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ABSTRACT 

The synthesis of unsaturated derivatives of 8-aza-ll-oxa-17-oxo-go- 

nane and D-homo-gonane carryin K one or two functional substituents at 

C-12 is reported. The key step for the construction of the heteroste- 

roid skeleton was the cyclocondensation reaction of aldol adducts I, 

derived from 1,3-cycloalkanediones and diethyl 2-oxo-malonate, with 

tosyl chloride and isoquinoline. 

INTRODUCTION 

The continuous interest in the field of heterosteroids mainly arises 

from the fascinating aspects associated with their peculiar stereoche- 

mical features and with their promising and sometime unexpected 

biological activities (1-5). Among the hundreds of nucleo-heteroste- 

roids synthesized so far several 8-aza and 8-aza-16-oxasteroid 

derivatives have been claimed to possess good antiinflammatory, 

antifibrinolitic and membrane stabilizing activities (6). These 

observations prompted us to synthesize recently several derivatives of 

new heterosteroid rin K systems, namely 8-aza-ll-oxa- and 7,8-diaza-ll- 

-oxa-gonane and the corresponding D-homo-gonane, all containinE either 

a 1,3-indanedione or a barbituric nucleus as a spiro-substituent at 

C-12 (7-i0). 

Unfortunately the pharmacological screening carried out on some 

selected lead compounds of the series to evaluate mainly endocrine, 

antiinflammatory, antimicrobial and CNS depressant activities, did not 

show any relevant results. 

This fact in our opinion could however be ascribed to the high 

steric hindrance of the spiro-substituents and/or to the very low 
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bioavailability very likely due to the poor solubility of the tested 

compounds in the physiological media. 

We thus turned our attention to the synthesis of more soluble 

congeners lacking the bulky spiro-substituent at C-12: in this paper we 

wish to report the results obtained so far. 

RESULTS AND DISCUSSION 

Our goal has been achieved through the same synthetic route descri- 

bed previously (7-9), using as starting materials aldol adducts la,b,c. 

The latter have been prepared from diethyl 2-oxo-malonate and 

1,3-cycloalkanediones according to scheme I. 

Scheme I 
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Our precedent studies on the dehydration of aldol adducts from 

1,2,3-indanetrione had shown that most of those derived from acyclic 

CH-acid compounds easily underwent an elimination reaction yielding 

unsaturated polyoxo-derivatives (Ii), whereas those derived either from 

malonodialdehyde or from cyclic CH-acid compounds did not dehydrate 

(12). Fortunately adducts la-c, potentially able to dehydrate upon 

treatment with tosyl chloride and isoquinoline, produced the desired 

8-aza-ll-oxasteroid derivatives 3a,b and the enolic tosylate 2e as 

outlined in scheme I. 

Since we had observed that a condition for a prompt elimination 

reaction was the existence in solution of an appreciable amount of the 

ketonic form i' in the tautomeric equilibrium of aldol adducts i (Fig. 

i) (Ii), the fact that in compounds la-c no dehydration was observed 

could be due to their complete enolization, especially in the presence 

of weak heteroaromatic bases as can be seen from their IH-NMR spectra. 

Fio. 1 

HO 0 
x oH \\ 

v o 

I I 

The different chemical behavior of compound le leading to a stable 

tosylate intermediate 2c is analogous to that observed in a similar 

reaction with pyridine (13) and could be ascribed to the strong steric 
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hindrance of the two geminal methyl Eroups which prevent the 

nucleophilic substitution by isoquinoline. On the other hand the 

tosylate 2b, which could be isolated under the experimental conditions 

for which compound la Eave directly 3a, reacted contrary to the 

tosylate 2c with isoquinoline to give compound 3b. 

In order to increase the structural analoEy with the skeleton of 

natural estroEens, oxa-azasteroids 3a-b have been reduced under 

atmospheric pressure using Pd/C (5 %) as catalyst. The resulting 

products 4a,b (scheme II) were obtained by the reduction of the ~6 

double bond as shown by their analytical and spectroscopic properties 

(Table 3), fully consistent with those already reported by us for 

similar reduction products (I0). 

x 

3 a,b 
i:n: I 

b:n:2 
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Y COOY 0 
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I , ,k ( It= OC~H e) 
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In the case of compound la, when the reduction was carried out on a 

more concentrated catalyst (Pd/C, i0 %), the product 5a arising from 

the hydrogenolysis of the C -0 bond of derivative 4a, could be isolated 
9 

along with that product (4a). 

The new oxa-azasteroid derivatives 4a,b, although lacking the spiro- 

substituents, presented geminal groups at C-12 which could still 

create a certain steric hindrance in the eventual interactions at the 

receptor level. For this reason a decarboxylative hydrolysis has been 

undertaken with the aim of preparing a series of C-12 mono-substituted 

derivatives. In the experimental conditions chosen, the hydrolysis was 

highly stereoselective, yielding only diastereoisomeric acids 6a,b in 

which the H-9 and the carboxylic group have a cis-diaxial configura- 

tion [Scheme I I  (14)]. 

This configurational assignment has been achieved by first deter- 

mining the chemical shifts of H-9 and H-12 in compounds 6a,b which pre- 

sented two singlets at lower and higher field with respect to the H-9 

signal in the corresponding starting products 4a,b. Then the deoarboxy- 

lative hydrolysis of diester 4b was carried out in NaOD/D20 and the 

1 
dideuterated acid 6'b was obtained; its H-NMR spectrum showed the 

H-9 singlet at 6=5.80 p.p.m., a value higher than that observed for the 

corresponding proton in ester 4b (6=5.46), and the persistence of a 

deshielding effect even stronger than in the latter product (4b) was 

ascribed to the carboxylic group in a cis-axial geometry with respect 

to the C-7 proton. 

For a better evaluation of the influence of physico-chemical proper- 

ties on eventual pharmacological activities of compounds 6, we prepared 

the more hydrophobic methyl and ethyl esters 7a,b and 8a,b and the 

neutral and more hydrophilic primary amides 9a,b [Scheme II (14)]. 
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The 200 MHz NMR spectra of compounds 3-9 (Tables 2-4) have been ten- 

tatively interpreted on the basis of the 400 MHz spectral data reported 

by us for similar oxa-azasteroid derivatives carrying at C-12, instead 

of the bis-carbethoxy group, either a barbituric or a 1,3-indanedione 

moiety as the spiro-substituent (i0). 

A careful analysis of the data from B and D rings led to some inte- 

resting hypotheses about their preferred conformation(s) in solution. 

The coupling constants J sup:~ested that in compound 4a-b, unlike 
6-7 

compounds 6-9 and the C-12 spiro-substituted derivatives (i0), the ring 

B should assume a "non-classical" chair conformation. 

The coupling constants J and J and the small difference 
15-16 16-17 

between the chemical shifts of the 16-protons in compounds 3 are consi- 

stent instead with an essentially "bisecting" character of 16-protons. 

The above observations could be very useful in the evaluation of the 

results from binding studies at the receptor level, which have been 

already planned on some selected compounds reported in this paper. 

EXPERIMENTAL 

Meltin E points were determined by the capillary method on a Tottoli 

apparatus (BOchi) and were not corrected. Elemental analyses were made 

on a Hewlett-Packard 185 C,H,N analyzer and were in good agreement 

(~0.40 %) with calculated values. I R spectra were recorded using KBr 

disks on a Perkin-Elmer 283 spectrophotometer, only the most signifi- 

cant and diagnostic absorption bands being reported (NH, OH, CO and 

C=C stretchings) . H-NMR spectra were recorded in deuteriochloroform 

(CDCI 3) or dimethylsulfoxide (DMSO-d6) on a Varian XL-200 spectrometer 

using TMS as internal standard, the following abbreviations being 

used: s, singlet; d, doublet; dd, double doublet; t, triplet; qt, 

quartet; qn, quintet; m, multiplet; br, broad signal. Exchange with 

deuterium oxide (D20) was used to identify hydroxyl protons. Chromato- 

graphic separations were carried out on silica gel columns (0.060-0.200 
mm , Merck). 
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Preparation of diethyl 2-hydroxy-2-[2'-hydroxy-B'(6')-oxo-cycloalken- 

l'-yl] malonates la-c 

To a stirred ice-cooled solution of cyclic B-diketone (cyclopentane- 

1,3-dione, cyclohexane-l,3-dJone, dimedone) (9 mmol) in anhydrous e- 

thanol (23 mL) was added dropwise a solution containing diethyl-2-oxo- 

malonate (1.567 g., 9 retool) and sodium ethoxide (3.8 retool) in the same 

solvent (25 mL). The reaction mixture was then allowed to warm to room 

temperature and stirred for 12 h. The solid residue, obtained after 

evaporation of the solvent in vacuo, was dissolved in 2N HCI (20 mL) 

and extracted with ethyl acetate. The organic layer was washed with 

water, dried on Na SO , evaporated to dryness and crystallized to ~ive 
2 4 

compound la (75 ~ yield) m.p. 125-26uC, from ethyl acetate, compound 

ib (70 % yield) m.p. 74-76°C from ethyl ether, and compound ic (72 % 

yield) m.p. I03-I05°C, from acetone. IR and H-NMR data: Table i. 

Reaction of adducts la-c with %osylchloride (TsCl)-isoquinoline 

Title compounds I (4 mmol) and isoquinoline (2.583 g., 20 mmol) were 

dissolved in anhydrous dioxane (4 mL), and TsCI (838 mg, 4.4 mmol) was 

then added portionwise. The reaction mixture was stirred at room tempe- 

rature for 14 h and poured on cold 2N HCI (16 mL). The resulting preci- 

pitate was collected, washed with water and dried to give: 

from la, 8-aza-ll-oxa-12,12-bis(ethoxycarbonyl)-17-oxo-gona-l,3,5(lO), 

6,13-oentaene 3a (80 % yield) m.pf 173-174°C from chloroform-hexane, 

IR, ~ : 1730,1690,1605,1560 cm ; from lb, after chromatographic 
;ha x 

separation on a silica gel column (80:20 ethyl acetate / hexane as 

eluant), diethyl 2-hydroxy-2-[6'-oxo-2'-tosyloxy-cyclohexen-l'-yl] ma- 

lonate 2b (50 % yield) m.p. 109-110uC, and 8-aza-ll-oxa-12,12-bis(etho- 

xy-carbonyl)-17-oxo-D homoKona-l,3,5(lO),6,]3 !;entaene 3b (30 % yield) 

m.p. 166-168~, from chloroform-hexane: IR, ~ : 1750,1740,1650,1635, 
q a x  

1590,1560 cm . When the reaction mixture was carried out at 50°C with 

stirring for 15 h tosylate 2b and oxazasteroid 3b were obtained in 17 % 

and 63 % yield respectively: from Ic: diethyl-2-hydroxy-2-16'-oxo-2'- 

tosyloxy-4',4' dimethyl-cyclohexen-l'-yl] malonate 2c (85 % yield) 
1 

m.p. 99-i00"C from chloroform-hexane. IR and H-N~4R data of compounds 2: 
1 

Table I; H-NMR data of compounds 3: Table 2. 

Reaction of diethyl-2-hydroxy-2-[6'-oxo-2'-tosyloxy-cyclohexen-l'-yl] 

malonate 2b with isoquinoline 

A mixture of tosylate 2b (1.3 ~, 2.95 mmol) and isoquinoline (5.3 g, 

41.5 mmol) was heated at 45°C with stirring for 3 h and then poured on 
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ice-cold 2N HCI (80 mL). The resulting precipitate was collected, 

washed with water and dried to give oxazasteroid 3b (75 % yield). 

Pr___eeparation of 8-aza-ll-oxa-12,12-bis-(ethoxycarbonyl)-17-oxo-gona- 

-l,3,5(lO),13-tetraene derivatives 4a,b and diethyl 2-hydroxy-2-[2'- 

-(l,2,3,4-tetrahydro-2-isoquinolyl)-5'-oxo-cyclopentenyl]-malonate 5a 

Oxazasteroids 3a,b were reduced in dioxane solution under atmospheric 

pressure using Pd on carbon (5 %) as catalyst. The residue obtained 

after filtration of the catalyst and evaporation of the solvent 

solution in vacuo was purified by chromatography on a silica gel column 

(ethyl acetate as eluant) to give aa (90 % yield) m~p I. 175-176°C from 

chloroform-hexane, IR, ~ : 1740,1680,1595,1575 cm ; and 4b (86 % 
max 

yield) m.p. 98-99~C from ethyl ether-hexane, IR, ~ : 1750,1740, 
-I max 

1645,1560 cm In the case of 3a, when the reduction was carried out 

using Pd on carbon i0 % as catalyst 4a (32 % yield) and 5a (48 % yield) 

m.p. 166-167°C from chloroform-hexane were obtained after chromatogra- 

phic separation on a silica gel column (ethyl acetate as eluant). H-NMR 

of c~mpo~nds 4: Table 3. 5a IR, ~ : 3460,1755,1725,1660,1590,1570 
- max 

cm • H-NMR (chloroform-d) ~:I.24(t,6H,2CH -CH -OCO-,J=7.1), 2 28- 
' --3 " 

-2.34(m,2H, =C-CH2-CH -) 2.68-2.82(m,2H,rC-CH -CH -~ ,2 .92( t ,2H,~-CH - 
--" 2 ' 2 ---2 --2 

-CH2-N-,J=5.9), 3.75(t,2H,~-CH -CH2-N-,J=5.9) , 4.04-4.34(m,4H,2-COO-CH 2 

-CH ) 4.63(s, IH OH,exch. D OI,--4.70(s,2H,@-CH -N-), 6 98-7 24(m,~, 
3 ' ' 2 2 " " 

arom.,partially overlapped with the solvent signal). 

P__[reparation of 8-aza-11-oxa-17-oxo-gona-l,3,5(lO),13-tetraene-12-car- 

boxylic acids 6 a,b 

Oxazasteroids 4 (6 mmol) were dissolved in ethanol (60 mL) and, after 

the addition of i0 % aqueous NaOH solution (12 mL), the reaction 

mixture was refluxed with stirring for 1 h. The solid residue obtained 

after evaporation of the solvent in vacuo was treated with cold 2N HCI 

(18 mL) to give 6a (72 % yield) m.p. 223°C dec, from methanol, IR, ~ : 
max 

2880br,2600br,1735,1565: or 6b (83 % yieldS_ m.p. 232"C dec., from 

propanol, IR,~ : 2800-2200,1730,1550 cm H-NMR data: Table 3. 
max 

Preparation of 8-aza-ll-oxa-17-oxo-gona-l,3,5(lO),13-tetraene-12-car- 

boxylic acids methyl esters 7a,b 

An ethereal solution of freshly prepared CH N was added to a 
z 

solution of carboxylic acid 7 (i retool) in anhydrous MeOH until a 

yellow, persistent color was obtained. The end of reaction was also 
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checked by TLC (ethyl acetate/methanol 90:10 as eluant). The solvent 

was then evaporated in vacuo and the solid residue crystallized to give 

7a (70 % yield) m.p. 198-200°C, from chloroform-hexane or 7b (80 % 
1 

yield) m.p. I15-I17~C, from chloroform-hexane. IR and H-NMR data:Table 

4. 

Preparation of 8-aza-ll-oxa-17-oxo-gona-l,B,5(lO),13-tetraene-12- 

carboxylic acid ethyl esters 8a,b 

A suspension of carboxylic acid 7 (I mmol) absolute ethanol 

(0.27 mL) and p-toluenesulfonic acid (i0 mg) in anhydrous benzene (3 

mL) was refluxed under stirring for 6 h with azeotropic removal of the 

water. Then the reaction mixture was diluted with benzene (20 mL) and 

extracted twice with saturated NaHC~ solution (5 mL), washed with 

water and dried over Na2SO 4 . The solid residue obtained after 

evaporation of the solvent in vacuo was purified by chromatography on a 

silica gel column (90:10 ethyl acetate / chloroform as eluant) to give 

8a m.p. 160-162°C, from chloroform-hexane or 8b m.p. 125-127~C, from 

ethyl ether in 78 % and 80 % yield respectively. IR and IH-NMR data: 

Table 4. 

Preparation of 8-aza-ll-oxa-17-oxo-gona-l,3,5(lO),13-tetraene-12- 

carboxylic acid amides 9a,b 

Methyl ester 7 (0.3 mmol) was added to 30 % NH (2 mL). After a 
3 

week the muddy reaction mixture was filtered and the precipitate washed 

with water and crystallized from chloroform-hexane to give 9a m.p. 

215°C dec. or 9b m.p.220°C dec. in 70 % and 72 % yield respectively. IR 
1 

and H-NMR data: Table 4. 



fABLE t - SPECIAOSCOPIC OAIA OF ~LOOL AOOUCI$ I ANO IHIEgHEOIAI£ iOSYLAIES 2b,c 

Compound 

l a  

lb 

I R  

KBP disks - !  
l y n x ,  ca 

3430,2700-2200, 
17&5,1730,1580,]560 

3400 br,3220 br, 
2700-2200, 
1750,1725,1595 

I H - N # R ,  CDC]  

~(ppm), J(Hzl 

1.30(t 6H 2CH -CH -OCO-,J-7.]}; 2.20-2 85(m,4H,-CH -CH - ) ;  5.50-7.90(bn, lH,alcoholic-OH,exch.O20); 4.30(qt,4H, 
' ' --J Z Z Z 

-CO0-CH2-CH3,J'7.1) ; 10.45-12.30(br, IH,enollc-OH,exch.D20) 

ketonic Form (-85 ~)" 1.27(t 6H 2CH -CX_-OCO- J=7.l)" % 70-2.02(s 2H -CX -CH -CH - ) ;  2.52-2.82(m,4H,2-C(-O)-CH - ) ;  
• ' ' - - 3  z ' ' " ' ' 2 - - 2  2 , 2 

4.04(s, 1H,_OH,exch. D20) ; 4.26(qt, 2H,-COO-CH2-CH3, J.7. ]) ; _ _  4.29(qL,2H,-COO-CH__2-CH3, J-7.1) ; 4.75(s, 1H,-CH-, exch.020) 

aenollc Fore (-35 Z): ].27(L,6H,2CH.-CH -'OCO-,J=7.1); 2.06-2.28(s,2X,-CH -CX -CH - ) ;  2.30-2.50(m,2X,-CoC-CH2-); 
4.04(s iH -OH,exch.D O) 4.26(qt 2H,-COO-CH -CH ,J-7 %)' 4 29(qt 2H,-COO-CH -CH °J-7 1)' slgnals of the other 

. . . .  - -2  3 ' ' - -2  3 ' 
-CH - group uere mas~ed by the -CH - signals of the ketonic Form at 2.52-2.82; the signal due to the enoI).c -OH is 
not2eas~]y detectable - -2  

1c 3470,2700-2200, ketonic fors (~85 ~): 0.83(s,3H,-C-CH3); 1.16(s,3H,-C-CH3); 1.27(L,6H,2CH3-CH_-OCO-,J'7"1); 2.44-2.70(AB systems, 
1730,1555 4H,CH -C-CH ,pa r t l a l l y  over]apped with the signals of the corres--pond~g protons of the enolic Form); 

4.03(~,lH,_~H,exch.D20); 4.25{qt,2H,~COO-CH2-CH3,J-7.1); 4.27(qL,2H,-COO-CH__23-CH ,J-7,1);  4.65(s,]H,-CH-,exch.020) 

enollc Form (~15 ~): 1.05(s 6H 2-C-CH ) 1,27(t 5X 2CH -CH -OCO- J-7 1)-2 30(s 2H -C-C-CH ).2 51(s 2H -C(-O)-CH - 
' '  3 '  ' ' - - 3 2  ' ' ' '  2 '  ' '  ' 

masked by the signals of AB system of the ketonic Form): 4.03(s,IH,-OH,exch.DO);4.25(qL,2H,-COO-CH-CH.,J-7.it; 
4.27(qL,2H,-COO-C~2-CH3,J-7.1); the signai due to the enollc -OH is not easlI~ detecLab]e - - z  a 

2b 3450 1.19(t 6H 2CH -CH -OCO- J-7.1); 2.03(qn 2H -CH -CH -CH - J-6.3) '  2 4 I ( t  2H C-C-CH - J-6 3)' 2.45(s 3X -~-CH 
' ' ~ 3 2 '  ' ' 2 - - 2 2  . . . .  2 . . . .  3' 

1750,1730.1680,1630 par t ia I l y  overlapped with the CH 2- signa1);2.g2(t,2H,-C(-O)-CH2-,J-6-3); 3.50(br,lH,-OH,exch. D20); 
4 . l l (q t ,2H _CO0_C~2_CH3,J=7.]) : 4.13(qt,2H _CO0_C~2-CH3,J=7.1); 7.30-7.92(A282 systez,4H,Arom) 

2o 3450 1,07(s,6H,2-C-CH ); I,I8(t,FH,2CH.-CH -OCO-}; 2.28(s,2H,-C-C-CX - ) ;  2.45(s,3H,¢-CH ); 2.8I(s,2H,-C(-O)-CH ); 
- - J L  Z J £ 

~750,1730,[675,~625 3.56(br,l~,_OH,sxch.020) ; ~.tO(qt,2E,_COQ_C~2_CE3) ; ~.I2(qL,2~,-COO-C~2-CE3) ; 7.30-7.g2(A282 system,4H,Arom) 

a) After addition of a few drops of pentadeuteropyrldlns only the Following signals due to the enolate anion of Ib ore detected in the IH-NHR spectrum 

(COC13): 1.23(t,6H,2C~3_CH2_OCO_,J.7) ; I.g5(qn,2H,_CH2_C~2_CH2_ j .6 )  ; 2.50(t,4H _C~2_CH2_C~2_,J.6) ; 4.23(qt,&H,2-COO-C~2-CH3,J.7); 6.63(br,2H,exch. 

DO). 

~0 p) 
Oq 
p~ 
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l a 
TABLE 2 - H-~IHR OF 8-AZA-II-OXA-17-OXO-GONA- AND D-HOHO-GOt(A-1,3,5(IO),6,I3-PENTAENE DERIVATIVES 3a,b 

3a 3b 

b 
Mt ~,ppm J (Hz) Mt b ~,ppm J (Hz) 

Protons 

1 • 7.73-7.77 • 7.65-7.69 

2 ( m 7.27-7.31 m 7.24-7.30 

3 

4 • 7.03-7.08 m 7.01-7.06 

6 d 5.77 7.7 d 5.75 8.0 

7 d 6.~8 7.7 d 6.60 8.0 

9 s 6.32 s 6.19 

15 ax 2dd 2.48 18.0 (gem) 2dd 2.38 16.5 (gem) 

7.6 (aa) 6.6 (aa) 

~.3 (ae) 5.0 (ae) 

15 eq 2t 2.59 &.5 (ea) 2t 2.52 6.0 (ca) 

4.5 (ee) 6.0 (ee) 

d 
16 ax 2dd 2.76 17.6 (gem) t m 2.05-2.17 

I d 
16 eq 2t 2.88 

17 ax 2dd 2.60 17.6 (gem) 

17 eq 2t 2.77 

-CO-O-CH2-CH 3 qt 4.26 7.1 qt 4.24, 

c 
qt 4.36 7.1 qt c z,.33 

-CO-O-CH -CH t 1.27 7.1 t 1.27 
2 - - S  

t 1.3~, 7.1 t 1.35 

7.1 (aa) 

5.5 (ae) 

6.2 (ca) 

6.2 (ee) 

7.1 

7.1 

7.I 

7.1 

a) Spectra were recorded in COCl . b) Mt - multlpliclty; For abbreviations see at the beginning oF 
3 

the section "Experimental". Coupling constants and multiplloity have been listed only where clearly 

determinable, c) Sometimes observed as double quartet, d) 16-protons,practically "bisecting" (see 

text), have been designed as "ax" and "eq" only For the table homogeneity. 



b 
Mt 

Proton• 

1 • 

2} 
3 

4 • 

6 ax 2dd 

6 eq 2L 

7 eq 2t 

7 ax 2dd 

9 s 

12 

15 ax 2dd 

15 eq 2t 

16 ax 2dd 

16 eq 2t 

17 ax 

l a 
TABLE 3 - H-NHR OF 8-AZA-II-OXA-I7-OXO-GONA- AND D-HOMO-GONA-I,3,5(IO),I3-TETRAENE DERIVATIVES 4a,b AND 6a,b 

4a (00013)  &b (COC138 6a (OMSO-d6) 6b (OMSO-d6) 

b b b 
~,ppl  J (Bz) Rt ~,ppl  J (Hz) Rt ~,ppm J (Hz) Mt ~,ppm 

dd 7.55 5.4 (o) dd 7.58 

3.6 ( , )  

= 7.24-7.35 = 7.22-7.37 

7.74-7.78 = 7.71-7.75 

7.29-7.34 = 7.24-7.31 

7.13-7.17 = 7.10-7.15 

3.11 15.8 (gem) 2dd 3.03 

8.8 (aa) 

5.0  (ae)  
4.7 (ca) 

4 .4 t0 .3  (ee) 

I2.4 (gem) 

t5.8 (Re,) 
8.0 (aa) 
4.5 (ae) 

2.83 2dd 2.80 6.3 (ca) 2t 2.84 

~.~ (ee) 

3.74 2dd 3.69 12.5 (gem) 2t 3.73 

3.57 2dd 3.51 2dd 3.59 

5.63 s 5.46 s 5.76 

s 5.05 

2.43 14.1 (gem) t 2t c 1.49 
7.6t0.9 (aa) 

• 2.24-2.38 
4.2 (ae) 

2.54 4.7 (ea) 2t c 1.60 

4.7 (ee) 

2.69 17.8 (gem) ~ • 2.01-2.I1 m 2.23-2.35 
2.78 J 

2dd 2,60 

f 
* 2.60-2.75 

7.1 qt 4.23 7.1 
e 

7.1 qt 4.31 7.1 

7.1 t 1.25 7.1 

7.1 t 1.32 7.1 

15.4 (gee) 

9.5 (aa) 

3.3 (ae) 

I7 eq 

-CO-O-CH -CH 4.25 
- -2  3 qte 

qt 4.36 

-CO-O-CH -CH t 1.26 
2 - - 3  

t 1.34 

Notes: see following page, 

J (Hz) 

9.1 (o) 
3.6 ( , )  

2dd 3.00 12.5 (gem) 2dd 2.96 18.3 (gem) 

9.2 (aa) 8.3 (aa) 

5.3~0.3 (ae) 5.1 (ae) 

4.7 (ea) 2t 2.79 k.5 (ea) 

5.0 (ee) 5.1 (ee) 

13.0 (gem) 2t 3.80 12.9 (Re=) 

2dd 3.57 

s 5.80 

s 5.19 

10.0 (gez)  

• 2.28-2.35 

m 

t 
1.80-1.98 

d 
2.53-2.66 

6.0 (aa) 

6.0 (ae) 

¢ao 

oo 

p~ 

~o 
P~ 

Oq 

P~ 



TABLE 3 - Notes: 
a)Spectra were recorded in the solvents indicated in pareiILheses using TR5 as internal standard.b)Ht-multiplicity;for abbreviations see at the beginning 

of the section "Experlmental]' Coupling constants and multiplicity have been listed only where clearly determinable.c)Assignment of the two signals can 

also be reversed.d)Partlally masked by DMSO-d 6 signals,eJSometimes observed as double quartet.f)Partially overlapped with H-17ax and H-Beq signals. 

Coopound 

TABLE k - SPECTROSCOPIC DATA OF CARBOXYLIC ACID DERIVATIVES 7, 9, 9 

I R 

KBr disks_! IH-NHR, COC1 
~max, cn rJ(ppm), J(Flzl 

7a 17~0,1660,1590 
1570 

75 1730,1620,1560 

2.38-2.60(m,2H,H-15ax and H-iSeq); 2.64-2.84(m,2H,H-I6ax and H-15eq); 2.85-3.14(m,2H,H-6ax and H-Seq);3.50-3.OO(m,2H, 
H-7ax and H-7eq);3.OO(s,3H,CH3-OCO);5.24(s,IH,H-|2);5.O3(s,IH,H_O); 7.00-7.¢5(=,3H,H-2 + H-3 + H-4); 7.53-7.80(=,IH,H-I) 

1.98-2.lO(=,2H,H-ISax and H-ISeq); 2.26-2.54(m, 2H,H-lSax and H-lSeq); 2.58-2.72(=,2H,H-I7ax and H-I7eq); 2.84(2t,1H, 
H-5eq,Jgem-tS.0,Jea=Jee=5.0); 3.04(2dd,lH,It-Sax,Jge®=15.O,Jaa-O.O,Jae-5.0); 3.55(2dd,IH,H-7ax,Jgem-I2.~,Jaa-8.0,Jae-5.0); 
3.72(2t,tH,H-7eq,Jgem-12.4,Jea,Jee.5.0); 3.84(s,IH,C~H3-OCO-}; 5.32(s,IH,H-12); 5.92(s,IH,H-9}; 7.10-7.20(m,IH,H-4); 
7.26-7.40(m,2H,H-2 + H-3); 7.50-7.58(m,IH,H-l) 

8n 1735,1655,1510 
1595,1580 

1.32(t,3H,CI13-CH2-OCO-,J-7.1): 2.32-2.64(m,2H,H-15ax and H-|Seq); 2.70-2.80(m,2H,H-ISax and H-ISeq); 2.84(2t,lH,H-Seq, 

Jgem-IB.O,Jea-Jee-4.0); 3.07(2dd,IH,H-Sax,Jgem.lG.O,Jaa.8,0,Jae.4,0); 3.58(2dd,lH,H-7ax,Jgem-I2.0,Jaa-B.O,Jae.4.0): 

3.7~(2t,IH,H-7eq,Jgem-12.0,Jea-Jee-4.O); ~.27(qt,2H,CH3-CiI2-OCO-,J.7.I); 5.2I(s,IH,H-I2); 6.OI(s,IH,H-g); 7.14-7.IO(m,IH, 
H-4); 7.26-7.34(m,2H,H-2 + H-3); 7.55-7.Sg(m,IH,H-I) 

8b |730,1620,|590, 
1570 

|.35(t,3H,CH -CH -OCO- J=7 ). 96-2 [O(m 2H H-lSax and H-ISeq)" 2 12-2 ~ (=  2H H-]5ax and H-15eq) 2 47-2 71(=,2H, 
--3 2 ' ' ' ' ' " " ' ' ' ' " 

H-17ax and H-]7eq): 2.8~(21, H,H-Seq,Jgem- 5.O,Jea=Jee-5.0); 3.02(2dd,lH,H-Sax,Jgem-]5.O,Jaa-8.O,Jae-4.6); 3.55(2dd,lH, 
H-7ax,Jge®-12.4,Jaa=8.0,Jae=~.2); 3.70(2t,]H,H-7eq,Jgem=|2.4,Jea-Jee-6.0); 4.28(qt,2tI,CH -CH -OCO,J-7.I); 5.25(s,lH, 
H-I2); 5 87(s,IH,H-9); 7 i~-7 g(m, H,H-4): 7 28.7.35(m,2H,H-2 + H-3); 7.50-7.55(=,IH,H-~) -2 

9a 3300br,3150br, 
1695,1570 

9b 3360br,3180br, 
1685,1540 

2.52(t,2H,H-I5ax and H-15eq, Jae=Jee=~.8); 2.7~-2.84(=,2H,H-lSax and H-16eq); 2.84(2t,]H,II-6eq,Jgez-IS.O,Jea,Jee,5.0); 
3.01(2dd,]H,H-6ax,Jgem=i6.0,Jaa=8.0,Jae=4.O); 3.62(2dd,]H,H-Tax,Jge=.12.4,Jaa.8.0,Jae=5oO); 3.75(2L,1H,H-7eq,Jge==12.4 , 
Jea=Jee=5.0); 5.12(s,|H,H.|2); 5.~8(br,lH,-NH ,exch.O20); S.82(s,lH,H-9); 7.12-7.]6(m, IH,H-~); 7.25-7.39(=,2H,H-2 + H-3); 
7.B2(br, IH,-NIt 2 . . . .  h.020); 7.83-7.90(,, IH,lt--'lt 

1.95-2.09(m,2H,H-|Sax and H-iSeq); 2.36-2.43(z,2H,H-|5ax and H-|5eq); 2.59(t,2H,H-17ax and H-17eq,Jae=Jee=6.4);2.Ol(2t, 
~H~H-~eq'Jge=-~6~Jea-Jee~4~5);3~(2dd~H~H-6ax'J~e=-l~Jaa~7~Jae~);3~52(2dd~H~H-7ax'Jge~=~2~7~Jaa=8~7 , 
Jae=4.0); 3.78(2t,]H,H-7eq,Jgem,12.7,Jea=Jee=4.5); 5.36(s,IH,H-12); 5.46(br,lH,-Nlt2,exch.D20); 6.29(s,IH,H-9); 
7.]O-7.14(z,1H,H-4); 7.23-7.35(=,2H,H-2 + H-3); 7.82-7.87(=,tH,H-1); 7.93(br,lH,-NH2,exch.D20 ) 
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