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Summary 

The functional groups contained in two penetration enhancers (dimethylsulfoxide 
and dimethylformamide) have been incorporated into the prodrug derivatives of 
steroids. These derivatives have the potential for increasing the biphasic solubility of 
the steroid and hence its rate of diffusion through skin. Most of the prodrugs 
synthesized were succinamate derivatives of hydrocortisone or hydrocortisone-17a- 
esters. Hydrocortisone-21-diethylsuccinamate (XVI) and hydrocortisone-2I-diethyl- 
succinamate 17a-valerate (XXVI) were the most interesting prodrugs developed. The 
former derivative (XVI) almost doubled the rate of delivery of hydrocortisone 
through hairless mouse skin while at the same time it caused significantly less local 
toxicity than hydrocortisone. The latter derivatives (XXVI), on the other hand, 
caused significantly less systemic toxicity than either hydrocortisone or its parent 
17a-ester. Both derivatives were more active than hydrocortisone-21-acetate. 

lntraductian 

Since human skin is considered to be relatively lipoidal m nature, relatively polar 
drugs such as hydrocortisone do not easily penetrate it. Theoretically, one way to 
improve the topical penetration of hydrocortisone and similar glucocorticoid drugs 
would be to USC penetration enhancers in their formulations. Here, a penetration 

’ Prcscnt address: Uniurrsity of Florida. 

0378-S 173j83/$03.a0 c 19R3 El.swicr Science Publishers B.V. 



236 

enhancer is considered to be any chemical that is added to a formulation that 
increases the diffusion of the drug across a barrier - in this case the skin, Notable 
among the chemicals that have been shown to increase diffusion of drugs across the 
skin are dimethylsulfoxide and dimethylformamide (Maibach, 1976; Munro, 1969). 
as weIf as various amines (Allenby et al., 1969a). However, irritant action, odor and 
potential toxicity have prevented the widespread use of such penetration enhancers 
in topical formulations (Munro, 1969). 

Thus, although there has been considerable work done to rationally vary the 
constituents of various topical formulations (Ostrenga et al., 1971) to improve the 
delivery of drugs (steroids) through the skin, there have not been any reports 
concerning attempts to incorporate in a transient manner (prodrug) the functional 
elements of penetration enhancers (such as sulfoxide or amide groups) directly into 
the steroid that is to be delivered. Indeed, this approach has already been shown to 
be effective in enhancing the delivery of non-steroidal anti-inflammatory agents 
through biologist membranes. Thus, Loftsson and Bodor (1981) have shown that 
the methylsulfinylmethyl (a sulfoxide) prodrug of aspirin approximately doubles the 
topical delivery of aspirin through hairless mouse skin. Similarly, Sloan (1980) has 
shown that the use of the N.N-diethylhydroxy~ami~le (an amine) derivative of 
indomethacin doubles the delivery of indomethacin through hairless mou,se skin 
from a plastibase topical formulation ‘. 

However. it should be pointed out that a general mechanism whereby penetration 
enhancers act is not known with certainty. Apparently though, this action is due to a 
change in the skin that only an excess (compared to drug being delivered) of the 
penetration enhancer can cause (Allenby et al., 19698). Therefore, if the incorpora- 
tion of the functional elements of penetration enhancers into prodrugs succeeds in 
improving the delivery of drugs through biological membranes, it succeeds for 
different reasons than that the penetration enhancers themselves succeed. In this 
case, it would probably result because of changes in the physical properties of the 
drug, such as improved biphasic solubility caused by the derivatization, 

In addition to changing the physical properties of the drug.and hence its diffusion 
rate through skin, the prodrug wiil also affect the activity and toxicity of the drug by 
changing its distribution and its rate of presentation to sites where its activities are 
manifested. Therefore, in order to determine if the transient incorporation of 
biphasic solubilizing groups inio hydrocortisone would improve the delivery of 
hydr~~~~~rtisone through skin and, ~ot~~on~itailtly, its topical ~~~tisity, 41 ~~ut~lber of 
esters of hydrocortisone containing sulfoxide and ;Imide groups have beer prepared 
and their diffusional properties and biological activities have been compared to that 
of l~~dr(~~~~rtis~~n~. The preliI~~il~~~ry results of tbosc studies ill~ol~lit~g prill~~~ril~ 
derivatives containing an :imide group are reported here. 
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Materials and Methods 

The hairless mice that were used were SKH-hr-I mice from Temple University 
Skin and Cancer Hospital. The diffusion cells were obtained from Kercso Engineer- 
ing Consultants. Palo Alto, CA. TLC were run on B~lnkman Polygram Sil G,0_lV 
254. MP (uncorrected) were taken with a Thomas-Hoover Capillary Apparatus_ 
NMR spectra were recorded on a Varian T-60, IR spectra on a Beckman Acculab 4 
sp~trophotometer and the optical rotations were obtained using a Perkin Elmer 141 
polarimeter. Micr~nal~~s were performed by Midwest Microlab. Indianapolis, IN. 
The hydrocortisone, hydrocortisone-21-acetate, prednisone, dexamethasone and tri- 
amcinolone acetonide were obtained from Sigma. The remaining reagents were 
obtained from Aldrich while the bulk solvents were obtained from Mallinckr~t. 
Trimethylotthovalerate was obtained from Eastman Chemicals. The triethylortho- 
butyrate was prepared according to the imimtst~r method (McElvain and Stevens. 
1947) and the NMR s~trum of the product ‘was consistent with the assigned 
structure. The hydrocortisonc- l’l-propiouate, - 17-butyratc ;;nd - l7-valerate were 
prepared according to the general method of Gardi et al. ( 1% 3 i It rr the preparation 
of the steroidal orthoester and according to the general metI-& %:a &Ice et al. ( 1970) 
for the conversion of the steroid orthoester to the steroid 1 ‘F-,Y.: . . 

4-Pregntvw-11J3.11 -dihydro.xy-I ?a-pr~~~i~~~?~lo~~~-~,~O-dror~r~ i 1 i 1): m.p. 18 1 - 184°C 
from methanol-water (3: I) in 32% yield: laj”D + 63.5%‘. tC = 0.5, ethanol); ‘H 
NMR (CDCl,)S5.67 (s. 1. O-C-Cr_t=C,, 4.27 {s. L. O=C--C&OH). 1.47 
(s. 3. CH,) and 0.95 (t,* 3. CH,). Anal: Calcd. for C,,HzZO,: C. 69.04: H 7.97. 
Found:? 68.80; H. 8.30. - - 

I-Prug,l~~lt~-ttS.,II-d~~~~i~~.~~-f 7~-bur??~l-~,,‘O-cir.??lp (I b j: m.p. 203-206°C 
from methanol-water (4: I) in 58% yield. lit. m.p. 20%210°C (Vitali et ai., 1966): 
(cr]‘:‘D + llJS*C. (C--0.5, dioxane): TLC (Silica gel. ether) R, 0.12: ‘H NMR 
tCBCI>) S5.71 (s. I, 0=C-CkJ=C,. 4.33 (d, 2, 2 = 5 Hz. O=C-C&OH). 1.47 
{s. 3, CH,) and 0.97 (s, 3 CH X-C). Anal: GM. for c’zsHzhO,: C, 69.42: H. 8.39. 
Found:-?. 69.48; H. 8.49. -. 

4-Prg,~~t~~?e-li8,3i-d~i!rldro.~~.-f 7r-~u~~~~iu_~~-3,~U-~iiunu ( if j: m.p. 1 CP - 175°C 
from n~~than~~l in 51% y&Id; fa]“D + 61.5OC. (C =0.46. ethanol); ‘H NMR 
(CDCI?) S5.71 (s. 1, O===C-Cl-J-C) and 4.29 (d. 2, j = 5 Hz. O=CCl-I,OH~. Anal: 
Calcd. for CzhH\nOfi: C. 70.08; H, 8.60. Found: C, 70.00; H, 8.55. 

The various umidocarboxylic acids were prepared according to the method of 
I~i~~ilin~ (Pressman et Ul.. 1949). Thus, the fol1~9wi~~g amidocarboxylic acids were 
prepared by mixing equal y&ons of th; required secondary amine with ice-cold 
dichloromethune solutions of succmic or diglycolic anhydride. The solutions were 
then concentrated and the oils distilled or the solids recrystallized to give the 
f~~ll~~willg ~~tl~id~~i~rbox~lic acids, 

,T.,t’-~rn~rri?\~Istct~~i,,c~,,lic. ct~id I k’l): n1.p. 86-89’C from tetrahydrofurm lit. m.p. 
8 IA-82.6T (Pressman et al., 1948). 47% yield. Anal: Calcd. for C’,H,,NO1: C. 
49.64: H, 7.64: N 9.65. Found: C, 50.00; H, ‘.83: N, 9.74. 
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N,N-Diethyisuccinamic acid (VII): m.p. 79-82OC from dichloromethane-heptane 
(1 : 4.5), lit. m.p. 82.1-84.1 “C (Pressman et al., 1949), 85% yield. Anal: Calcd. for 
C,H,,NO,: C, 55.47; H, 8.73; N, 8.09. Found: C, 55.62; H, 8.83; N, 8.03. 

N, N-Dipropylsuccinamic acid (VIII): m.p. 35-37OC from dichloromethane. Anal: 
Ca1cd. for C,,H,,NO,: C, 59.67; H, 9.52; N, 6.96. Found: C, 59.42; H, 9.59: N. 
6.97. 

N, N-Dibutylsuccinamic acid (IX): an oil in 56% yield, Anal: Calcd. for 
C,,H,,NO,: C, 62.85; H, 10.11; N, 6.11. Found: C, 63.05; H, 10.40; N. 6.01. 

N,N..Dihexylsuccinamic acid (X): an oil in 81% yield. Anal: C&d. for 
C,,H,,NO,: C, 67.32; H, 10.95; N, 4.91. Found: C, 67.00: H, 10.89: N, 5.18. 

N, N-Diethyl-3-oxagiutaramic acid (XI): From diglycolic anhydride as an oil in 
79% yield. 

N,N-Tetramethyfenesuccinamic acid (XII): m.p. 103- 108OC from dichloro- 
methane-ether (75 : 200) in 87% yield. Anal: Calcd. for C,H,,NO,: C, 56.12; H. 
7.65; N, 8.18. Found: C, 55.88; H, 7.52; N, 8.05. 

N, N-3-Methy/azapentamethylenesuccinamic acid (XIII): m.p. 122- 127°C from 
tetrahydrofuran-ether. Anal: Calcd. for C,H,,N,O,: C. 53.98: H, 8.05: N, 13.99. 
Found: C, 53.72; H, 8.08: N, 13.78. 

N, N-3-Oxapentamethylenesuccinamic mid (XIV): m.p. 73-78OC from tetrahy- 
drofuran-ether. Anal: Calcd. for C,H,,NO,: C, 51.32: H. 7.00; N. 7.48. Found: C. 
51.54; H, 7.12; N, 7.35. 

TAe preparation of amidocarbox?*iic esters of ,pltrcocorticoid steroids 
The steroid esters were prepared by dissolving the steroid in pyridine (10 n~lJO.Ol 

mol) and allowing that .:olution to react with equivalent molar amounts of the 
amidocarboxylic acid and dicyclohexylcarbodiimide. After the reaction had been 
stirred at room temperature for 10 min, it was diluted with dichloromethirne (20 
ml/O.01 mol) and the suspension that was obtained was stirred at room temperature 
overnight. The suspension was filtered and the filtrate was concentrated in vacua to 
remove the pyridine. The concentrate was then either recrystallized or chromato- 
graphed on silica gel (Mallinckrodt W-7) then recrystallized to give the following 
esters. 
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(XVIII): m.p. 173- 174OC. chromatographed then crystallized from tetrahydro- 
furan-ether in 59% yield; [a]“‘D + 120°C, (C = 0.5, ethanol). Anal: Calcd. for 
C,,H,,NO,: C. 69.08: H, 8.96; N, 2.44. Found: C, 69.09; HI 8.93: N, 2.47. 

I-Pregnene-i I/?. 17a-dihydroxy-21 -(N, N-dihexylsuccinamoyloxy)-3,20-dione (XIX): 
m.p. 148- 149OC, chromatographed then crystallized from tetrahydrofuran-ether in 
44% yield; [a]“D + 107°C, (C = 0.5, ethanol). Anal: Calcd. for C,,H,,NO,: C, 
70.55; H, 9.44; N, 2.22. Found: C, 70.26: H, 9.31; N. 2.40. 

I-Pregnene-iI& 17a-dih~~droxy-21-(N,N-dieth_vl-3’-oxaglutaramoy~oxy)-3,2O-dione 
(XX): m.p. 95-97OC from tctrahydrofuran-ether. 20 : 80 in 29% yield; TLC (silica 
gel. ether-methanol, 10: I) R, 0.36: [ajZ3D + 117OC. (C = 0.5, dioxane). Anal: 
Caled. for CZuHaJNOII - C,H,OC,H,: C. 65.21; H, 8.79; N. 2.30. Found: C, 65.15; 
H. 8.60: N, 2.06. 

4-Pregnene-1 l&l 7a-dihydroxyp-21 -(N,N-tetrameth_~le~tesu~~inamoyloxy)-3,17O-dione 
(XXI): m.p. 1 S2- I SSOC from tetrahydrofuran; TLC (silica gel, ether-methanol. 
10: 3) Ri 0.53: [alZSD + l16°C, (C = 0.47, dioxane). Anal: Calcd. for Cz9H,,N0,. 
OS H#: C. 64.18; H. 8.17; N, 2.58. Found: C. 44.24; H. 7.94; N, 2.21. 

J- Pregnene- I1 /3. I 7a-di&dro.xy p-21 -(N,N-3’-methvlazapentameth_vlenesuccinamoy- 
lox.v)-3,20-dione (XXII).- m.p. 159- 162OC from didhloromethane in 5 1% yield: TLC 
(silica gel, methanol) R, 0.27: [a)‘D + 122°C. (C = 0.5, dioxane). Anal: Calcd. for 
Cj,,H,,N203: C. 66.16; H. 8.11; N, 5.14. Found: C, 66.22; H. 8.21; N. 5.04. 

4-Pregnene-11&i 7a-dih~,dro_~y-~l-~N,h’-3’-oxape~~ta~nethylenes~~~cinan~o~~ioxy)- 
3,20-dione (XXIII): m.p. 223-225°C from methanol: TLC (silica gel. 
ether-methanol, 10: 1) R, 0.29; [a[‘5D + 131°C. (C = 0.5, dioxane). Anal: Calcd. 
for C,,H,,NO,: C, 65.51; H. 7.77; N. 2.64. Found: C. 65.46; H. 7.99; N, 2.51. 

4- Pregnene-1 l&hydro_xy- 2 I -(N. N-diethvlsuccinamoyloxy)-1 ?a-propionyloxy-3,20- 
dione (Xxiv): m.p. 96- 103°C from ether-dichloromethane-cyclohexane in 48% 
yield after initial chromatography; [a]“D + 73OC, (C = 0.5. ethanol). Anal: Calcd. 
for C,,H,,NO,: 6. 66.99: H, 8.26: N, 2.44. Found: C. 66.85: H, 8.27; N. 2.14. 

4 Pregnene- 11 &hydro_xy- 2l-(N.fi-dieth~~buccinantoylox~~)-l7a-butvrvloxv-?,20-diotte 
(XXV): m.p. dl-83°C from dichloromethane-heitank. 16 : 6 in 448 yield after 
initial chromatography; [a] Z’.SD + 67OC. (C = 0.5, dioxane); TLC (silica gel, ether) 
developed twice R, 0.25. Anal: Calcd. for C,,H,,NO, - 0.5 H,O: C. 66.41; H, 3.44; 
N, 2.34. Found: C, 66.76; H, 8.56; N. 2.00. 

+$- Pregnene- 1 lr!Mydro.vy -, ‘1 -(N.hi-dieth~r~isrri~ta~~to~~lox~~)-l7a-calet$oxy-3,20-dione 
cXXF”I): m.p. 126- 1 2X°C from dichloromethane-cyclohexane in 69% yield after 
initial chromatography; [a[‘“D + 6gaC, (C = 0.5. ethanol). Anal: Calcd. for 
C,,,HS,NO,: C. 67.86; H. 8.54: N. 2.33. Found: C. 67.54: H. 8.68; N, 2.00. 

I. 4. Prc~,~,ri,clic~,1‘8- 1% -lij*dro.~.~~-, ‘1 ~~N,~~-dicth~ls~~~~~~i~~a~~~o~~fo~~~)-3,ll,~O-trio~~e 
(.\‘.YV”ll): m.?. 2W 206OC fr om tetrahydrofuran in 47%’ yield: [“[“D + 1445°C. 
(C’ e 055. dioxane). Anal: C&d. for C,,H3,N0,: C. 67.81; H. 7.65: N. 2.73. 
F~wud: C, 6S.15; H. 7.80; N. 2.40. 

I.J.~‘~~~,~~I~I~I~~,~~_I j/3. I7a-d~lt,,~dros,,.-~a-/kroro-I ba-met)~.yl-21 -!N, N-dietlt?,isuc- 
(.i,,ru,,c?,.lr,.~~,)-.).,“(,-rlio,lc (SX VIII). n1.p. 202-204°C from tetrahydrofuran in 42% 

yield; [a] ‘“‘II -I- 6S°C. C = 0.5. dinxane). Anal: Calcd. for C?,H,,NO,F: C. 65.79: 
H. 7.73; N, 2.56. Found: C. 66.15; H. 7.80; N. 2.40. 
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The preparation of 4-pregnene-1 l/3,21-dihydroxy-Z 7ar-(N,N-diethyl.succinamoy/oxy)- 
3,2@dione (XXIX) 

XXIX was prepared according to the general procedure of Phillips et al. (1974). 
To a suspension of 0.456 g (0.0024 mol) of cuprous iodide in 20 ml of dry 
tetrahydrofuran at 0°C was added 2.66 ml of 1.6 M methyl lithium (0.0043 mol) in 
ether. The reaction mixture was stirred at O°C for 15 min then the temperature was 
reduced to - 30°C and 4-pregnene- 1 1/3,17a-dihydroxy-2 l-(N,N-diethylsuc- 
cinamoyloxy)-3,20-dione (0.50 g, 0.00096 mol) was added. The reaction was stirred 
at -25°C for 45 min then 1.53 g of N,N,N’,N’-tetramethylethylenediamine tetra- 
chlorocuprate was added and the reaction mixture was allowed to warm to room 
temperature and stirred overnight at room temperature. The reaction was then 
poured into 150 ml of 3 M NH,Cl and stirred for 1 h. The oily precipitate was 
extracted with ethyl acetate and chromatographed on silicAR CC-7 using 
methanol-ether 10 : 90 as the eluent to give crystals (0.12 g, m.p. 160- 170°C, from 
methanol) of the desired product: IR (KRr) 3460 cm-’ (s) (C=O); ‘H NMR 
(CDCl,)65.66 (m, 1, O=C-CH=C), 4.6-4.3 (m, 1, CI-J-OH), 4.27 
(s, 2, O=CCI-J,-OH), 3.5-3.1 (m, 4, NCI-I,CH,), 2.60 (sharp m, 4, 
O=CCEI,CH,C=O), 1.61 (s, 3, C&-C), 0.95 (s, 3, C&C), 1.17 (t, J = 6H2, 6, 
N-CH,CII,), 3.0-0.8 (m, 19. CH,, CH and OH). Anal: Calcd. for 
&H,,NO, - H,O: C, 65.02; H, 8.46; N, 2.61. Found: C, 64.96: H, 8.30; N, 2.58. 

The preparation of 4-pregnene-1 I #I, I 7a-dih>)drox)- T-2i -(pyrrolid-2’-one-5’-carboxy- 
lute)-3,20-dione (XXX) 

A mixture of 21.6 g (0.06 mol) of hydrocortisone, 7.8 g (0.06 mol) of 2-pyrroli- 
done-5-carboxylic acid and 12.6 g (0.06 mol) of dicyclohexylcarbodiimide was 
dissolved in 40 ml of pyridine. A vigorous reaction resulted which caused the 
solution to solidify. The solid was suspended in 375 ml of dichlotomethane over- 
night, then filtered. The filtrate was concentrated in vacua to a foam which was 
redissolved in 50 ml of dichlorometbane and filtered. The dichloromethane solution 
was diluted with 600 ml of ether. The gummy solid suspension that resulted 
gradually became a fine white powder after the suspension was stirred for 2 h. The 
suspension was then filtered and dried in vacua at 60°C for 10 h to give 22.1 g (m.p. 
140.-142°C 77% yield) of the desired compound: TLC (silica gel. acetone) R,, 0.46; 
JR (KBr) 3400 cm-’ (m) (broad OH and NH) and 1650 cm-’ (s) (broad C=O): ‘II 
NMR (CDCI,) 86.67 (s. 1, N-H), 5.63 (s, 1, O-C-CH-C), 5.03 (broad s. 2. 
O=C-CH,O). 4.6-4.3 (m, 2, CH-OH and O,C-CH--N)T1.43 (s. 3, CHI-C), 0.30 
(s. 3. CHTk) and 3.2-0.7 (m. 21, CH,, CH, OH); [a]“D + 1310<’ (C = 1.0. -. 
methanol). Anal: Calcd. for CZr,HJf,NO,: C, 65.94; Ill, 7.45: N. 2.96. Found: C, 
65.86; H. 7.54: N. 3.27. 

To 1.X g (0.005 mol) of hydrocortisone dissolved in 5 ml of pyridine w‘ts tiddetl 
I .05 g (0.005 mol) of dicyclohexylcarbodiimide and 0.95 g (0.005 mol) of 4-carboxy- 
3-formyl-2.2-dimethylthiazolidine (Sheehan and Yang, 1958). Immediately, a waxy 
solid precipitated. Dichloromethane (20 ml) was added and the suspension that 



resulted was stirred overnight at room temperature. The suspension was filtered and 
the filtrate was concentrated in vacuu to 8ive i; hard foam. The foam was dissolved 
in tetrahydrofuran (10 ml) and the suspension that resulted was filtered. The 
tetrahydrofuran filtrate was diluted tu 75 ml with ether. After 16 h, the solution was 
decanted from an oil that formed and 20 ml of cyclohexane was added. The crystals 
that resulted were filtered and dried in vacua to give 1.40 8 (m.p. 17%.180°C 52% 
yield) of tile desired ester: TLC (Silica gel, ether-CH,OH, 10 : 2) R, 0.50; IR (KBr) 
3460-3420 cm-’ (s) (OH) and 1740, 1710, 1645 and 1630 cm-’ fs) (C=Ic)); ‘H 
NMR (CDCI,) 158.31 (s, 1, NC&=O), 5.67 (s, 1, O=C-CH=C), 5.05 
(s, 2, O-C-CI-J,-0,), 5.25-4.9 (m, 1, C&C-C&N), 4.6-4.3 (m2, CH-OH), 
3.6-3.4 (m, 2, CIj,-S), 1.83 (s, 6, (CII,),-C), 1.48 (s, 3, C&-C), 0.91 (s, 3, CH,-C) 
and 3.6-0.7 (m, 19, OEI, CII, and CI-I); [a]24.5D + 46.6OC, (C = 0.5, ethanol)*ynal: 
Calcd. fBr C,sHJ,NO,S: C, 63.02; H, 7.37; N, 2.63. Found: C, 63.33: H, 7.50; N, 
2.40, 

The preparation of 4-pregnme-Ii&I 7rar-dihydroxy-ZJ-(2’,2’-dimethyl-3’-f~r~_v~-~’- 
o.~~-l’,3’-thiaz~zl~dyl-Q’-~a~b~xylatcl)-3~2O-d~Qn~ (XXXJI) 

4-Pkgnene- 1 1 & 1 kdihydroxy-2 f-(2,2 -dime~yl-1’,3’-thi~olidyl-~-carboxylate~- 
3,20-dione (3 g, 5.62 mmol) and m-chforoperoxybenzoic acid (0.97 g* 5.62 mmol) 
were dissolved in 160 ml of chloroform and stirred overnight at room t,cmperature. 
The reaction was extracted with 100 ml of 0.5 N NaOH then with 100 ml of water. 
The organic layer was separated and dried with Na,SO, and filtered. The filtrate 
was concentrated and absorbed onto 20 g of SilicAR CC-7 and chromatographed on 
80 g of CC-7 using 10% tetrahydrofuran in heptane to 100% tetrahydrofuran as 
eluent. The fraction containing the product was concentrated to give 3.07 g (99% 
yield) of slightly yellow powder which was crystallized overnight from 10 ml of hot 
tetrahydrofuran to give 1.39 g (45% yield, m.p. 243-245°C) of white needles which 
were the desired product: ‘H NMR (CDC13 + DMSO-d,) S8.37 (s, 1. N-CEJQ, 
5.60 (s, I. O=C-CH=C), 5.42 (t, 1, N-CH-C=O,, 5.08 (s, 2, O=C-CH,O-), 1.84 
(s, 3, NJ-C(N)S-). 1.52 (s, 3, I&C-C(N)S-), 1.43 (s, 3, Cg3>, 0.83 (s, 3 ,C&); IR 
(KBrj1.764, 1724 cm - i (s) (O-C&Q), 1658 cm-’ fs) (O=C-C-C), 1058 cm-’ (m) 
(S --* 0); [a]“% j. 29YA (C = 0%55, ethanol). Anal: Calcd. for C,,H,,NO,S: C, 
59.23: H, 7.28; N, 2.46. Found: C, 59.55; H, 7.26; N, 2.10. 

The biological studies were performed according to the general procedures 
previously described in detail (Bodor et al., 1982). Thus, the systemic effect of the 

steroids on the thymus weight of weanling rats was determined according ta the 
method ot Tonelli et al. (1965); the blanching effect of the steroids on human 
volunteers was obtained using the general procedure of McKenzie and Stoughton 
(1962); the local effect of the steroids ‘vas determined using a modification of the 
method of Smith et al. (1976); the ability of the steroids to reduce swelling in a 
mouse ear model caused by croton oil was measured using the general method of 
Tonelli et al. (1965); and finally the diffusion cell experiments were carried out 
according to the previously described procedure {Bodor et al., 1982) using hairless 
mice and Kersco diffusion cells. 
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Results and Discussion 

The steroid amides were prepared by dissolving the steroid in pyridine and then 
adding the am~d~rboxylic acid and di~y~Ioh~xylcarb~iimide to the solution. After 
about 10 min, the reactions were diluted with dichloromethane: otherwise, signifi- 
cant quantities (up to 40% in some cases) of the corresponding N-acyldicyclohexy- 
lureas were isolated. This unusual stepwise addition of solvents was found to be the 
best procedure because of the properties of the solvents. For instance, although 
pyridine as a solvent has been reported to catalyze the rearrangement of the 
0-acylisourea intermediate (Hegarty et al., 1977) to non-productive N-acylureas 
(vide ante:) in the acylation reactions of carbodiimides (Kurzer and Douraghi-Zadeh, 
1967), smaller amounts of pyridine have been reported to enhance the formation of 
esters from the same reaction_ intermediate, i.e. 0-acylisourea [one equivalent in 
tetrahydrofuran or dichloroethane (Buzas et al., 1963); 0.25 equivalent in acetonitrile 
( DeTar and Silverstein, 1966)]. In addition, pyridine was the best solvent available to 
maintain the necessary homogeneous reaction conditions in the reactions. On the 
other hand, dichloromethane was a poor solvent for the steroids and by itself was a 
poor solvent in which to run the reactions (less than half the yields were obtained), 
but as a diluent for pyridine, it did not itself enhance any O- to N-acyi rearrange- 
ment. Thus, the combination of the two solvents gave by far the best results. 

Other reaction schemes were also tried. The sequence used for testosterone 
(Kupchan et al., 1965) could not be used here because it was not selective enough to 
acylate only the 21-hydroxy group in the more complicated glucocorticoid series. 
The acid chlorides of the a~docarboxylic acids were also tried but they were found 
not to lead to the desired product probably because of competing intramolecular 
reactions (Sloan and Bodor, 1982). 

Most of the amidocarboxylic esters that were prepared were based on succinamic 
acid; however, there were two exceptions” 2-PyrrolidoneS-carboxylic acid is a 
known humectant which has been shown to increase the water-hol~iillg capacity of 
the skin (MiddIeton and Roberts, 1978). Consequently, numerous esters of 2-pyr- 
rolidone-5-carboxylic acid have been made (Eberhardt et al., 1974) for use in 
dermatological preparations. Esters based on 2-pyrrolidone-5-carboxylic acid con- 
tain a secondary amide rather than a tertiary amide and it was of interest to see what 
effect that variation might have on activity. However, although it was possible to 
prepare the 2-pyrrotidone-5-carboxylic acid ester of hydrocortisone {XXX), the ester 
was extremely hygroscopic and decomposed in the solid state even on storage in a 
desiccator. 

The other unusual amidoester prepared was the N-formyl thiazolidine ester 
(XxX1). The intent here was to iIl~orporate, in addition to a tertiary amide group, a 
sulfoxide group as well - a functional group present in dinlethylsulfoxide which is 
known to facilitate the absorption of steroids through the skin (Maibach and 
Fcrldrnann. 1967). However, when the sulfide was converted to the sulfoxide XXXll, 
there was ;1 considerable increase in the melting point of the steroid derivative and a 
~~~n~~~rnitant decrease in the solubi~ity of the derivative in most organic solvents. 
Subsequently, the s&oxide was screened in the blanching test and found to be 
inactive. 
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TABLE 1 

SPECTRAL PROPERTIES OF AMIDOCARBOXYLIC ACIDS 

NMR (8) a IR(cm-‘) b 

O=C-N(CIi,R) CII,-C=o-xc O=C-0 O===C-N 

VI 3.05, 2.96 (2 x 3s) 2.67 (4s) 
VII 
VIII 
IX 
X 
XI 

XII 
XIII d 
XIV d 

3.35 (4m) 
3.28 (4t) 
3.32 (4m) 
3.3 (4m) 
3.3 (4rn) 

3.5 (4m) 
3.87 (4s) 
3.67 (13s) 

2.67 (4s) 
2.65 (4s) 1725 1630 
2.69 (4s) 1730 1610 
2.65 (4s) 1725 1620 
4.43 (HO,CCIJ 2) 1730 1620 
4.20 (R,NCOCII1) 
2.63 (4s) 
2.57 (4m) 1630 e 1600 
2.68 (4s) I730 1605 

a Run in CDCI 3 unless otherwise stated. 
’ KBr or neat. 
’ Where X can he oxygen or nitngen. 
* NMR in D,O. 
e 1630 cm-’ hand due to CO;. 

The spectral properties of amidocarboxylic acids and their respective steroid 
esters are recorded in Tables 1 and 2. The spectral data are consistent wrth the 
assigned structures. 

The steroid a~docarboxyIic acid esters were all screened either in the blanching 

TABLE 2 

SPECTRAL PROPERTIES OF AMIDE ESTERS OF STEROIDS 

NMR (8) a 
-~- 

C_H,(s) CH,(s) O-C-CIj=C (>\ 21-CIi2 -. 0==C-N(CI-l,R)2 -CII,-C=O-X 

xv 1.45 0.97 5.7 4.97 (2s) 3 2. 3.1 (2 x 3s) 2.7 (4m) 
xv1 1.45 0.97 5.65 4.93 (2s) 3.33 (4q. J = 7Hz) 2.7 (4m) 
XVII 1.46 0.96 5.64 4.93 (2m) 3.24 (4t. 2 = 7HZ) 2.7 (4s) 
XVIII 5.69 5.02 (2s) 3.30 (4m) 2.73 (4s) 
XIX 5.66 4.9i (2s) 3.27 (4m) 2.71 (4s) 
xx 1.44 0.93 5.67 5.07 (2s) 3.34 (4m) 4.35.4.3 (2 x 2s) 
XXI I .43 0.93 5.63 4.93 (2s) 3.35 (4m) 2.63 (4m) 
XXII ix 1.37 0.78 5.53 4.91 (2m) 3.41 (8m) 
XXIII ’ 1.38 0.79 5.5s 1.93 (2m) 3.50 (8m) 2.62 (4s) 
XXIV 5.73 4.68 (2m) 3.34 (4mf 
XXV 1.37 5.65 4.65 (2m) 3.30 (4m) 2.60 (4s) 
XXVI 5.70 4.70 (2m) 3.34 (4m) 2.70 (4s) 

XXVII 1.47 0.67 6.07 4.90 (2m) 
XXVII1 1.57 I .05 6.10 4.93 (2s) 

.- -- 

n AII spectra run in CDCI, unless otherwise noted. 
h DMSO-d, 
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TABLE 3 

CROTON OIL IRRITATION TEST a 

Compound ED,,@?) b 

Exp. 1 Exp. 2 Exp. 3 

xv 0.0143 

XVII 0.0013 

xx 0.0055 

XXI 0.379 

XXI1 0.013 

XXIII 0.0176 
XXIV 0.0011 
xxv 0.0008 
XXVI 0.0019 
xxx1 0.0018 
Hydrocortisone-I7-butyrate 0.0012 0.0011 0.00086 
Hydrocortisone 0.0084 
Hydrocortisone-ZI-acetate 0.016 

d JO mice used in each experiment for each steroid. 50 a1 of an acetone-2% croton oil solution of steroid 
applied. 
h Based on linear regression analyses of data obtained at 3X 10V5, 3x IO-‘, 3x IO-“, and 3x JO-’ M 
urting hydrocortisone-l7-butyrate as the internal standard in each experiment. Data generated at the 
laboratories of Kanebo Pharmaceuticals, Japan. 

test or the croton oil irritation test in mice. In the mouse ear assay (Table 3), it was 
found that of the simple testers, the dipropylsuccinamate was the most active; it was 
almost as active as the hydrocortisone-l7a-butyrate and about 8 times as active as 
hydrocortisone, taking into account normalization across the two experiments. 

KWRS AFTER OCCLUSION 

Fig. I. Blanchmg in human volunteers after topical application of 100 ,..I of acetone-isopropyl myristate 
(90: 10) solutions, 0.03 M in the steroids. The scoring criterta of Barry and Woodford (1974) was used. 
The blanching data are the average of the blanching scores for 4 applications onto each of 4 volunteers 
faverage, S.D. f 0.25); A, hydrocortisone I7-valerate; q , hydrncortisone 17-butyrate; A, hydrocortisone 
21-acetate: 0, hydrocortisone: V, XVIII; 0, XIX; v, XVI; 0, XVII. 
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However, in the blanching study (Fig. 1) the diethylsuccinamate was found to be the 
most active. It was nearly twice as active as the dipropyl derivative but not 
significantly more active than hydrocortisone 21-acetate. Also shown in Fig. 1 are 
the results uf the bl~c~ng test on the dib~~yl and d~exy~u~in~ate esters; they 
were completely inactive. Not shown are the resulrs for the lk-diethylsuccinamate 
ester; it was found to be no more active than the &ester in the blanching test. 

Of the mixed 21,17a-diesters represented by XXIV, XXV and XXVI the 
17~valerate-210diethylsuccinamate (XXVI) was only about 60% as active as the 
17ff-butyrate, while the I?~-butyrate-21-diethylsuccin~ate (XXV) was 30% more 
active and the 17~~propionate-21-diethylsuccinamate (XXIV) was about as active as 
hydrocortisone-17cw-butyrate in the mouse ear assay. Although the results for the 
blanching tests with the mixed esters have not been presented, the following 
qualitative results were obtained consistently. In the blanching test XXVI was more 

TABLE 4 

THYMUS INVOLUTION IN RATS AFTER TOPICAL APPLICATION OF STEROIDS = 

A 
O&CH ,CH ,COR 

0 
HO ---OR’ 

0 

Steroid R R mg of thymusj100 g of rat & S.D. (5% reduction in weight of thymus) h 
-._ 

Exp. 1 Exp. 2 ** Exp. 3 
- 

xv N(CH,), H 183+42 (30) 

XVI WC&,), H 160425 (39) 
XVII N(C,H,)z H 141 rt44 (46) 

XVliI W2W: H 176+38 (33) 

XIX N(C,H,,), H 243k44 (7) 

XXIV NGH,), COC, H s 139+31 (32) 

xxv N(C,H,), COC,H, 166+ 12 (38) 

XXVI N(CzH,), COC,HP 177f28(16)d 

I, Hydr~ortjsone l68_+ 30 (36) 14Of 42 (33) 223+ lO(t7) 

II, Hydrocortisone-21-acetate” t67 f 18 (36) 

III, Hydrocortisone-I?‘-propionate 120 f 26 (43) 

IV, Hydrwortisone-lT-butyrate 120f 19 (43) 187& 7 (30) 

V, Hytiiucortisone- 17-valerate 206+20(21)’ 159 rt 29 (24) 

Triamcinolone acetonide 495 4(82) 

Control (vehicle) 262 f 38 21oi44 268 f 14 

” AH compounds were administered in a total of 50 ~1 as a 0.03 M acetone/IPM (90: IO) sdution, except where 
specified, to IO rats each, 100 rats at a time. (IPM = isopropyl myristate.) 
’ Compared to co ntrol. 
c Tetrahydrofuran/IPM (90: 10) used as a vehicle to apply steroid. 
d P u 0.1 compared to hydr~or~~ne-17u-v~erate. 
’ P < 0.01 compared to hydrocortisone. 
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active than the 21-diethylsuc~inamate XVI but not significantly SO, while it was 
impossible to separate the activity of the hydrocortisone-17~-esters studied {17~ 
butyrate, 1 “Tar-propionate, 17a-valerate) from the blanching activity of the 
I7a-butyrate or the 17o-propionate-21-diethylsuccinamates under the conditions 

Wed. 

The results from the determination of the systemic toxicity of the steroid esters 
are recorded in Table 4, Of the simple a~d~arboxylic acid esters only the 
dihexylsuceinamate was significantly less toxic than hydrocortisone or hydrocorti- 
sone-21-acetate, but it was totally inactive in the blanching test. The mixed esters 
gave more interesting results. First, it is interesting that the 17a-valerate is not only 
less toxic systemically than hydr~ortisone or the other 17ti-esters but that it is also 
si~ificantly less toxic locally than the other 17a-esters (Bodor et al., 1982). Second, 
it is interesting that the 17ar-valerate-21-diethylsuccinamate (XXVI) was significantly 
less toxic systemically than the relatively non-toxic 17cu-valerate itself. The other?wo 
mixed esters were either comparable in systemic toxicity to hydrocortisone (XXIV) 
or more toxii (XXV). Thus, although XXVI was not as active as the other 
17~-ester-21-diethylsu~cinamate esters in either the croton oil assay or the blanching 
studies. it was significantly less toxic systemically than the 17&-esters or hydrocorti- 
sane and it was more active than hydrocortisone or its 21-acetate. 

In order to see what effect the incorporation of the amidocarboxylate group had 
on the diffusion and on the local toxicity of hydrocortisone, a representative simple 
ester was chosen for further study. Among the simple esters the diethylsuccinamate 
had been found to be the most active ester in the blanching test so it was the one 
chosen for further study. In Table 5 the effect of XVI is compared with the effect of 
hydrocortisone, etc.. on the double-fold skin thickness of hairless mice. XVI is 
si~ificantiy less toxic in this test than either hydro~ortisone or llydr~c~~rtisoi~e-21- 

TABLE 5 

EFFECTS OF STEROIDAL ANTI-INFLAMI\4ATORY AGENTS Oti THE DCWBLE-FOLD SKIN 
THJCKSESS OF HAIRLESS MICE 

Geroid a 
-- .- 

Skin thickness 

(in. X. 10’ + S.E.) 

Exp. 1 h Exp. 2 L‘ 

Contri*t tpropyiene glycnl) 
-~ _.-. - 

I2022 12513 
Trjamcin~I~ne acetonide 65_i4” 
Is’, Hydrwortisone-17-Butyrate 73+2 
II. Hvdrocortisone-21-Acet:rte 7552 
XVI 88*2 94f3” 
I. Hydrocortisone 79*2 

~- ~-___I_ -. 

a 50 ~1 of a 0.03 M propylene glyol s~l~tt~#~ nnce each day fnr 30 days. 
‘n-9. 

‘ n = 10. 

d 6 animals died during the course of the trew-nent (n = 3). 

’ Significantly greater than hydrocortisnne or h~drocartisone-21-acetate, P c 0.05, 

_- 
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TABLE 6 

STEROID DIFFUSION THROUGH FRESH HAIRLESS MOUSE SKIN 

Steroid a Mel% hydrocortisone b diff&ed & S.D. c.d (hour after application) 

I 2.1 iO.8 (4) 4.1* 1.3 (9) 7.5* 1.8(18) 8.4 & 3.0 (24) 
II 1.7kO.6 (4) 3.5f 1.3 (9) 6.2& 1.3 (18) 14.1 f5.9 (24) 
XVI 1.8 f 0.5 (3.5) 6. I + 3.7 ( 10.5) 18.Ok6.7 (19) 23.1 f 8.7 (24) 

” 50 pl of a 0.03 M acetone/isopropylmyristate (90: IO) solution of the steroid was applied to the skin. 
h Only hydrocortisone was foxd on the receptor side of the membrane under conditions where 
hydrocortisone-21-acetate or the succinamate ester could have been detected. 
‘n=3. 
d The slope* S.D. in mol%/h for the rate of diffusion for each compound is 0.32 kO.26 (I), 0.57 +0.11 
(II). and 1.09f0.08 (XVI). 

acetate, either of which are considered safe enough for sale over the counter at the 
same concentrations (about 1%) that were used in this test. The effect of triamcino- 
lone acetonide under these conditions was particularly graphic in that most of the 
animals could not survive the testing procedure and experienced extreme weight loss 
and ultimately death. 

Finally, the diffusion of XVI through hairless mouse skin was measured over 24 
h. During that time XVI delivered significantly more hydrocortisone through the 
skin than hydrocortisone itself. It is significant that, although the half-life of XVI in 
10% plasma was about 6.4 h ’ there was no intact XVI found in the receptor phase 
of the diffusion cells. Thus, in addition to nearly doubling the amount of hydrocorti- 
sone delivered through the skin, XVI delivered only hydrocortisone which substanti- 
ated the suggestion that XVI was indeed a ptodrug of hydrocortisone at least from a 
systemic viewpoint, This idea is supported by the similarity in systemic toxicity 
exhibited by XVI and hydrocortisone. Although these data cannot establish whether 
the activity exhibited by XVI locally is due to XVI or hydrocortisone. the significant 
difference in local toxicity may suggest that the former is true. 

The use of amidocarboxylic acid esters of steroids has been shown to increase the 
delivery of hydrocortisone through skin in at least one case {XVI) and to result in 
decreased local toxicity but similar systemic toxicity compared to hydrocortisone. 
The use of these esters as derivatives of the more potent 17a-esters, on the other 
hand, is complicated by the fact that the 17a-esters are not prodrugs 3 but are active 
themselves (Raab and Gmeiner, 1976). However, one of the mixed esters (XXVI) 
was found to exhibit less systemic toxicity than its parent 17a-ester while retaining a 
portion of the local activity of the parent drug. Thus, this approach has led to 

--_ 
’ Unpublished results, Sloan and Bodor. 
’ Hydrocortisone-l7a-valerate and -17a-butyrate diffuse through hairless mouse skin intact while the 

- 1 ‘la-propionate is half-hydrolyzed to hydrocortisone under these conditions (unpublished results, Sloan 
and Bodor). 
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TABLE 7 

Compound R R’ 

I H H 

Hydrocortisone esters 

II COCH, H 
Ill H COC2 H, 
1V H COCJH, 
V H COC,,H, 

Hydrocortisone - 21- succinamate esters 

XV CO(CH,),CON(CH,), H 
XVI CO(CH,),CON(C,H,), H 
XVII CO(CH 2 )K-ON(C, H 7) z H 
XVlif CO(C&),CON(C,H,), H 
XIX CO(CHz),CON(C,H,,), H 
xx COCHzOCH,CON(C,H,), H 

XXI CO(CH, )&ON 
3 

H 

XXII CO(CH,),CON H 

a\ 
XXlIll COfCH,),CON 

V0 
H 

Comments 

Hydrocortisone 

Hydrocortisone-2 I -acetate 
Hydrocortisone- 17a-propionate 
Hydrocortisone-i7a-butyrate 
Hydrocortisone-l7a-valerate 

Hvdrocorrr Tone - I 7a - ester - ,‘I- succinamate diessrers 

xxrv CO(CH 2 1 ,CON(C, H s ) z COC,H, 
xxv .Y 

CO(CH,),CON(L,H,)~ COCjH, 
XXVI C’O(CH,),CON(C,H,), COC, H, 

Miscelluneous 

XXVI1 CO(CH,)@N(CzH,), I I -ketone, J’ 
XXVIH CO(CH 2 ),CON(C2 H 5 ) z Pa-lluoro, J’ 
XXIX H CO(CH2),CON(C2H,), 

xxx co -0 0 H 
N 

S 

CO -l--k 
xxx1 

1v 
H 

CH=O 
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increased delivery of hydrocortisone and decreased local toxicity in one case (XVI), 
and decreased systemic toxicity in another (XXVI) compared to hydrocortisone 
while at the same time giving derivatives of hydrocortisone that are more active than 
hydr~orti~ne or hydr~ortisone-21-acetate topically. 
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