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Glucocorticoids are used in the treatment of inflammatory bowel disease. A limitation to their use is that
they undergo absorption from the GIT before reaching the colon causing severe systemic side effects. We
report here on a novel prodrug approach to targeting corticosteroids to the colon. The design involves attaching
a 21-ester group that suppresses absorption during transit to the colon. The prodrug is designed to be primed
by colonic microflora liberating an amino ester that cyclizes releasing the steroid. One of the prodrugs 5b
was as efficacious as prednisolone in the murine DSS model but did not cause thymic atrophy, a marker for
systemic steroid effects.

Introduction

Drug targeting may be defined as the delivery of a drug to a
specific organ, tissue, or cell population.1 Chemical drug
targeting involves the deliberate modification of a drug structure
(usually bioreversibly), causing it to accumulate in a target
tissue: site-specific release may be triggered by a chemical or
enzymatic condition not present elsewhere in the body. The
colon is an important challenge to the validity of the drug
targeting approach, as conditions there are largely similar to
those prevailing elsewhere in the gastrointestinal (GI) system,
and the luminal pH gradient through the GI tract is too gradual
for effective local drug release on strictly chemical grounds.2

On the other hand, the colon is an important drug target for the
treatment of pathologies of the colon itself, for the relief of the
chronic constipation that accompanies opioid drug treatment,
and as a potential portal site for peptide and protein drugs that
are not absorbed from other regions of the gastrointestinal tract
(GITa).3

One key difference between the colon and small intestine is
its luxuriant microflora. The abrupt increase in bacterial enzyme

expression has been investigated as a means of targeting drugs
to the colon, especially those for treating IBD. One outstandingly
successful outcome of these endeavors was the development
of azo-based prodrugs (e.g., 2) of 5-ASA 1 (Figure 1a), which
pass through the GI system intact before releasing their
“payload” on reduction. Several drugs based on this concept,
such as 2 are in clinical use for the treatment of IBD.4 The
targeting of other drug types, such as the anti-inflammatory
steroids to the colon has been less successful,5 and yet the need
for appropriate systems in these cases is more pressing because
steroids have multiple systemic side effects when administered
chronically. Among the approaches to targeting the colon with
steroids are the following: biodegradable polymers,6 time release
systems, coating with pH sensitive materials, gastrointestinal
pressure controlled release,7 and chemical drug targeting using
hydrophilic carriers (e.g., sulfate esters8) or carbohydrate
conjugates such glucuronides;9 poly-(L-aspartic acid) deriva-
tives;10 R, �, and γ -cyclodextrin conjugates;11 polymer con-
jugates.12 These approaches have met with limited success, in
part because of the widespread distribution of glycosidases in
the GI tract (resulting in non-site-specific release) and, in some
instances, because of slow release characteristics in the colon.13

The use of the successful azoreductase approach has thus far
been restricted to drugs, such as 1, that bear a primary aromatic
amine.

The purpose of this paper is to describe a prodrug strategy
for targeting the colon which extends the use of azo group
reduction as a vector for drug release. In the design investigated,
a corticosteroid is connected via its 21-OH group to an arylazo
carrier group via a primary alkyl ester (Figure 1b). In Figure
1b the azo group is used to incorporate an incipient 5-ASA such
that the conjugate can act as a mutual prodrug. The design seeks
to exploit the selective reduction of an azo linker in the colon,
releasing a latent prodrug that subsequently undergoes lactam-
ization liberating the steroid.

A very wide range of azo compounds have been reported to
undergo cleavage in the colon including conjugates of PAF
antagonists,14 9-aminocamphothecin,15 as well as 5-ASA-N-
methacrylamide, acryloyloxyethyl, and acryloylamido copoly-
mers.16 Meanwhile off-target drug release due to hydrolysis
promises to be low because there is little luminal esterase activity
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in the human GIT. Steroidal 21-esters have been shown to be
robust in human and rodent simulated intestinal fluid models.17

The overall effect of the design is therefore to make the ester
connecting the drug to the carrier group chemically vulnerable
under conditions found in the colon. The prodrug is designed
to have favorable physicochemical characteristics for passage
through the intestine mainly because of its substantially
increased mass relative to the parent.

In a mouse model of UC compound 5b exhibited similar
efficacy to prednisolone, but it caused significantly less thy-
molysis, a sensitive marker for corticoid depression of the HPA
axis.

Results and Discussion

Synthesis. Our synthetic approach to the target prodrugs (5)
was to generate the appropriate carrier groups (15) and then
link by esterification to prednisolone (3) (Scheme 1). Two
components were needed to form the carriers by condensation:
nitrosoacid 11 and amino ester 14 (we were unable to generate
15 using conventional diazotization chemistry). Reduction of
2-nitrocinnamic acid (9) under hydrogen atmosphere with Pd/C
(10%) was carried out in 2% aqueous sodium hydroxide to yield
the intermediate 10b which was oxidized without purification
using Oxone to 2-nitrosophenylpropionic acid (11b). A similar
sequence was used for the production of 11a from nitropheny-

lacetic acid (8). In each case, but especially series b, it was
necessary to perform the reduction under basic conditions in
order to inhibit cyclization of intermediate 10. tert-Butyl
protection was chosen for the acid of the amino component,
mindful that there would be competition between the steroid
and the phenol group -OH during esterification later in the
sequence. Protection of 5-nitrosalicylic acid (12) was performed
in tert-butanol with DMAP as catalyst; DCC was introduced to
the reaction mixture dropwise in a THF solution. Solubility
problems with 5-aminosalicylic acid under these reaction
conditions made it unsuitable as starting material. tert-Butyl
5-aminosalicylate (14) was obtained by reducing tert-butyl
5-nitrosalicylate (13). The condensation between compounds
11 and 14 to form the carrier 15 was carried out in acetic acid.
Mitsunobu conditions were used to attach 15 to prednisolone
at the 21-OH. Although the steroid has three hydroxyl groups,
secondary groups at positions 11 and 17 are much less reactive
than the primary alcohol at C-21.18 The position of attachment
in each case was confirmed by 1H COSY/HMBC (SI). Finally,
rapid removal of the tert-butyl group of 16 using TFA afforded
prodrugs 5a and 5b. Both were obtained as ethyl acetate solvates
that resisted attempts at removal under heat or vacuum, as
evidenced by 1H NMR.

Pharmaceutical Characterization. Drug release as envis-
aged in Figure 1b hinges on intramolecular lactamization of

Figure 1. (a) 5-ASA (1), a 5-ASA prodrug (2), prednisolone (3), and prednisolone cyclodextrin conjugate (4). (b) Cyclization activated steroid
prodrugs for the colon.
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D
ow

nl
oa

de
d 

by
 J

on
at

ha
n 

B
er

ry
 o

n 
Se

pt
em

be
r 

11
, 2

00
9 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 A
pr

il 
27

, 2
00

9 
| d

oi
: 1

0.
10

21
/jm

80
16

31
7



the amino-ester intermediate of type 6. Although anilines possess
low nucleophilicity (compared to aliphatic amines), the high
effective molarity of the intramolecular arrangement was
expected to promote rapid drug release. Reports on the intramo-
lecular aminolysis of aminophenyl esters under roughly com-
parable conditions were encouraging. The spontaneous cycliza-
tion of methyl 3-(2-aminophenyl)propionate at neutrality (roughly
the pH of the colon) and 37 °C was reported to proceed with
an apparent first-order rate constant of 2 × 10-4 s-1, corre-
sponding to a half-life of 57 min.19 The ring closure of methyl-
and trifluoroethyl (2-aminophenyl)acetate (yielding the dihy-
droindolone) was reported to follow similar kinetics under
mildly basic conditions (pH 7-8).20 These half-lives are ideal
for drug release in the colon, where residence time tends be
extended. However, it was not obvious that cyclization of the
more complex steroid ester would follow similar kinetics given
the possibilities for steric congestion or competing intramo-
lecular arrangements, for example, H-bonding with the anilide,
which might prevent its access to the ester. We therefore decided
to study a model amino steroid ester in order to demonstrate
the feasibility of lactamization before proceeding to biological
testing.

Figure 2 illustrates the model test system we selected for
evaluation of cyclization kinetics: compound 20b, the ami-
nophenylpropionic acid ester of hydrocortisone (21). The
synthesis and isolation of 20b were complicated by competing

aminolysis intra- and intermolecularly, and it had to be made
in a roundabout way (Scheme 2). Esterification of 9 in methanol
with DCC and DMAP at room temperature yielded the methyl
ester of 2-nitrocinnamic acid. The nitro group was selectively
reduced with zinc and ammonium chloride to afford 17, leaving
the trans-alkene group intact. BOC protection of the amino group
before reducing the alkene group was required in order to
prevent lactamization. Once the amino group was protected, the
alkene was reduced (H2, Pd/C), yielding 18. Base hydrolysis
afforded the BOC-amino acid (19) (Scheme 2), which was
coupled to hydrocortisone (21) by esterification to yield 20.
Lactamization was generally found to be very rapid in organic
solutions; therefore, the deprotection of 20 was carried out in
DCM at 0 °C with TFA for several minutes, the volatiles were
removed under a stream of nitrogen, and the residue was
dissolved immediately in the appropriate buffer solution before
starting kinetic studies. The lactamization of compound 20b was
studied in PBS at pH 2.6, 4, 7.4, and 8 (37 °C) using HPLC to
measure the disappearance of the parent and the appearance of
hydrocortisone 21 and dihydroquinolone 7b. The disappearance
followed first-order kinetics with half-lives in the region
0.45-1.5 h, similar to those reported previously for simple
methyl esters of aminophenylacetic acid and propionic acid.19,20

Intramolecular aminolysis of alkyl (2-aminophenyl)propionates
is unusual in being susceptible to general base and acid catalysis.
The low pKa of the anilide results in substantial amounts being

Scheme 1. Synthetic Route to Prodrug 5a

a Conditions: (a) Pd/C, H2 in 2 N NaOH; (b) Oxone; (c) DCC in THF, DMAP in tert-butanol; (d) Pd/C, H2; (e) AcOH; (f) 3, Ph3P, DIAD in THF; (g)
TFA, DCM.
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neutral at pH values where there is significant protonation of
the ester group. This presumably explains the rapid cyclization
observed here at pH 4. The (2-aminophenyl)propionic acid
hydrolysis product of 20b was not observed in chromatograms
at any pH value, though it might have been cyclizing itself as
it formed.

Another factor that could influence the potential utility of
the prodrugs is their stability to conditions in the lumen of the
GIT during transit to the colon. The aqueous stability of 5b
was tested in the pH range 1.5-12 and in freshly aspirated
human gastric juice. There was no change in the concentration
following incubation in gastric juice for 24 h. There was no
significant change in drug concentration in borate buffers in
the pH range 3.4-7.4 over 24 h, but there was evidence of
base-catalyzed hydrolysis in the range pH 8-9.

The transport of 3 and compounds 5 through a CACO-2 cell
line was evaluated in order to determine if the prodrugs were
transported by passive transcellular diffusion in the GIT. There
was no evidence of absorptive transport for either 5a or 5b in
the CACO-2 model. Secretory transport (BL > AP) was
observed when 5b was applied to the basolateral side (Papp )
1.4 × 10-5). In contrast, absorptive and secretory transport was
observed for 3 (Papp ) 7.5 × 10-6 cm/s and Papp ) 2.0 × 10-5,
respectively). An efflux mechanism for prednisolone has previ-
ously been reported.21 The data indicated that compounds 5a
and 5b have suitable physicochemical characteristics for gas-
trointestinal transit to the colon.

Murine DSS Colitis Study. The in vivo efficacy of the
prodrugs was investigated using the DSS-induced model of

ulcerative colitis (UC), which exhibits many of the symptoms
observed in human IBD.22-27 As oral treatment of prednisolone
attenuates the severity of disease in DSS-induced colitis,22 the
efficacy of 5a and 5b was tested relative to prednisolone in the
model. Following addition of DSS to the drinking water of mice,
animals develop progressive weight loss, diarrhea, rectal bleed-
ing, and colon inflammation with marked reduction in the length
of the colon.23,24 Following DSS treatment, mice treated with
vehicle developed progressive weight loss (Figure 3) and an
increase in clinical scores of disease symptoms (disease activity
index (DAI, Figure 4) and at autopsy had significant reduction
in the length of the colon (Figure 5). Oral treatment with 3 or
5b attenuated weight loss and DAI scores relative to the vehicle-
treated group (Figures 4 and 5). However, with respect to DSS-
induced shortening of the colon, compound 5b was significantly
more effective than prednisolone (Figure 5). These data
demonstrate that oral delivery of 5b conferred protection from
colitis that was at least comparable to the parent compound in
the mouse model. In contrast, compound 5a did not exhibit anti-
inflammatory activity in any measure.

Glucocorticoids cause thymolysis by suppression of the HPA
axis resulting in a reduction in the ratio of thymus weight to
body weight (TW/BW) in mice treated with prednisolone orally.
Thymic atrophy is therefore a sensitive marker of corticosteroid
exposure in the systemic circulation.28 In the present study there
was significantly reduced TW/BW ratio in the prednisolone and
DSS-treated group relative to vehicle and DSS-treated mice (P
< 0.001; Figure 6), an indication of systemic effects in the mice
and thymolysis. In contrast, the TW/BW ratio for the 5b

Figure 2. Intramolecular lactamization of cortisone aminophenyl propionate: disappearance kinetics for 20b during lactamization.

Scheme 2. Synthetic Route to BOC-Protected Model Compound 20a

a Conditions: (a) DCC, DMAP, MeOH, and DCM; (b) Zn, NH4OHaq; (c) (BOC)2O, DMAP, EtOAc, 12 h; (d) Pd/C, H2, EtOAc, 2 h; (e) 2 M NaOH,
MeOH, 24 h; (f) hydrocortisone (21), DCC, DMAP, DCM, room temp.

3208 Journal of Medicinal Chemistry, 2009, Vol. 52, No. 10 Ruiz et al.
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treatment group was not significantly different to vehicle group.
The TW/BW for 5b was also significantly higher (P < 0.001)

than mice receiving oral prednisolone, consistent with reduced
systemic prednisolone (Figure 6). Therefore, the data show that
while 5b acted as an anti-inflammatory agent as effectively as
prednisolone, it caused significantly lower systemic side effects
as reflected in the TW/BW ratio analysis. This is consistent with
the CACO-2 data which indicate that 5 is unlikely to be absorbed
from the GIT. Compound 5a did not induce thymolysis, but
there was no evidence of drug release in the anti-inflammatory
assays.

Another possible interpretation of the thymus weight data is
that compounds 5a and 5b were absorbed but did not release 3
in blood leading to reduced systemic exposure. In order to
exclude this possibility, both compounds were incubated in
mouse plasma diluted with pH 7.4 buffer and the resultant
mixture was analyzed by HPLC. Rapid disappearance of both
esters was observed with equimolar evolution of 3 resulting from
21-ester cleavage (5b kobs ) 0.534 ( 0.027, t1/2 ) 25.1 s),
indicating that prednisolone would have been produced if either
compound had been absorbed from the GIT in the mouse study.

Conclusion

The cyclization-activation prodrug strategy is usually adopted
in cases where there is a desire to increase passive diffusion
and oral biovailability.29 In this paper we have shown that it
can be adopted to depress steroid absorption. Compound 5b is
not transported in the CACO-2 cell line, suppresses DSS induced
inflammation as potently as prednisolone, but has significantly
reduced steroid related side effects. Compound 5a based on a
phenylacetic acid linker unit did not exhibit anti-inflammatory
activity or induce thymolysis, indicating that it did not release
prednisolone in vivo. The difference in behavior between the
two compounds seems likely to arise from a difference in
activation, which could be due to rates of azoreduction,
cyclization, or intestinal hydrolysis.

The design of the successful compound 5b incorporates
5-ASA and produces a dihydroquinolone byproduct, about
which we were unable to find toxicity data. However, systemic
exposure to the cyclization byproduct is likely to be low if the
colon is targeted successfully. The cyclization byproduct could
in future designs be used to modulate pharmacological or
pharmaceutical characteristics such as polarity or cellular
transport. Compound 5b has significant potential in the treatment

Figure 3. Body weight loss percentage profile of healthy mice
(untreated) and DSS-induced colitis mice treated at 5 mg/kg: change
in body weight, as percentage of starting weight, in healthy mice
(untreated) mice and mice treated with DSS for 6 days and administered
vehicle, 3, or 5. Data are the mean ( SD from 6 mice per group.

Figure 4. Drug activity index score profile of DSS-induced colitis
mice treated at 5 mg/kg: disease activity index (DAI) in mice treated
with DSS for 6 days and administered vehicle, prednisolone, or 5. Data
are the mean ( SD from 6 mice per group.

Figure 5. Colon length profile DSS-induce colitis mice treated at 5
mg/kg dosage: colon lengths of mice treated for 6 days with DSS and
administered vehicle, prednisolone, or compounds 5. Colon lengths were
measured at autopsy on day 6. Data are the mean ( SD from 6 mice
per group. Student’s t test was used to test for statistical difference
between groups: (**) P < 0.01 significant difference between groups;
ns, nonsignificant.

Figure 6. Thymus weight after treatment body weight ratios profile
of healthy mice (untreated) and DSS-induce colitis mice treated at 5
mg/kg dosage: thymus weight and body weight ratios in healthy mice
(untreated) mice and mice treated with DSS for 6 days and administered
vehicle, prednisolone, or 5. Graph A is for starting weight, and graph
B is the ratio to final weight. Data are the mean ( SEM from 6 mice
per group. Student’s t-test was used to test for statistical difference
between vehicle, prednisolone, and 5 groups: (***) P < 0.001 significant
difference between groups; ns, nonsignificant.

Prodrug for Colon Targeting Journal of Medicinal Chemistry, 2009, Vol. 52, No. 10 3209

D
ow

nl
oa

de
d 

by
 J

on
at

ha
n 

B
er

ry
 o

n 
Se

pt
em

be
r 

11
, 2

00
9 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 A
pr

il 
27

, 2
00

9 
| d

oi
: 1

0.
10

21
/jm

80
16

31
7



of IBD with reduced steroid side effects. The design could be
applied to target other hydroxyl-bearing therapeutics to the
colon.

Experimental Section

Chemistry. Melting points were obtained using a Stuart melting
point SMP11 melting point apparatus. Spectra were obtained using
a Perkin-Elmer 205 FT infrared Paragon 1000 spectrometer. Band
positions are given in cm-1. Solid samples were obtained by KBr
disk; oils were analyzed as neat films on NaCl plates. 1H and 13C
spectra were recorded at 27 °C on a Bruker Advance II 600 MHz
spectrometer (600.13 MHz for 1H, 150.91 MHz for 13C) and Bruker
DPX 400 MHz FT NMR spectrometer (400.13 MHz for 1H, 100.16
MHz for 13C), in either CDCl3 or CD3OD (tetramethylsilane as
internal standard). For CDCl3, 1H NMR spectra were assigned
relative to the TMS peak at 0.00 δ, and 13C NMR spectra were
assigned relative to the middle CDCl3 triplet at 77.00 ppm. For
CD3OD, 1H and 13C NMR spectra were assigned relative to the
center peaks of the CD3OD multiplets at 3.30 δ and 49.00 ppm,
respectively. Coupling constants were reported in hertz (Hz). For
1H NMR assignments, chemical shifts are reported: shift values
(number of protons, description of absorption (s ) singlet, d )
doublet, t ) triplet, q ) quartet, m ) multiplet), coupling constant(s)
where applicable, proton assignment). High resolution mass spec-
trometry (HRMS) was performed on a Micromass mass spectro-
photometer (EI mode) at the Department of Chemistry, Trinity
College. HPLC was performed on a reverse phase 250 mm × 4.6
mm Waters Spherisorb ODS-2, 5 µm column using a Waters
Alliance 2695 chromatograph equipped with an autosampler,
column oven, and dual wavelength detector. The flow rate was 1
mL/min with a mobile phase consisting of 40% phosphate buffer,
pH 2.5, and 60% acetonitrile at time 0 and grading to 85%
acetonitrile at 4 min. Injection volume was 20 µL, and areas were
determined at 254 nm. The isocratic HPLC method was aqueous
phosphate buffer solution, pH 2.5, 40% and acetonitrile 60%. Flow
rate was 1 mL/min. Another HPLC method using gradient mobile
phase allowed better resolution at lower concentration and better
peak shapes: column, Xbridge 48 4.6 mm × 250 mm, 5 µm. The
mobile phase was (A) 0.5% NH4HCOO- pH 10.0 or (B) acetoni-
trile, with gradient 10-90% B over 20 min. Flow rate was 1.5
mL/min, and the column temperature was room temperature. Flash
chromatography was performed on Merck Kieselgel 60 particle size
0.040-0.063 mm. Thin layer chromatography (TLC) was performed
on silica gel Merck F-254 plates. Compounds were visually detected
by absorbance at 254 nm and/or vanillin staining. Test compounds
20, 5a, and 5b were >98% by HPLC.

5-(2-{2-[2-(11,17-Dihydroxy-10,13-dimethyl-3-oxo-6,7,8,9,10,11,-
12,13,14,15,16,17-dodecahydro-3H-cyclopenta[r]phenanthren-17-
yl)-2-oxoethoxycarbonyl]methyl}phenylazo)-2-hydroxybenzoic Acid
tert-Butyl Ester (16a). Prednisolone 3 (1.1 equiv, 1.18 g, 0.0013
mol) and triphenylphosphine (3 equiv, 0.88 g, 0.0033 mol) in dry
THF (50 mL) were added to a solution of 15a (0.40 g, 0.0011 mol)
followed by DIAD (3 equiv, 0.66 mL, 0.0033 mol) dropwise over
12 min at 40 °C. The mixture was stirred at 40 °C for an hour and
left overnight at room temperature under nitrogen atmosphere.
Solvents were removed under reduced pressure to afford the product
as an orange oil. This was purified by flash chromatography using
dichloromethane/ethyl acetate (50:50). After this column the
triphenylphosphine oxide was removed and a second flash column
was performed to yield the product as orange crystals (0.33 g, 43%):
mp 125 ( 1 °C. 1H NMR δ (CDCl3): 11.49 (1H, s), 8.44 (1H, s),
8.05 (1H, d, J ) 9 Hz), 7.75 (1H, d, J ) 7.52 Hz), 7.40 (3H, m),
7.24 (1H, d, J ) 10.04), 7.06 (1H, d, J ) 9 Hz), 6.25 (1H, s), 5.98
(1H, s), 4.27 (2H, s), 2.68-0.84 (19H), 1.67 (9H, s). 13C NMR δ
(CDCl3): 204.40, 186.26, 171.36, 170.10, 169.09, 163.85, 156.25,
149.53, 145.07, 133.25, 130.98, 130.53, 129.89, 127.85, 127.17,
125.52, 121.79, 118.14, 115.14, 113.26, 89.17, 83.30, 69.51, 67.98,
54.86, 50.86, 47.26, 43.68, 38.85, 36.44, 33.92, 33.58, 31.56, 30.71,
27.78, 23.36, 20.56, 16.37.

5-(2-{2-[2-(11,17-Dihydroxy-10,13-dimethyl-3-oxo-6,7,8,9,10,11,-
12,13,14,15,16,17-dodecahydro-3H-cyclopenta[r]phenanthren-17-
yl)-2-oxoethoxycarbonyl]methyl}phenylazo)-2-hydroxybenzoic Acid
(5a). To a solution of tert-butyl ester 15a 2 (0.1 g, 0.000 155 mol)
in dichloromethane (1 mL), trifluoroacetic acid (1 mL) was added.
The mixture was left at room temperature for 4 h. After completion
the solvents and trifluoroacetic acid were evaporated using a stream
of nitrogen to afford the product as a orange oil. The crude product
was purified by flash chromatography using dichloromethane/ethyl
acetate (50:50) to yield the product as orange crystals (0.078 g,
78%): mp 177 ( 1 °C. MS: 665.2503 calculated mass 665.2475.
1H NMR δ (CDCl3): 8.48 (1H, s), 8.10 (1H, d, J ) 9.04 Hz), 7.75
(1H, d, J ) 7.52 Hz), 7.46 (4H, m), 7.08 (1H, d, J ) 9 Hz),
6.24 (1H, d, J ) 10 Hz), 6.00 (1H, s), 5.03 (2H, d, J ) 17.56 Hz),
4.35 (1H, s), 4.31 (2H, d, J ) 8.52 Hz), 2.68-0.8 (19H). 13C NMR
δ (MeOD): 205.18, 187.15, 172.99, 171.82, 164.11, 158.38, 156.35,
149.62, 144.93,133.49, 133.36, 130.90, 129.97, 127.39, 127.0,
126.20, 125.88, 120.57, 117.01, 114.64, 88.75, 68.91, 67.95, 55.40,
50.91, 44.19, 38.19, 36.09, 33.70, 32.75, 31.31, 27.66, 22.95, 19.72,
15.36. Contained ∼5% ethyl acetate with signals at 1.26 (t), 2.05
(s), 4.12 (q). This could not be removed by heating to 150 °C and/
or vacuum.

5-(2-{2-[2-(11,17-Dihydroxy-10,13-dimethyl-3-oxo-6,7,8,9,10,11,-
12,13,14,15,16,17-dodecahydro-3H-cyclopenta[r]phenanthren-17-
yl)-2-oxoethoxycarbonyl]ethyl}phenylazo)-2-hydroxybenzoic Acid
tert-Butyl Ester (16b). To a solution of azo carrier (15b) (1.21 g,
3.3 mmol), prednisolone (3) (1 equiv, 1.18 g, 3.3 mmol), and PPh3

(3 equiv, 2.59 g, 9.9 mmol) in dry tetrahydrofuran (50 mL), DIAD
(3 equiv, 1.9 mL, 9.9 mmol) was added dropwise over 12 min after
the reaction temperature reached 40 °C. The mixture was stirred at
40 °C for an hour and then left overnight at room temperature under
a nitrogen atmosphere. TLC (DCM) analysis showed completion.
The solvent was removed under reduced pressure to afford the
product as an orange oil. This was flash-columned using DCM/
ethyl acetate (50:50). The triphenylphosphine oxide was removed
using a second flash chromatography [hexane (200 mL), hexane/
ethyl acetate (70:30)] to yield the product as orange crystals (0.92
g, 40%): mp 117 ( 1 °C. 1H NMR δ (CDCl3): 8.40 (1H, d, J ) 2
Hz), 8.10 (1H, dd, J ) 8.52 and 2 Hz), 7.68 (1H, d, J ) 8.04 Hz),
7.44 (3H, m), 7.33 (1H, t, J ) 6.52 Hz), 7.09 (1H, d, J ) 8.52
Hz), 6.27 (1H, d, J ) 10.04 Hz), 6.01 (1H, s), 5.00 (1H, d, J )
17.56 Hz), 4.88 (1H, d, J ) 17.56 Hz), 4.39 (1H, s), 3.49 (2H, t,
J ) 9.52), 2.82 (2H, t, J ) 8.04 Hz), 2.66-0.9 (19H), 1.69 (9H,
s). 13C NMR δ (CDCl3): 204.8, 186.5, 172.5, 170.7, 169, 163.7,
156.7, 149.5, 145.1, 139.3, 130.5, 130.0, 129.26, 127.0, 126.9,
125.7, 121.6, 118.9, 114.9, 113.3, 89.20, 83.2, 69.6, 67.7, 54.9,
50.8, 47.2, 43.8, 38.9, 35.5, 33.8, 33.5, 31.6, 30.7, 27.7, 26.7, 23.4,
20.5, 16.4. HRMS: found (M - Na)+ ) 735.3283, required (M -
Na)+ ) 735.3258.

5-(2-{2-[2-(11,17-Dihydroxy-10,13-dimethyl-3-oxo-6,7,8,9,10,11,-
12,13,14,15,16,17-dodecahydro-3H-cyclopenta[r]phenanthren-17-
yl)-2-oxoethoxycarbonyl]ethyl}phenylazo)-2-hydroxybenzoic Acid
(5b). To a solution of 16b (0.9 g, 1.26 mmol) in DCM (3 mL) was
added trifluoroacetic acid (3 mL), and the mixture was left at room
temperature for 4 h. The solvents and trifluoroacetic acid were
evaporated using nitrogen to afford the product as an orange oil.
The crude product was purified by flash chromatography using
dichloromethane/ethyl acetate (50:50), (100 mL), ethyl acetate (100
mL), and acetone/ethyl acetate (70:30) to yield the product as orange
crystals (0.7 g, 84%): mp 177 ( 1 °C. 1H NMR δ (MeOD): 8.44
(1H, s), 8.07 (1H, d, J ) 9.03 Hz), 7.65 (1H, d, J ) 7.53 Hz), 7.43
(3H, m), 7.31 (1H, t, J ) 7.53 Hz), 7.07 (1H, d, J ) 9.04 Hz),
6.26 (1H, d, J ) 10.04 Hz), 5.99 (1H, s), 4.88 (2H, d, J ) 17.56
Hz), 4.36 (1H, s), 3.44 (2H, t, J ) 7.53 Hz), 2.80 (2H, t, J ) 8.03
Hz), 2.64-0.89 (19H). 13C NMR δ (MeOD): 205.4, 187.2, 173.1,
172.1, 164.0, 161.3, 158.4, 149.6, 144.9, 139.1, 129.8, 128.6, 126.5,
125.9, 124.5, 120.6, 117.6, 116.8, 114.5, 88.7, 68.9, 67.5, 55.4,
50.9, 44.2, 38.4, 35.2, 33.7, 32.8, 31.3, 30.8, 26.3, 22.9, 19.7, 15.45.
MS: found (M - H)+ ) 657.2814, requires (M - H)+ ) 657.2812;
found (M)- ) 655.2662, requires (M)- ) 655.2656. Contained
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∼5% ethyl acetate with signals at 1.26 (t), 2.05 (s), 4.12 (q). This
could not be removed by heating to 150 °C and/or vacuum.
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