained by the described s procedure via the 
saturated ester nitrile II ; contrary to the original works, the compound VllI was 
prepared in the crystalline form, other physical properties being identical with those 
described s. Condensation 7 of the keto ester VI II with carbamoylmethylenetriphenyl­
phosphorane, generated from carbamoylmethylenetriphenylphosphonium chloride9 

by treatment with 1,8-diazabicyclo[5,4,OJundec-7-ene as the base 'o , afforded the 
unsaturated amido ester I X and further the described 2 maleimide X in a 16% yield. 

The synthesis of the homologous male imide XVI II started from the acetoxy acid 
XI (rer. S

) which was reduced via the mixed anhydride by a described procedure"" z, 
simplified by omitting the laboriou s filtration of the reaction mixture 13

. The resulting 
alcohol XlI has been already mentioned in a patent 14 which reports only one physical 
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I 

constant. We have now characterized this compound also by other methods in com- I 

plete agreement with its assumed structure. 
Alcohol XlI was oxidized to aldehyde XlI I with pyridinium chlorochromate 

in dichloromethane. For the full characterization of XIII, infrared band at 2 730cm - 1 
I 

and a doublet at () = 9·79 in it s I H NMR spectrum with coupling constant 1·5 Hz 
were used. Aldehyde XII I was condensed with ethyl cyanoacetate in the presence 

of p-alanine and acetic acid under azeotropic removal of water according to the I 

procedure described s for preparation of I. The obtained ester nitrile XIV was 
characterized by a band at 2235 cm- I due to the unsaturated nit~'ih~ in the IR 

spectrulll, by a doublet (c5 = 7'46) with coupling constant 11 Hz in the IH NMR I 

spectrum, and by an (M + - CHJCOOH) fragment (I11 /Z 379) in its mass spectrum. The 

reaction can afford a mixture of (Z)- and (E)-isomers at the C(20)= C(22) double 
bond. The I H NMR spectrum exhibits a higher background, particularly of the 

C(20) proton signal, and also a broader signal of the methyl at C(l3) which indicates I 

that it is composed of signals of the two isomers. We estimated the ratio of the iso­
mers to be about 1 : 4 but direct configurational assignment from the available data 

was not possible. The attempted chromatographic separation of the isomers failed. I 

The conjugated double bond in the unsaturated ester nitrile XIV was reduced 
with sodium borohydride in tetrahydrofuran- ethanol at oac. Under these conditions 

almost no deblocking of the hydroxyl at C(3) occurred. The saturated ester nitrile I 

XVofunknown configuration at C(22} was characterized by the IR-band at 2 255cm- 1 

corresponding to the unconjugated nitrile group, and by a multiplet at c5 = 3·39 

due to the proton at C(22} in the 1 H NMR spectrum. Its mass spectrum again dis- I 

played an (M + - CH 3COOH) fragment of mass by'two units higher than that observed 
with the derivative XI V. Using the same method as describeds for the reaction II -+ VII I, 
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the compound XV was converted into the ex-keto ester XVI. 1n the IR spectrum 

or this compound all the three carbonyl bands merge into one strong band 
at 1739cm- l

. 

The keto ester X VI was condensed with carbamoylmethylenetriphenylphospho­

rane9 generated (unlike in the reaction or keto ester VIll in dichloromethane) rrom 

carbamoylmethyltriphenylphosphonillm chloride9 by 1,8-diazabicyc!0[5,4,0]undec­

-7-ene lo at room temperature under argon. The arising unisolated condensation 

product XVII was then converted into the maleimide XVllJ, characterized by lR 
bands at I 727cm - 1 and I 778cm - l

, corresponding to the maleimide carbonyls 

and by a narrow band at 3439cm- 1 due to the N - H maleimide bond (the cor­

responding values ror the homologous maleimide X were 2 I 728, I 775 and 3445 

cm- I
) . Also the signal at () = 6·18 in the IH NMR spectrum due to the proton 

on the maleimide double bond (for X fOllnd 2 c'i = 6'30) confirms the assumed struc­

ture. The product gives a positive permanganate reaction and can be detected by UV 

light (254 nm) in thin-layer chromatography. 

The attempted direct condensation cf the aldehyde XIIl with the phosphorane, 

generated rrom maleimide and hexaethylphosphorous triamide 15 in chloroform or 

boiling benzene was unsuccessful even when triphenylphosphine was used. The iso­

meric succinimide XI X which could be isomerized to the maleimide X Vll 1 was not 

prepared. 

EXPERIMENTAL 

Melting points were determined on a Boetius mclting point microscope (G DR). Optical rotations 
were measured at 25°C on a Perkin- Elmcr 141 MC polarimcter, lR spectra were taken on a Zeiss 
UR-20 spectrometer. I H NMR spectra were determined in deutcriochloroform with tctra­
methyl silane as internal standard on a Tesla B-476 (60 MH z) instrument. Chemical shifts are 
given in ppm ("-scale) , coupling constants (J) and signal widths (W) in Hz. All valucs werc 
obtained by first order analysis. Mass spectra were taken on an AEI MS 901 spectrometer. 
Column chromatography was performed on silica gel (according to Pitra ; 60 - 120 11m) or on neu­
tral alumina (Reanal , activity II) , thin-layer chromatography was carried out on silica gel G 
(according to Stahl; Woelm). Before evaporation (at about 2 kPa) , solutions of the compounds 
in organic solvents were dried over anhydrous sodium or magnesium sulfate. Analytical samples 
were dried over phosphorus pentoxide at 40Q C and 26 Pa for 12 h. The identity of samples r-re­
pared by different routes was checked by comparison of their IR and I H NMR spectra, by thin­
-Iay,;r chromatography and mi xture melting point determination. 

3!3-Acetoxy-5-pregnen-21-oic Acid (I V) 

Acetic anhydride (20 ml) was added to a solution of hydroxy acid III (ref. I ; 4' 59 g; 13'5 mmol) 
in pyridine (30 mI). After standing for 24 h the mixture was mixed with water (20 ml) and re­
fluxed to homogeneity (I h) . Water was added to the hot solution until slight turbidity occurred 
and the mixture was slowly cooled to + Sec. After standing at this temperature for 20 h, the 
separated crystals were collected on filter, washed with water and dried, yielding 5 g (99%) of 
the acid IV. Physical properties of the product were identical with those reported in the litera­
ture3 ,4 . 
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Methyl (22Z)-3~-Acetoxy-22-cyano-21-norchola-5 ,22-dien-24-oate ( VII) 

A) The acid IV (2 g; 5·35 mmol) was dissolved in benze ne (40 ml) and the solution was eva­
porated. This procedure was repeated three times. The residue was dissolved in benzene (40 ml) , 
oxa lyl chloride (1 '44 ml, 2·09 g; 7·8 mmol) was added a nd the mixture was stirred at room 
temperatu re for 30 min. The reaction course was monitored by dissolving samples of the reaction 
mixture in methanol and subjecting the solution to thin-layer chromatography in benzene-ether 
(5 : I) . The mixture was eva pora ted, the residue was three ti mes coevaporated with dichloro­
methane (dried over phosphorus pentoxide) and finall y dissolved in dichloromethane (40 ml). 
The solution was cooled to O°C (ice) and treated with an ice-cold solution of methoxycarbonyl­
methylenetriphenylphosphorane (4'28 g; 12·8 mmol) in dichloromethane (40 mi) and wit h liquid 
hydrogen cyanide (dried over calcium chloride; 1·01 ml; 0·69 g; 25·7 mmol). The mixture was 
stirred in an ice-bath for I h and then at room temperature for 10 h. After evaporation, the resi­
due was coevaporated three times with dichloromethane and chroma tographed on a column 
of silica gel (250 g). As eluants we used succes~ively benzene (500 ml), benzene- I % ether (500 ml) 
and benzene-5% ether. Two main fractions were obtained: the first (750 mg) was used 
for preparation of the pure cyanide VI (vide inji-a), the seco nd (I g) o n crystallization 
from benzene-light petroleum afforded 520 mg (22%) of the ester nitrile VII, m.p. 165-167°C; 
[cxJl>5 -- 63'8° (c 0'33, chloroform). J R spectrum (chloroform): 1 730, 1 246, I 034 cm - 1 (CH3 . 
. COO), 1730, 1 638, 1439cm - 1 (= CH1 COOCH 3), 2230cm - 1 (CN). IH NMR spectrum: 
6·32 b d (I H, C(23)- H, J = 1), 5'38 m (I H, C(6)- H, W = 12),4'58 m (I H, C(3)- H, W = 
= 35),3'79 s (3 H, CH30), 2,68 - 2,08 m (4 H, C(201- H2 and C(71- - H2)' 2'00 s (3 H , CH3COO) 
1·00 and 0'62 2 s (2 X 3 H, angular methyls). Mass spectrum (m /z): 379 (M- CH3COOH), 
364 (379 - CH3 ) . For C27 H 37N04 (439'6) calculated: 73'77% C, 8'48% H, 3' 19% N; found : 
7363% C, 8'77% H, 3' 10% N. 

B) Methoxycarbonylmethylenetriphenylphosphorane (2 g; 6 mmol) was added to a solution 
of the cyanide VI (1 ' 5 g; 3'9 mmol) in benzene (40 m)) and the mixture was refluxed for I day. 
Another portion (500 mg; 1·5 mmol) of methoxycarbonylmethylenetriphenylphosphorane was 
added and after reflux for another day, the mixture was evaporated and the residue-was chromato­
graphed on silica gel (250 g) in benzene- ether (10: I to 4 : I). Crystallization of the main fraction 
(9':0 mg) afforded 840 mg (49%) of the ester nitrile VII of the same properties as the product 
prepa red by procedure A. 

3 ~-Acetox·y-21-cyano-5-pregnen-21-one (VI) 

The first fraction (750 mg) from the chromatography of the ester nitril~ VII (method A) was 
recrystallized from benzene-ether, affording 580 mg (28%) of the cyanide VI, melting at 241 to 
243°C; [!Xlb 5 - 62'6° (c 0'41, chloroform). IR spectru m (chloroform), cm - I: 1 728, I 258, 1 033 
(CH 3COO), 1770 (C= O), 2255 (CN). 1 H NMR spectrum: 5·37 m (I H, C(61- H, W = 13) , 
4'56m (I H, C(3)- H, W = 35), 2'70 - 2'10m (4H, C(ZOI- H 2 and C(7)- H 2 ), 2'00s (3 H , 
CH3COO), 1'02 and 0·63 2 s (2 x 3 H, angular methyls). Mass spectrum (m /z): 323 (M­
.CH3COOH), 308 (323-H20). For CZ4H33N03 (383'5) calculated: 75'16% C, 8'67% H , 
3'65% N; found: 75 '42% C, 8'87% H, 3'40% N. 

Ethyl 3~-Acetoxy-20-oxc-5-pregnen-21-oate (VIII) 

The compound was prepared according to the literature 8 and the oily product obtained was 
chromatographed on a column of silica gel (100 g) in benzene- ether (50: 2). Crystallization 
from li ght petroleum afforded the ester VIII, m.p. 89-92°C, in 84% yield. IR spe;:trum (chloro-
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form), cm- I
: I 745sh, 1730, I 728sh (C= O), 1245 (CH 3 COO), 1671 (C= C), 1091 , 1078, 

1033, 1025 (C- - O). Reported8 I 730C111 - 1 (C= -O), I 24Jcm - 1 (COO), 1091 , 1078, 10D , 

I 025 cm - I (C- O). Other physical data are identica l with the published o nesB
. 

3~-Acetoxy-17~-(2-l11aleimido)-5-androstene (X) 

I,S-Diazabicyclo[5,4,0]undec-7-ene (96% , 516 ~d , 525 mg; 3'45 mmol) was added unde r argon 

to a stirred mixture of carbamoyll11ethyltriphenylphosphoniul11 chloride9 (1'4 g; 4· 3 111mol) 

and chloroform (40 ml). After 30 min of stirring at roo m te mpera ture, a solution o r the ester 

VIII (833 mg; 2 111mol) in chloroform (5 ml) was added a nd the mixture was set as ide with inter­

mittent stirring at room tempe rature for S d ays. After thi s time the starting keto cster was still 
present (according to thin-layer chromatography in benzenc- e ther 10: I), howeve r, the C0111-

position of the mixture did not change further. It was eva porated with s ilica gel (10 g), applied 

on a column of silica gel (100 g) and eluted with benze ne- ether 50: I (2 I) , 50: 2 (2 I) and finally 

50: 4 (2 I). The following three fraction s o f increasing po larit y were obtained: The first contained 

440 mg of (thin-layer chromatography) starting co mpound VIII, the seco nd (190 mg) consisted 

of at least four compounds (according to thin-laye r chromatography), a nd the third (110 mg; 

13%) which on ~rysta lli z~ tion. from . an acetone-e~her- li ght, petroleum mixture a fforded 60 mg 
(7 %) of the malemllde X, Identical with an authentiC sample-. The Yield, related to the unreacted 

starting compound, is 28 % of the crude and 16~';' of the recrys talli zed imide X. 

3 ~-Acetoxy-21-nor-5-pregnen-20-01 (X II) 

The acid XI (ref. 5 ; 13 g; 36 111mol) and triethylamine (5 ' 11111 ; 3611111101) were dissolved in tetra­

hydrofuran (200 ml) and cooled. Ethyl chloroforl11ate (3'4 ml ; 35 mmol) was added at O°C, 

followed after 20 min with a solution of sodium borohydride (6'9 g; 0'18) in water (250 ml). 

After standing at room temperature for I h, the mi xture was poured into water acidified by hydro­

chloric acid and extracted with ether (3 X 250 ml) . The combined ethereal extract s were washed 

successively with 5% hydrochloric acid , saturated potassium hydroge n carbonate solution and 

water, treated with charcoal, filtered, dried over a nhydrous magnesium s ulfate and evaporated. 

The residue was dissolved in dichlorometh a ne a nd the solution filtered through a column 
of alumina (75 g) which was then washed with further dichlorome thane (300 ml) . The filtrate 

was concentrated, affording 9'74 g (78%) of the alcohol XII, m .p. 157- 159°C (reported l4 

m.p. 157- 158°C); [0:]55 - 67'6° (c 0 ' 52, chloroform). I R spectrum (chloroform), CI11 - 1: 3 630, 

I 011, I 001 (OH), 1 730, I 263 and I 034 (CH 3COO), I 671 (C= C). I H N MR spectrum: 5· 39 bd 

(1 H , C(6)- H, J = 3'5), 4·58m (I H , C(3)- H, W = 34), 3'63 bs (2 H, ·- -CH 2 -- O - , W = 
= 11), 2·32bd (2H, C(7)- H 2 , J = 9),2'155 (3 H, CH,1COO), 1·04 and 0'682s (2 x 3 H, 

angular methyls). For C 22 H 340 3 (346'5) calculated: 70 '26% C, 9·89% H; found: 76'24% C, 

10'00% H . 

3 ~-Acetoxy-21-nor-5-pregnen-20-a l (X III) 

pyridinium chlorochromate (4'45 g; 20 mmol) was added to a solution of XII (3'46 g; 10 mmol) 

in dichloromethane (75 ml) . After stirring for 2 h at room temperature the mixture did not con­

tain any starting material (according to thin-layer chromatography in benzene- ether 4 : 1) . 

The mixture was filtered through a column of alumina (100 g) which was then washed with di­

chloromethane (300 ml) and ether (100 ml) . The filtrates were eva pora ted and the residue crystal­

lized from ether, affording I 'S g (52%) of the aldehyde XIII, m.p. 139-141 °C, [0:]55 -26'2° 
(c 0'3, chloroform); IR spectrum (chloroform), cm - }: I 724, J 258 and I 033 (CH3 COO), 

I 714 shoulder, 2730 (CHO), I 671 (C=C). } H NMR spectrum: 9·79 d (I H, CHO, J = ( ' 5), 
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5'39111 (I H, C(6)--H, W = 14), 4·60111 (I H, C(3)- H, W = 34),2'31 bd (2H, C(7I- HZ' 
J = 9), 2·03 s (3 H, CHJCOO), 1·04 s (3 H, CH 3), 0·78 s (3 H, CH J). For CZZHJZOJ (344'5) 
ca lcul ated: 76'70% C, 9·36% H; found: 76'99% C, 9'06% H. 

Ethyl (20E/ Z )-3[l-Acetoxy-22-cyano-21 ,24-di norchola-5,20(22)-dien-23-oate (Xl V) 

A mixture of the a ldehyde X/ll (3'4 g; 10 mmol), benzene (40 ml), ethyl cyano acetate (2'26 g; 
2·13 ml ; 20 mmol). fl-alanine (475 mg; 5·3 mmol) and glacial acetic acid (4 ml) was refluxed 
for 25 h with azeotropic removal of wa ter, poured into water (100 ml) and extracted with et her 
(3 x 50 ml). The combined ethereal extracts were washed with saturated solution of potassium 
hydrogen carbonate, fi ltered with magnesium su lfate and charcoal and evaporated . The residue 
(4·8 g) was crystalli zed from ether-methanol to give 2·6 g (59%) of the ester nitrile XIV, m.p. 
134- 136°C; [0:] 65 - 178" (c 0'29, chloroform). JR spectrum (chloroform), em - I: 2235 (CN) , 
I 739 (CH 3 COO and COOC2 H s), I 254 and I 034 (CH 3 COO). 1 H NMR spectrum: 7·46 d (I H, 
C(2o)-·H, J = II) , 5'30 m(1 H, C(6 )- H, W = 15 ), 4· 32 111 (I H, C(3)--- H, W = 40) , 4·25 q 
(2 H, OCH 2 C H J • J = 7'3), 2-64 m ( I H, C( 17)- H, W = c. 40), 1·90 s (3H, CHJCOO), 
I· 34 t (3 H, CH2CH 3' J = 7· 3), 1·00 a nd 0·87 2 s (2 >< 3 H, angular methyls). Mass spectrum 
(l11 / z): 379 (M - CH3COOH), 364 (379 - C H J), 213 (C I6 H 21 ). For C27H37N04 (439'6) calculat­
ed: 73'77% C, 8'48:;;' H, 3'19% N ; fGund: 73'86% C, 8·8 1:;;; H, 3-12% N. 

Et hyl 3fl-Acetoxy-22~-cyano-21 ,24-dinor-5-cholen-23-oate (XV) 

Sodium borohydride (77 I11g; 2·03 11111101) was added at O°C to a stirred mixture of the ester nitrile 
Xl V (1'4 g; 3·2 mmol) , tetrahydrofuran (20 ml) and ethanol (10 ml). After stirring at O°C for 
3 h, the mixture was poured into water (200 ml), acidified with hydrochloric acid and extracted 
with ether (3 X 50 ml). The combined ethereal extracts were washed with 5% hydrochloric acid, 
potassium hydrogen carbonate saturated solution and water, filtered with anhydrous magnesium 
sulfate and charcoal and evaporated. The residue was crystalli zed from methanol, affording 
J -I g (78 %) of the saturated ester nitrile XV, m.p. 123 - 125°C, [0: ]6 5 -41 -5° lc 0'22, chloroform). 
IR spectrum (chloroform), em -I: J 748 (COOCZH 5), 1 739, I 259,1 033 (CH3COO): 2255 (CN). 
1 H NMR spectrum: 5·30 m (I H, C(6 )- H, W = 13),4,29 m (] H, C(3)-H, W = 45),4'19 q 
(2 H, OCH2 CH 3 , J = 7'3), 3·39 m (I H, C(22) - H, W = 35), 2·22 b d (2 H, C(7)- H, J = 8), 
1·91 s (3 H, CH 3COO), 1·31 t (3 H, CH2 CH3, J = 7'3),0'99 and 0'622s (2 X 3 H , angular 
methyls). Mass spectrum (l11 / z): 38 1 (M- CH3COOH), 366 (381 -CH3), 339 (366-HCN), 
213 (C I6H 21 ). For C 27 H39 N04 (441·6) calculated: 73'44% C, 8'90% H, 3'17% N; found: 73'71% 
C, 8'80% H, 3'27% N. 

Ethyl 3fl-Acetoxy-2I,24-dinor-22-oxo-5-cholen-23-oate (XV!) 

The nitrile XV (883 mg; 2 mmol) was dissolved in a freshly distilled dried dimethylformamide 
(20 ml) , the solut ion was evacuated (2 kPa) and the vacuum was destroyed by argon (repeated 
three times). Lithium hydride (19 mg; 2-4 mmol) was then added under argon. After stirring at 
50°C (bath) for 30 min. the mixture was cooled to room temperature and anhydrous cuprous 
iodide (300 mg; 1,57 mmol) was then added under argon. The mixture was stirred at 50°C (bath) 
for 15 min, cooled to room temperatu re and oxygen was passed for 1 h through a sintered glas 
inlet into the stirred mixture. After cooling with ice to O°C, 10% acetic acid (30 ml) was added, 
the mixture was poured into water (50 ml) and extracted with ether (3 x 20 ml). The combined 
ethereal extracts were filtered with charcoal and anhydrous magnesium sulfate and evaporated _ 
Crystallization of the residue from ether-light petroleum afforded 360 mg (43%) of the ester 
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XVI, m.p. 130 - 133°C IR spectrum (chloroform) c m - I: 1739 (CH)COO + COOC2 H 5 ·+ 
+ C= O), 1739, 1 256 and 1031 (C H)COO). Mass spectrum ( m /z ): 430 M + , 370 (M- C H3· 
.COOH), 254 (C I9 H 26), 239 (254 - C HJ ). For CZc, HJ 8 0 S (430,6) calc ulat ed : 72'53 % C, 8'90% H; 
found: 72'74% C, 8'74% H. 

313-Acetoxy-20-(2-malei mido )-21-nor-5-pregncne (X VIII) 

l ,8- Dia zabicyclo[5 ,4,OJundec-7-ene (96/~ , 525 mg; O' 516 ml ; 3-45 mmol) was added undcr a rgon 
to a stirred mi xture of carba moylmethyltriphenylphosp honium chloride9 (1-4 g; 4·31l1mol) 
in dichl o rometh ane (40 ml). After stirring a t room tempera ture for 30 min , a solutio n o f the 
ester XVI (861 mg; 2 mmol) in dichloromethane (5 ml) wa s addcd. Thc mixture was set aside for 
20 days a t room temperature with intermitte nt stirring. After tirst 13 days the mixture was trea ted 
with anot her port io n of a mixture of carbamoylmcthyltriphcnylphosphonium chloride9 (700 mg; 
2·15 mmol) a nd 1,8-diazabicyclo[5,4,OJundec-7-ene (96%; 0·25 ml; 1· (,7 mmol) in dichloromcthanc 
(5 ml) which prior the addition had been st irred at room te mperat ure for 30 min . 

The mi xture was evapora ted with silica gel (lOg) a nd chroma tograp hcd o n a column of si li ca 
gel (200 g) in benzene- ether 50: I (2 I), 50: 2 (2 I) and finally 50: 4 (2 I). C hro ma togra phi c 
fraction whose RF co rrespo nded to that of malcimide X (in benzene- ethcr 5 : I) afforded 52 mg 
of a residue which was purified by preparat ive thin-layer chromatograp hy (20 X 20 cm; 10 9 
of silica gel) in benzene- et her 5: I. This proced ure gave 46 mg (5'4%) of the imidc XVIII, 
melting a t 230 - 235°C; [o:JiS5 - 45 ·2° (c 0'7, chlo rofo rm). IR spectrum (ch lo rofo rm) c m - I : 
3439 (NH), I 727 and f 253 (CH 3 COO - ), I 629 (C= C), f 727 and I 778 (malei mide) . I H N MR 

spectrum:6'28s(1 H,C(3)- H), 5'37 m(l H, C(6)- H, W = 12),4'53m( 1 H, CeJ)- H, W = 45), 
2'30 b d (2 H , (C(7 f -· H 2' J = 8),2'01 s (3 H , CH 3COO- ), 1·01 and 0·67 2 s (2 X 3 H , a ngular 
methyls). Mass spectrum (l1I / z): 365 (M - CH 3COOH), 350 (365 - C H3) , 269 (365 - C4 H2N02), 

255 (269-CH2), 2 13 (C I6 H2I ). For C26HJ 5N04 (42 5'6) calculated: 73'38%, C, 8'29% H, 3'29% 
N; fOllnd: 73· 11 % C, 8'25 % H, 3-47% N. 

The allfhors are indeb /ed / 0 Dr L. Kalvoda for vaillable advice.I·, Dr A. Trka for measllrement 
and interpre/ation of mass spec"'a , Afrs Z. Ledvinova for op/ical rota/ion measurements, Mrs K. 
Ma/oll§kova fo r meaSllremen/ of I R spectra and Dr 1. Smolikova for their in/erpre/a/ion, and Mrs 
J . Jelinkova fo r measllrement of I H N MR spectra. The analyses were pel/armed in the Analytical 
Labom/ory of /his Ins/it lit e (Dr J. Horacek, Head ). 
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