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Abstract 
Antibody-drug conjugates consist of potent small molecule payloads linked to a targeting antibody. 
Payloads must possess a viable functional group by which a linker for conjugation can be attached. Linker-
attachment options remain limited for connection to payloads via hydroxyl groups. A releasing group 
based on 2-aminopyridine was developed to enable stable attachment of para-aminobenzyl carbamate 
(PABC) linkers to the C21-hydroxyl group of budesonide, a glucocorticoid receptor agonist. Payload 
release involves a cascade of two self-immolative events that are initiated by protease-mediated cleavage 
of the dipeptide-PABC bond. Budesonide release rates were determined for a series of payload-linker 
intermediates in buffered solution at pH 7.4 and pH 5.4, leading to the identification of 2-aminopyridine 
as the preferred releasing group. Addition of a polyethylene glycol group improved linker hydrophilicity, 
thereby providing CD19-budesonide ADCs with suitable properties. ADC23 demonstrated targeted 
budesonide delivery to CD19 expressing cells and inhibited B-cell activation in mice. 
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Introduction 
Antibody-drug conjugates (ADC) are a growing class of pharmaceutical drugs that are designed to afford 
a targeted therapy. This approach combines a therapeutically active small molecule, often referred to as 
a payload,1 with the cell-specific targeting of an antibody. These components are covalently connected 
to one another via a linker. There are currently eleven ADCs approved by the FDA in the United States 
with one additional ADC marketed exclusively in China. Five of these ADCs feature the auristatin 
payload, MMAE, conjugated via a linker composed of a dipeptide and a para-aminobenzyl carbamate 
(PABC), which attaches to the payload via a secondary amine (Fig. 1a). Protease-mediated cleavage of 
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the dipeptide triggers self-immolation of the PABC group and releases the small molecule payload. 

We have been interested in the discovery and development of ADCs for autoimmune disease.2,3 
Glucocorticoids are potent small molecules that are well-established in the clinic for treatment of 
conditions such as rheumatoid arthritis, inflammatory bowel disease, psoriasis, polymyalgia rheumatica, 
lupus, and others. While effective, glucocorticoid use is limited by undesired side effects that are driven 
by on-target activity in non-diseased tissues. Since the glucocorticoid receptor is widely expressed in 
tissues such as bone, skin, gastrointestinal, and central nervous system tissues, we proposed that an 
ADC approach might provide targeted efficacy with mitigation of side effects through minimization of 
systemic glucocorticoid exposure. An important step toward this goal was the identification of an 
appropriate linker. The most validated linker technology, MC-Val-Ala-PABC, requires that the payload 
possess a nitrogen attachment site for carbamate formation (Fig. 1a). Our previous work involved 
development of novel ADC-specific glucocorticoid receptor modulators (GRMs) possessing an amine for 
linker attachment. Herein we describe an alternative approach, involving novel linker technology that 
enables conjugation and delivery of budesonide, a marketed GRM. 

From a design perspective, we considered the direct application of PABC linkers with a budesonide 
payload as undesirable. Attachment of these linkers to budesonide via the C21-oxygen would result in 
the formation of a carbonate group. Carbonate prodrugs are known to have short plasma half-lives.4 
Although the ADC sacituzumab govitecan uses a carbonate linker to connect to its SN-38 payload, this 
carbonate is the weakest link in the conjugate. Hydrolysis in plasma leads to ~50% payload release in 18 
hours after dosing.5–7 Carbonate and ester linker strategies also were used to generate anti-CD163 ADCs 
with the GRM dexamethasone, which had a reported plasma half-life of 20 min in rats.8–12 In this case, 
stability of the ADC was unclear, as this short half-life may be driven by rapid uptake of the CD163 
antibody by the liver and spleen.9 Nevertheless, we were concerned that the plasma stability of 
carbonate linkers could be limiting in comparison to carbamate-based linkers. 

The most successful ADC approach for linker attachment to a payload via a hydroxyl group is exemplified 
by trastuzumab deruxtecan.13,14 It consists of a HER2 antibody linked to its deruxtecan payload via a 
cleavable N-acyl-N,O-acetal. Another intriguing approach for hydroxy payloads involves pyrophosphate 
diesters and PABOH-phosphate esters.15–17 Both phosphate-based linker technologies are plasma stable 
and involve two separate enzyme-mediated cleavage steps. The first enzymatic step generates a 
payload-phosphate. A second step involves phosphatase release of the active small molecule.  

For a budesonide ADC, we placed a high value on the identification of a plasma stable linker due to the 
importance of limiting systemic exposure of non-conjugated payload to non-disease tissues. 
Furthermore, we prioritized linker designs that would be cleaved by action of a single enzymatic process. 
Linkers requiring multiple enzymatic steps for payload release were viewed as undesirable due to the 
prospect of additional complexity in the optimization of structure-activity relationships (SAR). Therefore, 
we proposed a novel linker possessing a second self-immolative linker group that would serve as a 
bridge between PABC and the GRM payload (Fig 1b). Our first design used amino benzylamine (ABA), 
which bridges PABC to an oxygen atom on the payload via a second, reversed, carbamate. Protease-
mediated cleavage of ADC catabolite 2 was expected to give unstable PABC intermediate 3, which would 
undergo self-immolation to 4. ABA-containing intermediate 4 would then undergo cyclization to 
produce cyclic urea 5 and release budesonide (6). Related strategies involving diamine releasing groups 
have been reported for payload release. Most notably, an ethylene diamine group was used as a 
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bridging release group between PABOH and doucarmycin,18 and in another case for sulfatase-triggered 
release of auristatin E.19 A conceptually related pyrrolidine-carbamate self-immolative spacer recently 
was described for the release of camptothecin and resiquimod; however, it was not demonstrated in the 
context of an ADC.20 Finally, we considered a third design criteria out of recognition of the fact that 
conjugation of hydrophobic linker-payloads to an antibody can result ADC aggregation. Aggregation may 
affect manufacturability, bioactivity, serum half-life, absorption rate and immunogenicity.21 We 
expected that incorporation of hydrophilic moieties to the ABA group or its replacement with a 
heterocycle could mitigate aggregation if necessary and afford ADCs with appropriate properties. 

An antibody recognizing mouse CD19 was selected due to the broad expression of CD19 on B-cells. CD19 
is a surface expressed marker of B-cell development. It decreases the threshold of for antigen-
dependent stimulation and is involved in downstream B-cell receptor signaling.22–24 As such, it is 
recognized as a target for the treatment of autoimmune disorders as well as B-cell malignancies.  

Figure 1. Proposed Linker Design. 
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Results and Discussion 
A set of Boc-protected aminomethylene-substituted anilines and aminopyridines were prepared for 
evaluation as releasing groups (Scheme 1). This set can be categorized into two subsets of compounds. 
The main series is the 2-amino benzylamine (ABA) series, represented by RG-1. A second subset involves 
compounds RG-5 and RG-6, which were designed to decrease the lipophilicity of the releasing group. 
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The prototype ABA group, RG-1, was prepared by Raney nickel-catalyzed hydrogenation of commercially 
available benzonitrile 7 followed by selective Boc-protection. Several analogs that incorporate additional 
methyl groups were prepared with the expectation that these might offer rate enhancement for the 
self-immolative cyclization step (vide infra). RG-2 introduces a single α-methyl at the benzylic position. 
This compound was prepared by SnAr reaction between 2-fluorobenzonitrile (8) and N-
methylbenzylamine. Benzonitrile 9 then was reacted with methylmagnesium bromide, reduced with 
sodium borohydride and Boc-protected to form 10. Hydrogenolysis of the benzyl protecting group 
completed RG-2. The related gem-dimethyl analog RG-3 was prepared in one step from commercial 11. 
A final analog in this benzene series, RG-4, was prepared through a SnAr addition of methylamine to 12, 
followed by hydrogenation of the nitrile group and Boc protection of the primary amine.  

Two isomeric pyridine-based releasing groups were prepared using similar methods. RG-5 was prepared 
through a microwave-promoted SnAr reaction between 14 and methylamine, hydrogenation, and Boc 
protection. An isomeric pyridine, RG-6, was prepared in two steps from 16. 

Scheme 1. Release Group Synthesis. 
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Budesonide (6) was reacted with phosgene to give chloroformate 17 as a general intermediate for drug-
linker synthesis (Scheme 2). The complete set of ABA and pyridine-based (APA) releasing group analogs 
were reacted in turn with this chloroformate to produce a series of Boc-protected carbamates 
represented by the general structure 18. Conditions for Boc removal were carefully selected to avoid 
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premature cyclization and budesonide release. HCl in dioxane removes the protecting group and 
precipitates the resulting amine products as HCl salts (Bud-RG) in high purity. 

Scheme 2. General Synthesis of Linker Fragments for Assessment of Steroid Release.  
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At this point, drug-linker intermediates Bud-RG were evaluated for their ability to release budesonide. 
Protease-mediated dipeptide cleavage and PABC immolation is understood to occur in the lysosome. 
While it was assumed that Bud-RG intermediates would be generated in the lysosome though 
catabolism of the corresponding ADCs, it was unclear whether Bud-RG compounds would liberate 
budesonide in the lysosome or cytosol. Therefore, HCl salts of Bud-RG were treated at 37 °C with pH 5.4 
buffer to approximate conditions of the lysosome and then separately at the same temperature with a 
pH 7.4 buffer to approximate conditions of the cytoplasm. Formation of budesonide (6) and cyclic urea 
19 were monitored by LCMS. Results for these experiments are summarized in Table 1, which presents 
relative rates as well as percent conversions at representative timepoints for additional context. 

Table 1. Rates of Budesonide Release from Linker Intermediates at pH 5 and pH 7. 
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Conversionb, 
Time at pH 5.4 0%, 24 h 4%, 24 h 10%, 24 h 58%, 1 h 30% 24 h 0%, 72 h 80%, 3 h; 

100%, 24 h 
Relative Rateb 

at pH 5.4 NAc 1.125 2.75 523 1 NAc 112 

Conversionb, 
Time at pH 7.4 76%, 6 h; 76%, 16 h; 

91%, 24 h 93%, 24 h 100%, 1 h 100%, 2h 9%, 72 h 100%, 1 h 

Relative Rateb 
at pH 7.4 132 65 84 > 2978 121 1 > 3171 

a Each of the releasing groups are connected to budesonide as represented by the "R" group.   
b Percent conversions of the Bud-RG by LCMS at 37 °C. See supporting information for additional detail. 
c NA = Not applicable. No conversion was observed in these entries. 
 
Budesonide release was considerably more rapid at pH 7.4 in all cases as expected. As the baseline 
comparison, compound Bud-RG-0 released no steroid at pH 5 after 24 h and 76% after 6 h at pH 7. 
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Introduction of methyl groups to the ABA core generally accelerated the rate of budesonide release. 
Significant rate enhancement was observed in the cases of Bud-RG-3 and Bud-RG-4. Gem-dimethyl 
analog Bud-RG-3 benefits from the Thorpe-Ingold effect, resulting in 58% release of budesonide within 1 
h at pH 5.4. Similarly, the presence of an abutting methyl group on trisubstituted benzene Bud-RG-4 
drives cyclization through restriction of conformational freedom—an effect described as stereo-
population control by Milstien and Cohen.25–27  

Relative release rates for pyridine-based cores diverged dramatically. Pyridine Bud-RG-5 was the 
poorest performing release group among these analogs. Only 9% conversion was observed after 72 h at 
pH 7.4 and none was observed at pH 5.4. In this case, it is plausible that an intramolecular hydrogen 
bond between the free amine and the proximal pyridine nitrogen locks this compound in an unreactive 
conformation. In contrast, isomer Bud-RG-6 achieved 80% steroid release after only 3 h at pH 5.4. This 
was second only to the rate observed for gem-dimethyl releasing group Bud-RG-3. Based on these 
results, compounds that released measurable amounts of budesonide at pH 5.4 (Bud-RG-1, Bud-RG-2, 
Bud-RG-3, Bud-RG-4, and Bud-RG-6) were selected for elaboration to complete drug-linkers and 
conjugation as CD19 ADCs.  

Conversion of the Bud-RG intermediates to full linkers was achieved convergently by the direct reaction 
of these HCl salts with p-nitrocarbonates represented by 20 in the presence of DIPEA (Scheme 3).28,29 We 
chose to terminate our linkers in a standard maleimide caproamide (MC) conjugation group for 
screening purposes. This conjugation motif is prevalent in the ADC field, featuring prominently across 
FDA-approved ADC therapies, thereby providing a useful benchmark. Interestingly, we were unable to 
make an ADC with Bud-RG-3. This gem-dimethyl containing release group undergoes such rapid 
cyclization and steroid release that we could not engage it in an intermolecular coupling. 

Scheme 3. General Synthetic Route to Drug-Linkers. 
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Mouse CD19 antibody was partially reduced with TCEP to reveal reactive cysteines and then conjugated 
through 1,4-addition to each maleimide drug-linker (DL). The resulting CD19-budesonide ADCs were 
characterized by size exclusion chromatography (SEC) to determine aggregation. Drug-to-antibody ratio 
(DAR) was determined by hydrophobic interaction chromatography (HIC) and mass spectrometry. ADCs 
were assessed for functional activity in a glucocorticoid response element (GRE) luciferase reporter 
assay in K562 cells that were engineered to express mu-CD19. Since wild-type K562 cells do not express 
CD19, targeted budesonide delivery by CD19 ADCs could be verified by comparison of GRE activity 
between CD19-knock in and non-specific uptake in wild type K562 cell lines. Table 2 summarizes the 
data for the resulting ADCs.  

ADC1 with a linker featuring a standard Val-Cit dipeptide and release group RG-1 provides a starting 
point for SAR comparisons (Table 2). In this case, conjugation to CD19 yielded only DAR2 and extremely 
high 40% aggregation due to hydrophobicity of the corresponding drug-linker (cLogP 4.90). While ADC1 
was active in the CD19-expressing GRE assay (EC50 = 2 µg/mL) the high level of aggregation was deemed 
unacceptable for further development. ADC aggregation has a detrimental effect on multiple drug-like 
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parameters. It increases non-specific cellular uptake and off-target toxicity due to FcγR activation and 
internalization30,31 as well as poor PK in the form of rapid plasma clearance.31–33  

We examined replacement of Val-Cit with other dipeptides to see if this portion of the linker could 
overcome the significant hydrophobicity imparted by the combination of a budesonide payload with a 
PABC linker and a benzene-based releasing group. Val-Ala linkers generally offer improved properties over 
Val-Cit even though cLogP suggests increased lipophilicity.34,35 ADC2 was indeed less aggregated by 
comparison. Moving to ADC3 with an Ala-Ala dipeptide offered decreased aggregation at 24%, yet it 
offered no improvement with respect to GRE reporter activity.  

It is noteworthy that it was possible to prepare ADC3 with higher DAR loading compared to ADC1 and 
ADC2. When comparing the aggregation levels, it is important to have similar DARs as this directly impacts 
aggregation. ADC4 with Val-Glu provided approximately 30% aggregation across the RG-1 releasing group 
series. It achieved the highest DAR loading across this series, offering improved GRE potency that was in 
line with higher DAR, and with 28-fold selectivity over the non-CD19 expressing cell line. Curiously, other 
more polar peptide combinations—Ser-Cit (ADC5), Asn-Cit (ADC7), Gln-Cit (ADC8)—did not improve ADC 
aggregation despite being less lipophilic compared to ADC4. The MC conjugation group itself contributes 
to hydrophobicity. Its replacement with the less lipophilic N-maleimidopropanamide (MP) offered no 
improvement despite its lower cLogP (compare ADC6 with ADC3). Indeed, aggregation was consistently 
>30% for drug-linkers with lipophilicities below 3.5. Lower aggregation typically was observed with linker 
cLogPs ranging from 3.93-5.10 (ADC3, ADC6, and ADC9). This speaks to the complex interplay of additional 
parameters influencing ADC aggregation that are not accounted for by this single metric that does not 
account for contributions from the antibody. It is interesting that ADC7 and ADC8 were completely 
inactive in the reporter assay. This is consistent with data published elsewhere that indicates that linkers 
containing Asn-Cit and Gln-Cit are poor substrates for cathepsin-mediated release.36 

The effect of the glucocorticoid payload on these properties was evaluated by replacing budesonide 
(cLogP 2.73) with triamcinolone acetonide (cLogP 1.94). ADC9 had 20% aggregation at DAR3 and was less 
potent than the corresponding budesonide ADC, which was consistent with relative payload potency (see 
supporting information). We also replaced (R)-budesonide with (S)-budesonide, which is 20-fold less 
active the GRE reporter assay (See supporting information). Since ADCs would deliver budesonide to the 
acidic lysosome, we were curious whether acid-catalyzed epimerization of the acetal isomers might occur. 
We prepared ADC10 with (S)-budesonide as a control and found that it was much less active in the CD19-
expressing GRE reporter cell line (ADC3: EC50 = 3 µg/mL; ADC10: EC50 >20 µg/mL). These potency 
differences are consistent with the pure (R)- and (S)-payload activity, suggesting that minimal acetal 
epimerization occurs. 

ADCs with the alternative releasing groups were examined. ADC11 demonstrated that RG-2 offered 
comparable GRE reporter activity to those ADCs with RG-1. The additional methyl groups on RG-2 and RG-
3 that enhanced the release of budesonide in buffer had a negative effect on ADC aggregation. ADC12 
had 35% aggregation at DAR2 and was not tested in reporter assay as a result. 

In contrast to the poor conjugate properties of the benzene-based (ABA) releasing groups, the 
aminopyridine-based (APA) releasing group, RG-6, dramatically reduced aggregation. ADC13 has a 
pyridine-based releasing group with triamcinolone acetonide as the payload. We were encouraged by the 
low aggregation at DAR3 and especially intrigued by its improved GRE activity versus its direct comparator 
ADC9. 
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Table 2. Characterization of ADCs with ABA and APA Release Groups. 
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cLogPa 
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CD19 
GRE  
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EC50 (µg/mL)b 

ADC1 MC-Val-Cit 

N

N
H

O

 
RG-1 

(R)-Budesonide 2.1 43 4.90 2 NDc 

ADC2 MC-Val-Ala (R)-Budesonide 2.2 31 5.99 NVd  ND 

ADC3 MC-Ala-Ala (R)-Budesonide 2.6 24 5.10 3 (8) 20 

ADC4 MC-Val-Glu (R)-Budesonide 4.1 32 5.64 0.7 (2) >20 

ADC5 MC-Ser-Cit (R)-Budesonide 2.7 31 2.97 NVc ND 

ADC6 MP-Ala-Ala (R)-Budesonide 3 27 3.93 1.7 ND 
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ADC10 MC-Ala-Ala (S)-Budesonide 3 30 5.10 >20 ND 

ADC11 MC-Val-Ala 
N

N
H

O

 
RG-2 

(R)-Budesonide 2 35 6.41 1.6 ND 

ADC12 MC-Ala-Ala 
N

N
H

O

 
RG-4 

(R)-Budesonide 3.3 33 5.62 ND  ND 

ADC13 MC-Ala-Ala N

N

N
H

O

 
RG-6 

Triamcinolone 
acetonide 3.9 1.5 3.69 1.3 ND 

a AlogP and ChemAxon cLogP were calculated for the unconjugated maleimide drug-linkers. 
b ADCs were tested as duplicates in the GRE reporter assay. Parentheses indicate the number of times 
the assay was repeated (each with an n=2) with data reported as the mean result. 
c ND indicates not determined. 
d NV indicates no value due to lack of differentiation compared to negative control. 
 
We next turned our focus to the synthesis of second-generation releasing groups that modify ABA (RG-1) 
and APA (RG-6) through incorporation of additional hydrophilic solubilizing groups (Scheme 4a). Two sites 
were chosen for modification: (1) addition of polyethylene glycol (PEG) units to the aromatic ring, and (2) 
modification of the N-methyl group to introduce polar functional groups. Briefly, synthesis involved PEG 
introduction via Sonogashira coupling of an aryl halide 21 with the appropriate propargylic PEG 
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intermediate 22. Hydrogenation of the alkyne and then nitrile groups provided a benzylic amine, which 
was Boc-protected to give releasing group intermediates 24a-c.  

Scheme 4. Synthesis of 2nd Generation Release Groups for Improved Solubility. 

N

N
N

BocHN

RO2C

f, m

O

H

OH

H

H

O

O
O

O

O

H

N

N
N

N
H

RO2C

O

H

OH

H

H

O

O
O

O

O

H

N
H

H
N

O
N
H

O OO
N

O

O

O

5

k

l
32: R = Et-

33: R = H-

DL20: R = Et-
DL21: R = H-

79%

BocHN

N

N
NSRO

OO

O

H

OH

H

H

O

O
O

O

O

H

N

N
N

N
H

HO3S

O

H

OH

H

H

O

O
O

O

O

H

N
H

H
N

O
N
H

O OO
N

O

O

O

5

n
34: R = 

35: R = H-

TBDPSO

F
N H2N

N
NBoc

+
N

NH

N
HN

•2 HCl

c,d
NC

X

NH

O
O

O
O

n

NC
X

NH

Cl

n

X

NH

O
O

n

BocHN

X

F
N

H2N
N

O
+

e

X
N

NH

N
O

XBocHN

NH

N
O

NH

N
N

R

BocHN

Solubilizing Group, R =

O
O

EtO2C

SO

OO

OTBDPS

24a: X = CH, n = 5
24b: X = CH, n = 11
24c: X = N, n = 5

28a: X = CH
28b: X = N

+

(a) Pd(PPh3)2Cl2, CuI, Et3N, DMF, 80 °C; (b) 10% Pd/C, H2
 (20 bar, H-cube); (c) Raney Ni, H

2
 (10 bar, H-cube); (d) Boc

2O, Et3N; (e) DIPEA, 
NMP, 125 °C; (f) HCl, dioxane; (g) RBr, Et3N, DMF; (h) ROSO2CH=CH2, DIPEA; (i) Raney Ni, H2

 (10 bar), 7 N NH
3
 in MeOH; (j) Boc

2O, Et3N; (k) 
DIPEA, THF; (l) LiOH, H2O, THF; (m) MC-Val-Ala-PABOC(O)PhNO2

 (20b), DIPEA, DMF, 0 °C; (n) TBAF, THF

a, b

c,d

e, f g -or- h

i, j

f, m

17 + 31b

k

70%
17 + 31c

21a: X = CH
21b: X = N

22a: n = 5
22b: n = 11

25a: X = CH
25b: X = N

26 27a: X = CH
27b: X = N

25a 29 30 31

31a:

31b:

31c:

DL22

23a: X = CH, n = 5
23b: X = CH, n = 11
23c: X = N, n = 5

A

B

 

Solubilizing groups on the aryl nitrogen were introduced via SnAr reaction between an aryl fluoride 25 
with aminoethyl morpholine 26 or aminoethylpiperazine 29. After Boc-deprotection, piperazine 
intermediate 30 was diversified through alkylation of the secondary amine with alkyl bromides to give 
PEG (31a) and ethyl butyrate analogs (31b). Alternatively, 30 could be alkylated through 1,4-addition to 
an unsaturated sulfonate ester to give 31c.37 For all examples, nitrile reduction and Boc protection 
completed synthesis of releasing groups 31a-c, which were ready for elaboration to the full drug-linkers. 
Drug-linker synthesis for most compounds proceeded via the general route shown previously in Scheme 
3. Drug-linkers DL21 and DL22 with substituted piperazines required additional steps for the deprotection 
of the carboxylic and sulfonic acid groups (Scheme 4b). 
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Table 3 summarizes data for CD19 ADCs with the second-generation drug-linkers. The PEG6-
functionalized benzene linker conjugated poorly and offered no improvement over the first-generation 
ABA releasing group ADCs (Table 3, ADC14). Extension of the sidechain from PEG6 to PEG12 decreased 
aggregation and, more impressively, improved GRE potency (ADC15, EC50 0.20 µg/mL). Combination of 
PEG6 with an aminopyridine-based releasing group provided ADC16 with excellent physical properties 
and an EC50 of 0.15 µg/mL for the reporter assay in target-expressing cells. Again, it is important to 
compare the DAR loadings when comparing ADC activity. Activity differences for ADC15 versus ADC16 
are consistent with DAR. Activity differences in the non-target expressing cell lines may reflect 
differences in carbamate stability, suggesting that ADC16 may release low levels of budesonide in the 
assay medium. Regardless, the 70-fold difference in activity between cell lines for ADC16 supports 
targeted delivery as the predominant pathway. 

Morpholine-based modification enabled conjugation to DAR4 (ADC17 and ADC18). The aminopyridine-
based drug-linker again decreased hydrophobicity, which gave a measurable improvement in 
aggregation for ADC18. However, these ADCs were less potent in GRE compared to ADC16 (EC50 >1.2 
µg/mL).  

Although aggregation was < 10% for piperazine-based ADC19-22, their conjugation efficiency was 
generally poor with relatively low DAR. Furthermore, ADC19-22 were similar to ADC17 and ADC18 with 
respect to their activity in the GRE reporter assay, with EC50s of 1.2-5.1 µg/mL. This suggests that 
introduction of a solubilizing group to the nitrogen of the N-aryl carbamate detrimentally affects release 
of budesonide from these ADCs. 

The PEG6-aminopyridine release group (RG-9) was prioritized for follow-up based on the relatively low 
aggregation and promising reporter activity for ADC16. In preparation for in vivo assessment, two 
additional changes were made to optimize the drug-linker: (1) the maleimidocaproamide (MC) 
conjugation moiety was replaced with maleimidopropionamide (MP), and (2) the Val-Ala dipeptide was 
replaced with Ala-Ala. Both changes were made to further decrease the hydrophobicity of the drug-
linker. Replacement of MC with the shorter MP group has an additional benefit as it renders the imide 
more susceptible to ring-opening by hydrolysis. 1,4-Addition of cysteine to MC terminated linkers is 
reversible. In plasma, maleimide is regenerated through elimination and then is exchanged with reactive 
cysteine species.38,39 Imide hydrolysis decreases the reversibility of maleimide conjugations, blocking 
linker exchange and improving in vivo ADC stability.40–42 

ADC23 was prepared using the MP-Ala-Ala modified linker and succinimide ring was hydrolyzed after 
conjugation for more stable attachment. Mean potency was similar to the MC-Val-Ala version (ADC23 
EC50 = 0.23 µg/mL; ADC16 EC50 = 0.15 µg/mL). The matched isotype control, ADC24 (tetX), had 
comparable DAR and was inactive on both GRE reporter cell lines as expected. This provides further 
support for CD19-targeted delivery of budesonide by ADC23. 
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Table 3. Characterization of ADCs with 2nd Generation Solubilizing Release Group Linkers. 

X

N
R3

N
H

O

H

OH

H

H

O

O
O

O

O

H

N
H

R1
H
N

O
N
H

O

R2

OO
N

O

O

O

n

mu CD19 mAb

DAR

R4

AA1 AA2

Releasing Group

Dipeptide Linker

MC: n = 5
MP: n = 2

 

ADC Linker Releasing Group DAR Agg. 
(%) cLogP 

K562 CD19 
GRE 

K562 WT 
GRE 

EC50 (µg/mL)a 

ADC14 MC-Val-Cit 

X

N

O
O m

N
H

O

 

X = CH, 
PEG6 
RG-7 

2.4 28 6.37 NDc ND 

ADC15 MC-Val-Ala 
X = CH, 
PEG12 
RG-8 

3.1 12  6.08 0.20 >20 

ADC16 MC-Val-Ala 
X = N, 
PEG6 
RG-9 

3.4 4.7 5.62 0.15 (3)a 11.5 

ADC17 MC-Val-Cit 

X

N

N
H

O
N

O

 

X = CH 
RG-10 4.3 15 4.70 1.2 ND 

ADC18 MC-Val-Cit X =N 
RG-11 4.3 7 4.08 3 ND 

ADC19 MC-Val-Ala N

N
N

N
H

O

O

O

 
RG-12 

2.2  7.5 5.76 3.4 ND 

ADC20 MC-Val-Ala 
N

N
N

N
H

RO2C

O

 

R = Et 
RG-13 2.3 8.5 6.36 3.4 ND 

ADC21 MC-Val-Ala R = H 
RG-14 2.8 6.5 3.15 1.2 ND 

ADC22 MC-Val-Ala N

N
N

N
H

HO3S

O

 
RG-15 

2.3 2 3.40 5.1 ND 

ADC23 MP-Ala-Ala 

N

N

O
O

5

N
H

O

 
RG-9 

4.3 2.6 3.55 0.23 (2)a 10 (2)a 

ADC24b MP-Ala-Ala 4.0 1.1 3.55 >20 (3)a >20 (3)a 

a ADCs were tested as duplicates in the GRE reporter assay. Parentheses indicate the number of times 
the assay was repeated (each with an n=2) with data reported as the mean result. 
b Non-targeting isotype (anti-tetX) antibody ADC. 
c ND indicates not determined. 
 

https://doi.org/10.26434/chemrxiv-2023-7lk43 ORCID: https://orcid.org/0000-0003-4984-8435 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-7lk43
https://orcid.org/0000-0003-4984-8435
https://creativecommons.org/licenses/by-nc-nd/4.0/


12 
 

We recently published results for α-TNF-ADCs featuring novel mono-aryl GRM payloads that do not 
require customized linker technology.2 For comparison with those results, the optimized RG-9 linker 
with budesonide was conjugated to mouse α-TNF. ADC25 was then tested in the reporter assay, this 
time in a K562 cell line engineered to express mouse α-TNF (Table 4). In vitro activity for ADC25 was 
similar to what had been observed for ADC26 in the TNF-expressing cell line, whereas ADC25 had more 
significant activity in the wild-type cell line. While antigen-targeted delivery predominates, the 
consistent activity of approximately 10 µg/mL in non-antigen expressing cells for aminopyridine linked 
ADCs (ADC16, ADC23, and ADC25) could be due to low levels of extracellular payload release in the cell 
media during the GRE assay. In the case of ADC25, increased non-specific uptake due to aggregation 
may also play a role. ADC26 and its matched isotype, which do not have carbamate linkers, did not 
demonstrate any non-specific activity. 

Table 4. Comparison of In Vitro Potency for Mouse α-TNF ADCs 25 and 26 and Isotype ADC 27. 

N

N

O
O

5

N
H

ADC25

O

H

OH

H

H

O

O
O

O

O

H

N
H

H
N

O
N
H

O OOH
N

O

2
O

mTNF

CO2H

4

OO
N
H

OH
N

N
H

H
N O

OH

O

H F

OH

O

H

O
F

mAb
O

CO2H
4ADC26: mAb = mTNF

ADC27: mAb = OVA isotype  

ADC Antibody DAR Agg. 
(%) 

K562 
mTNF 
GRE 

K562 
WT 
GRE 

EC50 (µg/mL) 
ADC25 α-TNF 4.9 19.6 0.10 8.53 
ADC26a α-TNF 4.0 3.7 0.12 >50 
ADC27a α-OVA 

isotype 
4.0 1.9 >50 >50 

a See reference 2. OVA = ovalbumin. 

ADC Stability 
ADC16 and ADC23 were profiled for stability in PBS buffer and plasma (see Supporting Information). 
Both were stable in buffer with no change observed by mass spectrometry over 7 days. ADC16 with the 
MC-Val-Ala linker lost 2.4% drug-linker over 7 days in mouse plasma. In contrast, no loss of budesonide 
or linker was observed for ADC23 under the same conditions in mouse, rat, or cynomolgus monkey 
plasma (Supporting Information). It was noted that budesonide alone has poor stability in plasma 
(mouse, rat, monkey) with < 10% remaining after 7 days in these matrixes.  
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In Vivo 
CD19 is a transmembrane surface protein expressed across all B-cell lineages. It is involved in the B-cell 
antigen response and is a biomarker for the diagnosis and treatment of lymphomas. Efficacy of the CD19 
ADCs was evaluated in a model where mice were immunized with NP-CGG (4-hydroxy-3 
nitrophenylacetyl hapten-chicken Gamma Globulin). Exposure to this immunogen stimulates the 
formation of mature germinal centers (GC) wherein B-cells undergo proliferation and differentiation into 
activated lineages.43 Development of activated GC B-cells with high affinity, antigen-specific, antibodies 
occurs within 10 days of immunization. It is established that glucocorticoid treatment suppresses B-cell 
proliferation, differentiation, and IgG production.44–47 Therefore, immunization on day 0 was followed by 
i.p. dosing of the CD19-budesonide ADC on days 4, 6, 8, and 9. Spleens were collected 24 h after the last 
dose and processed for analysis by fluorescence activated cell sorting (FACS). Activated B-cells were 
defined by positive expression of B220 and low expression of IgD. 

Loss of CD19+ B-cells was observed in groups treated with the unfunctionalized CD19 antibody and 
targeted ADC23 (Fig. 2, left panel). CD19+ cell counts were not affected in any of the other groups. It is 
unclear whether low CD19+ cell counts in these two groups are due to competitive binding with 
extracellular CD19 antibody/ADC, or whether it is due to receptor internalization in these two treatment 
groups. Targeted ADC23 decreased activated B-cell counts below vehicle levels, separating from the 
group treated with non-targeted isotype ADC24 (Fig. 2, right panel). The CD19-budesonide ADC 
suppressed B-cell activation to levels that were similar to, although not as potent, as budesonide alone. 
This study validates the proof-of-concept for targeted delivery of budesonide by CD19-targeted ADC in 
an immunized mouse model. 

Figure 2. Activity of ADC23 on B-cell Activation in Immunized Mice 

 

Figure 2 Caption: Five female C57BL.6N mice per group were immunized on day 0 with NP-CGG. On days 4, 6, 8, 
and 9 they were dosed i.p. according to the following: (A) naïve = non-immunized group; no treatment; (B) vehicle 
= (DPBS), (C) bud = budesonide (10 mg/kg), (D) iso = anti-tetX (30 mg/kg), (E) iso ADC = anti-tetX-budesonide ADC, 
ADC24 (30 mg/kg), (F) anti-CD19 = muCD19 antibody (30 mg/kg), (G) anti-CD19 ADC = muCD19 antibody-
budesonide ADC, ADC23 (30 mg/kg). 

Summary and Conclusions 
We identified novel carbamate releasing groups that bridge protease cleavable PABC linkers for 
attachment to payloads via hydroxy groups. This was demonstrated in the context of a CD19-targeted 
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antibody that selectively delivers budesonide to antigen-expressing cells. 2-Aminopyridine (RG-6, RG-9) 
was identified as a promising release group motif based on comparison of release kinetics for a panel of 
diamino release groups in buffers that modeled the pH of the lysosome and cytosol. Appending 
standard MC-Val-Cit-PABC linkers to these release groups and conjugation to muCD19 antibodies 
generated ADCs with relatively poor physical chemical properties as evidenced by high aggregation. 
Although linker modification with less hydrophobic dipeptides only modestly improved ADC 
aggregation, more significant property improvement was achieved by addition of solubilizing groups. 
PEG-functionalized pyridine linkers enabled reproducible preparation of DAR4 ADCs that achieved EC50's 
of less than 1 µg/mL in an in vitro GRE reporter assay. Selectivity of >40-fold was achieved for selective 
budesonide delivery to engineered antigen expressing K562 cells over wild-type cells. ADC23 was active 
in an immunized mouse model where suppression of B-cell activation was observed. In this model, the 
CD19-targeted ADC showed greater activity than matched isotype and achieved similar levels of activity 
to the small molecule alone. This work establishes that budesonide can be delivered by a CD19 ADC 
using a novel carbamate linker. Further work from our lab in the area of glucocorticoid ADCs will be 
reported in due course. 

Experimental 
All the reagents and solvents were purchased from Combi-Blocks, MilliporeSigma, BroadPharm, Chem-
Impex, Goldenbridge, or other vendors as noted, and used without further purification. Reactions were 
carried out under an inert atmosphere of nitrogen. Yields refer to isolated yields of analytically pure 
(>95%) material unless noted otherwise. Compound names were generated with Perkin Elmer 
ChemDraw 20.1. Whenever possible reactions were monitored by LCMS. All purified compounds were 
≥95% purity based on analytical HPLC. HPLC conditions are detailed in Table SI-2 in the Supporting 
Information. Magnetic resonance spectra (1H and 13C NMR) were measured with either a 400, 500, or 
600 MHz spectrometer. NMR data were processed with MestReNova software. Chemical shifts are 
reported in parts per million (δ, ppm). First order splitting patterns were interpreted and coupling 
constants rounded to the nearest 0.1 Hz. Splitting patterns are designated as: s, singlet; d, doublet; t, 
triplet; q, quartet; m, multiplet; and comp, overlapping multiplets of non-magnetically equivalent 
protons. 1H NMR spectra are referenced to residual chloroform (7.27 ppm) or residual dimethyl 
sulfoxide (2.50 ppm); 13C NMR spectra are referenced to the central line of the 1:1:1 triplet of CDCl3 
(77.23 ppm) or DMSO-d6 (39.52 ppm). 

Synthesis Procedures 
2-((6aR,6bS,7S,8aS,8bS,11aR,12aS,12bS)-7-Hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-
8b-yl)-2-oxoethyl carbonochloridate (17) 

H
OH

HH
O

O
O

O

O

H

O

Cl

 
Phosgene (20 wt% in toluene, 9.8 mL, 18.58 mmol) was added to a solution of 
(6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-hydroxy-8b-(2-hydroxyacetyl)-6a,8a-dimethyl-10-propyl-
6a,6b,7,8,8a,8b,11a,12,12a,12b-decahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-4(2H)-one (R-
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budesonide, 6) (2.0 g, 4.65 mmol) in THF (46.5 mL). A diffusing bubbler was added to the outlet of the 
nitrogen side of the Schlenk line, containing a saturated aqueous solution of sodium bicarbonate to 
quench any escaping phosgene. The reaction was allowed to stir at room temperature for 2 h. Solvent 
was removed under reduced pressure and then the residue was dried under high vacuum. 2-
((6aR,6bS,7S,8aS,8bS,11aR,12aS,12bS)-7-Hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-8b-yl)-
2-oxoethyl carbonochloridate (17) (2.29g, 96% yield) was isolated as a crystalline solid, which was used 
in the subsequent reaction without further purification. LCMS (Table SI-2, Method f) Rt = 1.83 min; m/z 
493.1 [M+H+]. 

6-(2,5,8,11,14,17-Hexaoxaicosan-20-yl)-2-(methylamino)nicotinonitrile (23c) 
NC

N

NH

O
O

5  

Step 1, General Procedure for Sonogashira Coupling: Bis(triphenylphosphine) Pd (II) dichloride (0.043 g, 
0.061 mmol), copper(I) iodide (5.77 mg, 0.030 mmol), and triethylamine (0.34 mL, 2.422 mmol) were 
added to a degassed solution of 6-chloro-2-(methylamino)nicotinonitrile (21b) (0.203 g, 1.211 mmol) 
and 2,5,8,11,14,17-hexaoxaicos-19-yne (22a) (0.457 g, 1.575 mmol) in DMF (4.84 mL). The reaction 
mixture was heated to 80 °C for 5 h. Charged with more Bis(triphenylphosphine) Pd (II) dichloride (0.043 
g, 0.061 mmol) and copper(I) iodide (5.77 mg, 0.030 mmol) and 2,5,8,11,14,17-hexaoxaicos-19-yne (22a) 
(0.1 g, 0.34 mmol). Continued heating at 80 °C with stirring overnight. Cooled to room temperature and 
removed solvent under reduced pressure. Purification by chromatography (silica) eluting with a gradient 
of 0-10% MeOH/DCM to give 6-(2,5,8,11,14,17-hexaoxaicos-19-yn-20-yl)-2-(methylamino)nicotinonitrile 
(0.210 g, 41% yield) as a dark yellow residue, which was dried under high vacuum. 1H NMR (400 MHz, 
DMSO-d6) δ 7.90 (d, J = 7.7 Hz, 1H), 7.23 (d, J = 4.6 Hz, 1H), 6.76 (d, J = 7.7 Hz, 1H), 4.44 (s, 2H), 3.66 – 
3.60 (m, 2H), 3.60 – 3.55 (m, 2H), 3.55 – 3.45 (m, 14H), 3.45 – 3.38 (m, 2H), 3.23 (s, 3H), 2.83 (d, J = 4.6 
Hz, 3H). LCMS (Table SI-2, Method b) Rt = 1.81 min.; m/z = 422.4 [M+H+]. 

Step 2, General Procedure for Alkyne Hydrogenation: A solution of 6-(2,5,8,11,14,17-hexaoxaicos-19-yn-
20-yl)-2-(methylamino)nicotinonitrile (0.210 g, 0.498 mmol) in ethanol (5 mL) was passed through H-
Cube at 1mL/min over 10% Pd/C cartridge and 10 bar hydrogen for 90 minutes.  Concentrated under 
reduced pressure to give 6-(2,5,8,11,14,17-hexaoxaicosan-20-yl)-2-(methylamino)nicotinonitrile (23c) 
(0.177 g, 83% yield) was obtained as a light yellow oil. LCMS (Table SI-2, Method b) Rt = 1.88 min.; m/z = 
426.4 [M+H+]. light yellow oil. LCMS (Table SI-2, Method b) Rt = 1.88 min.; m/z = 426.4 [M+H+]. 

tert-Butyl ((6-(2,5,8,11,14,17-hexaoxaicosan-20-yl)-2-(methylamino)pyridin-3-
yl)methyl)carbamate (24c) 

N

NH

O
O

5

BocHN

 

Step 1, General Procedure for Nitrile Hydrogenation: A solution of 6-(2,5,8,11,14,17-hexaoxaicosan-20-
yl)-2-(methylamino)nicotinonitrile (23c) (0.177 g, 0.416 mmol) in 7 N NH3 in MeOH (4.2 mL) was passed 
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through H-Cube at 1 mL/min over Raney Ni cartridge and 10 bar hydrogen for 90 min. Solvent was 
removed under reduced pressure to give 3-(aminomethyl)-6-(2,5,8,11,14,17-hexaoxaicosan-20-yl)-N-
methylpyridin-2-amine (0.127 g, 71% yield) as a yellow oil. 1H NMR (400 MHz, DMSO-d6) δ 7.19 (d, J = 
7.2 Hz, 1H), 6.39 (d, J = 5.5 Hz, 1H), 6.33 (d, J = 7.2 Hz, 1H), 3.60 (s, 2H), 3.55 - 3.45 (m, 18H), 3.45 - 3.38 
(m, 4H), 3.23 (s, 3H), 2.83 (d, J = 4.3 Hz, 3H), 2.55 (dd, J = 8.5, 6.7 Hz, 2H), 1.86 (dt, J = 8.7, 6.7 Hz, 2H). 
LCMS (Table SI-2, Method b) Rt = 1.05 min.; m/z = 430 [M+H+]. 

Step 2, General Procedure for Boc-Protection: Triethylamine (0.045 mL, 0.325 mmol) followed by Boc2O 
(0.072 mL, 0.310 mmol) were added to a solution of 3-(aminomethyl)-6-(2,5,8,11,14,17-hexaoxaicosan-
20-yl)-N-methylpyridin-2-amine (0.127 g, 0.296 mmol) in ACN (3 mL). After the reaction was complete, 
solvent was removed under reduced pressure. Purification by chromatography (silica) eluting with a 
gradient of 60-100% EtOAc/heptane gave tert-Butyl ((6-(2,5,8,11,14,17-hexaoxaicosan-20-yl)-2-
(methylamino)pyridin-3-yl)methyl)carbamate (24c) (0.127 g, 81% yield) as an orange oil that was dried 
in the vacuum oven. 1H NMR (400 MHz, DMSO-d6) δ 7.24 (d, J = 6.5 Hz, 1H), 7.09 (d, J = 7.2 Hz, 1H), 6.33 
(d, J = 7.4 Hz, 1H), 5.90 (s, 1H), 3.89 (d, J = 6.2 Hz, 2H), 3.54 - 3.45 (m, 18H), 3.44 - 3.39 (m, 4H), 2.83 (d, J 
= 4.5 Hz, 3H), 2.54 (dd, J = 8.5, 6.7 Hz, 2H), 1.85 (dq, J = 8.9, 6.6 Hz, 2H), 1.39 (s, 9H). LCMS (Table SI-2, 
Method b) Rt = 1.69 min; m/z = 530.3 [M+H+]. 

2-((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-Hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-
8b-yl)-2-oxoethyl (3-(((tert-butoxycarbonyl)amino)methyl)-6-(2,5,8,11,14,17-hexaoxaicosan-20-
yl)pyridin-2-yl)(methyl)carbamate (Bud-RG-9-Boc) 

N

N

O

N
H

Boc H

OH

H

H

O

O
O

O

O

H

O
O

O
O

O
O  

Sequentially, DIPEA (0.08 mL, 0.453 mmol) followed by a suspension of tert-butyl ((6-(2,5,8,11,14,17-
hexaoxaicosan-20-yl)-2-(methylamino)pyridin-3-yl)methyl)carbamate (24c) (0.08 g, 0.151 mmol) in THF 
(0.56 mL) were added to a solution of 2-((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-hydroxy-6a,8a-
dimethyl-4-oxo-10-propyl-2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-
naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-8b-yl)-2-oxoethyl carbonochloridate (17) (0.082 g, 0.166 
mmol) in THF (1.1 mL). The reaction was heated to 40 °C and stirred for 7 h, whereupon a second 
portion of 17 (40 mg, 0.081 mmol) was added and heating continued at 40 °C overnight. A third charge 
of 17 (20 mg, 0.0405 mmol) was added and heating continued for an additional 2 h. Removed solvent 
under reduced pressure. Purification by chromatography (silica) eluting with a gradient of 0-100% 
EtOAc/heptane, then 0-10% MeOH/DCM gave 2-((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-hydroxy-
6a,8a-dimethyl-4-oxo-10-propyl-2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-
naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-8b-yl)-2-oxoethyl (3-(((tert-butoxycarbonyl)amino)methyl)-6-
(2,5,8,11,14,17-hexaoxaicosan-20-yl)pyridin-2-yl)(methyl)carbamate (Bud-RG-9-Boc) (0.113 g, 76% yield) 
as an orange oil that became a foam after drying under high vacuum. LCMS (Table SI-2, Method b) Rt = 
2.63 min.; m/z = 1003 [M+NH4

+]. 
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2-((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-Hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-
8b-yl)-2-oxoethyl (3-(aminomethyl)-6-(2,5,8,11,14,17-hexaoxaicosan-20-yl)pyridin-2-
yl)(methyl)carbamate hydrochloride (Bud-RG-9) 

N

N

O

H2N
H

OH

H

H

O

O
O

O

O

H

O
O

O
O

O
O

H
Cl

 

A 4.0 M solution of HCl in dioxane (0.3 mL, 1.146 mmol) was added to a solution of 2-
((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-8b-yl)-
2-oxoethyl (3-(((tert-butoxycarbonyl)amino)methyl)-6-(2,5,8,11,14,17-hexaoxaicosan-20-yl)pyridin-2-
yl)(methyl)carbamate (Bud-RG-9-Boc) (0.113 g, 0.115 mmol) in dioxane (1.146 mL). The reaction was 
stirred at room temperature for 16 h. Solvent was removed under reduced pressure. The residue was 
triturated with ether and sonicated. The solid was filtered and dried solid in vacuum oven at 60 °C for 1 
h to give 2-((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-8b-yl)-
2-oxoethyl (3-(aminomethyl)-6-(2,5,8,11,14,17-hexaoxaicosan-20-yl)pyridin-2-yl)(methyl)carbamate 
hydrochloride (Bud-RG-9) (0.0886 g, 81% yield). 1H NMR (400 MHz, DMSO-d6) δ 8.26 (s, 4H), 7.96 (s, 
1H), 7.33 (dd, J = 18.5, 9.0 Hz, 2H), 6.15 (dd, J = 10.1, 1.9 Hz, 1H), 5.91 (d, J = 1.4 Hz, 1H), 4.80 (d, J = 26.2 
Hz, 3H), 4.69 (s, 1H), 4.63 (s, 1H), 4.08 (d, J = 168.8 Hz, 4H), 3.54 – 3.41 (m, 19H), 3.44 – 3.37 (m, 3H), 
3.22 (s, 3H), 2.80 – 2.72 (m, 2H), 2.28 (d, J = 14.6 Hz, 1H), 2.05 (s, 2H), 1.98 (d, J = 11.5 Hz, 1H), 1.87 (p, J 
= 6.9 Hz, 2H), 1.78 (s, 2H), 1.62 – 1.48 (m, 6H), 1.43 – 1.19 (m, 6H), 0.93 (dd, J = 11.0, 3.4 Hz, 1H), 0.85 (d, 
J = 6.4 Hz, 6H). LCMS (Table SI-2, Method b) Rt = 1.91 min.; m/z = 886.6 [M+H+]. 

2-((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-Hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-
8b-yl)-2-oxoethyl (3-(((((4-((S)-2-((S)-2-(6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexanamido)-3-
methylbutanamido)propanamido)benzyl)oxy)carbonyl)amino)methyl)-6-(2,5,8,11,14,17-
hexaoxaicosan-20-yl)pyridin-2-yl)(methyl)carbamate (DL16) 
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2-((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-Hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-8b-yl)-
2-oxoethyl (3-(aminomethyl)-6-(2,5,8,11,14,17-hexaoxaicosan-20-yl)pyridin-2-yl)(methyl)carbamate 
hydrochloride (Bud-RG-9) (0.077 g, 0.084 mmol) was added to a 0 °C solution of 4-((S)-2-((S)-2-(6-(2,5-
dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexanamido)-3-methylbutanamido)propanamido)benzyl (4-
nitrophenyl) carbonate (20b) (0.060 g, 0.084 mmol) and DIPEA (0.060 mL, 0.335 mmol) in DMF (1.5 mL). 
The reaction mixture was stirred at room temperature for 30 min. Removed solvent under reduced 
pressure. Dissolved in DMF (2 mL) for purification by reverse phase prep HPLC eluting with a gradient of 
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40-85% CH3CN/water (0.1% formic acid) over 20 min (21.2 x 250 mm). Product-containing fractions were 
lyophilized to give 2-((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-hydroxy-6a,8a-dimethyl-4-oxo-10-
propyl-2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-
8b-yl)-2-oxoethyl (3-(((((4-((S)-2-((S)-2-(6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexanamido)-3-
methylbutanamido)propanamido)benzyl)oxy)carbonyl)amino)methyl)-6-(2,5,8,11,14,17-hexaoxaicosan-
20-yl)pyridin-2-yl)(methyl)carbamate (DL16) (0.041 g, 35% yield). 1H NMR (400 MHz, DMSO-d6) δ 9.89 
(s, 1H), 8.10 (d, J = 7.0 Hz, 1H), 7.76 (d, J = 8.6 Hz, 1H), 7.62 (s, 2H), 7.57 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 
10.2 Hz, 2H), 7.28 – 7.18 (m, 2H), 6.97 (s, 2H), 6.14 (dd, J = 10.1, 1.8 Hz, 1H), 5.89 (d, J = 1.8 Hz, 1H), 4.94 
(s, 2H), 4.78 (s, 3H), 4.68 (s, 1H), 4.62 (s, 1H), 4.37 (t, J = 7.1 Hz, 1H), 4.27 (s, 1H), 4.15 (dd, J = 8.6, 6.8 Hz, 
1H), 3.52 – 3.44 (m, 19H), 3.43 – 3.38 (m, 4H), 3.35 (t, J = 7.0 Hz, 2H), 3.21 (s, 2H), 3.20 – 3.11 (m, 3H), 
2.71 (t, J = 7.7 Hz, 2H), 2.27 (d, J = 12.7 Hz, 1H), 2.22 – 2.04 (m, 2H), 1.96 (p, J = 6.6 Hz, 1H), 1.89 – 1.81 
(m, 2H), 1.78 (s, 2H), 1.52 (s, 7H), 1.55 – 1.40 (m, 4H), 1.36 (s, 3H), 1.29 (d, J = 7.1 Hz, 3H), 1.17 (p, J = 7.6 
Hz, 2H), 1.05 – 0.87 (m, 3H), 0.89 – 0.77 (m, 13H). LCMS (Table SI-2, Method b) Rt = 2.34 min; m/z = 
1399.0 [M+H+]. 

(9H-Fluoren-9-yl)methyl ((S)-1-(((S)-1-((4-(hydroxymethyl)phenyl)amino)-1-oxopropan-2-
yl)amino)-1-oxopropan-2-yl)carbamate 

OH

N
H

OH
N

O
FmocHN

 

A 100 mL round bottom flask was charged with Fmoc-Ala-Ala-OH (Chem-Impex, 1.43 g, 3.74 mmol), 4-
aminobenzyl alcohol (0.5061 g, 4.11 mmol), EEDQ (1.18 g, 4.77 mmol) and THF (18 mL). The resulting 
solution was stirred at room temperature overnight. Diluted with THF (24 mL) and filtered. Used 
additional portions of THF (2 x 12 mL) to wash the filter cake, which was dried in the vacuum oven over 
night. (9H-Fluoren-9-yl)methyl ((S)-1-(((S)-1-((4-(hydroxymethyl)phenyl)amino)-1-oxopropan-2-
yl)amino)-1-oxopropan-2-yl)carbamate (1.28 g, 2.63 mmol, 70% yield) was isolated as a white solid. 1H 
NMR (400 MHz, DMSO-d6) δ 9.85 (s, 1H), 8.06 (d, J = 7.3 Hz, 1H), 7.85 (d, J = 7.5 Hz, 2H), 7.68 (t, J = 8.2 
Hz, 2H), 7.54 – 7.47 (m, 3H), 7.42 – 7.34 (m, 2H), 7.29 (td, J = 7.5, 1.2 Hz, 2H), 7.23 – 7.17 (m, 2H), 5.08 (t, 
J = 5.7 Hz, 1H), 4.38 (dd, J = 14.0, 6.4 Hz, 3H), 4.27 – 4.14 (m, 3H), 4.06 (p, J = 7.2 Hz, 1H), 1.27 (d, J = 7.0 
Hz, 3H), 1.20 (d, J = 7.1 Hz, 3H). LCMS (Table SI-2, Method s) Rt = 0.86 min; m/z = 488.1 [M+H+]. 

(S)-2-Amino-N-((S)-1-((4-(hydroxymethyl)phenyl)amino)-1-oxopropan-2-yl)propanamide 
OH

N
H

OH
N

O
H2N

 

Piperidine (26.5 g, 312 mmol) was added to a 0 °C solution of (9H-fluoren-9-yl)methyl ((S)-1-(((S)-1-((4-
(hydroxymethyl)phenyl)amino)-1-oxopropan-2-yl)amino)-1-oxopropan-2-yl)carbamate (20 g, 38 mmol) 
in DMF (200 mL). The mixture was stirred at 20 °C for 2 h.  The reaction mixture was concentrated under 
reduced pressure and the residue was dissolved in methanol (100 mL) and then was filtered. The filtrate 
was concentrated under reduced pressure and washed with a mixture of MTBE and EtOAc (3:1, 300 mL) 
to obtain (S)-2-amino-N-((S)-1-((4-(hydroxymethyl)phenyl)amino)-1-oxopropan-2-yl)propanamide (10 g, 
35.8 mmol, 92% yield) as a white solid. 1H NMR (400 MHz, CD3OD) 7.53 δ (d, J = 8.4 Hz, 2H), 7.30 (d, J = 
8.4 Hz, 2H), 4.55 (s, 2H), 4.48 (q, J = 7.1 Hz, 1H), 3.54 - 3.43 (m, 1H), 1.44 (d, J = 7.1 Hz, 3H), 1.30 (d, J = 
6.6 Hz, 3H). 

https://doi.org/10.26434/chemrxiv-2023-7lk43 ORCID: https://orcid.org/0000-0003-4984-8435 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-7lk43
https://orcid.org/0000-0003-4984-8435
https://creativecommons.org/licenses/by-nc-nd/4.0/


19 
 

3-(2,5-Dioxo-2,5-dihydro-1H-pyrrol-1-yl)-N-((S)-1-(((S)-1-((4-(hydroxymethyl)phenyl)amino)-1-
oxopropan-2-yl)amino)-1-oxopropan-2-yl)propanamide 

H
N

N
H O

N
H

O OHO

N

O

O  

2,5-Dioxopyrrolidin-1-yl 3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)propanoate (15g, 53.8 mmol) was 
added to a 0 °C solution of (S)-2-amino-N-((S)-1-((4-(hydroxymethyl)phenyl)amino)-1-oxopropan-2-
yl)propanamide (10 g, 25.8 mmol) in DMF (100 mL).  The mixture was warmed to room temperature and 
stirred for 2 h.  The reaction was concentrated under reduced pressure and the residue was washed 
with DCM (200 mL) to obtain 3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)-N-((S)-1-(((S)-1-((4-
(hydroxymethyl)phenyl)amino)-1-oxopropan-2-yl)amino)-1-oxopropan-2-yl)propanamide (10 g, 22.90 
mmol, 65% yield) as a white solid. 1H NMR (400 MHz, DMSO-d6) δ 9.75 (s, 1H), 8.21 (d, J = 7.1 Hz, 1H), 
8.08 (d, J = 7.5 Hz, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.23 (d, J = 7.9 Hz, 2H), 7.00 (s, 2H), 5.09 (t, J = 5.7 Hz, 1H), 
4.43 (d, J = 5.7 Hz, 2H), 4.37 (t, J = 7.3 Hz, 1H), 4.26 - 4.19 (m, 1H), 3.61 (t, J = 7.3 Hz, 2H), 2.41 (t, J = 7.3 
Hz, 2H), 1.30 (d, J = 7.1 Hz, 3H), 1.18 (d, J = 7.1 Hz, 3H). LCMS (Table SI-2, method p) Rt = 2.052 min; m/z 
= 439.1 [M+Na+]. 

4-((S)-2-((S)-2-(3-(2,5-Dioxo-2,5-dihydro-1H-pyrrol-1-
yl)propanamido)propanamido)propanamido)benzyl (4-nitrophenyl) carbonate (20f) 

H
N

N
H O
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O O
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O
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A mixture of DIPEA (0.8 mL, 4.49 mmol), bis(4-nitrophenyl) carbonate (1.366 g, 4.49 mmol), 3-(2,5-
dioxo-2,5-dihydro-1H-pyrrol-1-yl)-N-((S)-1-(((S)-1-((4-(hydroxymethyl)phenyl)amino)-1-oxopropan-2-
yl)amino)-1-oxopropan-2-yl)propanamide (1.7 g, 4.08 mmol) in DMF (20 mL) was stirred at 25 °C for 2 h. 
The reaction was diluted with DCM (200 mL), washed with a sat. aq. solution of NaCl (100 mL), dried 
(Na2SO4) and solvent was removed to give a yellow oil. Purification by chromatography (silica) eluting 
with 10% MeOH/DCM gave (S)-2-((S)-2-(3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yl)propanamido)propanamido)propanamido)benzyl (4-nitrophenyl) carbonate (20f) (1.27 g, 2.18 mmol, 
54% yield) as a white solid. 1H NMR (400 MHz, DMSO-d6) δ 9.88 (s, 1H), 8.29 (d, J=9.3 Hz, 2H), 8.19 (d, 
J=7.1 Hz, 1H), 8.10 (d, J=7.1 Hz, 1H), 7.65 (d, J=8.4 Hz, 2H), 7.54 (d, J=8.8 Hz, 2H), 7.39 (d, J=8.4 Hz, 2H), 
6.98 (s, 2H), 5.22 (s, 2H), 4.35 (quin, J=7.2 Hz, 1H), 4.21 (quin, J=6.9 Hz, 1H), 3.59 (t, J=7.3 Hz, 2H), 2.38 (t, 
J=7.3 Hz, 2H), 1.29 (d, J=7.1 Hz, 3H), 1.16 (d, J=7.1 Hz, 3H). LCMS (Table SI-2, method p) Rt = 2.96 min; 
m/z = 604.2 [M+Na+]. 

2-((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-Hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-
8b-yl)-2-oxoethyl (3-(((((4-((S)-2-((S)-2-(3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yl)propanamido)propanamido)propanamido)benzyl)oxy)carbonyl)amino)methyl)-6-
(2,5,8,11,14,17-hexaoxaicosan-20-yl)pyridin-2-yl)(methyl)carbamate (DL23) 
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DIPEA (0.060 mL, 0.344 mmol) was added drop-wise to a room temperature solution of 2-
((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-8b-yl)-
2-oxoethyl (3-(aminomethyl)-6-(2,5,8,11,14,17-hexaoxaicosan-20-yl)pyridin-2-yl)(methyl)carbamate 
hydrochloride (Bud-RG-9) (0.159 g, 0.172 mmol) and 4-((S)-2-((S)-2-(3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-
1-yl)propanamido)propanamido)propanamido)benzyl (4-nitrophenyl) carbonate (0.100 g, 0.172 mmol) 
in DMF (1.8 mL). The reaction stirred at ambient temperature for 45 min, and then solvent was removed 
under reduced pressure. Purified by reverse phase prep HPLC eluting with a gradient of 35 to 95% 
MeCN/water (0.1% formic acid) over 12 minutes.  The desired fractions were combined and lyophilized 
to give the 2-((6aR,6bS,7S,8aS,8bS,10R,11aR,12aS,12bS)-7-hydroxy-6a,8a-dimethyl-4-oxo-10-propyl-
2,4,6a,6b,7,8,8a,8b,11a,12,12a,12b-dodecahydro-1H-naphtho[2',1':4,5]indeno[1,2-d][1,3]dioxol-8b-yl)-
2-oxoethyl (3-(((((4-((S)-2-((S)-2-(3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yl)propanamido)propanamido)propanamido)benzyl)oxy)carbonyl)amino)methyl)-6-(2,5,8,11,14,17-
hexaoxaicosan-20-yl)pyridin-2-yl)(methyl)carbamate (DL23) (0.075 g, 29% yield) as a white powder. 1H 
NMR (400 MHz, DMSO-d6) δ 9.82 (s, 1H), 8.19 (d, J = 6.9 Hz, 1H), 8.07 (d, J = 7.2 Hz, 1H), 7.63 (t, J = 9.6 
Hz, 3H), 7.30 (dd, J = 9.3, 6.1 Hz, 3H), 7.23 (d, J = 7.9 Hz, 1H), 6.99 (s, 2H), 6.16 (dt, J = 10.1, 1.6 Hz, 1H), 
5.94 - 5.89 (m, 1H), 4.97 (s, 3H), 4.87 - 4.73 (m, 2H), 4.67 (d, J = 24.0 Hz, 2H), 4.42 - 4.33 (m, 1H), 4.29 (q, 
J = 8.3, 5.9 Hz, 2H), 4.22 (q, J = 7.0 Hz, 1H), 3.62 (t, J = 7.3 Hz, 2H), 3.54 - 3.46 (m, 19H), 3.44 - 3.39 (m, 
4H), 3.24 - 3.21 (m, 3H), 3.21 - 3.16 (m, 1H), 2.73 (t, J = 7.7 Hz, 2H), 2.41 (dd, J = 8.0, 6.5 Hz, 2H), 2.34 - 
2.25 (m, 1H), 2.13 - 1.94 (m, 2H), 1.92 - 1.84 (m, 2H), 1.80 (s, 2H), 1.61 - 1.48 (m, 6H), 1.38 (d, J = 2.3 Hz, 
4H), 1.31 (d, J = 7.1 Hz, 5H), 1.19 (d, J = 7.1 Hz, 3H), 1.02 - 0.90 (m, 2H), 0.85 (tt, J = 9.3, 4.5 Hz, 7H). LCMS 
(Table SI-2, method j) Rt = 2.16 min; m/z = 1329.3 [M+H+]. HRMS-ESI (positive ionization) m/z [M+H+] 
calcd for C68H94N7O20, 1328.6553; found, 1328.6553. 

General Cysteine Conjugation Protocol 
Prepared an approximately 10 mg/mL solution of the desired antibody in PBS buffer (pH 7.4) as well as a 
separate 10 mM TCEP solution in PBS (Pierce Bond-Breaker, cat. 77720). Antibodies were then partially 
reduced by adding approximately two molar equivalents of 10 mM TCEP, briefly mixing, and incubating 
for 60 min at 37 °C. DMSO was then added to the partially reduced antibodies in sufficient quantity to 
15% total DMSO. For the conjugations, 8 molar equivalents of a 10 mM drug-linker (DL) solutions were 
then added and incubated for 30 min at room temperature. Excess combo and DMSO were then 
removed using NAP-5 desalting columns (GE Healthcare, cat. 17-0853-02) previously equilibrated with 
PBS buffer, pH 7.4. Desalted samples were then analyzed by size exclusion chromatography (SEC), 
hydrophobic interaction chromatography (HIC), and reduced mass spectrometry. 

Maleimide Hydrolysis 
Hydrolysis of the succinimide ring of the ADCs was accomplished by incubating the ADCs at an elevated 
pH. Arginine buffer (0.7 M), pH 9.0 solution was prepared and added to the ADC in PBS buffer to bring 
the total arginine concentration to 50 mM (pH ~ 8.9). The material was then incubated at 25 oC for 72 
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hours. Hydrolysis of the succinimide ring was then confirmed by reduced mass spectrometry, after 
which, hydrolysis was quenched with the addition of a 0.1 M acetic acid solution to 12.5 mM total acetic 
acid (pH ~ 7.1). 

ADC Analytical Procedures 
Hydrophobic Interaction Chromatography. ADCs were profiled by hydrophobic interaction 
chromatography (HIC) and mass spectroscopy (MS) to determine degree of conjugation and to calculate 
approximate drug-to-antibody ratios (DARs). Briefly, 100 µg of the ADCs was dissolved in 25 mM sodium 
phosphate buffer and loaded onto an Ultimate 3000 Dual LC system (Thermo Scientific) equipped with a 
4.6 X 35 mm butyl-NPR column (Tosoh Bioscience, cat. 14947). ADCs were loaded onto the column 
equilibrated in 100% buffer A and eluted using a linear gradient from 100% buffer A to 100% buffer B 
over 12 min at 0.8 mL/min, where buffer A is 25 mM sodium phosphate, 1.5 M ammonium sulfate, pH 
7.25 and buffer B is 25 mM sodium phosphate, 20% isopropanol, pH 7.25. The DAR was determined by 
taking the sum of each peak percent area multiplied by their corresponding drug load and dividing the 
weighted sum by 100. 

Size Exclusion Chromatography. Size distributions of the ADCs were profiled by size exclusion 
chromatography (SEC) using an Ultimate 3000 Dual LC system (Thermo Scientific) equipped with a 7.8 X 
300 mm TSK-gel 3000SWXL column (Tosoh Bioscience, cat. 08541). 20 ug of each of the ADCs were 
dissolved in PBS buffer and were loaded onto the column and eluted over 17 min using an isocratic 
gradient at 1mL/min of 100 mM sodium sulfate, 100 mM sodium phosphate, pH 6.8 at 0.8 mL/min. 

K562 GRE (PGL4.36-Promega) Reporter Assay  
K562 parental GRE and K562 mCD19 GRE cells were plated onto 96 well tissue culture treated white 
plates (Costar: 3917) at 50,000 cells per well in 50 µL of assay medium (RPMI, 1% CSFBS, 1% L-glutamine, 
1% Na Pyruvate and 1% MAEE).  The cells were treated with 25 µL of 3x serial diluted murine CD19 
antibody-drug conjugates in assay medium, steroid compound or media alone and incubated for 48 h at 
37° C, 5% CO2. After 48 h incubation, cells were treated with 75 µL of Dual-Glo Luciferase Assay System 
(Promega-E2920) for 10 min and analyzed for luminescence using the TopCount (PerkinElmer). 

Data shows that higher luminescence is observed in the cells expressing CD19 demonstrating that the 
CD19 ADC is binding, internalizing and releasing the steroid intracellularly. The lack of efficacy in the 
cells that do not express CD19 demonstrates that efficacy in the cells expressing CD19 is not due to 
extracellular release of small molecule and subsequent distribution into the cell. 

Animal Welfare 
All animal experiments performed in the work were conducted in compliance with institutional 
guidelines. 

Associated Content 
Supporting Information 

General experimental information. Synthetic procedures for all compounds. NMR and HPLC data for 
drug-linkers. Experimental protocols for budesonide release experiments and determination of rate 
constants. GRE reporter data for (R)-budesonide (6), (S)-budesonide, and triamcinolone acetonide. 
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Stability data for ADC23 in buffer and plasma. Protocol for NP-CGG immunized mouse model. HIC and 
SEC data for ADCs. Reduced mass spec data for ADC23 and ADC25. 
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