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SUPPLEMENTARY DISCUSSION 
 
Community Guidelines for Extending DART  

DART.2 is compatible with essentially any drug that acts on the cellular surface. To facilitate community design, 
‘Rx fragments’ are made separately from ‘HTL modules’ for later assembly via alkyne-azide click chemistry18. 
With regard to the HTL module, we previously established the requirement for a long chemical linker between 
Rx and HTL. In particular, PEG12 was too short to reach the AMPAR, whereas PEG24 and PEG36 were both 
acceptable3. Since then, PEG36 has sufficed for all receptors tested. Given its common utility, the long linker is 
grouped into the ‘HTL module’ (e.g., azideDART.2 contains azide-PEG36-HTL.2), enabling the majority of 
investigators to focus on developing small Rxalkyne reagents with traditional drug-like properties (Fig 2c). 
 
To convert a pharmaceutical into an Rxalkyne, one must chemically modify the drug by adding a tether, with the 
goal of achieving an AC50 in the µM range. If desired, one may further attenuate the pharmacophore to enhance 
cellular specificity (as done for gabazine.7DART.2). A second parameter is conformational impact of a drug once 
bound. Here, we found that two full-strength PAMs (diazepam and CMPDA) retained their functional identity 
upon tether addition. However, we also found that a weak allosteric drug (flumazenil) was altered by the tether 
(Extended Data Fig 6b). While tentative, we speculate that full-strength allosteric drugs may be more resilient 
to a tether than their partial-allosteric counterparts, as pushing a parameter to its saturation can yield resilience 
to perturbation. Additional examples are needed to assess applicability to other drug classes.  
 
Finally, we advise that the name of an Rx fragment should uniquely identify its structure, with the convention of 
including the name of its commonly known precursor followed by a version number that defines conjugation and 
spacer details (e.g., gabazine.7alkyne). In the interest of readability, we settled on consistent use of a period to 
delimit the version number, as many precursor names contain numbers (e.g., Alexa647.1alkyne). After the final 
alkyne-azide assembly step, the resulting full-length reagent should retain both version numbers for clarity (e.g., 
gabazine.7alkyne + azideDART.2 → gabazine.7DART.2). In sum, we envision that distributed teams of scientists will 
be able to grow the platform in a manner that is organized, collaborative, and scalable. 
 
Technical challenges in implementing the postsynaptic strategy 

As summarized in Fig 1c, combining cell-type specificity, endogenous-receptor specificity, and acute onset has 
been difficult. Methods that block expression of the GABAAR or AMPAR (Fig 1c, first row) require weeks for 
protein turnover and are subject to compensatory changes4. Attempts to accelerate protein turnover via ubiquitin 
degradation5 have been limited to cytosolic proteins. For instance, the degradation of gephyrin6 has been shown 
to redistribute GABAARs to extrasynaptic locations; however, this approach does not block or allosterically 
potentiate GABAARs themselves. Similarly, tools that induce postsynaptic spine shrinkage7 lack the receptor 
specificity and bidirectional precision of pharmacology. Engineered variants of the GABAAR and AMPAR can 
tether drugs to themselves8-10; nevertheless their cell-specific deployment has been difficult. Cell-type-specific 
viral delivery11,12 allows one to manipulate the overexpressed engineered receptors, but does not provide access 
to the endogenous receptors (Fig 1c, second row). Constitutive knock-in, as implemented for an engineered 
GABAAR13, did not provide cell-type specificity (Fig 1c, third row). DART offers a unique combination of cell-type 
specificity, endogenous receptor specificity, and acute onset (Fig 1c, fourth row)3.   
 
Cell-Specificity Insights 

We improved cellular specificity via optimization of HTL and Rx moieties, albeit with two surprises. First, the 
40-fold CC50 improvement seen with a biotin payload (Fig 2a), became a 10-fold CC50 benefit with YM90K 
(Fig 2d-e). We suspect this discrepancy can be attributed to avidity27, wherein transient YM90K interactions can 
assist the inefficient HTL.1 moiety enabling YM90K.1DART.1 to outperform HTL.1 on its own. YM90K would not 
provide the same help to HTL.2, which singlehandedly drives capture in YM90K.1DART.2 at low doses. Thus avidity 
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is unequal in the two cases. To compare HTL.1 vs HTL.2 fairly, a biotin payload is preferred owing to its 
consistent lack of interaction with cells.  
 
Next, with regard to Rx optimization, we found that gabazine.7DART.2 requires 15-times as many molecules in the 
ambient (AC50), yet only 2-fold more when tethered (CC50) in comparison to gabazine.1DART.2 (Extended Data 
Fig 2). This was surprising because we had anticipated that both parameters would be impacted similarly. The 
discrepancy runs counter to what would be predicted by avidity effects, and could not be explained with binding 
saturation (detailed in the next section). We thus considered pharmaceutical ligand depletion, which is known to 
arise as volume is miniaturized50. In particular, an extended gabazineDART.2 chemical is ~16 nm in length, which 
can be used to define a ‘nanodomain’ volume over which a GABAAR can interact with tethered drug (Extended 
Data Fig 2a). Since this volume is tiny (~9 × 10-21 L), there would be few drug molecules in a nanodomain, each 
contributing a substantial concentration (~180 µM). In this parameter regime, one must account for each 
individual drug. In particular, a drug molecule can either modulate the channel (GABAAR-bound), or contribute 
to the mobile concentration (GABAAR-unbound), but it cannot do both simultaneously. Because ligand depletion 
is a subtractive phenomenon (governed by the number of binding sites on the GABAAR), replenishing the 
depletion would require an additive (not multiplicative) right-shift in the dose-response. As such, CC50 would be 
impacted most for gabazine.1DART.2, narrowing the gap to gabazine.7DART.2 on the logarithmic dosing axis 
(Extended Data Fig 2a).  
 
Given that ligand depletion is accentuated as volume shrinks, we asked whether our dataset could provide a 
constraint on the nanodomain volume. Indeed, the 16 nm radius, estimated from molecular structure, 
recapitulates the 2-fold change in CC50 data across gabazineDART variants (Extended Data Fig 2b-d). If the 
nanodomain volume were increased, the fold-change in CC50 would broaden, approaching the 15-fold change 
seen in the ambient. Smaller nanodomains would restrict CC50 more tightly than in the data. Thus, the volume 
parameter is well constrained. The model also explains why tethered gabazine.1DART.2 achieves 97% block, 
whereas gabazine.7DART.2 achieves ~72% block at saturation. Both findings are consistent with a stoichiometry 
of ~4 HTP proteins per nanodomain (Extended Data Fig 2a). This number sets the maximum concentration in 
the nanodomain, which we estimate can be as high as ~720 µM (= 4 × 180 µM) if all 4 Rx molecules remain 
mobile. For high-affinity gabazine variants, up to 2 Rx would be depleted upon binding the GABAAR, leaving 
~360 µM (= 2 × 180 µM) mobile. These estimates provide a conceptual framework to better understand, design, 
and use DART reagents. 
 
The high tethered Rx concentrations estimated by this analysis heightens the importance of experimentally 
confirming receptor specificity on +HTP cells. Interestingly, the ligand depletion phenomenon (Extended Data 
Fig 2) suggests that the desired receptor could outcompete off-target sites for a limited number of drugs, thus 
improving receptor specificity over that seen with traditional pharmacology. Nevertheless, given the unknowns 
of receptor density and drug binding in the tethered regime, we recommend experimental characterization in the 
cell type of interest, as done for gabazine.7DART.2 on +HTP VTADA neurons (Extended Data Fig 3b-c).  

 
 

Nanodomain Tethered-Drug Model 

The results in Extended Data Fig 2 (summarized to 
the right) contain a surprise: large changes in AC50 
correspond to small changes in CC50. 

 AC50 CC50 
• gabazine.7DART.2 180 µM 60 nM × 15 min 
• gabazine.5DART.2 72 µM 42 nM × 15 min 
• gabazine.1DART.2 12 µM 30 nM × 15 min 

 

Equations 1-2 state the paradox in explicit terms. First, for a given gabazine variant, its action on the GABAAR 
must obey the same Langmuir binding curve in both ambient and tethered configurations—the only difference 
being that the tethered concentration (CEFF) would be a boosted version of the ambient concentration (Cambient). 
However, if this boost were linear (CEFF = ꞵ × Cambient) then AC50 and CC50 would also be linearly proportional 
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(AC50 = ꞵ × CC50). Moreover, if we consider nonlinearities wherein CEFF saturates with increasing Cambient, we 
find that this could only broaden the spread of CC50, exacerbating the paradox.  

# Equation 50% block Description 

1 AmbientFit  = AC50 / (Cambient + AC50) Cambient = AC50 
ddHTP ambient dose-response curve 
(dashed fit in Extended Data Fig 2) 

2 TetheredFit  =  AC50 / (CEFF + AC50) 
CEFF.= AC50 

Cambient = CC50 / t 
+HTP tethered dose-response curve 
(solid fit in Extended Data Fig 2) 

 

We considered pharmaceutical ligand depletion, which is known to arise in miniaturized volumes50. In particular, 
we assumed a physical ~16 nm length scale over which a GABAAR can interact with a fully extended tethered 
drug (Extended Data Fig 2a, left cartoon). Within these dimensions, there would be few Rx molecules in a 
nanodomain, each contributing a substantial concentration. As such, one must account for each individual 
molecule. In particular, only the GABAAR-unbound (NU) subset of Rx molecules contribute to CEFF, as only these 
can collide to drive new binding events. Conversely, only the GABAAR-bound (NB) subset can modulate the 
channel. However, binding comes with a price, as even one GABAAR-bound drug (NB = 1) would substantially 
lower the mobile concentration (CEFF) in a nanodomain.  

 
Equilibrium of this model obeys Equations 3-5, which describe how a given total number of nanodomain drugs 
(NT) is equilibrated into GABAAR-bound (NB) and unbound (NU) subsets.  Equation 6 describes the capture 
kinetics, whereby Cambient determines NT. Thus, the only parameter allowed to vary for each gabazineDART variant 
is AC50 (in red), while the physical parameters (in blue) are common to all. 

# Equation Description 

3 CEFF = NB × 0  +   NU × Cx  Effective mobile concentration in the nanodomain 

4 NU = NT – NB Number of nanodomain Rx unbound to GABAAR 

5 NB = NB,max × CEFF / (CEFF + AC50) Number of nanodomain Rx bound to GABAAR.  

6 NT = NT,max ×�𝟏𝟏 − 𝒆𝒆−Cambient × 15 min × kT � Number of nanodomain Rx total 

 

The data for all three reagents could be jointly fit with the common parameter set shown below (Extended Data 
Fig 2, solid and dashed fits). The values are tightly constrained by data.  

Name Value Description 

Cx 180 µM Conc. per Rx. Related to nanodomain radius: rnano = 92.6 [nm × µM1/3] / Cx1/3 

NB,max 2 Maximum # of Rx bound to GABAAR (from GABAAR structure/function). 

NT,max 4 Maximum # of Rx total in the nanodomain (= number of HTP in nanodomain). 

kT 6.6 × 105 M-1min-1 Tethering rate constant (rate of gabazineDART capture by HTP) 
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SUPPLEMENTARY TABLES 
 
Table S1. HTL Structure Function.  
Each molecule was synthesized, and CC50 was estimated in neuronal culture (as shown in Fig 2a).  
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Table S2. DART.2 catalog 
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Table S3. KEY RESOURCES 

REAGENT or RESOURCE SOURCE IDENTIFIER 

Bacterial and virus strains 

AAVrh10-CAG-DIO-+HTPGPI-2A-dTomato-WPRE this paper AAV10-X0117A, Lot 191001, 
200807, 210215 

AAVrh10-CAG-DIO-ddHTPGPI-2A-dTomato-WPRE this paper AAV10-M6360D, Lot 200203, 
210420 

AAV7m8-CAG-DIO-+HTPGPI-2A-dTomato-WPRE this paper AAV7m8-X0117A, Lot 191219, 
220321 

AAV7m8-CAG-DIO-ddHTPGPI-2A-dTomato-WPRE this paper AAV7m8-M6360D, Lot 200219 

AAVrh10-CAG-DIO-+HTPGPI-IRES-dTomatoF-W3SL this paper AAV10-M6771A, Lot 220328 

AAVrh10-CAG-DIO-ddHTPGPI-IRES-dTomatoF-W3SL this paper AAV10-M6829B, Lot 220328 

AAV9-SYN-jGCaMP8s-WPRE Addgene RRID: Addgene_162374 

Chemicals, peptides, and recombinant proteins 

biotin-PEG12-HTL.1 this paper Lot 180110 

biotin-PEG12-HTL.2 this paper Lot 180220  

azide-PEG36-HTL.1 (azideDART.1) this paper Lot 180222 

azide-PEG36-HTL.2 (azideDART.2) this paper Lot 180810 

YM90K.1DART.1 this paper Lot 171031 

YM90K.1DART.2 this paper Lot 180712, 200725  

gabazine.1DART.2 this paper Lot 180926 

gabazine.5DART.2 this paper Lot 201109, 220406 

gabazine.7DART.2 this paper Lot 201109, 220512 

diazepam.1DART.2 this paper Lots 190331, 210628 

flumazenil.1DART.2 this paper Lot 170430, 190331 

CMPDA.1DART.1 this paper Lot 180103 

CMPDA.2DART.2 this paper Lot 200725 

Alexa488.1DART.2 this paper Lot 190730, 210820 

Alexa647.1DART.2 this paper Lot 200213, 220316 

blank.1DART.2 this paper Lot 210418    
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AP-V Sigma Cat# A5282 

CPP-(R) Tocris Cat# 0247 

DNQX Sigma Cat# D0540 

NBQX Abcam  Cat# ab120046 

Picrotoxin Sigma Cat# P1675 

SR 95531 hydrobromide (gabazine) Tocris Cat# 1262 

Streptavidin-AlexaFluor 488 Molecular Probes/ Cat# S11223 

High-molecular weight Poly-D lysine Sigma Cat# P7405 

Papain enzyme Worthington Cat# PAP2 

Experimental models: Organisms/strains 

Tg(Drd1a-cre)EY262Gsat/Mmucd MMRRC RRID:MMRRC_017264-UCD 

B6.SJL-Slc6a3tm1.1(cre)Bkmn/J Jackson Labs RRID:IMSR_JAX:006660 

B6.129P2-Pvalbtm1(cre)Arbr/J Jackson Labs RRID:IMSR_JAX:017320 

STOCK Ssttm2.1(cre)Zjh/J Jackson Labs RRID:IMSR_JAX:013044 

CBA/CaJ Jackson Labs RRID:IMSR_JAX:000654 

B6.Cg-Igs7tm148.1(tetO-GCaMP6f,CAG-tTA2)Hze/J Jackson Labs RRID:IMSR_JAX:030328 

BACα6Cre-C Aller et al.22 NA 

CD® (Sprague Dawley) IGS Rat  Charles River RRID:RGD_734476 

Recombinant DNA 

aavCAG-+HTP NLG(432-648)ERXL-2A-dTomato-WPRE this paper M3810A(GenBank PP719192) 

aavCAG-ddHTPNLG(432-648)ERXL-2A-dTomato-WPRE this paper M6374A(GenBank PP719194) 

aavCAG-DIO-+HTPGPI-2A-dTomato-WPRE this paper X0117A(GenBank PP719197) 

aavCAG-DIO-ddHTPGPI-2A-dTomato-WPRE this paper M6360D(GenBank PP719193) 

aavCAG-DIO-+HTPGPI-IRES-dTomatoF-W3SL this paper M6771A(GenBank PP719195) 

aavCAG-DIO-ddHTPGPI-IRES-dTomatoF-W3SL this paper M6829B(GenBank PP719196) 

aavSYN-ChR2-HA-dsfGFP-WPRE our prior work3 M2520A 

aavSYN-iCre-WPRE Addgene RRID: Addgene_122518 

aavCAG-GCaMP6s-WPRE  Addgene RRID: Addgene_100844 
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Software and algorithms 

MATLAB  MathWorks, Inc Version 2018a 

Ethovision Noldus Version XT 10 

Clampfit Axon Instruments Version 10.7 

Image J NIH N/A 

Micromanager NIH N/A 

Scanbox Neurolabware N/A 

Chemdraw PerkinElmer Version 19.1.1.21 

Instant JChem ChemAxon N/A 

ACD Spectrus Processor ACD Labs N/A 

CaImAn Github N/A 

 
 
 
 
Table S4. Detailed Author Contributions 
Attribution Process: Each Principle Investigator (PI, right column) worked with their corresponding team 
members to outline individual contributions across a standard set of CRediT domains. Contributions were 
entered and edited on a live google-sheet, allowing all individuals to discuss and reach consensus.  Decisions 
regarding the delineation between authorship and acknowledgement were decided by the supervising PI of 
each individual, and authorship order was decided by the lead PI with input and discussions with all authors.  
 
Name Contribution (Authorship & Acknowledgements) PI 

Brenda C. 
Shields 

Fig 2a: Performed and co-developed biotin-HTL dose-response assays, which 
guided the design and identification HTL.2. Fig 2d-f, Extended Data Fig 2b-d, and 
Extended Data Fig 6a-d: Co-developed and performed the all-optical AMPAR and 
GABAAR pharmacology assays, including data curation and data analysis. Reagent 
Development: Co-designed, cloned, and optimized DNA constructs, including 
development of the ddHTP protein (Fig 2a), its cloning into the GPI-2A and GPI-
IRES backbones, their packaging into AAV and in-vitro viral titer characterization 
and analysis. Wrote and edited original draft of the associated sections of the 
manuscript and methods. Maintenance and distribution of viral and chemical 
reagents, histology training, lab management.  
CRediT: Conceptualization, Methodology, Validation, Formal Analysis, 
Investigation, Data Curation, Writing Original Draft (Introduction, Methods), Writing 
Review & Editing, Visualization, Supervision, Project Administration 

MRT 
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Haidun  
Yan 

Conceived, designed, and performed acute brain slice electrophysiology 
experiments that appear in Fig 3e, Extended Data Fig 2b-c, retina 
electrophysiology in Fig 5 and Extended Data Fig 6e-f, and dual patch 
experiments in Fig 6. Analyzed electrophysiology data, performed statistical 
analyses, prepared figures, and wrote the original draft of the associated sections 
of the manuscript and methods.  
CRediT: Conceptualization, Methodology, Validation, Formal Analysis, 
Investigation, Data Curation, Writing Original Draft (Methods), Writing Review & 
Editing, Visualization 

MRT, 
GDF 

Shaun S.X.  
Lim 

Reagent Development: designed and cloned plasmids encoding the HTPGPI 
construct and its packaging into AAV. Explored various HTPGPI plasmid designs, 
which led to key insights that were critical for data in Fig 4e-g. Performed in-vitro 
viral titer characterization and analysis. Optimized surgical procedures to improve 
AAV expression (surgeries, histology, imaging), and assisted with histology for 
ventricular dosing experiments (sample preparation and imaging). Analyzed data 
for SPR assays (Fig 2b). 
CRediT: Conceptualization, Methodology, Software, Validation, Formal Analysis, 
Investigation, Writing Original Draft (Results, Discussion), Writing Review & Editing, 
Visualization 

MRT 

Sasha C. 
Burwell 

Optimized AAV serotype, promoter, and surgical procedure for VTA dopamine 
neurons. Fig 3e: Designed, built, and coded wheel speed assay, and performed 
gabazine.7DART.2 VTADA experiments (surgeries, drug administration, and treadmill 
behavior) and histology (sample preparation, imaging, image segmentation, image 
analysis). Performed statistical analysis of behavioral data and prepared figures. 
Fig 3f: Performed virus injection surgeries for voltage clamp experiments. Other: 
Piloted cisterna magna cannulation and infusion. Preliminary piloting of 
intraventricular cannulation strategies.  
CRediT: Conceptualization, Methodology, Software, Validation, Formal Analysis, 
Investigation, Data Curation, Writing Review & Editing, Visualization 

MRT 

Celine M. 
Cammarata 

Optimized viral parameters in SOM::Cre mice. Designed and troubleshot surgical 
procedures for ventricular cannula implant compatible with window imaging. 
Performed widefield pharmacokinetics imaging and analysis. Performed two-photon 
calcium imaging, alignment, segmentation, analysis, statistics, and prepared figures 
for Fig 4e-g and Extended Data Fig 5.  
CRediT: Conceptualization, Methodology, Validation, Formal Analysis, 
Investigation, Data Curation, Writing Original Draft (Methods), Writing Review & 
Editing, Visualization, Supervision 

LLG 

Elizabeth A. 
Fleming 

Fig 3a-d.  Designed methodology and performed surgical procedures for local 
infusion during two-photon imaging of the cerebellar cortex including headpost, 
window, cannula implants, and viral injections.  Performed two-photon imaging and 
statistical analysis.  Prepared figures.  Performed viral injections for slice 
recordings. 
CRediT: Conceptualization, Methodology, Validation, Formal Analysis, 
Investigation, Data Curation, Writing Review & Editing, Visualization, Funding 
Acquisition (NIH: 1F31NS113742-01A1) 

CH 

S. Aryana 
Yousefzadeh 

Extended Data Fig, 3d-e (HTP turnover) and Extended Data Fig 4a-c (diffusion of 
different payloads): Designed and performed experiments (surgeries and drug 
infusions) and  histology (sample preparation, streptavidin staining, imaging, and 
image segmentation). Other: Preliminary piloting and troubleshooting of 
intraventricular cannulation strategies.  
CRediT: Conceptualization, Methodology, Validation, Investigation, Data Curation. 

MRT 
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Victoria Z. 
Goldenshtein 

Designed and performed Localized Surface Plasmon Resonance (LSPR) assays, 
including data curation and visualization that appear in Fig. 2b. Designed and 
cloned DNA vectors containing GFP-ddHTP/GFP-HTP, expressed and purified 
proteins for LSPR assays. 
CRediT: Methodology, Validation, Investigation, Data Curation, Writing Original 
Draft (Methods), Visualization. 

MRT 

Elizabeth W. 
Kahuno 

Fig 4a-b: performed YM90K.1DART.2 experiments in behaving mice (mouse 
surgeries and open field behavior), and subsequent brain histology (sample 
preparation, imaging, and image segmentation). Preliminary tests of AAV serotype 
and titer to optimize expression and minimize toxicity. Established stereotactic 
surgeries, and optimized cannula design. Maintained IACUC protocols, mouse 
care, and reagent ordering.  
CRediT: Methodology, Validation, Investigation, Data Curation, Project 
Administration 

MRT 

Purav P. 
Vagadia 

Synthesized the YM90K, gabazine, Alexa488, Alexa647, blank, diazepam, and 
Flumazenil DART compounds described in this work. Designed the synthetic routes 
and analytically characterized the intermediates and final compounds for these 
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and supplemental chemistry section describing the above-listed compounds. 
CRediT: Methodology, Formal Analysis, Investigation, Writing Original Draft 
(Methods), Writing Review & Editing 
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ABR 

Lei  
Zhiquan 

Re-synthesized gabazine.5DART.2 and gabazine.7DART.2. Analytically characterized 
the intermediates and final compounds for these reagents, and ran 2D NMR 
experiments to confirm structures. Helped interpret spectroscopic chemical data for 
all of the YM90K, gabazine, Alexa488, Alexa647, blank, diazepam, and Flumazenil 
DART reagents. Contributed to writing some of the experimental procedures and 
supplemental chemistry data. 
CRediT: Methodology, Formal Analysis, Investigation, Writing Original Draft 
(Methods) 

GES 

Mark E. 
McDonnell 

Supervised associate (MHL) enabling target prep; devised synthetic routes; 
troubleshot chemistry; codesigned target structural modifications. Wrote, reviewed, 
and edited the supplementary chemical synthesis.  
CRediT: Methodology, Validation, Supervision 

ABR 

Miranda L. 
Scalabrino 

Performed intraocular injections and optimized viral serotypes, promoters and titers 
for injections to express HTP in retinal ganglion cells.  
CRediT: Methodology, Validation 

GDF 

Mishek 
Thapa 

Performed intraocular injections and optimized viral parameters for retina.  
CRediT: Methodology, Validation, Investigation 

GDF 

Tammy M. 
Hawley 

Fig 4e-g and Extended Data Fig 5. Optimized viral parameters in SOM::Cre mice. 
Designed, troubleshot, and performed surgical procedures for headpost, window, 
ventricular cannula implant, and intra-cortical injections. Performed two-photon and 
widefield imaging of visual cortex, collection and imaging of histology.  
CRediT: Conceptualization, Methodology, Validation, Investigation  

LLG 
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Senior Author. Supervised retina experiments.  
CRediT: Conceptualization, Methodology, Resources, Writing Review & Editing, 
Supervision, Project Administration, Funding Acquisition (NIH: R34 NS111645; NIH: R01 
EY031396; Duke University: Startup Funds) 

Court  
Hull 

Senior Author. Supervised cerebellum experiments. Performed granule cell slice recordings 
(Fig 3b, Extended Data Fig 3a).   
CRediT: Conceptualization, Methodology, Resources, Writing Review & Editing, 
Supervision, Project Administration, Funding Acquisition (NIH: R01 NS096289,R01 
NS112917, Duke University Startup Funds). 

Gary E.  
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Senior Author. Supervised the synthetic chemistry to prepare the YM90K, gabazine, 
Alexa488, Alexa647, blank, diazepam, and Flumazenil DART reagents. Provided 
preparative HPLC, lyophilizer, and normal phase purification resources beyond grant 
1RF1MH117055 to support the purification of DART compounds. Contributed to the design 
of synthetic routes to prepare some DART compounds and their analytical characterization. 
Reviewed and edited the final manuscript, particularly with regards to the supplementary 
chemical synthesis section.  
CRediT: Methodology, Formal Analysis, Resources, Writing Review & Editing, Supervision, 
Project Administration 

Lindsey L. 
Glickfeld 

Senior Author. Supervised visual cortex experiments. Iterated with MRT on the manuscript.  
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SUPPLEMENTARY PROTOCOLS 
 
General Chemical Synthesis Information 
All chemical reagents were obtained from commercial suppliers and used without further purification unless 
otherwise stated. Anhydrous solvents were purchased from Sigma-Aldrich, and dried over 3 Å molecular 
sieves when necessary. Normal-phase flash column chromatography was performed using Biotage KP-Sil 50 
µm silica gel columns and ACS grade solvents on a Biotage Isolera flash purification system or Teledyne 
Combiflash using Silicycle silica gel columns. Reverse phase preparative HPLC was performed with the 
following conditions: Phenomenex Gemini-NX C18, 110 Å, 150 x 21.2 mm; 5 µm. Eluting with a gradient of 
acetonitrile:water specified for each DART with 0.1 % formic acid over 25 min, then 1 min at 100 % acetonitrile. 
For Alexa647.1DART.2 (R11), 0.1 % TFA rather than 0.1 % formic acid was used and the flow rate was 20 
mL/min. For Alexa488.1DART.2 (R10), the following prep HPLC conditions were used: Phenomenex Kinetex C18 
100 Å, 50 x 30 mm; 5 µm, and a gradient of 15 to 80 % acetonitrile in water (0.1 % FA) at 50 mL/min for 12 
min. Analytical thin layer chromatography (TLC) was performed on EM Reagent 0.25 mm silica gel 60 F254 
plates and visualized by UV light. Proton (1 H), and carbon (13C) NMR spectra were recorded on a 500 MHz 
Bruker Avance III with direct cryoprobe spectrometer. Chemical shifts were reported in ppm (δ) and were 
referenced using residual nondeuterated solvent as an internal standard (CDCl3 at 7.24 ppm for 1 H-NMR and 
77.0 for 13C-NMR. CD3OD at 3.33 ppm for 1 H-NMR and 47.6 for 13C-NMR. DMSO-d6 at 2.52 ppm for 1 H-
NMR and 39.9 ppm for 13C-NMR). Proton coupling constants are expressed in hertz (Hz). The following 
abbreviations are used to denote spin multiplicity for proton NMR: s = singlet, d = doublet, t = triplet, q = 
quartet, m = multiplet, br.s = broad singlet, dd = doublet of doublets, dt = doublet of triplets, quin = quintet, tt = 
triplet of triplets. Low-resolution liquid chromatography/mass spectrometry (LCMS) was performed on a Waters 
Acquity-H UPLC/MS system with a 2.1 mm × 50 mm, 1.7 µm, reversed phase BEH C18 column and LCMS 
grade solvents. A gradient elution from 95% water +0.1% formic acid/5% acetonitrile +0.1% formic acid to 95% 
acetonitrile +0.1% formic acid/5% water +0.1% formic acid over 2 min plus a further minute continuing this 
mixture at a flow rate of 0.85 mL/min was used as the eluent (for Alexa647.1DART.2 (R11), 0.1 % TFA rather than 
0.1 % FA was used). Total ion current traces were obtained for electrospray positive and negative ionization 
(ESI+/ESI-). High-resolution mass spectra were obtained using an Agilent 6210 LC-TOF spectrometer in the 
positive ion mode using electrospray ionization with an Agilent G1312A HPLC pump and an Agilent G1367B 
autoinjector at the Integrated Molecular Structure Education and Research Center (IMSERC), Northwestern 
University. All microwave-assisted reactions were carried out in a Biotage® initiator. All IUPAC compound 
names were generated using Chemdraw Version 19.1.1.21 or Instant J Chem. 
 
Synthesis details are provided for the following 
• R1 ― biotin-PEG12-HTL.1 
• R2 ― biotin-PEG12-HTL.2 
• R3 ― azide-PEG36-HTL.1  (azideDART.1) 
• R4 ― azide-PEG36-HTL.2  (azideDART.2) 
• R5 ― YM90K.1DART.1 
• R6 ― YM90K.1DART.2 
• R7 ― gabazine.1DART.2 
• R8 ― gabazine.5DART.2 
• R9 ― gabazine.7DART.2 
• R10 ― Alexa488.1DART.2 
• R11 ― Alexa647.1DART.2 
• R12 ― blank.1DART.2 
• R13 ― diazepam.1DART.2 
• R14 ― flumazenil.1DART.2 
• R15 ― CMPDA.1DART.1 
• R16 ― CMPDA.2DART.2 
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Synthesis of R1―biotin-PEG12-HTL.1 
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4

biotin-PEG12-HTL.1 (R1)
 

 
Step 1: tert-butyl (2-(2-hydroxyethoxy)ethyl)carbamate, 2 

OH
O

H2N OH
O

N
H

BocBoc2O, EtOH

1 2  
To a solution of 2-(2-aminoethoxy)ethan-1-ol (3.2 g, 30.4 mmol) in EtOH (10 mL) was added di-tert-butyl 
dicarbonate (6.64 g, 30.4 mmol ) and reaction mixture was maintained at room temperature for 24 h.  After the 
complete consumption of starting material (LC-MS), the volatiles were removed in vacuo, and the residue was 
concentrated. Purification by flash chromatography (24 g silica cartridge, 0-10% MeOH/CH2Cl2) afforded the 
title compound in 5.8 g, 92% yield. (ES-LCMS) m/z 228 (M+Na)+. 
 
Step 2: tert-butyl (2-(2-((6-chlorohexyl)oxy)ethoxy)ethyl)carbamate, 4  

O
ClO

N
H

Boc
OH I ClO

N
H

Boc +

432

NaH, 
THF, DMF

 

In a flame-dried 250 mL round-bottom flak under nitrogen was placed sodium hydride (60% dispersion in 
mineral oil, 0.76 g, 19.0 mmol) followed by dry THF (30 mL).  The mixture was cooled in an ice bath to 0 °C 
and a solution of tert-butyl (2-(2-hydroxyethoxy)ethyl)carbamate (3 g, 14.6 mmol) in dry THF (5 mL) was slowly 
added.  After the reaction was stirred for one hour at 0 °C, a solution of 1-chloro-5-iodopentane (5.41 g, 21.9 
mmol) in dry THF (5 mL) was slowly added.  The reaction was kept at 0 °C overnight then poured into water 
and the product extracted with ethyl acetate (3x).  The combined organic extracts were filtered to remove dark 
brown precipitates then washed with brine, dried over Na2SO4, filtered and concentrated in vacuo.  The crude 
material was purified by flash chromatography (40 g silica column, 0-100% EtOAc/hexane gradient) to obtain 
the product as a light yellow oil (3.1 g, 65% yield). (ES-LCMS) m/z 343 (M+Na)+. 
 
Step 3: 2-(2-((6-chlorohexyl)oxy)ethoxy)ethan-1-amine TFA salt, 5 

O
ClO

N
H

Boc
O

ClO
H2N

TFA, DCM TFA

4 5  
To a solution of tert-butyl (2-(2-((6-chlorohexyl)oxy)ethoxy)ethyl)carbamate (3 g, 9.28 mmol) in 
dichloromethane (20.0 mL) added trifluoroacetic acid (5 mL) and maintained at room temperature for 3.0 h. 
The reaction was concentrated under vacuum and triturated with two 5 ml portions of ether and ether decanted 
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away and residual ether of was concentrated to yield a dark yellow product 3.11 g, 104% yield. 1H NMR 
(CHLOROFORM-d ,300MHz): δ = 11.01 - 11.63 (m, 1 H), 3.71 - 3.80 (m, J=10.0 Hz, 2 H), 3.65 - 3.71 (m, 2 H), 
3.63 (br. s., 2 H), 3.43 - 3.57 (m, 4 H), 3.16 - 3.31 (m, 2 H), 1.76 (s, 2 H), 1.59 (s, 2 H), 1.25 - 1.50 ppm (m, 4 
H); (ES-LCMS) m/z 224 (M+Na)+. 
 
Step 4: N-(2-(2-((6-chlorohexyl)oxy)ethoxy)ethyl)-1-(5-((3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-
d]imidazol-4-yl)pentanamido)-3,6,9,12,15,18,21,24,27,30,33,36-dodecaoxanonatriacontan-39-amide, R1 

O

O
H
N

O
S

NHHN

O

H
H

O Cl
O

N
H

12

O Cl
O

H2N
TFA

Biotin-dPEG12-OTFP 
TEA, DCM

5

biotin-PEG12-HTL.1 (R1)

6

6

 
DIPEA (125 µL, 0.717 mmol) was added to a solution of 2-(2-((6-chlorohexyl)oxy)ethoxy)ethan-1-amine TFA 
salt (5) (20 mg, 0.089 mmol) and biotin-dPEG12-OTFP ester (71 mg, 0.071 mmol, Quanta Biodesign) in DCM 
(1 mL).  After two hours the solvent was removed in vacuo and the residue was purified by Gilson prep HPLC 
(Sunfire Prep C18 OBD, 10 µm, 30 x 150 mm column, 15-75% ACN/H2O (both containing 0.1% TFA) 
gradient).  The product fractions were combined and concentrated to remove the acetonitrile before freeze 
drying overnight to obtain a colorless semi-solid product (20 mg, 21 % yield). ES-LCMS:  m/z = 1049.5(M+H)+; 
1H NMR (METHANOL-d4 ,300MHz): δ  = 4.45 - 4.53 (m, 1 H), 4.26 - 4.35 (m, 1 H), 3.45 - 3.76 (m, 58 H), 3.33 - 
3.41 (m, 5 H), 3.21 (dd, J=8.8, 4.7 Hz, 1 H), 2.87 - 2.98 (m, 1 H), 2.66 - 2.76 (m, 1 H), 2.45 (s, 2 H), 2.22 (s, 2 
H), 1.32 - 1.84 ppm (m, 14 H); HRMS (ESI+ ): m/z calcd for C47H90ClN4O17S: 1049.5711 [M+H]+; found: 
1049.5704, [M+H]+ 
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Synthesis of R2―biotin-PEG12-HTL.2 
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Step 1: 2-(4-bromo-2-methoxyphenyl)ethan-1-ol, 7 

OCH3

HO

Br
O (CH3)2S-BH3,  

THF

OCH3

HO

Br

6 7  
To a solution of 2-(4-bromo-2-methoxyphenyl)acetic acid (10.0 g, 41.0 mmol, CombiBlocks) in THF (100 mL) at 
0 °C was added dropwise borane dimethylsulfide (21.1 mL, 246.0 mmol), keeping the temperature below 5 °C 
during the addition.  The reaction was allowed to stir overnight as the ice bath warmed to ambient temperature.  
The reaction was poured into dry methanol (100 mL), stirred for 5 minutes and then the solvent was removed 
in vacuo.  The crude product was obtained as a yellowish brown oil (13.45 g, 98% yield). 1H NMR 
(METHANOL-d4, 300MHz): δ  = 6.94 - 7.09 (m, J=8.8 Hz, 3 H), 3.78 (s, 3 H), 3.67 (t, J=7.0 Hz, 2 H), 2.77 ppm 
(t, J=7.0 Hz, 2 H); ES-LCMS: m/z 232 (M+H)+ 
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Step 2: [2-(4-Bromo-2-methoxy-phenyl)-ethoxy]-acetonitrile, 8 

H3CO

O

Br

NC

NaH, THF, 0 °C

OCH3

HO

Br

7 8

BrNC

 
In a flame-dried 100 mL round-bottom flak under nitrogen was placed sodium hydride (60% dispersion in 
mineral oil, 9.35 g, 70.1 mmol) followed by dry THF (90 mL).  The mixture was cooled in an ice bath to 0 °C 
and a solution of 2-(4-bromo-2-methoxy-phenyl)-ethanol (13.45 g, 58.4 mmol) in dry THF (50 mL) was slowly 
added.  After the reaction was stirred for one hour at 0 °C, a solution of bromoacetonitrile (4.89 mL, 70.1 mmol) 
in dry THF (50 mL) was slowly added.  The reaction was kept at 0 °C overnight then poured into water and the 
product extracted with ethyl acetate (3x).  The combined organic extracts were filtered to remove dark brown 
precipitates then washed with brine, dried over Na2SO4, filtered and concentrated in vacuo.  The crude material 
was purified by flash chromatography (40 g silica column, 0-2% MeOH/DCM gradient) to obtain the product as 
a colorless oil (8.57 g, 54% yield). 1H NMR (CHLOROFORM-d ,300MHz): δ  = 7.03 (br. s., 3 H), 4.23 (br. s., 2 
H), 3.67 - 3.91 (m, 5 H), 2.89 ppm (d, J=5.9 Hz, 2 H); ES-LCMS:  m/z 271.5 (M+H)+ 
 
Step 3: 2-[2-(4-Bromo-2-methoxy-phenyl)-ethoxy]-ethylamine, 9 

H3CO

O

Br

NC

(CH3)2S-BH3,  THF, reflux H3CO

O

Br

H2N

8 9  
A 2M solution of borane dimethyl sulfide complex in THF (47.8 mL, 95.5 mmol) was added to a solution of [2-
(4-bromo-2-methoxy-phenyl)-ethoxy]-acetonitrile (8.57 g, 31.8 mmol) in THF (50 mL) and the mixture was 
heated at 70 °C for 3 hours.  The reaction as cooled and then quenched with methanol (50 mL).  The reaction 
was concentrated in vacuo and then concentrated twice more from methanol.  The crude oil was place on 
under high vacuum overnight to afford compound 9 (5.2 g, 60% yield). ES-LCMS:  m/z 274.5, 276.4 (M, 
M+2H)+ 

 
Step 4: tert-butyl (2-(4-bromo-2-methoxyphenethoxy)ethyl)carbamate, 10 

H3CO

O

Br

H2N

H3CO

O

Br

BocHN

(Boc)2O, 
Et3N, DCM

9 10  
To a solution of 2-(4-bromo-2-methoxyphenethoxy)ethan-1-amine (8.6 g, 31.3 mmol) in DCM (50 mL) was 
added di-tert-butyl dicarbonate (8.9 g, 40.8 mmol ) and the reaction mixture was maintained at 45 °C  for 24 h.  
After the complete consumption of starting material (LC-MS), the volatiles were removed in vacuo, and the 
residue was dissolved in dichloromethane (30 mL). The solution was washed successively with 1% HCl (60 
mL), brine (2 x 30 mL), and deionized water (30 mL), then dried over MgSO4, filtered, and concentrated. 
Purification by flash chromatography (40 g silica cartridge, 0-100% EtOAc/Hexanes) afforded the title 
compound in 9 0g, 77% yield. 1H NMR (CHLOROFORM- δ  ,300MHz): d = 6.92 - 7.12 (m, 3 H), 4.70 - 4.93 (m, 
1 H), 3.73 - 3.93 (m, 3 H), 3.54 - 3.66 (m, 2 H), 3.43 - 3.53 (m, 2 H), 3.21 - 3.33 (m, 2 H), 2.76 - 2.90 (m, 2 H), 
1.44 ppm (br. s., 9 H); (ESI) m/z 397, 399 (M+Na, M+Na+2)+. 
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Step 5: tert-butyl (2-((4-(3-hydroxyprop-1-yn-1-yl)-2-methoxybenzyl)oxy)ethyl)carbamate, 11 

OHH3CO

O

Br

BocHN CuI, TEA
Pd(PPh3)4
Dioxane: H2O, 80 °C

BocHN
O

OCH3

OH10 11  
To mixture of compounds tert-butyl (2-(4-bromo-2-methoxyphenethoxy)ethyl)carbamate (7.0 g, 19.0 mmol), 
K2CO3 (5.25 g, 38.0 mmol), copper(I) iodide (0.36 g, 1.90 mmol), Pd(PPh)4 (1.06 g, 0.95 mmol), and 
dioxane/H2O (100 mL/10 mL) were added to a round bottom flask. The reaction mixture was placed under 
vacuum and then vented with nitrogen (3 times). The prop-2-yl-1-ol (13.3 g, 190.0 mmol) was added and the 
reaction heated to 75°C overnight. Reaction monitored by LC-MS until complete. The solvent was removed 
under reduced pressure and crude residue purified by flash chromatography (40 g silica cartridge, 0-70% 
EtOAc/Hexanes) to afford the title compound in 2.16 g 33% yield. 1H NMR (CHLOROFORM-d ,300MHz): δ = 
7.03 - 7.11 (m, 1 H), 6.93 - 7.01 (m, 1 H), 6.86 - 6.92 (m, 1 H), 4.77 - 5.01 (m, 1 H), 4.46 (br. s., 2 H), 4.24 - 
4.33 (m, 1 H), 3.78 (s, 3 H), 3.59 (s, 2 H), 3.46 (br. s., 2 H), 3.20 - 3.31 (m, 2 H), 2.85 (s, 2 H), 1.43 ppm (s, 9 
H); (ESI) m/z 372 (M+Na)+. 
 
Step 6: tert-butyl (2-(4-(3-hydroxypropyl)-2-methoxyphenethoxy)ethyl)carbamate, 12 

BocHN
O

OCH3

OH

OCH3

O
BocHN

OH10% Pd/C, 50 
psi H2, MeOH

11 12  
tert-Butyl (2-((4-(3-hydroxyprop-1-yn-1-yl)-2-methoxybenzyl)oxy)ethyl)carbamate (1.8 g, 5.15 mmol) in EtOH 
(20 mL) was hydrogenated using 5% Pt/C (~100 mg) in a small Parr vessel (250 mL) with hydrogen (55 psi) 
overnight.  The reaction was filtered through celite while under nitrogen and the filtrate was then concentrated 
in vacuo.  The crude product was purified by flash chromatography (24 g silica, 0-100% EtOAc/hexane 
gradient) to obtain product 12 (1.11 g, 61% yield). 1H NMR (CHLOROFORM-d ,300MHz): δ = 6.99 - 7.15 (m, 1 
H), 6.69 (m, 2 H), 4.91 (br. s., 1 H), 3.80 (s, 3 H), 3.56 - 3.72 (m, J=6.2, 6.2 Hz, 4 H), 3.49 (t, J=5.0 Hz, 2 H), 
3.27 (d, J=5.3 Hz, 2 H), 2.85 (t, J=7.3 Hz, 2 H), 2.61 - 2.74 (m, J=7.6, 7.6 Hz, 1 H), 1.81 - 1.95 (m, 2 H), 1.44 
ppm (s, 9 H); ES-LCMS:  m/z 377 (M+Na)+ 
 
Step 7: tert-butyl (2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)carbamate, 13  triphosgene, 

Et3N, DCM

OCH3

O
BocHN

OH

OCH3

O
BocHN

Cl

1312  
To tert-butyl (2-(4-(3-hydroxypropyl)-2-methoxyphenethoxy)ethyl)carbamate (1.11 g, 3.14 mol) and 
triethylamine (1.09 mL, 7.85 mmol) in DCM (20 mL) was added triphosgene (0.46 g, 1.57 mmol) and the 
reaction stirred at room temperature for 1h. Aqueous sodium bicarbonate was added and the water layer 
extracted twice with dichloromethane. The organic extracts were combined, dried (Na2SO4), and concentrated 
under reduced pressure to provide crude product. Purification by flash chromatography (24 g silica cartridge, 0-
10% MeOH/CH2Cl2) afforded the title compound (1.05 g, 89% yield). 1H NMR (CHLOROFORM-d ,300MHz): δ  
= 7.07 (d, J=7.6 Hz, 1 H), 6.65 - 6.77 (m, 2 H), 4.85 (br. s., 1 H), 3.82 (s, 3 H), 3.44 - 3.66 (m, 6 H), 3.28 (q, 
J=4.9 Hz, 2 H), 2.86 (t, J=7.0 Hz, 2 H), 2.75 (t, J=7.3 Hz, 2 H), 2.01 - 2.14 (m, 2 H), 1.45 ppm (s, 9 H); (ES-
LCMS) m/z 395 (M+Na)+. 
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Step 8: 2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethan-1-amine, 14 

OCH3

O
H2N

Cl

HCl

HCl, dioxane

OCH3

O
BocHN

Cl

13 14  
To a solution of tert-butyl (2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)carbamate (203 mg, 0.55 mmol) in 
dichloromethane (2.0 mL) was added 4N HCl in dioxane (0.5 mL) and maintained at room temperature for 
3.0h. The reaction was concentrated under vacuum and triturated with two portions of ether (5 ml ) and the 
ether decanted off to yield product (160.2 mg, 99% yield). 1H NMR (CHLOROFORM-d ,300MHz): δ  = 8.29 (br. 
s., 2 H), 7.07 (d, J=7.6 Hz, 1 H), 6.62 - 6.78 (m, 2 H), 3.80 (s, 3 H), 3.62 - 3.76 (m, J=5.0, 5.0 Hz, 4 H), 3.52 (t, 
J=6.4 Hz, 2 H), 3.20 (br. s., 2 H), 2.88 (t, J=7.0 Hz, 2 H), 2.73 (t, J=7.3 Hz, 2 H), 1.92 - 2.20 ppm (m, 2 H); (ES-
LCMS) m/z 272 (M+H)+. 
 
Step 9: tert-butyl (4-((2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)carbamoyl)benzyl)carbamate, 15 

OCH3

O
H2N

Cl

HCl

 HATU, DIPEA

O

BocHN
OH OCH3

O

Cl

O

BocHN H
N

14 15
 

2-(4-(3-Chloropropyl)-2-methoxyphenethoxy)ethan-1-amine (276 mg, 1.01 mmol), 4-Boc-aminomethyl)benzoic 
acid (305.9 mg, 1.21 mmol), HATU (964.5 mg, 2.53 mmol), and DIPEA (708 µL, 4.05 mmol) were combined in 
DMF (5 mL).  The mixture was stirred for 4 hours then poured into water and the product extracted with ethyl 
acetate (3x).  The combined organic extracts were washed with brine then dried over Na2SO4, filtered and 
concentrated in vacuo. The crude material was purified by flash chromatography (24 g silica, 15-70% 
EtOAc/hexane gradient) to obtain the product (339.8 mg, 66% yield). 1H NMR (CHLOROFORM-d, 300MHz): δ  
= 7.68 (d, J=7.6 Hz, 2 H), 7.34 (d, J=8.2 Hz, 2 H), 7.08 (d, J=7.6 Hz, 1 H), 6.67 (br. s., 2 H), 6.44 (br. s., 1 H), 
4.86 - 5.00 (br. s, 1 H), 4.22 - 4.47 (m, 2 H), 3.80 (s, 3 H), 3.47 - 3.71 (m, 8 H), 2.61 - 2.98 (m, J=6.7, 6.7 Hz, 4 
H), 2.05 (t, J=6.7 Hz, 2 H), 1.47 ppm (s, 9 H); (ES-LCMS) m/z 506 (M+H)+. 
 
Step 10: 4-(aminomethyl)-N-(2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)benzamide, 16 

OCH3

O

Cl

O

BocHN H
N

OCH3

O

Cl

O

H2N H
NHCl, dioxane

15 16  
To a solution of tert-butyl (2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)carbamate (203 mg, 0.55 mmol) in 
dichloromethane (2.0 mL) was added 4N HCl (0.5 mL) in dioxane and the reaction maintained at room 
temperature for 3.0 h. The reaction was then concentrated under vacuum and triturated with two portions of 
ether (5 ml) that were subsequently decanted off to yield product (160.2 mg, 99% yield). 1H NMR 
(CHLOROFORM-d ,300MHz): δ  = 8.41 (br. s., 2 H), 7.52 (br. s., 2 H), 7.31 (br. s., 2 H), 6.96 - 7.04 (br. s., 1 
H), 6.59 - 6.70 (m, 2 H), 3.99 (s., 2 H), 3.70 - 3.78 (s, 3 H), 3.39 - 3.67 (m, 8 H), 2.83 (m, 2 H), 2.57 - 2.74 (m, 2 
H), 1.90 - 2.09 ppm (m, J=5.3 Hz, 2 H); (ES-LCMS) m/z 406 (M+H)+. 
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Step 11: Synthesis of reagent Biotine-PEG12-HTL.2 (R2) 

OCH3

O
O

H2N H
N

Cl

O

O
H
N

O
S

NHHN

O

H
H

12

Biotin-dPEG12-OTFP
TEA, DCM

OCH3

O
O

N
H H

N

biotin-PEG12-HTL.2 (R2)

Cl

16

HCl

To 
a solution of solution of 2-(2-((6-chlorohexyl)oxy)ethoxy)ethan-1-amine HCl salt (16) (20 mg, 0.089 mmol) and 
biotin-dPEG12-OTFP (71 mg, 0.071 mmol, Quanta Biodesign) in DCM (1 mL) was added DIPEA (69 µL, 0.395 
mmol) and the reaction stirred at room temperature overnight. The solvent was then removed in vacuo and the 
residue was purified by Gilson prep HPLC (Sunfire Prep C18 OBD, 10 µm, 30 x 150 mm column, 15-75% 
ACN/H2O gradient (both solvents containing 0.1% TFA).  The product fractions were combined and 
concentrated to remove acetonitrile before freeze drying overnight to obtain a colorless semi-solid product (20 
mg, 21 % yield). 1H NMR (METHANOL-d4, 300MHz): δ  = 7.77 (d, J=8.2 Hz, 2 H), 7.40 (d, J=8.2 Hz, 2 H), 7.05 
(d, J=7.6 Hz, 1 H), 6.75 (s, 1 H), 6.64 (d, J=7.6 Hz, 1 H), 4.42 - 4.51 (m, 3 H), 4.29 (dd, J=7.9, 4.4 Hz, 1 H), 
3.73 - 3.81 (m, 4 H), 3.56 - 3.68 (m, 48 H), 3.47 - 3.56 (m, 6 H), 3.36 (d, J=5.3 Hz, 2 H), 3.15 - 3.24 (m, J=8.5, 
5.0 Hz, 1 H), 2.79 - 2.96 (m, J=12.9, 4.7 Hz, 3 H), 2.66 - 2.75 (m, J=2.3 Hz, 3 H), 2.52 (t, J=6.2 Hz, 2 H), 2.21 
(t, J=7.3 Hz, 2 H), 1.96 - 2.08 (m, 2 H), 1.53 - 1.80 (m, J=2.3 Hz, 4 H), 1.44 ppm (q, J=7.0 Hz, 2 H); (ES-
LCMS) m/z 1231.63 (M+H)+; HRMS (ESI): m/z calcd for C59H97ClN5O18S: 1230.6236 [M+H]+; found: 
1230.6232, [M+H]+ 
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Synthesis of R3―azide-PEG36-HTL.1 (azideDART.1) 

O
ClO

H2N
TFA

5

O

O
N3

2) azido-dPEG36-TFP, 
DIPEA, DCM

O
ClO

N
H

azido-PEG36-HTL.1  (R3)

36

 
 
DIPEA (125 µL, 0.717 mmol) was added to a solution of 2-(2-((6-chlorohexyl)oxy)ethoxy)ethan-1-amine TFA 
salt (5) (20.5 mg, 0.109 mmol) and biotin-dPEG36-OTFP (202 mg, 0.109 mmol, Quanta Biodesign) in DCM (2 
mL).  After two hours the solvent was removed in vacuo and the residue was purified by Gilson prep HPLC 
(Sunfire Prep C18 OBD, 10 µm, 30 x 150 mm column, 15-80% MeCN/H2O gradient (both solvents 0.1% TFA).  
The product fractions were combined and concentrated to remove the acetonitrile before freeze drying 
overnight to obtain a colorless semi-solid for the product (54 mg, 23 % yield). ES-LCMS:  m/z = 
1929.3(M+Na)+;  1H NMR (METHANOL-d4 ,300MHz): δ = 3.45 - 3.88 (m, 158 H), 3.33 - 3.42 (m, 6 H), 2.39 - 
2.50 (m, 2 H), 1.71 - 1.84 (m, 2 H), 1.54 - 1.66 (m, 2 H), 1.32 - 1.53 ppm (m, 4 H); HRMS (ESI): m/z calcd for 
C85H169ClN4NaO39: 1928.0937 [M+Na]+; found: 1928.0944, [M+Na]+ 
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H NMR of azide-PEG36-HTL.1 (azideDART.1, R3) 
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Synthesis of R4―azide-PEG36-HTL.2 (azideDART.2)

OCH3

Cl

O
H
N

O

N
H

O

O
N3

2) azido-dPEG36-TFP, 
DIPEA, DCM

OCH3

O

Cl

O

H2N H
NHCl

3616

azido-PEG36-HTL.2 (R4)  
 
DIPEA (125 µL, 0.717 mmol) was added to a solution of 2-(2-((6-chlorohexyl)oxy)ethoxy)ethan-1-amine TFA 
salt (5) (20.5 mg, 0.109 mmol) and biotin-dPEG36-OTFP ester (202 mg, 0.109 mmol, Quanta Biodesign) in 
DCM (2 mL).  After two hours the solvent was removed in vacuo and the residue was purified by Gilson prep 
HPLC (Sunfire Prep C18 OBD, 10 µm, 30 x 150 mm column, 15-80% ACN/H2O gradient (both 0.1% TFA).  
The product fractions were combined and concentrated to remove the acetonitrile before freeze drying 
overnight to obtain a colorless semi-solid for the product (54 mg, 24%). 1H NMR (METHANOL-d4 ,300MHz): δ  
= 7.77 (d, J=8.2 Hz, 2 H), 7.40 (d, J=8.2 Hz, 2 H), 7.04 (s, 1 H), 6.75 (s, 1 H), 6.59 - 6.69 (m, 1 H), 4.43 - 4.51 
(m, 2 H), 3.78 - 3.80 (m, 3 H), 3.53 - 3.71 (m, 150 H), 3.34 - 3.41 (m, 4 H), 2.80 - 2.88 (m, 2 H), 2.66 - 2.75 (m, 
2 H), 2.47 - 2.55 (m, 2 H), 2.02 ppm (s, 2 H); (ES-LCMS) m/z 1053.74 ((M+Na)/2)+; HRMS (ESI): m/z calcd for 
C97H177ClN5O40: 2087.1645 [M+H]+; found: 2087.1652, [M+H]+ 
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1H NMR of azide-PEG36-HTL.2 (azideDART.2, R4) 
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Synthesis of R5―YM90K.1DART.1 

F F

NO2

F NH

NO2

CO2Et

H2N CO2Et

THF/DMF, 40 °C         78 %

DIEA
F NH

NH2

CO2Et
H2/Pd

EtOAc/MeOH, r.t      Quant.
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TEA

CHCl3, r.t
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HNO3(f)/H2SO4
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Step 1: Synthesis of ethyl 4-((5-fluoro-2-nitrophenyl)amino)butanoate, 18  (reported in reference 1) 
 

F F

NO2

F NH

NO2

CO2Et

H2N CO2Et

THF/DMF, 40 °C         78 %

DIEA

17 18  
To a vial was added 2,4-difluoro-1-nitrobenzene, 17 (1.993 g, 1.374 mL, 12.53 mmol) and THF (10 mL)/DMF 
(5 mL) after which ethyl-4-aminobutanoate.HCl (2.000 g, 11.93 mmol) and triethylamine (1.449 g, 2.0 mL, 
14.32 mmol) were added. The reaction was stirred at 40°C overnight after which the mixture was concentrated, 
taken up in DCM (~200 mL), washed with water (2 x 20 mL), brine (20 mL), filtered through an isolute phase 
separator, and concentrated to a yellow oil which was purified by silica gel chromatography eluting with 0 to 50 
% ethyl acetate in hexanes to give ethyl-4-((5-fluoro-2-nitrophenyl)amino)butanoate, 18 (2.5 g, 78 %) as a 
yellow/orange oil. 1H NMR (500 MHz, Chloroform-d) δ 8.19 (dd, J = 9.5, 6.1 Hz, 2H), 6.52 (dd, J = 11.5, 2.6 Hz, 
1H), 6.35 (ddd, J = 9.7, 7.2, 2.5 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.32 (q, J = 6.6 Hz, 2H), 2.44 (t, J = 7.0 Hz, 
2H), 2.02 (p, J = 7.1 Hz, 2H), 1.30 – 1.20 (m, 3H). 
(ES-LCMS) m/z 271.2 (M+H)+. 
 
Step 2: Synthesis of ethyl 4-((2-amino-5-fluorophenyl)amino)butanoate, 19 (reported in reference 1) 
 

F NH

NO2

CO2Et F NH

NH2

CO2Et
H2/Pd

EtOAc/MeOH, r.t      Quant.

18 19  
To a flask containing palladium on carbon (0.30 g, 0.28 mmol) was added (under a stream of nitrogen) a 
solution of ethyl 4-((5-fluoro-2-nitrophenyl)amino)butanoate, 18 (2.5 g, 9.3 mmol) in methanol (30 mL)/ethyl 
acetate (30 mL). The reaction was stirred under an atmosphere of hydrogen overnight after which it was 
filtered through celite and the filtrate concentrated to give ethyl 4-((2-amino-5-fluorophenyl)amino)butanoate, 
19 (2.3 g, quant.) as a purple oil.1H NMR (500 MHz, Chloroform-d) δ 6.59 (dd, J = 8.3, 5.6 Hz, 1H), 6.36 – 6.23 
(m, 2H), 4.12 (q, J = 7.1 Hz, 2H), 3.12 (t, J = 6.9 Hz, 2H), 3.07 (s, 2H), 2.44 (t, J = 7.1 Hz, 2H), 1.98 (p, J = 7.0 
Hz, 2H), 1.24 (t, J = 7.1 Hz, 4H). 
(ES-LCMS) m/z 241.3 (M+H)+. 
 
Steps 3 / 4: Synthesis of ethyl 4-(7-fluoro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoate, 21 (reported in 
reference 1) 

F NH

NH2

CO2Et F N

H
N O

CO2Et

O

Cl

O

O

OEt

F N

NH

O
O

O

O
O

O
CO2Et

HCl/EtOH
TEA

CHCl3, r.t
Reflux
51 % (2 steps)

19

20

21

 
A solution of ethyl 4-((2-amino-5-fluorophenyl)amino)butanoate, 19 (2.3 g, 9.6 mmol)  and triethylamine (1.9 g, 
2.7 mL, 19 mmol) in chloroform (40 mL) was cooled in an ice/water bath and placed under nitrogen. Ethyl 2-
chloro-2-oxoacetate (2.6 g, 2.1 mL, 19 mmol) in chloroform (5 mL) was added dropwise. The ice bath was 
removed upon dropwise addition and the reaction was allowed to stir at room temperature for 1.5 h after 
LC/MS indicated the desired intermediate, 20. The reaction was diluted with chloroform (15 mL) and 
transferred into a separatory funnel.  The organic layer was washed with water (15 mL), saturated aqueous 
NaHCO3 solution (2 x 15 mL), saturated NH4Cl solution (2 x 15 mL), brine (15 mL), and filtered through an 
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isolute phase separator. The filtrate was concentrated to a black/purple oil which was taken up in ethanol (30 
mL). Concentrated HCl (0.5 mL) was added and the reaction was heated to 100°C for 1 h after which LC/MS 
indicated starting material. Additional concentrated HCl (0.5 mL) was added and heating was continued for 
another 1.5 after the reaction was allowed to cool to room temperature and solids precipitated out of solution. 
The mixture was filtered and the collected solids washed with ethanol to give ethyl 4-(7-fluoro-2,3-dioxo-3,4-
dihydroquinoxalin-1(2H)-yl)butanoate, 21 (1.45 g, 51 %) as a tan solid. 1H NMR (500 MHz, DMSO-d6) δ 12.04 
(s, 1H), 7.43 (dd, J = 11.1, 2.6 Hz, 1H), 7.19 (dd, J = 8.8, 5.5 Hz, 1H), 7.06 (td, J = 8.5, 2.5 Hz, 1H), 4.17 – 
3.98 (m, 4H), 2.47 (t, J = 7.2 Hz, 2H), 1.87 (p, J = 7.3 Hz, 2H), 1.20 (t, J = 7.1 Hz, 3H). 
(ES-LCMS) m/z 295.2 (M+H)+. 
 
Step 5: Synthesis of ethyl 4-(7-fluoro-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoate, 22 (reported 
in reference 1) 
 

F N

H
N O

CO2Et

O

HNO3(f)/H2SO4

0 °C
90 %

F N

H
N O

CO2Et

O

O2N

21 22
 

A round bottom flask containing ethyl 4-(7-fluoro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoate, 21 (1.45 
g, 4.93 mmol) was immersed in an ice/water bath and concentrated sulfuric acid (15 mL) was added. The 
mixture was stirred and nitric acid (0.34 g, 0.24 mL, 4.93 mmol) (red, fuming) was added dropwise. The 
resulting reaction mixture was stirred for 30 min after which it was poured into a mixture of ice and water, and 
yellow solids precipitated out. The suspension was thoroughly stirred then filtered to give ethyl 4-(7-fluoro-6-
nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoate, 22 (1.51 g, 90.3 %) as a light yellow solid. 1H NMR 
(500 MHz, DMSO-d6) δ 12.25 (s, 1H), 7.92 (d, J = 7.1 Hz, 1H), 7.73 (d, J = 13.4 Hz, 1H), 4.19 – 3.99 (m, 4H), 
2.49 (t, J = 7.2 Hz, 2H), 1.87 (p, J = 7.3 Hz, 2H), 1.20 (t, J = 7.1 Hz, 3H). (ES-LCMS) m/z 340.2 (M+H)+. 
 
Step 6: Synthesis of ethyl 4-(7-(1H-imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoate, 
23 (reported in reference 1) 
 

F N

H
N O

CO2Et

O

O2N

N N

H
N O

CO2Et

O

O2N

N

N
HN

DMF, 120 °C     78 %

22 23   
To a vial containing ethyl 4-(7-fluoro-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoate, 22 (1.5 g, 4.4 
mmol) was added DMF (10 mL) after which imidazole (0.63 g, 9.3 mmol) was added and the reaction was 
heated overnight at 80°C after which LC/MS still indicated starting material. Additional imidazole (100 mg, 0.7 
mmol) was added and the temperature was increased to 100°C for 2 h after which LC/MS still starting material. 
Additional imidazole (100 mg, 0.7 mmol) was added and heating was continued at 100°C for 2 h then 120°C 
for 2 h after which the reaction was finally complete. The reaction mixture was poured into a mixture of 
ice/water and stirred vigorously then filtered. The collected solid was isolated to give ethyl 4-(7-(1H-imidazol-1-
yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoate, 23 (1.34 g, 78 %) as an orange solid. 1H NMR 
(500 MHz, DMSO-d6) δ 12.57 (s, 1H), 9.45 (s, 1H), 8.17 (s, 1H), 8.05 (d, J = 1.7 Hz, 1H), 8.00 (s, 1H), 7.89 (d, 
J = 1.7 Hz, 1H), 4.13 (t, J = 7.5 Hz, 2H), 2.40 (t, J = 7.3 Hz, 2H), 1.87 (p, J = 7.4 Hz, 2H). (ES-LCMS) m/z 
388.3 (M+H)+. 
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Step 7: 4-(7-(1H-imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoic acid, 24 (reported in 
reference 1) 

N N

H
N O

CO2Et

O

O2N

N

NaOH

THF, r.t
Quant.

N N

H
N O

COOH

O

O2N

N

23 24  
To a vial containing ethyl 4-(7-(1H-imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoate, 23 
(1 g, 3 mmol) was added NaOH (1 M in water, 8 mL, 4 mmol) and THF (2 mL) and the reaction was stirred at 
room temperature for 4 h. THF was removed under a stream of nitrogen and to the resulting solution was 
added 2 M HCl (~ 6 mL) [pH ~ 2] and solids precipitated. The mixture was vigorously stirred then filtered to 
give 4-(7-(1H-imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoic acid, 24 (1.12 g, 
quant.) as a yellow solid. 1H NMR (500 MHz, DMSO-d6) δ 12.57 (s, 1H), 9.45 (s, 1H), 8.17 (s, 1H), 8.05 (d, J = 
1.7 Hz, 1H), 8.00 (s, 1H), 7.89 (d, J = 1.7 Hz, 1H), 4.13 (t, J = 7.5 Hz, 2H), 2.40 (t, J = 7.3 Hz, 2H), 1.87 (p, J = 
7.4 Hz, 2H). (ES-LCMS) m/z 360.3 (M+H)+. 
 
Step 8: Synthesis of 4-(7-(1H-imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)-N-
(3,6,9,12,15,18-hexaoxahenicos-20-yn-1-yl)butanamide, 25 
 

N N

H
N O

COOH

O

O2N

N

H2N
O 6

TSTU, DMF, r.t       68 % N N

H
N O

O

O2N

N
O

NH
O 6

24

25  
To 4-(7-(1H-imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)butanoic acid, 24 (100 mg, 278 
µmol) was added DMF (1.5 mL), DIPEA (71.9 mg, 97 µL. 557 µmol) and 1-(bis(dimethylamino)(tetrafluoro-l5-
boraneyl)methoxy)pyrrolidine-2,5-dione (TSTU) (83.8 mg, 278 µmol). The reaction was stirred for 15 min after 
3,6,9,12,15,18-hexaoxahenicos-20-yn-1-amine (88.9 mg, 278 µmol) was added and the reaction was stirred at 
room temperature for 1 h after which it was directly purified by reverse phase prep HPLC eluting from 5 to 50 
% acetonitrile in water (0.1 % FA and conditions as described in the general chemical synthesis information) to 
give 4-(7-(1H-imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)-N-(3,6,9,12,15,18-
hexaoxahenicos-20-yn-1-yl)butanamide, 25 (125 mg, 68 %) as a yellow oil. 1H NMR (500 MHz, CDCl3) δ 8.08 
(s, 1H), 7.78 (s, 1H), 7.71 (s, 1H), 7.19 (s, 1H), 7.15 (s, 1H), 6.66 (t, J = 5.5 Hz, 1H), 4.27 (t, J = 7.5 Hz, 2H), 
4.13 (d, J = 2.4 Hz, 2H), 3.69 – 3.55 (m, 20H), 3.51 (t, J = 5.1 Hz, 2H), 3.38 (q, J = 5.2 Hz, 2H), 2.49 – 2.26 (m, 
3H), 2.11 (q, J = 7.0 Hz, 2H). (ES-LCMS) m/z 661.4 (M+H)+. 
 
Step 9: Synthesis of YM90K.1DART.1 (R5) 

YM90K.1DART.1 (R5)
25
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H
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O

O2N

N
O
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O 6

CuSO4.5H2O
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r.t
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To 4-(7-(1H-imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)-N-(3,6,9,12,15,18-
hexaoxahenicos-20-yn-1-yl)butanamide, 25 (5 mg, 7.6 µmol) was added EtOH (0.4 mL)/t-BuOH (0.2 
mL)/Water (0.2 mL) after which azido-PEG36-HTL1.0, R3 (14 mg, 7.6 µmol) was added. Finally, Cu(II) sulfate 
pentahydrate (0.1 mg, 0.38 µmol) and sodium ascorbate (0.14 mg, 0.76 µmol) were added and the reaction 
mixture was stirred overnight at room temperature. The mixture was directly purified by reverse phase prep 
HPLC eluting from 5 to 70 % acetonitrile in water (0.1 % FA, 220 nm collection wavelength and other 
parameters as described in the general chemical synthesis section) and lyophilized to give 1-(4-(24-(7-(1H-
imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)-21-oxo-2,5,8,11,14,17-hexaoxa-20-
azatetracosyl)-1H-1,2,3-triazol-1-yl)-N-(2-(2-((6-chlorohexyl)oxy)ethoxy)ethyl)-
3,6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,1
08-hexatriacontaoxaundecahectan-111-amide, YM90K.1DART.1, R5 (6 mg, 31 %). 
1H NMR (500 MHz, CDCl3) δ 8.11 (s, 1H), 7.79 – 7.62 (m, 2H), 7.20 (s, 1H), 7.14 (s, 1H), 6.64 (s, 1H), 6.59 (s, 
1H), 4.62 (s, 2H), 4.50 (q, J = 5.2 Hz, 2H), 4.27 (t, J = 7.4 Hz, 1H), 3.84 (t, J = 5.1 Hz, 2H), 3.77 – 3.34 (m, 
178H), 2.45 (t, J = 6.1 Hz, 2H), 2.32 (t, J = 6.5 Hz, 1H), 2.11 – 2.00 (m, 2H), 1.75 (p, J = 6.9 Hz, 2H), 1.58 (p, J 
= 6.8 Hz, 2H), 1.43 (q, J = 8.3 Hz, 2H), 1.38 – 1.29 (m, 2H). HRMS (ESI+): m/z calcd for C115H211ClN10O50: 
1284.1994 [M+2H]2+; found: 1284.1989, [M+2H]2+ 
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Synthesis of R6―YM90K.1DART.2
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To 4-(7-(1H-imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)-N-(3,6,9,12,15,18-
hexaoxahenicos-20-yn-1-yl)butanamide, 25 (10 mg, 15 µmol) was added EtOH (0.4 mL)/t-BuOH (0.2 
mL)/Water (0.2 mL) after which azido-PEG36-HTL2.0, R4 (32 mg, 15 µmol) was added. Finally, Cu(II) sulfate 
pentahydrate (0.19 mg, 0.76 µmol) and sodium ascorbate (0.27 mg, 1.5 µmol) were added and the reaction 
mixture was stirred overnight at room temperature. The mixture was directly purified by reverse phase prep 
HPLC eluting from 5 to 70 % acetonitrile in water (0.1 % FA, 220 nm collection wavelength and other 
parameters as described in the general chemical synthesis section) and lyophilized to give 4-(113-(4-(24-(7-
(1H-imidazol-1-yl)-6-nitro-2,3-dioxo-3,4-dihydroquinoxalin-1(2H)-yl)-21-oxo-2,5,8,11,14,17-hexaoxa-20-
azatetracosyl)-1H-1,2,3-triazol-1-yl)-3-oxo-
6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,108
,111-hexatriacontaoxa-2-azatridecahectyl)-N-(2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)benzamide, 
YM90K.1DART.2, R6 (17 mg, 41 %). 1H NMR (500 MHz, CDCl3) δ 8.15-8.12 (m, 2H), 7.90 (br.s, 1H), 7.73 (s, 
2H), 7.66 (d, J = 8.1 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.25 – 7.12 (m, 2H), 7.04 (d, J = 7.8 Hz, 1H), 6.79 (d, J 
= 7.0 Hz, 1H), 6.65 (d, J = 6.3 Hz, 2H), 6.54 (d, J = 5.4 Hz, 1H), 4.61 (s, 2H), 4.51 – 4.42 (m, 4H), 4.24 (t, 
J=7.5Hz, 2H), 3.83 (t, J = 5.0 Hz, 2H), 3.77 (s, 3H), 3.75 (t, J = 5.7 Hz, 3H), 3.68 – 3.47 (m, 163H), 3.36 (q, J = 
5.2 Hz, 2H), 2.85 (t, J = 7.0 Hz, 2H), 2.70 (t, J = 7.4 Hz, 2H), 2.53 (t, J = 5.6 Hz, 2H), 2.33 (d, J = 6.4 Hz, 2H), 
2.06 – 2.00 (m, 4H). 
HRMS (ESI+): m/z calcd for C127H218ClN11O51: 1374.7257 [M+2H]2+; found: 1374.7217, [M+2H]2+ 
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Synthesis of R7―gabazine.1DART.2

OH

B(OH)2

N
N NH2

Br

N
N NH2

HO O

O
Br N

N NH2

HO

O

O

Pd(dppf)Cl2.DCM
K3PO4
Dioxane/Water
120°C
37 %

Br O
O

6 6

O

N
N NH2

O

O

O
6

Cl

O
N
H

O

NH

O

O
O

35

O

N3

O
O 6

Cl

O
N
H

O

NH

O

O
O

35

O

N N
N

O
6

N
NH2N

O

O

CuSO4.5H2O
Sodium ascorbate
r.t
26 %

NH
O

Pd(PPh3)4

O
O 6

Cl

O
N
H

O

NH

O

O
O

35

O

N N
N

O
6

N
NH2N

O

HO
Gabazine.1DART.2 (R7)

O 6

DMF, 80°C
66 %

DMF, Cs2CO3
r.t
16 %

r.t
62 %

26 27

28

30

31

32

R4

33

 
 
 
 



  31 
 

OH
Cl

O
Br O

O
Br

Br O
O

6 6HO
O

6

Br
Br

NaH, DMF
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n n

n=1 (28)
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0°C to r.t

31  
 
Synthesis of Intermediates towards Gabazine-DARTs 
 
Synthesis of allyl 4-bromobutanoate, 28 (Reported in reference 2) 
 

O

O
Br

28  
To cooled (ice/water bath) mixture of allyl alcohol (1.9 g, 2.2 mL, 6 equiv., 32 mmol) under nitrogen was added 
4-bromobutanoyl chloride (1.0 g, 0.62 mL, 1 equiv., 5.0 mmol) dropwise. The reaction was allowed to stir at 0 
°C for 2 h followed by room temperature for 3 h after TLC (1:1 EtOAc:Hex, iodine/silica stain) indicated 
conversion. The reaction mixture was directly concentrated to give allyl 4-bromobutanoate, 28 (1.035 g, 4.998 
mmol, 93 %) as a brown oil. 1H NMR (500 MHz, CDCl3) δ 5.90 (ddt, J = 16.7, 11.1, 5.6 Hz, 1H), 5.27 (dd, J = 
38.1, 13.8 Hz, 2H), 4.59 (d, J = 5.8 Hz, 2H), 3.46 (t, J = 6.3 Hz, 2H), 2.54 (t, J = 7.1 Hz, 2H), 2.18 (p, J = 6.7 
Hz, 2H). 
(ES-LCMS) m/z 209.2 (M+2H)+. 
 
Synthesis of allyl 5-bromopentanoate, 29 (Reported in reference 2) 
 

O

O

Br
29  

To a cooled (ice/water bath) mixture of allyl alcohol (1.7 g, 2.0 mL, 6 equiv., 30 mmol) under nitrogen was 
added 5-bromopentanoyl chloride (1.0 g, 0.62 mL, 1 equiv., 5.0 mmol) dropwise. The reaction was allowed to 
stir at 0 °C for 2 h followed by room temperature for 3 h after TLC (1:1 EtOAc:Hex, iodine/silica stain) indicated 
conversion. The reaction mixture was directly concentrated to give allyl 5-bromopentanoate, 29 (0.77 g, 3.48 
mmol, 69 %) as a brown oil. 1H NMR (500 MHz, CDCl3) δ 5.94-5.86 (m, 1H), 5.30 (d, J = 17.1 Hz, 1H), 5.22 (d, 
J = 10.4 Hz, 1H), 4.57 (d, J = 5.6 Hz, 2H), 3.40 (t, J = 6.5 Hz, 2H), 2.37 (t, J = 7.2 Hz, 2H), 1.89 (q, J = 7.0 Hz, 
2H), 1.79 (q, J = 7.3 Hz, 2H). 
(ES-LCMS) m/z 223.1 (M+2H)+. 
 
Synthesis of 28-bromo-4,7,10,13,16,19,22-heptaoxaoctacos-1-yne, 31 
 

Br O
O

6 6

31  
 
To 3,6,9,12,15,18-hexaoxahenicos-20-yn-1-ol (1.00 g, 1 equiv., 3.12 mmol) in DMF (12 mL) in an ice/water 
bath and under nitrogen was added NaH (137 mg, 60% Wt, 1.1 equiv., 3.43 mmol) and the mixture was stirred 
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for 20 min after which 1,6-dibromohexane (1.22 g, 768 µL, 1.6 equiv., 4.99 mmol) was added quickly. After 2 h 
of stirring as the ice bath expired, the reaction was quenched with saturated aqueous ammonium chloride 
solution and diluted with ethyl acetate and water. The aqueous layer was extracted once with ethyl acetate. 
Combined organics were washed with water, 10 % LiCl (aqueous) solution, brine, filtered through an isolute 
phase separator, and concentrated to a residue which was purified by silica gel chromatography eluting with 0 
to 15 % MeOH in DCM to give 28-bromo-4,7,10,13,16,19,22-heptaoxaoctacos-1-yne, 31 (865 mg, 1.79 mmol, 
57.3 %) as a light yellow oil. 1H NMR (500 MHz, CDCl3) δ 4.18 (d, J = 2.4 Hz, 2H), 3.69 – 3.59 (m, 22H), 3.55 
(dd, J = 5.9, 3.8 Hz, 2H), 3.43 (t, J = 6.6 Hz, 2H), 3.38 (t, J = 6.8 Hz, 2H), 2.41 (t, J = 2.4 Hz, 1H), 1.86-1.80 (m, 
2H), 1.60-1.54 (m, 2H), 1.46 – 1.39 (m, 2H), 1.37 – 1.30 (m, 2H).  
(ES-LCMS) m/z 485.3 (M+2H)+. 
 
 
Step 1: Synthesis of 4-(6-aminopyridazin-3-yl)phenol, 27 

OH

B(OH)2

N
N NH2

Br

N
N NH2

HO

Pd(dppf)Cl2.DCM
K3PO4
Dioxane/Water
120°C
37 %

26 27

 
To (4-hydroxyphenyl)boronic acid, 26 (2 g, 14.5 mmol) was added K3PO4 (6.16 g, 29 mmol), Pd(dppf)Cl2·DCM 
(0.71 g, 0.87 mmol), 6-bromopyridazin-3-amine (2.47 g, 14.2 mmol) and dioxane (44 mL)/water (28 mL), and 
the reaction was heated in the microwave at 120°C for 10 min (note: separated into 4 portions which were 
each heated separately at 120°C for 10 min). The combined reaction mixture was diluted with ethyl acetate (50 
mL), filtered through a pad of silica, and the contents transferred to a separatory funnel. The organic layer was 
washed with water (20 mL), brine (20 mL), and concentrated to a black solid which was triturated from 
dichloromethane. This solid was further purified by silica gel chromatography eluting with 0 to 35 % methanol 
in dichloromethane (product eluted in a wide band) to give 4-(6-aminopyridazin-3-yl)phenol, 27 (1 g, 5.34 
mmol, 36.8 % yield) as a dark, brown solid. 1H NMR (500 MHz, CD3OD) δ 7.73 (dd, J = 9.0, 2.5 Hz, 3H), 7.00 
(d, J = 9.3 Hz, 1H), 6.92 – 6.84 (m, 2H).(ES-LCMS) m/z 188.1 (M+H)+. 
 
Step 2: Synthesis of allyl 4-(3-(4-hydroxyphenyl)-6-iminopyridazin-1(6H)-yl)butanoate, 30 (see references 3 
and 4) 

N
N NH2

HO O

O
Br N

N NH2

HO

O

O

DMF, 80°C
66 %

27

28

30

 
To 4-(6-aminopyridazin-3-yl)phenol, 27 (1 g, 5.34 mmol) was added allyl 4-bromobutanoate, 28 (1.14 g, 5.51 
mmol) and DMF (26.7 mL) and the reaction was heated at 80°C for 7 h after which it was concentrated to 
remove DMF. The resulting thick, black oil was then triturated from acetonitrile give allyl 4-(3-(4-
hydroxyphenyl)-6-iminopyridazin-1(6H)-yl)butanoate, 30 (1.1 g, 3.51 mmol, 65.7 % yield) as a brown solid.  
Since there are three nitrogens and a phenolic oxygen which may all react with the alkyl bromide, the 
assignment and confirmation of this product was described in the synthesis of Gabazine.7 DART.2 (R9). 1H NMR 
(500 MHz, Methanol-d4) δ 8.23 (d, J = 9.5 Hz, 1H), 7.84 (d, J = 8.6 Hz, 2H), 7.55 (d, J = 9.5 Hz, 1H), 6.91 (dd, 
J = 9.1, 2.7 Hz, 2H), 5.86 (ddt, J = 16.5, 11.0, 5.7 Hz, 1H), 5.33 – 5.13 (m, 2H), 4.50 (d, J = 5.7 Hz, 2H), 4.43 
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(t, J = 6.9 Hz, 2H), 2.63 (t, J = 6.8 Hz, 2H), 2.27 (p, J = 6.8 Hz, 2H). 13C NMR (125 MHz, CD3OD) δ 172.65, 
161.38, 152.44, 150.54, 132.00, 130.83, 127.91, 125.25, 123.22, 117.22, 115.99, 65.08, 55.19, 29.94, 21.12. 
(ES-LCMS) m/z 314.3 (M+H)+. 
 
 
Step 3: Synthesis of allyl 4-(3-(4-(4,7,10,13,16,19,22-heptaoxaoctacos-1-yn-28-yloxy)phenyl)-6-iminopyridazin-
1(6H)-yl)butanoate, 32 
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To allyl 4-(3-(4-hydroxyphenyl)-6-iminopyridazin-1(6H)-yl)butanoate, 30 (1.1 g, 3.51 mmol) was added 
anhydrous DMF (35.1 mL) after which 28-bromo-4,7,10,13,16,19,22-heptaoxaoctacos-1-yne, 31 (2 g, 4.13 
mmol) was added. The solution was cooled to 0°C and anhydrous cesium carbonate (3.43 g, 10.53 mmol) was 
added and the reaction was stirred for 3 h as the ice bath expired after which water (20 mL) and ethyl acetate 
(60 mL) were added. The organic layer was washed with water (10 mL), brine (2 x 10 mL), dried (sodium 
sulfate), filtered and concentrated to give crude material as a yellow oil which was purified by reverse phase 
prep HPLC in several injections eluting with 5 to 50 % acetonitrile in water (0.1 % formic acid conditions and 
other conditions as described in the general chemical synthesis section) to give allyl 4-(3-(4-
(4,7,10,13,16,19,22-heptaoxaoctacos-1-yn-28-yloxy)phenyl)-6-iminopyridazin-1(6H)-yl)butanoate, 32 (412 mg, 
0.576 mmol, 16.39 % yield) as a red/yellow oil. 1H NMR (500 MHz, CD3OD) δ 8.39 – 8.24 (m, 3H), 8.03 – 7.85 
(m, 2H), 7.61 (d, J = 9.6 Hz, 1H), 7.18 – 6.99 (m, 2H), 5.86 (ddt, J = 17.3, 10.5, 5.7 Hz, 1H), 5.34 – 5.11 (m, 
2H), 4.57 – 4.38 (m, 4H), 4.25 – 4.02 (m, 4H), 3.75 – 3.44 (m, 24H), 2.87 (t, J = 2.4 Hz, 1H), 2.64 (t, J = 6.7 Hz, 
2H), 2.29 (p, J = 6.8 Hz, 2H), 1.92 – 1.78 (m, 2H), 1.71 – 1.42 (m, 6H). 
(ES-LCMS) m/z 716.5 (M+H)+. 
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Step 4: Synthesis of allyl 4-(3-(4-((1-(1-(1-(4-((2-(4-(3-chloropropyl)-2-
methoxyphenethoxy)ethyl)carbamoyl)phenyl)-3-oxo-
6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,108
,111-hexatriacontaoxa-2-azatridecahectan-113-yl)-1H-1,2,3-triazol-4-yl)-2,5,8,11,14,17,20-
heptaoxahexacosan-26-yl)oxy)phenyl)-6-iminopyridazin-1(6H)-yl)butanoate, 33 
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To a vial was added allyl 4-(3-(4-((4,7,10,13,16,19,22-heptaoxaoctacos-1-yn-28-yl)oxy)phenyl)-6-
iminopyridazin-1(6H)-yl)butanoate, 32 (40 mg, 56 µmol) and EtOH/t-BuOH/water (2:1:1, 1.6 mL) after which 
azido-PEG36-HTL2.0, R4 (0.12 g, 56 µmol) was added. Finally, Cu(II) sulfate pentahydrate (0.7 mg, 2.8 µmol) 
and sodium ascorbate (0.98 mg, 5.6 µmol) were added and the reaction mixture was stirred at room 
temperature for 3 h after which it was purified by reverse phase prep HPLC eluting with 50 to 80 % acetonitrile 
in water (0.1 % formic acid, 220 nm wavelength for collection, and other conditions reported in the general 
chemical synthesis section) to give allyl 4-(3-(4-((1-(1-(1-(4-((2-(4-(3-chloropropyl)-2-
methoxyphenethoxy)ethyl)carbamoyl)phenyl)-3-oxo-
6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,108
,111-hexatriacontaoxa-2-azatridecahectan-113-yl)-1H-1,2,3-triazol-4-yl)-2,5,8,11,14,17,20-
heptaoxahexacosan-26-yl)oxy)phenyl)-6-iminopyridazin-1(6H)-yl)butanoate, 33 (45 mg, 26 %) as a yellow oil. 
1H NMR (500 MHz, CDCl3) δ 8.44 (s, 2H), 8.17 (d, J = 9.5 Hz, 1H), 7.83 (d, J = 9.5 Hz, 1H), 7.76 – 7.65 (m, 
5H), 7.33 (d, J = 7.9 Hz, 2H), 7.05 (d, J = 7.8 Hz, 1H), 7.02 – 6.94 (m, 2H), 6.66 (d, J = 6.5 Hz, 2H), 6.53 (s, 
1H), 5.91 – 5.77 (m, 1H), 5.42 – 5.11 (m, 2H), 4.65 (s, 2H), 4.58 (d, J = 5.9 Hz, 2H), 4.51 (t, J = 5.2 Hz, 2H), 
4.48 (d, J = 6.0 Hz, 2H), 4.42 (t, J = 7.8 Hz, 2H), 3.99 (d, J = 6.4 Hz, 1H), 3.85 (t, J = 5.1 Hz, 2H), 3.78 (s, 3H), 
3.75 (t, J = 5.6 Hz, 2H), 3.69 – 3.42 (m, 172H), 2.86 (t, J = 7.0 Hz, 2H), 2.71 (t, J = 7.4 Hz, 2H), 2.54 (dt, J = 
15.9, 6.0 Hz, 4H), 2.23 (p, J = 6.8 Hz, 2H), 2.03 (dq, J = 8.3, 6.5 Hz, 3H), 1.79 (q, J = 6.8 Hz, 2H), 1.60 (p, J = 
6.9 Hz, 2H), 1.53 – 1.30 (m, 3H). (ES-LCMS) m/z 571.2 [(M+5H)]5+. 
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Step 5: Synthesis of Gabazine.1DART.2 (R7) 
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r.t
62 %

33

 
 

To a solution of allyl 4-(3-(4-((1-(1-(1-(4-((2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)carbamoyl)phenyl)-
3-oxo-
6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,108
,111-hexatriacontaoxa-2-azatridecahectan-113-yl)-1H-1,2,3-triazol-4-yl)-2,5,8,11,14,17,20-
heptaoxahexacosan-26-yl)oxy)phenyl)-6-iminopyridazin-1(6H)-yl)butanoate, 33 (52 mg, 19 µmol) in THF (0.8 
mL) was added morpholine (8.1 mg, 8.1µL, 93 µmol) and Pd(PPh3)4 (3 mg, 11.1 µmol). The reaction was 
stirred under nitrogen for 1 h after which it was purified by reverse phase prep HPLC eluting with 5 to 80 % 
acetonitrile in water (0.1 % formic acid, 220 nm wavelength for collection, and conditions reported in the 
general chemical synthesis section) to give 4-(3-(4-((1-(1-(1-(4-((2-(4-(3-chloropropyl)-2-
methoxyphenethoxy)ethyl)carbamoyl)phenyl)-3-oxo-
6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,108
,111-hexatriacontaoxa-2-azatridecahectan-113-yl)-1H-1,2,3-triazol-4-yl)-2,5,8,11,14,17,20-
heptaoxahexacosan-26-yl)oxy)phenyl)-6-iminopyridazin-1(6H)-yl)butanoic acid Gabazine.1DART.2, R7 (32 mg, 
62 %). 1H NMR (500 MHz, CDCl3) δ 10.97 (br.s, 1H), 8.55 (d, J = 9.7 Hz, 1H), 7.84 (d, J = 9.6 Hz, 1H), 7.77 – 
7.72 (m, 2H), 7.71 (s, 1H), 7.69 – 7.65 (m, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.09 (t, J = 5.9 Hz, 1H), 7.05 (d, J = 
7.9 Hz, 1H), 6.99 – 6.95 (m, 2H), 6.66-6.62 (m, 2H), 6.51 (s, 1H), 4.65 (s, 2H), 4.51(t, J=5.5 Hz, 2H), 4.48(d, J 
= 6.0Hz , 2H), 4.40 (t, J=7.5Hz, 2H), 3.99 (t, J = 6.5 Hz, 2H), 3.85 (t, J = 5.2 Hz, 2H), 3.77 (s, 3H), 3.75 (t, J = 
5.6 Hz, 2H), 3.70 – 3.37 (m, 175H), 3.52-3.44 (m, 9H), 2.85 (t, J = 7.0 Hz, 2H), 2.71 (t, J = 7.4 Hz, 2H), 2.52 (t, 
J = 5.6 Hz, 2H), 2.50 – 2.41 (m, 2H), 2.12-2.07(m, 2H), 2.06-2.00 (m, 2H), 1.80 (p, J = 6.8 Hz, 2H), 1.65 – 1.54 
(m, 2H), 1.51-1.37 (m, 4H), HRMS (ESI+): m/z calcd for C132H229ClN8Na2O50: 1404.7582 [M+2Na]2+; found: 
1404.7709 [M+2Na]2+ 
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1H NMR of Gabazine.1DART.2 (R7) in CDCl3 
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Synthesis of R8―gabazine.5DART.2
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Step 1: Synthesis of 4-(6-aminopyridazin-3-yl)phenol, 27  (details in gabazine.1DART.2) 
 

OH

B(OH)2

N
N NH2

Br

N
N NH2

HO

Pd(dppf)Cl2.DCM
K3PO4
Dioxane/Water
120°C
37 %

26 27
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Step 2: Synthesis of allyl 5-(3-(4-hydroxyphenyl)-6-iminopyridazin-1(6H)-yl)pentanoate, 34 (see references 3 
and 4) 

N
N NH2

HO O

O

Br
N

N NH2

HO

OO

DMF
90°C
16 %

27

29

34
 

To 4-(6-aminopyridazin-3-yl)phenol, 27 (250 mg, 1.34 mmol) was added allyl allyl 5-bromopentanoate, 29 (295 
mg, 1.34 mmol) and DMF (2 mL) and the reaction was heated at 90°C for 2 h. The mixture was directly purified 
by prep HPLC eluting with 10 to 90 % ACN in water (0.1 % FA, 220 nm wavelength for collection) in three 750 
uL injections. The main peak(s) were isolated, and fractions were concentrated to give the desired product, 34 
(71 mg, 16 %). Before this main peak, one byproduct with the same mass was isolated. Since three nitrogens 
in the product as well as the phenolic oxygen all may react with the alkyl bromide, the assignment and 
confirmation of product was described in the Gabazine.7 DART.2 (R9) section. 1H NMR (500 MHz, CD3OD) δ 
8.47 (br.s, 1H), 8.27 (d, J = 9.3 Hz, 1H), 7.87 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 9.4 Hz, 1H), 6.94 (d, J = 8.4 Hz, 
2H), 5.97-5.85 (m, 1H), 5.31 (dd, J = 17.3, 1.9 Hz, 1H), 5.21 (d, J = 10.5 Hz, 1H), 4.59 (d, J = 5.6 Hz, 2H), 4.40 
(t, J = 7.2 Hz, 2H), 2.51 (t, J = 7.3 Hz, 2H), 2.05-1.99 (m, 2H), 1.83-1.77 (m, 2H). 
13C NMR (126 MHz, CD3OD) δ 173.05, 160.45, 152.26, 150.88, 132.27, 131.05, 128.00, 125.02, 123.82, 
116.95, 115.69, 64.77, 55.54, 32.75, 25.86, 21.21. (ES-LCMS) m/z 328.3 (M+H)+. 
 
 
Step 3: Synthesis of allyl 5-(3-(4-((4,7,10,13,16,19,22-heptaoxaoctacos-1-yn-28-yl)oxy)phenyl)-6-
iminopyridazin-1(6H)-yl)pentanoate, 35 
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O
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O 6
6 6

N
N NH2

HO

OO

DMF, Cs2CO3
r.t
40 %

34
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To allyl 5-(3-(4-hydroxyphenyl)-6-iminopyridazin-1(6H)-yl)pentanoate, 34 (40 mg, 0.12 mmol) was added 
anhydrous DMF (1 mL) after which 28-bromo-4,7,10,13,16,19,22-heptaoxaoctacos-1-yne, 31 (89 mg, 0.18 
mmol) and anhydrous cesium carbonate (80 mg, 0.24 mmol) were added and the reaction was stirred for 3h. 
DMF was removed under a stream of nitrogen, and the crude was purified by reverse phase prep HPLC eluting 
with 5 to 50 % acetonitrile in water (0.1 % formic acid conditions and other conditions as described in the 
general chemical synthesis section) to give allyl 5-(3-(4-((4,7,10,13,16,19,22-heptaoxaoctacos-1-yn-28-
yl)oxy)phenyl)-6-iminopyridazin-1(6H)-yl)pentanoate, 35 (36 mg, 49 µmol, 40 % yield) as a red/yellow oil. 1H 
NMR (500 MHz, CD3OD) δ 8.53 (s, 1H), 8.30 (d, J = 9.6 Hz, 1H), 8.02 – 7.90 (m, 2H), 7.60 (d, J = 9.5 Hz, 1H), 
7.16 – 7.03 (m, 2H), 5.98 – 5.90 (m, 1H), 5.31 (dq, J = 17.2, 1.6 Hz, 1H), 5.21 (dq, J = 10.5, 1.4 Hz, 1H), 4.59 
(dt, J = 5.7, 1.5 Hz, 2H), 4.41 (t, J = 7.2 Hz, 2H), 4.20 (d, J = 2.4 Hz, 2H), 4.09 (t, J = 6.4 Hz, 2H), 3.69 – 3.63 
(m, 21H), 3.61 – 3.59 (m, 2H), 3.52 (t, J = 6.5 Hz, 2H), 2.86 (t, J = 2.4 Hz, 1H), 2.51 (t, J = 7.3 Hz, 2H), 2.06 – 
2.00 (m, 2H), 1.87-1.77 (m, 4H), 1.67-1.61 (m, 2H), 1.58-1.52 (m, 2H), 1.51 – 1.45 (m, 2H). (ES-LCMS) m/z 
730.6 (M+H)+. 
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Steps 4/5: Synthesis of Gabazine.5DART.2 (R8) 
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36

R4

CuSO4.5H2O
Sodium ascorbate
r.t
58 % over 2 steps

O
O 6

Cl

O
N
H

O

NH

O

O
O

35

O

N N
N

O
6

N
NH2N

OHO

O

N
N NH2

O
6

O 6

O

O

O

N
N NH2

O
6

O 6

O

OH

LiOH

MeOH/water
r.t

O
N
H

O

NH

O

O
O 35

N3

O

Cl

35

 
 
To allyl 5-(3-(4-((4,7,10,13,16,19,22-heptaoxaoctacos-1-yn-28-yl)oxy)phenyl)-6-iminopyridazin-1(6H)-
yl)pentanoate, 35 (15 mg, 20 µmol) in MeOH/H2O(1/1, 2 ml) was added lithium hydroxide hydrate (5.1 mg, 120 
µmol) at r.t, and the reaction was stirred for 2h. LCMS indicated formation of 36 and the pH was adjusted to 8 
by addition of 1N HCl (110 ul). The mixture was concentrated under a stream of nitrogen. To the crude mixture 
was added EtOH/t-BuOH/water (2:1:1, 1 mL) after which azido-PEG36-HTL2.0, R4 (42 mg, 20 µmol) was 
added. Finally, Cu(II) sulfate pentahydrate (0.45 mg, 1.8 µmol) and sodium ascorbate (0.32 mg, 1.8 µmol) 
were added and the reaction mixture was stirred at room temperature overnight after which it was purified by 
reverse phase prep HPLC eluting with 20 to 90 % acetonitrile in water (0.1 % formic acid, 200 nm wavelength 
for collection, and other conditions reported in the general chemical synthesis section) to give 5-(3-(4-((1-(1-(1-
(4-((2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)carbamoyl)phenyl)-3-oxo 
6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,108
,111-hexatriacontaoxa-2-azatridecahectan-113-yl)-1H-1,2,3-triazol-4-yl)-2,5,8,11,14,17,20-
heptaoxahexacosan-26-yl)oxy)phenyl)-6-iminopyridazin-1(6H)-yl)pentanoic acid, Gabazine.5DART.2, R8 (32.0 
mg, 2 steps 58%) 1H NMR (500 MHz, D2O, water suppression used- the peaks close to the water peak 
between 4.4 and 4.6 ppm were partially suppressed) δ 7.89 (s, 1H), 7.87 (d, J = 9.6 Hz, 1H), 7.62 (d, J = 8.4 
Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 9.4 Hz, 1H), 7.17 (d, J = 8.1 Hz, 2H), 6.79 (d, J = 8.5 Hz, 2H), 
6.75 (d, J = 7.4 Hz, 1H), 6.46 (s, 1H), 6.31 (d, J = 7.6 Hz, 1H), 4.47 (s, 2H), 4.42 (t, J = 5.0 Hz, 2H), 4.23 (s, 
2H), 4.07 (t, J = 7.4 Hz, 2H), 3.76 (t, J = 5.1 Hz, 4H), 3.70 – 3.34 (m, 170H), 3.29-3.23 (m, 5H), 2.55 (t, J = 6.6 
Hz, 2H), 2.40 (t, J = 6.0 Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H), 2.12 (t, J = 7.3 Hz, 2H), 1.72-1.65 (m, 4H), 1.53-1.43 
(m, 4H), 1.38-1.32 (m, 2H), 1.22-1.10 (m, 4H). HRMS (ESI+): m/z calcd for C133H232ClN8NaO50: 1400.2733 
[M+H+Na]2+; found: 1400.2734 [M+H+Na]2+ 
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1H NMR of Gabazine.5DART.2 (R8) in D2O (water suppression) 
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Synthesis of R9―gabazine.7DART.2

 
 
Step 1: Synthesis of 4-(6-amino-4-methylpyridazin-3-yl)phenol, 37 

OH

B(OH)2

N
N NH2

Br

N
N NH2

HO

Pd(dppf)Cl2.DCM
K3PO4, 120°C
37 %26 37

 
To (4-hydroxyphenyl)boronic acid, 26 (1 g, 7.25 mmol) was added K3PO4 (3.08 g, 14.5 mmol), 
Pd(dppf)Cl2·DCM (0.355 g, 0.435 mmol), 6-bromo-5-methylpyridazin-3-amine (0.937 g, 6.53mmol) and 
dioxane (7 mL)/water (4 mL). The suspension was stirred and degassed for 5 min after which it was heated at 
120 degrees for 17 min, then concentrated. The material was then taken up in water and a slight amount of 
DCM, stirred thoroughly, then filtered. The mixture was filtered to give 4-(6-amino-4-methylpyridazin-3-
yl)phenol, 37 (1.132 g, 5.62 mmol, 77 % yield) as a dark, brown solid, containing some aryl halide.  Used 
directly without further purification. 1H NMR (500 MHz, CD3OD) δ 7.30 (d, J = 8.6 Hz, 2H), 6.89 (d, J = 8.6 Hz, 
2H), 6.86 (d, J = 1.1 Hz, 1H), 2.23 (d, J = 1.0 Hz, 3H). (ES-LCMS) m/z 202.2 (M+H)+ 
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Step 2: Synthesis of allyl 5-(3-(4-hydroxyphenyl)-6-imino-4-methylpyridazin-1(6H)-yl)pentanoate, 38 (see 
references 3 and 4) 

N
N NH2

HO O

O

N N
NH2

HO

O
O

Br

HO
N N

NH2

OO

Byproduct, 38bProduct, 38

        LCMS retention time:   1.13 min                              1.08 min

54.69 ppm
61.44 ppmDMF, 90 °C

26 % 19 %

37

29

 
 
To 4-(6-amino-4-methylpyridazin-3-yl)phenol, 37 (250 mg, 1.24 mmol) was added allyl allyl 5-
bromopentanoate, 29 (275 mg, 1.24 mmol) and DMF (2 mL) and the reaction was heated at 90°C for 2 h. The 
mixture was directly purified by prep HPLC eluting with 10 to 90 % ACN in water (0.1 % FA, 220 nm 
wavelength for collection, and the rest of the conditions as described in the general chemistry synthesis 
section) in three 750 uL injections. Relevant fractions were combined and concentrated. The undesired 
byproduct eluted first and the desired product eluted later. Since three nitrogens and the phenolic oxygen may 
all react with the alkyl bromide, the structures were fully assigned and confirmed by H/C NMR, HSQC, and 
HMBC in DMSO-d6. The most distinguishing peak for the product and byproduct is the CH2 that is directly 
connected to the nitrogen which reacted.  The 13C NMR of the CH2 immediately adjacent to the nucleophilic 
nitrogen has a shift of 54.69 ppm in the desired product vs 61.44 ppm in the undesired byproduct. The 13C 
NMR shift of this CH2 in the desired compound is the same as the shift of a CH2 adjacent to the same 
nucleophilic nitrogen in a similar compound reported in reference 4 in which the structure was confirmed by X-
ray crystallography. The regioselectivity of the alkylation of pyridazine has been documented in reference 3. 
The reactivities of the structurally related analogs, Gabazine 1, Gabazine 5, and Gabazine 7, are very similar: 
in all cases, the undesired byproduct eluted first on RP HPLC. Additionally, the shifts of the CH2 directly 
connected to the same nitrogen are very similar for all 3 analogs (see figure below). It worthwhile to mention 
that the products and byproducts exist as tautomers under acidic and basic conditions. Furthermore, the 
undesired byproduct does not react in the following alkylation step (the reaction with the alkyl bromide in DMF 
with cesium carbonate) while the desired product does react, further confirming our structural assignments. 
Desired product 38 yield: 108 mg (26 %). Byproduct 38b yield: 80 mg (19 %). The NMR shifts of each 
compound in both CD3OD and DMSO-d6 are reported below. 
 
Desired Product: 1H NMR (500 MHz, CD3OD) δ 8.35 (br.s, 1H), 7.43 – 7.39 (m, 3H), 6.93 (d, J = 8.6 Hz, 2H), 
5.97-5.89 (m, 1H), 5.30 (dq, J = 17.2, 1.7 Hz, 1H), 5.21 (dt, J = 10.5, 1.5 Hz, 1H), 4.58 (dt, J = 5.6, 1.5 Hz, 2H), 
4.36 (t, J = 7.2 Hz, 2H), 2.48 (t, J = 7.3 Hz, 2H), 2.42 (s, 3H), 2.01 – 1.95 (m, 2H), 1.79-1.73 (m, 2H). 13C NMR 
(126 MHz, CD3OD) δ 173.06, 159.15, 154.36, 152.42, 145.60, 132.27, 130.21, 124.56, 123.28, 116.95, 
115.04, 64.77, 55.03, 32.73, 25.92, 21.18, 18.99. 1H NMR (500 MHz, DMSO-d6) δ 8.48 (s, 1H), 7.50 (s, 1H), 
7.39 (d, J = 8.3 Hz, 2H), 6.91 (d, J = 8.4 Hz, 2H), 5.95-5.87 (m, 1H), 5.29 (dt, J = 17.2, 1.7 Hz, 1H), 5.21 (dd, J 
= 10.5, 1.6 Hz, 1H), 4.55 (dd, J = 4.4, 2.8 Hz, 2H), 4.29 (t, J = 7.2 Hz, 2H), 2.43 (t, J = 7.4 Hz, 2H), 2.32 (s, 
3H), 1.85-1.79 (m, 2H), 1.67-1.60 (m, 2H). 13C NMR (126 MHz, DMSO-d6) δ 172.67, 159.57, 152.94, 152.48, 
144.20, 133.10, 130.75, 124.41, 124.34, 118.06, 115.70, 64.67, 54.69, 33.18, 26.49, 21.52, 20.13. (ES-LCMS) 
m/z 342.3 (M+H)+ 
 
Byproduct: 1H NMR (500 MHz, CD3OD) δ 8.32 (br.s, 1H), 7.41 (s, 1H), 7.36 – 7.25 (m, 2H), 7.12 – 6.98 (m, 
2H), 5.98-5.90 (m, 1H), 5.31 (dt, J = 17.3, 1.7 Hz, 1H), 5.23 (dd, J = 10.4, 1.6 Hz, 1H), 4.57 (dd, J = 5.7, 1.6 
Hz, 2H), 4.27 (t, J = 7.4 Hz, 2H), 2.31 (t, J = 7.2 Hz, 2H), 2.13 (s, 3H), 1.99-1.92 (m, 2H), 1.59-1.53 (m, 2H). 
13C NMR (126 MHz, CD3OD) δ 172.80, 160.60, 160.04, 151.83, 146.60, 132.27, 129.52, 122.20, 119.60, 
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116.97, 116.25, 64.77, 61.52, 32.48, 28.54, 21.11, 18.70. 1H NMR (500 MHz, DMSO-d6) δ 8.53 (br.s, 1H), 7.85 
(s, 2H), 7.49 (s, 1H), 7.38 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.3 Hz, 2H), 5.99-5.92 (m, 1H), 5.34 (dq, J = 17.2, 
1.7 Hz, 1H), 5.27 (dt, J = 10.4, 1.5 Hz, 1H), 4.58 (dt, J = 5.5, 1.5 Hz, 2H), 4.19 (t, J = 7.4 Hz, 2H), 2.31 (t, J = 
7.3 Hz, 2H), 2.08 (s, 3H), 1.90 – 1.84 (m, 2H), 1.52-1.46 (m, 2H). 13C NMR (126 MHz, DMSO-d6) δ 172.41, 
160.41, 160.35, 151.86, 146.48, 133.06, 130.10, 122.68, 119.39, 118.17, 116.68, 64.73, 61.44, 32.91, 28.64, 
21.46, 19.97. (ES-LCMS) m/z 342.3 (M+H)+ 
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Comparison of 1H NMR for product (38) and byproduct (38b) in DMSO-d6 
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Comparison of 13C NMR for product (38) and byproduct (38b) in DMSO-d6 
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The tautomers and zoomed in versions of 13C NMR spectra for product (38) and byproduct (38b) in 
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The correlation of H5 and C8 & H15 and C8 in HMBC(DMSO-d6) confirms the structure of the byproduct 
(38b) 



  46 
 

1

2 3

4
56

HO7

8

N
9

N
10

11
12

13
NH2 14

15

16

17

18

19 O 20

O
21

22

2324

25

3

5
12

8

1

11

38

 

1

2 3

4
56

HO7

8

N
9

N
10

11
12

13
NH2 14

15

16

17

18

19 O 20

O
21

22

2324

25

15
22

11
8

19

38

 
The correlation of H3 and C8 (top) & H15 and C11 (bottom) in HMBC(DMSO-d6) confirmed the structure 
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Comparison of 1HNMR (top), 13C NMR (bottom) in CD3OD of desired  
intermediates for Gabazine.1 (30), Gabazine.5 (34), and Gabazine.7 (38) 
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Step 3: allyl 5-(3-(4-((4,7,10,13,16,19,22-heptaoxaoctacos-1-yn-28-yl)oxy)phenyl)-6-imino-4-methylpyridazin-
1(6H)-yl)pentanoate, 39 
 

Br O
O

O

N
N NH2

O

O

O
6

O 6

6 6N
N NH2

HO

OO

DMF, Cs2CO3
r.t
39 %

31

38
39

 
 
To allyl 5-(3-(4-hydroxyphenyl)-6-imino-4-methylpyridazin-1(6H)-yl)pentanoate, 38 (40 mg, 0.12 mmol) was 
added anhydrous DMF (1 mL) after which 28-bromo-4,7,10,13,16,19,22-heptaoxaoctacos-1-yne, 31 (85 mg, 
0.18 mmol) and anhydrous cesium carbonate (76 mg, 0.23 mmol) were added and the reaction was stirred for 
3 h. DMF was removed under a stream of nitrogen, and the crude was purified by reverse phase prep HPLC 
eluting with 5 to 50 % acetonitrile in water (0.1 % formic acid conditions and other conditions as described in 
the general chemical synthesis section) to give allyl 5-(3-(4-((4,7,10,13,16,19,22-heptaoxaoctacos-1-yn-28-
yl)oxy)phenyl)-6-imino-4-methylpyridazin-1(6H)-yl)pentanoate, 39 (34 mg, 46 µmol, 39 % yield) as a red/yellow 
oil. 1H NMR (500 MHz, CD3OD) δ 8.49 (s, 1H), 7.57 – 7.45 (m, 2H), 7.39 (d, J = 1.3 Hz, 1H), 7.09 – 7.06 (m, 
2H), 5.97-5.89 (m, 1H), 5.30 (dq, J = 17.2, 1.6 Hz, 1H), 5.21 (dq, J = 10.4, 1.4 Hz, 1H), 4.59 (dt, J = 5.7, 1.5 
Hz, 2H), 4.36 (t, J = 7.2 Hz, 2H), 4.20 (d, J = 2.4 Hz, 2H), 4.08 (t, J = 6.4 Hz, 2H), 3.70 – 3.64 (m, 21H), 3.61 – 
3.59 (m, 2H), 3.52 (t, J = 6.5 Hz, 2H), 2.86 (t, J = 2.4 Hz, 1H), 2.48 (t, J = 7.3 Hz, 2H), 2.42 (s, 3H), 2.01 – 1.95 
(m, 2H), 1.88 – 1.82 (m, 2H), 1.79-1.73 (m, 2H), 1.67-1.62 (m, 2H), 1.59-1.53 (m, 2H), 1.51-1.45 (m, 2H). ES-
LCMS) m/z 744.6 (M+H)+ 
 
Steps 4/5: Synthesis of Gabazine.7DART.2 (R9) 
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To allyl 5-(3-(4-((4,7,10,13,16,19,22-heptaoxaoctacos-1-yn-28-yl)oxy)phenyl)-6-imino-4-methylpyridazin-1(6H)-
yl)pentanoate, 39 (15 mg, 20.0 µmol) in MeOH/water(1:1, 2 ml) was added lithium hydroxide hydrate (5.1 mg, 
120 µmol) at room temperature and the reaction was stirred for 2h after which the pH was adjusted to 8 by 
addition of 1N HCl (110 µL) and solvent was removed under a stream of nitrogen. The crude material 40 was 
taken up in EtOH/t-BuOH/water (2:1:1, 1 mL) after which azido-PEG36-HTL2.0, R4 (38 mg, 18 µmol) was 
added. Finally, Cu(II) sulfate pentahydrate (0.45 mg, 1.8 µmol) and sodium ascorbate (0.32 mg, 1.8 µmol) 
were added and the reaction mixture was stirred at room temperature overnight after which it was purified by 
reverse phase prep HPLC eluting with 20 to 90 % acetonitrile in water (0.1 % formic acid, 200 nm wavelength 
for collection, and other conditions reported in the general chemical synthesis section) to give 5-(3-(4-((1-(1-(1-
(4-((2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)carbamoyl)phenyl)-3-oxo-
6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,108
,111-hexatriacontaoxa-2-azatridecahectan-113-yl)-1H-1,2,3-triazol-4-yl)-2,5,8,11,14,17,20-
heptaoxahexacosan-26-yl)oxy)phenyl)-6-imino-4-methylpyridazin-1(6H)-yl)pentanoic acid, Gabazine.7DART.2, 
R9 (25.0 mg, 50% over 2 steps) 1H NMR (500 MHz, D2O, water suppression used- the peaks close to the 
water peak between 4.4 and 4.6 ppm were partially suppressed) δ 7.91 (s, 1H), 7.49 (d, J = 7.9 Hz, 2H), 7.30 
(d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.19 (s, 1H), 6.89 (d, J = 8.3 Hz, 2H), 6.83 (d, J = 7.6 Hz, 1H), 
6.56 (s, 1H), 6.36 (d, J = 7.5 Hz, 1H), 4.49 (s, 2H), 4.44 (t, J = 5.2 Hz, 2H), 4.28 (s, 2H), 4.09 (t, J = 7.4 Hz, 
2H), 3.87 (t, J = 6.5 Hz, 2H), 3.78 (t, J = 5.1 Hz, 3H), 3.68-3.62 (m, 5H), 3.53 – 3.43 (m, 183H), 3.38-3.28 (m, 
6H), 2.60 (t, J = 6.6 Hz, 2H), 2.43 – 2.37 (m, 4H), 2.12 (s, 3H), 2.07 (t, J = 7.5 Hz, 2H), 1.75-1.66 (m, 4H), 1.61-
1.56 (m 2H), 1.49-1.38 (dp, J = 28.1, 7.4 Hz, 4H), 1.30-1.24 (m, 2H), 1.23-1.17 (m, 2H). HRMS (ESI+): m/z 
calcd for C134H234ClN8NaO50: 1407.2812 [M+H+Na]2+; found: 1407.2808 [M+H+Na]2+ 
 
 
 

 
1H NMR of Gabazine.7DART.2 (R9) in D2O (water suppression) 
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Synthesis of R10―Alexa488.1DART.2

CuSO4.5H2O
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R4

 
Note: the attachment point of the alkyne in AF488 alkyne, 41 (Click Chemistry Tools; Catalog # 1277-25, MW 
773.91 g/mol reported, 571.53 g/mol protonated) or the linker length is not directly disclosed by the vendor, 
however, based on LCMS as well as 1H NMR shown below, we are reasonably confident of the structure as 
drawn (presumably exists as a di-triethylamine salt). 
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1H NMR of AZDye 488 Alkyne (41) in CD3OD 
 
To azido-PEG36-HTL2.0, R4 (13 mg, 6.5 µmol) was added AF488 alkyne, 41 (5 mg, 6.5 µmol) followed by 
EtOH/t-BuOH/water (2:1:1, 0.8 mL). Then, copper (II) sulfate pentahydrate (0.1 mg, 0.325 µmol) and sodium 
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ascorbate (0.1 mg, 0.65 µmol) were added and the reaction was stirred overnight after which it was 
concentrated under a stream of nitrogen, taken up in acetonitrile/DMSO and purified by 15 to 80 % acetonitrile 
in water (0.1 % FA) with a Phenomenex 50 x 30 mm column, a 12 min gradient, 50 mL/min flow rate, and 
collection wavelength of 230 nm. Relevant fractions were concentrated to give 6-amino-9-(2-carboxy-4-(((1-(1-
(4-((2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)carbamoyl)phenyl)-3-oxo-
6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,108
,111-hexatriacontaoxa-2-azatridecahectan-113-yl)-1H-1,2,3-triazol-4-yl)methyl)carbamoyl)phenyl)-3-iminio-5-
sulfo-3H-xanthene-4-sulfonate, Alexa488.1DART.2 (R10) (5 mg, 29 %). 1H NMR (500 MHz, CD3OD) δ 8.47 – 
8.23 (m, 4H), 8.07 (s, 1H), 7.86 (s, 1H), 7.79 (d, J = 7.8 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.15 – 6.86 (m, 4H), 
6.78 (s, 1H), 6.67 (d, J = 7.5 Hz, 1H), 4.62 (d, J = 61.7 Hz, 3H), 4.48 (d, J = 5.4 Hz, 2H), 3.80 (d, J = 11.4 Hz, 
7H), 3.71 – 3.49 (m, 149H), 2.86 (t, J = 7.0 Hz, 2H), 2.73 (t, J = 7.4 Hz, 2H), 2.54 (t, J = 6.0 Hz, 2H), 2.05 (p, J 
= 6.9 Hz, 2H). (ES-LCMS) m/z 665.9 (M+4H)4+; Compound decomposed on HRMS. 
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1H NMR of Alexa488.1DART (R10) in CD3OD 
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Synthesis of R11―Alexa647.1DART.2 
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Step 1: Synthesis of 1-(4-(19-amino-2,5,8,11,14,17-hexaoxanonadecyl)-1H-1,2,3-triazol-1-yl)-N-(4-((2-(4-(3-
chloropropyl)-2-methoxyphenethoxy)ethyl)carbamoyl)benzyl)-
3,6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,1
08-hexatriacontaoxaundecahectan-111-amide, 42 
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To 3,6,9,12,15,18-hexaoxahenicos-20-yn-1-amine (7.6 mg, 24 µmol) was added azido-PEG36-HTL2.0, R4 (50 
mg, 24 µmol) after which EtOH (0.4 mL)/t-BuOH(0.2 mL)/H2O(0.2 mL) was added. Then, copper (II) sulfate 
pentahydrate (0.3 mg, 1.2 µmol) and sodium ascorbate (0.42 mg, 2.4 µmol) were added and the reaction 
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mixture was stirred at room temperature for 2h after which it was directly purified by reverse phase HPLC 
eluting with 20 to 90 % acetonitrile in water (0.1 % formic acid, 200 nm wavelength for collection and conditions 
as described in the general chemical synthesis section) to give 1-(4-(19-amino-2,5,8,11,14,17-
hexaoxanonadecyl)-1H-1,2,3-triazol-1-yl)-N-(4-((2-(4-(3-chloropropyl)-2-
methoxyphenethoxy)ethyl)carbamoyl)benzyl)-
3,6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,1
08-hexatriacontaoxaundecahectan-111-amide, 42 (37 mg, 64 %) as a light brown oil. 1H NMR (500 MHz, D2O, 
water suppression used- the peaks close to the water peak between 4.4 and 4.6 ppm were partially 
suppressed) δ 7.94 (s, 1H), 7.57 – 7.39 (m, 2H), 7.37 – 7.18 (m, 2H), 6.94 (d, J = 7.6 Hz, 1H), 6.65 (d, J = 1.6 
Hz, 1H), 6.43 (dd, J = 7.6, 1.6 Hz, 1H), 4.53 (s, 2H), 4.51 – 4.42 (m, 2H), 4.35 (d, J = 4.7 Hz, 2H), 3.82 (dd, J = 
5.6, 4.5 Hz, 2H), 3.72 – 3.28 (m, 174H), 3.05 (t, J = 5.0 Hz, 2H), 2.68 (t, J = 6.2 Hz, 2H), 2.45 (td, J = 7.6, 6.7, 
3.3 Hz, 4H), 1.79 (dq, J = 8.5, 6.6 Hz, 2H). (ES-LCMS) m/z 602.9 (M+4H)4+. 
 
Step 2: Synthesis of Alexa Fluor-647.1DART.2 (R11) 
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To 1-(4-(19-amino-2,5,8,11,14,17-hexaoxanonadecyl)-1H-1,2,3-triazol-1-yl)-N-(4-((2-(4-(3-chloropropyl)-2-
methoxyphenethoxy)ethyl)carbamoyl)benzyl)-
3,6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,1
08-hexatriacontaoxaundecahectan-111-amide, 42 (25 mg, 10.4 µmol) was added DMF (1 mL) followed by 
AlexaFluor 647 NHS ester (20 mg, 20.8 µmol, ThermoFisher Scientific Catalog No. A37566). The mixture was 
purged with nitrogen, covered in aluminum foil and stirred overnight after which the reaction mixture was 
purified by reverse phase prep HPLC eluting with 30 to 60 % acetonitrile in water (0.1 % TFA, 647 nm 
wavelength for collection and other conditions as described in the general chemical synthesis method) in 
several injections and concentrated under a stream of nitrogen in the dark to give 2-((1E,3E)-5-(€-3-(1-(1-(1-(4-
((2-(4-(3-chloropropyl)-2-methoxyphenethoxy)ethyl)carbamoyl)phenyl)-3-oxo-
6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,108
,111-hexatriacontaoxa-2-azatridecahectan-113-yl)-1H-1,2,3-triazol-4-yl)-21-oxo-2,5,8,11,14,17-hexaoxa-20-
azahexacosan-26-yl)-3-methyl-5-sulfo-1-(3-sulfopropyl)indolin-2-ylidene)penta-1,3-dien-1-yl)-3,3-dimethyl-1-(3-
sulfopropyl)-3H-1l4-indole-5-sulfonic acid, Alexa Fluor-647.1DART.2 (R11) (17 mg, 50 %) as a deep blue oil 
which was stored in a vial covered with aluminum foil. 1H NMR (500 MHz, D2O, water suppression used- the 
peaks close to the water peak between 4.25 and 4.5 ppm were partially suppressed) δ 8.00 (td, J = 13.2, 5.4 
Hz, 2H), 7.92 (s, 1H), 7.73 – 7.66 (m, 4H), 7.49 – 7.45 (m, 2H), 7.24 (dt, J = 8.5, 2.1 Hz, 4H), 6.89 (d, J = 7.6 
Hz, 1H), 6.61 (d, J = 1.6 Hz, 1H), 6.55 (t, J = 12.5 Hz, 1H), 6.38 (dd, J = 7.6, 1.6 Hz, 1H), 6.30 (d, J = 13.5Hz, 
1H), 6.36 (d, J = 13.5Hz, 1H), 4.53 (s, 2H), 4.44 (t, J= 5.0 Hz, 2H), 4.31 (s, 2H), 4.09 (q, J = 8.1 Hz, 4H), 3.77 
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(dd, J = 5.5, 4.4 Hz, 2H), 3.65 (d, J = 5.9 Hz, 2H), 3.59 – 3.39 (m, 162H), 3.34 (ddt, J = 10.4, 6.9, 3.2 Hz, 6H), 
3.10 (t, J = 5.3 Hz, 2H), 2.87 (dt, J = 10.9, 7.1 Hz, 4H), 2.63 (t, J = 6.3 Hz, 2H), 2.47 – 2.38 (m, 4H), 2.18 (t, J = 
12.3 Hz, 1H), 2.07 (ddt, J = 14.2, 10.5, 6.0 Hz, 5H), 1.89 (t, J = 7.3 Hz, 2H), 1.75 (dq, J = 8.5, 6.5 Hz, 2H), 1.54 
– 1.49 (m, 9H), 1.22 (q, J = 7.4 Hz, 2H), 0.95 (p, J = 7.5 Hz, 2H), 0.67 (d, J = 11.6 Hz, 1H), 0.41 (dd, J = 12.3, 
6.9 Hz, 1H). Note: the structure of AlexaFluor 647 NHS ester was assumed to be consistent with that reported 
in reference 7. (ES-LCMS) m/z 813.5 (M+4H)4+; Compound decomposed on HRMS 
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1H NMR of Alexa Fluor-647.1DART.2 (R11) in D2O (water suppression) 
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Synthesis of R12―blank.1DART.2 

OH

CuSO4.5H2O
Sodium ascorbate
r.t
38 %

O 6

HO
O 6

Cl

O
N
H

O

NH

O

O
O

35

O

N N
N

O
N
H

O

NH

O

O
O 35

N3

O

Cl

Blank.1DART.2 (R12)

R4

 
To 3,6,9,12,15,18-hexaoxahenicos-20-yn-1-ol (4.0 mg, 12.5 µmol) was added  EtOH:t-BuOH:water (2:1:1, 0.8 
mL) followed by azido-PEG36-HTL2.0, R4 (26.1 mg, 12.5 µmol). Then, copper (II) sulfate pentahydrate (0.16 
mg, 0.62 µmol) and sodium ascorbate (0.2 mg, 1.25 µmol) were added and the reaction was stirred overnight 
at room temperature after which it was purified by reverse phase prep HPLC eluting with 25 to 90 % 
acetonitrile in water (0.1 % formic acid, 220 nm wavelength for collection and the parameters as described in 
the general chemical synthesis section). The fraction was lyophilized to give Blank.1DART.2, R12 (11.4 mg, 38 
%). 1H NMR (500 MHz, CDCl3) δ 7.73 (br.s, 1H), 7.69-7.66 (m, 2H), 7.34(d, J= 7.9Hz, 2H), 7.09 (br.s, 1H), 
7.03(d, J= 7.8Hz, 1H), 6.71 – 6.61 (m, 2H), 6.51 (br, 1H), 4.66 (s, 2H), 4.52 (t, J = 5.0 Hz, 2H), 4.48 (dd, J = 
5.0 Hz, 2H), 3.86 (t, J = 4.9 Hz, 2H), 3.79 – 3.47 (m, 170H), 2.88 (t, J= 7.0Hz, 2H), 2.71 (t, J = 7.4 Hz, 2H), 
2.53 (t, J = 5.6 Hz, 2H), 2.03 (dq, J = 8.3, 6.6 Hz, 2H). HRMS (ESI+): m/z calcd for C112H205ClN5NaO47: 
1215.6707 [M+Na+H]2+; found: 1215.6749, [M+Na+H]2+ 
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1H NMR of Blank.1DART.2 (R12) in CDCl3 
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Synthesis of R13―diazepam.1DART.2 
O

NH2

Cl

O

Cl
Cl

O

NH

Cl

O
Cl

Ammonium acetate

N

N N

N
N

H
N

O

Cl

O 6
Br

N

N
O

Cl

O 6

Cl

O
N
H

O

NH

O

O
O

35

O

N N
N

CuSO4.5H2O
Sodium ascorbate
r.t
34 %

Cl

O
N
H

O

NH

O

O
O

35

O

N3

N

N

O

Cl

O 6

Diazepam.1DART.2 (R13)

90°C
54 %

0°C to r.t
68 %

Cs2CO3
r.t
57 %

43 44
45

46

47

R4

 
 
 
Synthesis of 1-bromo-3,6,9,12,15,18-hexaoxahenicos-20-yne, 46  
 

O 6
BrO 6

HO CBr4/PPh3

0°C to r.t
57 % 46

 
To 3,6,9,12,15,18-hexaoxahenicos-20-yn-1-ol (1.00 g, 1 equiv., 3.12 mmol) in THF (20 mL) in a cooled 
ice/water bath was added CBr4 (1.55 g, 1.50 equiv., 4.68 mmol) and triphenylphosphine (1.23 g, 1.50 equiv., 
4.68 mmol) and the reaction mixture was stirred as the ice bath expired for 4 h after which hexanes (15 mL) 
were added. The mixture was filtered and the solids were discarded. The filtrate was concentrated, triturated in 
a mixture of hexanes/THF (~ 1:1), filtered and concentrated again to remove more triphenylphosphine oxide. 
The yellow oil was purified by silica gel chromatography eluting with 0 to 100 % ethyl acetate in hexanes to 
give 1-bromo-3,6,9,12,15,18-hexaoxahenicos-20-yne, 46 (688 mg, 1.80 mmol, 57.5 %) as a yellow oil. 1H NMR 
(500 MHz, CDCl3, contains a small amount of PPh3=O) δ 4.19 (d, J = 2.4 Hz, 2H), 3.79 (t, J = 6.4 Hz, 2H), 3.70 
– 3.59 (m, 20H), 3.45 (t, J = 6.4 Hz, 2H), 2.41 (t, J = 2.4 Hz, 1H). (ES-LCMS) m/z 385.3 (M+H)+. 
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Step 1: Synthesis of N-(2-benzoyl-4-chlorophenyl)-2-chloroacetamide, 44 (reported in reference 5) 
 

O

NH2

Cl

O

Cl
Cl

O

NH

Cl

O
Cl0°C to r.t

68 %
43 44  

 
To a cooled (ice/water bath) solution of (2-amino-5-chlorophenyl)(phenyl)methanone, 43 (1 g, 4.32 mmol) in 
dichloromethane (14.39 mL) under nitrogen flow was added triethylamine (0.902 ml, 6.47 mmol) and DMAP 
(5.27 mg, 0.043 mmol) after which chloroacetyl chloride (0.380 ml, 4.75 mmol) was added dropwise. Additional 
chloroacetyl chloride (0.2 ml, 2.497 mmol) was added and the ice bath was removed. The reaction was stirred 
for another 2 h at room temperature after which the reaction was filtered to remove solids, which were washed 
with DCM. The organic layer was washed with saturated NaHCO3 solution (2 x 5 mL), water (5 mL), brine (5 
mL), and filtered through an isolute phase separator. The filtrate was concentrated to a brown solid which was 
crystallized from EtOH to give N-(2-benzoyl-4-chlorophenyl)-2-chloroacetamide, 44 (0.9 g, 2.92 mmol, 67.7 % 
yield) as a light brown/light yellow solid. 1H NMR (500 MHz, CDCl3) δ 11.44 (s, 1H), 8.61 – 8.55 (m, 1H), 7.76 – 
7.67 (m, 2H), 7.66 – 7.58 (m, 1H), 7.58 – 7.46 (m, 4H), 4.17 (s, 2H). (ES-LCMS) m/z 310.1 (M+H)+. 
 
 
Step 2: Synthesis of 7-chloro-5-phenyl-1H-benzo[e][1,4]diazepin-2(3H)-one, 45 (reported in references 5 and 
6) 

O

NH

Cl

O
Cl

Ammonium acetate

N

N N

N
N

H
N

O

Cl

90°C
54 %

44

45  
 
 
To N-(2-benzoyl-4-chlorophenyl)-2-chloroacetamide, 44 (0.9 g, 2.92 mmol) in ethanol (58.4 mL) was added 
ammonium acetate (0.45 g, 5.84 mmol) and hexamethylenetetramine (0.82 g, 5.84 mmol) after which the 
reaction was heated to 90°C for 1 h. Additional ammonium acetate (120 mg, 1.56 mmol) and 
hexamethylenetetramine (240 mg, 1.7 mmol) were added and the reaction was heated at 75°C overnight after 
which the reaction was diluted with water (240 mL). The suspension was extracted with ethyl acetate (2 x 100 
mL), brine (30 mL), and filtered through an isolute phase separator after which the filtrate was concentrated. 
The residue was triturated in hexanes/acetone and filtered to give 7-chloro-5-phenyl-1H-benzo[e][1,4]diazepin-
2(3H)-one, 45 (0.43 g, 1.588 mmol, 54.4 % yield) as a tan solid. 1H NMR (500 MHz, Chloroform-d) δ 9.05 (s, 
1H), 7.54 – 7.49 (m, 2H), 7.49 – 7.35 (m, 4H), 7.29 (d, J = 2.4 Hz, 1H), 7.10 (d, J = 8.7 Hz, 1H), 4.57 – 4.02 (m, 
2H). (ES-LCMS) m/z 271.2 (M+H)+. 
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Step 3: Synthesis of 7-chloro-1-(3,6,9,12,15,18-hexaoxahenicos-20-yn-1-yl)-5-phenyl-1H-
benzo[e][1,4]diazepin-2(3H)-one 
 

N

H
N

O

Cl

O 6
Br

N

N
O

Cl

O 6

Cs2CO3
r.t
57 %

45

46

47  
 
To a vial was added  7-chloro-5-phenyl-1,3-dihydro-2H-benzo[e][1,4]diazepin-2-one, 45 (100 mg, 1 equiv., 369 
µmol)  and DMF (3 mL) after which 1-bromo-3,6,9,12,15,18-hexaoxahenicos-20-yne, 46 (142 mg, 1 equiv., 369 
µmol)  was added followed by cesium carbonate (181 mg, 1.5 Eq, 554 µmol)  and the reaction mixture was 
allowed to stir overnight. The reaction mixture was diluted with water (5 mL) and ethyl acetate (20 mL). The 
aqueous layer was extracted once with ethyl acetate (20 mL). Combined organic layers were washed with 
brine, filtered through an isolute phase separator, concentrated and purified by reverse phase prep HPLC 
eluting with 20 to 80 % acetonitrile in water (0.1 % formic acid and other conditions as reported in the general 
chemical synthesis section) to give 7-chloro-1-(3,6,9,12,15,18-hexaoxahenicos-20-yn-1-yl)-5-phenyl-1,3-
dihydro-2H-benzo[e][1,4]diazepin-2-one, 47 (121 mg, 211 µmol, 57.2 %) as a yellow oil. 1H NMR (500 MHz, 
CDCl3) δ 7.63 (d, J = 8.8 Hz, 1H), 7.61 – 7.57 (m, 2H), 7.49 – 7.43 (m, 2H), 7.42 – 7.36 (m, 2H), 7.22 (d, J = 
2.5 Hz, 1H), 4.77 (d, J = 10.4 Hz, 1H), 4.17 (d, J = 2.4 Hz, 2H), 4.16 – 4.09 (m, 1H), 3.89 (ddd, J = 14.3, 5.4, 
4.0 Hz, 1H), 3.79 – 3.71 (m, 2H), 3.70 – 3.38 (m, 21H), 2.40 (t, J = 2.4 Hz, 1H). (ES-LCMS) m/z 573.4 (M+H)+. 
 
Step 4: Synthesis of Diazepam.1DART.2 (R13) 
 

N

N
O

Cl

O 6

Cl

O
N
H

O

NH

O

O
O

35

O

N N
N

CuSO4.5H2O
Sodium ascorbate
r.t
34 %

O
N
H

O

NH

O

O
O

35

O

N3
N

N

O

Cl

O 6

Diazepam.1DART.2 (R13)

Cl

47

R4

 
 
To -chloro-1-(3,6,9,12,15,18-hexaoxahenicos-20-yn-1-yl)-5-phenyl-1,3-dihydro-2H-benzo[e][1,4]diazepin-2-one 
(5 mg, 8.7 µmol), 47 was added a solution azido-PEG36-HTL2.0, R4 (18 mg, 8.7 µmol) in  EtOH (0.4 mL)/t-
BuOH (0.2 mL)/Water (0.2 mL). Then, copper (II) sulfate pentahydrate (0.1 mg, 0.44 µmol) and sodium 
ascorbate (0.15 mg, 0.87 µmol) were added and the reaction mixture was stirred overnight after which it was 
purified by reverse phase prep HPLC eluting with 5 to 95 % acetonitrile in water (0.1 % formic acid, 220 nm 
wavelength for collection and other conditions as reported in the general chemical synthesis methods section) 
to give 1-(4-(19-(7-chloro-2-oxo-5-phenyl-2,3-dihydro-1H-benzo[e][1,4]diazepin-1-yl)-2,5,8,11,14,17-
hexaoxanonadecyl)-1H-1,2,3-triazol-1-yl)-N-(4-((2-(4-(3-chloropropyl)-2-
methoxyphenethoxy)ethyl)carbamoyl)benzyl)-
3,6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,1
08-hexatriacontaoxaundecahectan-111-amide, Diazepam.1DART.2, R13 (8 mg, 34 %). 1H NMR (500 MHz, 
CDCl3) δ 7.71 (s, 1H), 7.69-7.66 (m, 2H), 7.63 (d, J = 8.9 Hz, 1H), 7.60 – 7.57 (m, 2H), 7.48 – 7.44 (m, 2H), 
7.41-7.37 (m, 2H), 7.33 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 2.5 Hz, 1H), 7.10 (t, J = 6.4 Hz, 1H), 7.05 (d, J = 7.8 
Hz, 1H), 6.66 (d, J = 6.4 Hz, 2H), 6.52 (br.s, 1H), 4.77 (d, J = 10.5 Hz, 1H), 4.65 (s, 2H), 4.51 (t, J=5.1 Hz, 2H), 
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4.48 (d, J= 6.0Hz, 2H), 4.16 – 4.12 (m, 1H), 3.91 – 3.42 (m, 184H), 2.85 (t, J = 7.0 Hz, 2H), 2.71 (t, J = 7.4 Hz, 
2H), 2.53 (t, J = 5.6 Hz, 2H), 2.03 (dq, J = 8.2, 6.6 Hz, 2H). 
HRMS (ESI+): m/z calcd for C127H214Cl2N7NaO47: 1341.6934 [M+Na+H]2+; found: 1341.6982 [M+Na+H]2+ 
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Synthesis of R14―flumazenil.1DART.2

O
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     74 % over 2 steps
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Step 1: Synthesis of 2-((2,4-dimethoxybenzyl)amino)acetic acid, 49 
 
See reference 8 for the reported synthesis until the debenzylated analog. 

O

O

O H2N
OH

O
1)

 2) Pd/C
 
     74 % over 2 steps

O

O

N
H

OH

O

 NaOH

48 49
 

 
To a round bottom flask was added glycine (2 g, 26.6 mmol) to which 1M NaOH (32 mL) was added. In a 
separate vial was added 2,4-dimethoxybenzaldehyde, 48 (3.98 g, 23.98 mmol) in methanol (16 mL) and this 
stirred suspension was added portionwise to the round bottom flask containing glycine/NaOH. A white solid 
precipitated and the suspension was stirred for 10 min at room temperature after which Pd/C (0.8 g, 0.752 
mmol) was added under a stream of nitrogen. The reaction was stirred overnight under an atmosphere of 
hydrogen after which it was filtered through a pad of celite, washing with hot methanol. The filtrate was 
concentrated on the rotary evaporator to give a yellow aqueous solution which was cooled in an ice bath. The 
mixture was acidified (3 M HCl) until pH = 4. The mixture was concentrated to remove water, taken up in 
methanol and filtered. The filtrate was concentrated then triturated from acetone to give 2-((2,4-
dimethoxybenzyl)amino)acetic acid, 49 (4.45 g, 19.76 mmol, 74.2 % yield) as a white solid. 1H NMR (500 MHz, 
DMSO-d6) δ 13.71 (br.s, 1H), 9.26 (br.s, 2H), 7.36 (d, J = 8.4 Hz, 1H), 6.62 (d, J = 2.4 Hz, 1H), 6.57 (dd, J = 
8.4, 2.4 Hz, 1H), 4.08 (s, 2H), 3.82 (s, 3H), 3.79 (s, 3H), 3.72 (s, 2H). (ES-LCMS) m/z 226.1 (M+H)+. 
 
Step 2/3: Synthesis of 4-(2,4-dimethoxybenzyl)-7-fluoro-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione, 51 
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 To a vial was added 2-((2,4-dimethoxybenzyl)amino)acetic acid, 49 (2 g, 8.88 mmol) to which DMSO (11 mL) 
was added. Then, 6-fluoro-1H-benzo[d][1,3]oxazine-2,4-dione (1.59 g, 8.78 mmol) was added and the mixture 
was stirred until all solids dissolved. Cesium carbonate (2.89 g, 8.88 mmol) was added and the reaction 
mixture was heated at 100 °C for 10 min after the intermediate 50 was observed on LCMS. Pressure buildup 
was observed during this reaction. Acetic acid (2.033 ml, 35.5 mmol) was added and the reaction mixture was 
heated at 100°C overnight. To this mixture was added water and the suspension was thoroughly stirred, then 
filtered. The collected tan solid was washed generously with water and dried overnight to give 4-(2,4-
dimethoxybenzyl)-7-fluoro-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione, 51 (2 g, 5.81 mmol, 65.4 % yield) 
as a tan solid. 1H NMR (500 MHz, Chloroform-d) δ 8.38 (s, 1H), 7.67 (dd, J = 9.0, 3.1 Hz, 1H), 7.27 (d, J = 8.1 
Hz, 1H), 7.15 (ddd, J = 8.8, 7.3, 3.1 Hz, 1H), 6.90 (dd, J = 8.8, 4.6 Hz, 1H), 6.44 (d, J = 7.6 Hz, 2H), 4.77 (s, 
2H), 3.88 (s, 2H), 3.80 (s, 3H), 3.77 (s, 3H). (ES-LCMS) m/z 345.0 (M+H)+. 
 
 
Step 4/5: Synthesis of ethyl 5-(2,4-dimethoxybenzyl)-8-fluoro-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-
a][1,4]diazepine-3-carboxylate, 53 
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 4-(2,4-dimethoxybenzyl)-7-fluoro-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione, 51 (2 g, 5.81 mmol) was 
added to a vial to which dry DMF (8 mL) was added followed by potassium tert-butoxide (0.782 g, 6.97 mmol). 
After stirring for 15 min under nitrogen, the reaction was placed in an acetonitrile/dry ice bath at -30 °C and 
diethyl chlorophosphate (0.919 ml, 6.39 mmol) was added dropwise over 2 minutes. Upon addition, the 
reaction was stirred for 20 min and maintained in the cold bath during this time.   
     In a separate vial, potassium tert-butoxide (0.782 g, 6.97 mmol) was dissolved in anhydrous DMF (3 mL) 
and after stirring for 5 min at room temperature, this solution was cooled in an acetonitrile/dry ice bath at -50 °C 
and placed under nitrogen after which ethyl 2-isocyanoacetate (0.698 ml, 6.39 mmol) in DMF (1 mL) was 
added dropwise. This dark brown solution was immediately added dropwise over 5 min to the solution (which 
at this point has warmed to -20 °C) containing the intermediate described in the previous paragraph. The 
resulting mixture was stirred at room temperature for 2 hours after which it was quenched with acetic acid 
(0.499 mL, 8.71 mmol). Saturated aqueous NH4Cl solution (5 mL) was added. The reaction mixture was diluted 
with ethyl acetate (40 mL) and the aqueous layer was extracted with EtOAc (2x30 mL). Combined organic 
extracts were washed with brine and dried (sodium sulfate). The organic layer was decanted off and 
concentrated to give a black oil (~ 3 g) with a stench odor. 
     The mixture was purified by silica gel chromatography eluting with 5 to 50 % ethylacetate in 
dichloromethane to give 600 mg of a slightly unclean product. This solid was recrystallized from ethyl acetate 
to give desired product, 53 as a white powder (200 mg, 8 %). 1H NMR (500 MHz, Chloroform-d) δ 7.86 - 7.75 
(m, 2H), 7.38 (dd, J = 8.8, 4.5 Hz, 1H), 7.31 (ddd, J = 8.8, 7.1, 3.0 Hz, 1H), 7.19 (d, J = 8.2 Hz, 1H), 6.52 - 6.28 
(m, 2H), 5.36 (d, J = 15.9 Hz, 1H), 5.00 - 4.55 (m, 2H), 4.31 (q, J = 7.1 Hz, 2H), 4.15 (d, J = 15.9 Hz, 1H), 3.77 
(d, J = 17.1 Hz, 6H), 1.37 (t, J = 7.1 Hz, 3H). (ES-LCMS) m/z 440.3 (M+H)+. 
 
Step 6: Synthesis of ethyl 8-fluoro-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate, 
54 
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To a vial containing ethyl 5-(2,4-dimethoxybenzyl)-8-fluoro-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-
a][1,4]diazepine-3-carboxylate, 53 (0.15 g, 0.341 mmol) was added DCM (1 mL) and the mixture was placed in 
an ice/water bath after which TFA (1 mL, 12.98 mmol) and trifluoromethanesulfonic acid (69 uL, 0.777 mmol) 
were added. The reaction mixture turned from light pink to dark purple over the course of 90 minutes. The 
reaction mixture was concentrated and diluted with DCM/saturated aqueous sodium bicarbonate solution. The 
solution was stirred and the color changed from purple to a very light pink, and the aqueous layer was slightly 
basic (pH=8). The aqueous layer was extracted with DCM and all combined organic extracts were washed with 
brine, filtered through an isolute phase separator, and concentrated to give a white solid which was triturated 
from hot ethyl 



  63 
 

acetate and diethyl ether to give ethyl 8-fluoro-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-
carboxylate, 54 (80 mg ,0.277 mmol, 81 % yield) as a white solid.  
1H NMR (500 MHz, CDCl3) δ 7.85 – 7.77 (m, 2H), 7.44 (dd, J = 8.8, 4.5 Hz, 1H), 7.37 (ddd, J = 8.9, 7.0, 2.9 Hz, 
1H), 6.52 (t, J = 6.3 Hz, 1H), 4.41 (q, J = 7.1 Hz, 2H), 3.84 – 3.63 (m, 1H), 1.42 (t, J = 7.1 Hz, 3H). (ES-LCMS) 
m/z 290.1 (M+H)+. 
 
Step 7: Synthesis of ethyl 8-fluoro-5-(3,6,9,12,15,18-hexaoxahenicos-20-yn-1-yl)-6-oxo-5,6-dihydro-4H-
benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate, 55 
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In a vial was added ethyl 8-fluoro-6-oxo-5,6-dihydro-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate, 54 
(10 mg, 0.035 mmol) followed by anhydrous DMF (700 uL) and 1-bromo-3,6,9,12,15,18-hexaoxahenicos-20-
yne, 46 (13.25 mg, 0.035 mmol) followed by anhydrous cesium carbonate (22.53 mg, 0.069 mmol) and the 
reaction was stirred at room temperature overnight after which additional alkyl bromide (5 mg) was added. 
After stirring for several hours, no change was detected by LCMS (still some SM remaining). 
     The reaction was diluted with ethyl acetate (20 mL) and water (5 mL). The organic layer was washed with 
brine (5 mL), filtered through an isolute phase separator, concentrated and purified by RP HPLC eluting with 5 
to 70 % acetonitrile in water (0.1 % FA and the rest of conditions as described in the general chemistry 
synthesis section) to give ethyl 8-fluoro-5-(3,6,9,12,15,18-hexaoxahenicos-20-yn-1-yl)-6-oxo-5,6-dihydro-4H-
benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate, 55 (10 mg , 0.017 mmol, 48.9 % yield) as a brown oil.  
1H NMR (500 MHz, CDCl3) δ 7.85 (s, 1H), 7.77 (d, J = 8.8 Hz, 1H), 7.42 (dd, J = 9.2, 4.4 Hz, 1H), 7.33 (t, J = 
8.2 Hz, 1H), 5.39 (d, J = 16.1 Hz, 1H), 4.48 – 4.23 (m, 4H), 4.17 (d, J = 5.7 Hz, 4H), 3.98 (d, J = 13.6 Hz, 1H), 
3.84 – 3.37 (m, 45H), 2.40 (s, 2H), 1.42 (t, J = 7.2 Hz, 3H). (ES-LCMS) m/z 592.1 (M+H)+. 
 
Step 8: Synthesis of Flumazenil.1DART.2 (R14) 
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To a vial containing ethyl 8-fluoro-5-(3,6,9,12,15,18-hexaoxahenicos-20-yn-1-yl)-6-oxo-5,6-dihydro-4H-
benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate, 55 (5 mg, 8.5 µmol) was added a solution of azido-PEG36 
HTL2.0, R4 (18 mg, 8.5 µmol) in EtOH:t-BuOH:water (2:1:1, 0.8 mL). Then, copper (II) sulfate pentahydrate 
(0.1 mg, 0.42 µmol) and sodium ascorbate (0.15 mg, 0.85 µmol) were added and the reaction mixture was 
stirred overnight after which it was purified by RP HPLC eluting with 10 to 80 % acetonitrile in water (0.1 % FA, 
220 nm wavelength) and other conditions as described in the general chemistry synthesis section to give 
Flumazenil.1DART.2, R14 (4 mg, 18 %).  
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1H NMR (500 MHz, CDCl3) δ 7.86 (s, 1H), 7.77 (dd, J = 8.8, 2.9 Hz, 1H), 7.72 – 7.63 (m, 3H), 7.43 (dt, J = 8.8, 
4.5 Hz, 1H), 7.36 – 7.30 (m, 3H), 7.14 – 7.01 (m, 2H), 6.68 – 6.60 (m, 2H), 6.50 (s, 1H), 5.39 (d, J = 16.0 Hz, 
1H), 4.65 (d, J = 5.5 Hz, 2H), 4.53 – 4.46 (m, 4H), 4.44 – 4.28 (m, 2H), 3.98 (d, J = 13.7 Hz, 1H), 3.85 (t, J = 
5.2 Hz, 2H), 3.79 – 3.72 (m, 6H), 3.70 – 3.43 (m, 170H), 2.89 – 2.78 (m, 3H), 2.71 (t, J = 7.4 Hz, 2H), 2.53 (t, J 
= 5.6 Hz, 2H), 2.03 (dq, J = 8.3, 6.6 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H). HRMS (ESI+): m/z calcd for 
C126H214ClFN8Na2O49: 1362.1995 [M+2Na]2+; found: 1362.1700 [M+2Na]2+ 
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1H NMR of Flumazenil.1DART.2 (R14) in CDCl3 
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Synthesis of R15―CMPDA.1DART.1 
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Step 1: Synthesis of benzyl 4-formylphenethylcarbamate, 57 
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Br
CbzHN

BF3K

56 57

CbzNH

PdCl2(dppf).CH2Cl2
 

To solution of 4-bromobenzaldehyde (2.36 g, 12.7 mmol) in toluene (75 mL) in a sealed tube were added 
potassium potassium benzyl N-[2-(trifluoroboranuidyl)ethyl]carbamate (4.0 g, 14.0 mmol), Cs2CO3  (12.4 g, 
38.2 mmol), PdCl2(dppf).CH2Cl2 (0.52 g, 0.64 mmol) and water (25 mL). The reaction mixture was purged with 
nitrogen. The tube was sealed and heated to 80 °C for 18 h. The reaction was allowed to cool to room 
temperature and saturated solution of NH4Cl was added. The suspension was extracted with CH2Cl2 (30 mL X 
3 times). The organic extracts were combined, dried (Na2SO4), and concentrated under reduced pressure to 
provide crude compound. Purification by flash chromatography (24g silica cartridge, EtOAc/Hexane) gave the 
title compound (2.0 g, 56% yield). 
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Step 2: Synthesis of benzyl-4-((E/Z)-2-(ethoxycarbonyl)vinyl)phenethylcarbamate, 58 
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Triethylphosphonoacetate (9.6 g, 2.4 mmol) and potassium t-butoxide (1.1 g, 27.1 mmol) were dissolved in 
DMF (10 mL) at 0°C and stirred 30 minutes. Benzyl-4-formylphenethylcarbamate (3.3 g, 13.5 mmol) dissolved 
in DMF (15 mL) was then added over 5 minutes. Reaction stirred overnight. The reaction was diluted with 
water and then extracted thrice (EtOAc). The organic extracts were combined, dried (Na2SO4), and 
concentrated under reduced pressure to provide crude compound. Purification by flash chromatography (24g 
silica cartridge, EtOAc/Hexane) gave the title compound (1.96 g, 78% yield). (ESI) m/z 354 (M+1)+. 
 
Step 3: Synthesis of benzyl 4-(1-(ethoxycarbonyl)-3-nitropropan-2-yl)phenethylcarbamate, 59 
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59  
The starting material benzyl-4-((E/Z)-2-(ethoxycarbonyl)vinyl)phenethylcarbamate (1.96 g, 5.55 mmol) was 
dissolved in nitromethane (20 mL) and 1,8-diazabicyclo 5.4.0 undec-7-ene (1.5 g, 10 mmol) was then added. 
The reaction mixture was stirred at room temperature for 48h. The reaction mixture was diluted with ethyl 
acetate and washed twice with aqueous 1N HCl. The organic layer was dried (Na2SO4), and concentrated 
under reduced pressure to provide crude product. Purification by flash chromatography (EtOAc/Hexane) gave 
the title compound (2.34 g, quant. yield). 1H NMR (300 MHz, CHLOROFORM-d) δ = 7.36 (s, 5H), 7.16 (s, 4H), 
5.10 (s, 2H), 4.82 - 4.54 (m, 3H), 4.17 - 3.91 (m, 4H), 3.51 - 3.37 (m, 2H), 2.83 - 2.69 (m, 4H), 2.06 (s, 1H), 
1.42 - 1.07 (m, 3H). (ESI) m/z 415 (M+1)+. 
 
Step 4: Synthesis of benzyl 4-(1-(ethoxycarbonyl)-3-aminopropan-2-yl)phenethylcarbamate, 60 
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To benzyl 4-(1-(ethoxycarbonyl)-3-nitropropan-2-yl)phenethylcarbamate (3.35 g, 8.1 mmol) in ethanol (100 mL) 
was added zinc (5.25 g, 81 mmol) and 4N HCl in dioxane (24 mL, 97 mmol). After 1 hour, the reaction was 
filtered through celite and the filtrate concentrated. The residue was dissolved in ethyl acetate and washed with 
aqueous sodium bicarbonate. The aqueous layer was extracted twice (EtOAC). The organic extracts were 
combined, dried (Na2SO4), and concentrated under reduced pressure to provide crude compound. Purification 
by flash chromatography (24g silica cartridge, EtOAc/Hexane) gave the title compound (3.11 g, quant. yield). 
(ESI) m/z 385 (M+1)+. 
 
Step 5: Synthesis of ethyl 4-amino-3-(4-(2-aminoethyl)phenyl)butanoate, 61 
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To benzyl-4-(1-(ethoxycarbonyl)-3-aminopropan-2-yl)phenethylcarbamate (3.11 g, 8.1 mmol) in ethanol (100 
mL) in a Parr bottle was added 10% Pd/C (350 mg) and 4N HCl in dioxane (6.1 mL). The sample was 
hydrogenated (50 psi) for 20 hours. Methanol was added to solubilize the product and the reaction was then 
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filtered through celite and concentrated to crude product used without further purification. 1H NMR (300 MHz, 
CHLOROFORM-d) δ = 7.19 (br s, 4H), 4.08 (br s, 3H), 3.40 (br s, 3H), 3.10 (br d, J = 5.9 Hz, 2H), 2.86 (br s, 
1H), 2.81 - 2.71 (m, 1H), 2.70 - 2.59 (m, 1H), 1.39 - 1.25 (m, 5H), 1.20 (br s, 2H). (ESI) m/z 251 (M+1)+. 
 
Step 6: Synthesis of ethyl 4-(propane-2-sulfonamido)-3-{4-[2-(propane-2-sulfonamido)ethyl]phenyl}butanoate, 
62 
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Ethyl 4-amino-3-(4-(2-aminoethyl)phenyl)butanoate (2.07 g, 6.4 mmol) in CH2Cl2:THF (60 mL, 1:1) was cooled 
to 0 °C. 1,8-Diazabicyclo 5.4.0 undec-7-ene (5.7 mL, 38.4 mmol), and isopropyl sulfonyl chloride (2.73 g, 19.2 
mmol) were then added. The reaction was stirred at room temperature for 22 h. The reaction was poured into 
1N HCl and the solid collected by filtration to yield title compound (1.73 g, 58%).  
 
Step 7: Synthesis of N-(2-{4-[4-hydroxy-1-(propane-2-sulfonamido)butan-2-yl]phenyl}ethyl)propane-2-
sulfonamide, 63 
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To ethyl 4-(propane-2-sulfonamido)-3-{4-[2-(propane-2-sulfonamido)ethyl]phenyl}butanoate (200 mg, 0.45 
mmol) in THF (15 mL) was added lithium borohydride (4M in THF, 110 L, 0.45 mmol) and the reaction heated 
to reflux for 2 hours. After cooling, the reaction was poured into aqueous buffer (pH=7) and extracted thrice 
with ethyl acetate. The organic extracts were combined, dried (Na2SO4), and concentrated under reduced 
pressure. Purification by flash chromatography (EtOAc/Hexane) afforded the title compound (0.16 g, 83 yield). 
(ESI) m/z 421 (M+1)+. 
 
Step 8: Synthesis of 2-(2-(2-(2-(2-(prop-2-ynyloxy)ethoxy)ethoxy)ethoxy)ethoxy)ethyl 4-
methylbenzenesulfonate, 65 
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To 2-(2-(2-(2-(2-(prop-2-ynyloxy)ethoxy)ethoxy)ethoxy)ethoxy)ethanol (250 mg, 0.91 mmol) in pyridine (3 mL) 
at 0°C was added tosyl chloride (345 mg, 1.81 mmol). The reaction warmed to room temperature while stirring 
overnight. The reaction was then concentrated and purified by flash chromatography (EtOAc/Hexane) to yield 
the title compound (57 mg, 14% yield). 1H NMR (300 MHz, CHLOROFORM-d) δ = 7.72 (br d, J = 6.7 Hz, 2H), 
7.27 - 6.99 (m, 2H), 4.24 - 3.99 (m, 4H), 3.64 - 3.50 (m, 18H), 2.38 (br s, 4H). 
 
Step 9: Synthesis of 3-(2-(2-(2-(2-(2-bromoethoxy)ethoxy)ethoxy)ethoxy)ethoxy)prop-1-yne, 66 
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2-(2-(2-(2-(2-(Prop-2-ynyloxy)ethoxy)ethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (57 mg, 0.132 
mmol), and lithium bromide (35 mg, 0.397 mmol) were refluxed in acetone (5 mL) for 3 hours. The reaction 
was concentrated and residue purified by flash chromatography (EtOAc/Hexane) to yield the title compound 
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(45 mg, quant. yield). 1H NMR (300 MHz, CHLOROFORM-d) δ = 4.21 (br s, 2H), 3.86 - 3.76 (m, 2H), 3.67 (br 
s, 16H), 3.59 - 3.38 (m, 2H), 2.44 (br s, 1H). 
 
Step 10: Synthesis of N-(2-{4-[23-(propane-2-sulfonamido)-4,7,10,13,16,19-hexaoxatricos-1-yn-22-
yl]phenyl}ethyl)propane-2-sulfonamide, 67 
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To N-(2-{4-[4-hydroxy-1-(propane-2-sulfonamido)butan-2-yl]phenyl}ethyl)propane-2-sulfonamide (63, 51 mg, 
0.12 mmol) in DMF (1 mL) was added 60% sodium hydride in mineral oil (15 mg, 0.37 mmol) and the reaction 
stirred at 0°C for 30 minutes. 3-(2-(2-(2-(2-(2-Bromoethoxy)ethoxy)ethoxy)ethoxy)ethoxy)prop-1-yne (66, 45 
mg, 0.133 mmol) was added and the reaction stirred at ambient temperature overnight. The reaction was 
purified via reverse phase chromatography to yield the title compound (19 mg, 23%). (ESI) m/z 679 (M+1)+. 
 
Step 11: Synthesis of  N-(2-{2-[(6-chlorohexyl)oxy]ethoxy}ethyl)-1-{4-[21-(propane-2-sulfonamido)-20-{4-[2-
(propane-2-sulfonamido)ethyl]phenyl}-2,5,8,11,14,17-hexaoxahenicosan-1-yl]-1H-1,2,3-triazol-1-yl}-
3,6,9,12,15,18,21,24,27,30,33,36,39,42,45,48,51,54,57,60,63,66,69,72,75,78,81,84,87,90,93,96,99,102,105,1
08-hexatriacontaoxa111n-111-amide, CMPDA.1DART.1 
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To a vial containing azido-PEG36-HTL.1 (azidoDART.1, R3) (37 mg, 0.019 mmol), N-(2-{4-[23-(propane-2-
sulfonamido)-4,7,10,13,16,19-hexaoxatricos-1-yn-22-yl]phenyl}ethyl)propane-2-sulfonamide (67, 13 mg, 0. 
19 mmol), and the solvents EtOH:i-PrOH:H2O (2:1:1) (1 mL) was added CuSO4.5H20 (0.3 mg, 0.001 mmol) 
and (+)-sodium L-ascorbate (0.4 mg, 0.002 mmol) pre-dissolved in solutions of EtOH:i-PrOH:H2O (2:1:1) (1 
mL). The reaction was stirred for 20h at room temperature. The reaction mixture was then filtered, 
concentrated, and purified by reverse phase HPLC to afford the title compound, R15 (36 mg, 72% yield). (ESI) 
m/z 1293 (1/2M+1)+. 
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Synthesis of R16―CMPDA.2DART.2 

O
OEt

NH2

S
O

O N
H

O
OEt

NH

S
O

O HN
S

O
O

S
O

O Cl

DBU
DCM:THF (1:1)

2N NaOH
EtOH

O
OEt

NO2

S
O

O N
H

Pd/C
AcOH/EtOH

O
OEt

NO2

H2N S
O

O

Cl

Et3N
DCM:THF (1:1)

O
OEt

NO2

BocHN
4N HCl in 
Dioxane, DCM

O

OEt
BocHN

DBU
MeNO2

TMPA, LiCl, 
DBU, MeCN

O

N
H

BocO

Br

N
H

Boc BF3K

O
OH

NH

S
O

O HN
S

O
O

H2N

HN
O

+
O

NH

S
O

O HN
S

O
O

HN HN
O

56
68 69

70 71 72

73 62

74 75

NHS, 0 °C, 
DCC, THF

 
 
 

CuSO4, 
NaAscorbate

EtOH:iPrOH:
H2O (2:1:1)

R4
O

NH

S
O

O HN
S

O
O

HN HN
O

OCH3

Cl

O

HN

O
N
H

O

O 36

N
N

N

CMPDA.2DART.2 (R16)
  



  70 
 

Step 1: tert-butyl (4-formylphenethyl)carbamate, 68 

O

N
H

Boc
O

Br

N
H

Boc BF3K

56 68  
To solution of 4-bromobenzaldehyde (3.0 g, 16.3 mmol) in toluene (25 mL) in a sealed tube were added 
potassium tert-butyl N-[2-(trifluoroboranuidyl)ethyl]carbamate (4.9 g, 19.6 mmol), Cs2CO3  (15.9 g, 48.9 mmol), 
PdCl2(dppf).CH2Cl2 (2.6 g, 3.2 mmol) and water (5 mL). The rection mixture was degassed under vacuum and 
filled with nitrogen gas, the process repeated three times. The tube with reaction mixture was sealed and 
heated to 80 °C for 18 h. The reaction was allowed to cool to room temperature, saturated solution of NH4Cl 
(20 mL) was added, and the suspension was extracted with CH2Cl2 (30 mL X 3 times). The organic extracts 
were combined, dried (Na2SO4), and concentrated under reduced pressure to provide crude compound. 
Purification by flash chromatography (24g silica cartridge, EtOAc/Hexane) gave the title compound (3.3g, 73% 
yield). 1H NMR (CHLOROFORM-d, 300MHz): δ = 9.93 - 10.04 (m, 1 H), 7.74 - 7.90 (m, 2 H), 7.32 - 7.42 (m, 2 
H), 4.39 - 4.63 (m, 1 H), 3.23 - 3.54 (m, 2 H), 2.73 - 3.02 (m, 2 H), 1.52 - 1.60 (m, 1 H), 1.43 ppm (s, 9 H). (ESI) 
m/z 273 (M+23)+. 
 
Step 2: Ethyl-3-(4-(2-((tert-butoxycarbonyl)amino)ethyl)phenyl)-(E/Z)-acrylate, 69 
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BocHN
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DBU, MeCNO

N
H

Boc

68 69  
Tert-butyl (4-formylphenethyl)carbamate (3.3 g, 13.5 mmol) was dissolved in acetonitrile (15 mL) and added 
ethyl 2-(diethoxyphosphoryl)acetate (9.6 g, 2.4 mmol), lithium chloride (1.1 g, 27.1 mmol), 1,8-diazabicyclo 
5.4.0 undec-7-ene (1.3 g, 3.9 mmol) added, the reaction mixture was maintained at room temperature for 18 h. 
After completion of reaction, the reaction mixture was concentrated and added CH2Cl2 (30 mL) and H2O (30 
mL) the suspension was extracted with CH2Cl2 (3 × 30 mL). The organic extracts were combined, washed with 
brine (20 mL), dried (Na2SO4), and concentrated under reduced pressure to provide crude compound. 
Purification by flash chromatography (40 g silica cartridge, EtOAc/Hexane) gave the title compound (2.6 g, 
60% yield). 1H NMR (CHLOROFORM-d, 300MHz): δ = 7.66 (d, J=15.8 Hz, 4 H), 7.46 (d, J=8.2 Hz, 7 H), 7.17 - 
7.28 (m, J=11.1 Hz, 9 H), 6.40 (d, J=15.8 Hz, 4 H), 4.26 (q, J=7.0 Hz, 7 H), 3.38 (q, J=6.2 Hz, 7 H), 2.81 (t, 
J=7.0 Hz, 7 H), 1.43 (s, 32 H), 1.33 ppm (t, J=7.0 Hz, 12 H). (ESI) m/z 343 (M+23)+. 
 
Step 3: Synthesis of ethyl 3-(4-(2-((tert-butoxycarbonyl)amino)ethyl)phenyl)-4-nitrobutanoate, 70 
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69 70  
The starting material ethyl-3-(4-(2-((tert-butoxycarbonyl)amino)ethyl)phenyl)-(E/Z)-acrylate (1.3 g, 3.9 mmol) 
was dissolved in nitromethane (6.5 mL) and added 1,8-diazabicyclo 5.4.0 undec-7-ene (1.6 g, 3.9 mmol), the 
reaction mixture was maintained at room temperature for 18 h. After completion of reaction, the reaction 
mixture was diluted with ethyl acetate (20 mL) and washed with 1N HCl (15 mL X 2 times) the combined 
aqueous layers were reextracted with ethyl acetate (15 mL). The organic extracts were combined again 
washed with 1N HCl (10 mL), dried (Na2SO4), and concentrated under reduced pressure to provide crude. 
Purification by flash chromatography (40 g silica cartridge, 30% EtOAc in Hexane) gave the title compound 
(0.8 g, 49% yield). (ESI) m/z 382 (M+1)+. 
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Step 4: Synthesis of ethyl 3-(4-(2-aminoethyl)phenyl)-4-nitrobutanoate hydrochloride, 71 
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70 71  
The ethyl 3-(4-(2-((tert-butoxycarbonyl)amino)ethyl)phenyl)-4-nitrobutanoate (1.3 g, 3.4 mmol) was dissolved in 
dichloromethane (10 mL) and added 4N HCl (3 mL). The reaction was maintained at room temperature 
overnight. Reaction was monitored by LC-MS. After completion of reaction, the reaction mixture was 
concentrated in vacuo and resultant solids were washed with ether to get desired compound in quantitative 
yield (0.85 g, 88.7% yield). 1H NMR (METHANOL-d4, 300MHz): δ = 7.16 - 7.42 (m, 4 H), 4.82 (s, 2 H), 3.83 - 
4.13 (m, 2 H), 3.43 - 3.54 (m, 1 H), 3.09 - 3.23 (m, 2 H), 2.88 - 2.99 (m, 2 H), 2.65 - 2.87 (m, 2 H), 1.15 ppm (s, 
3 H). (ESI) m/z 282 (M+1)+. 
 
 
Step 5: Synthesis of ethyl 3-(4-(2-((1-methylethyl)sulfonamido)ethyl)phenyl)-4-nitrobutanoate, 72 
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71 72  
The starting material ethyl 3-(4-(2-aminoethyl)phenyl)-4-nitrobutanoate.HCl (397 mg, 1.42 mmol) in 
CH2Cl2:THF (8 mL, 1:1) was cooled to 0 °C. To reaction mixture added triethylamine (418 uL, 3.0 mmol) and 
then isopropyl sulfonyl chloride (221 uL, 1.5 mmol) drop wise. The reaction mixture progress was monitored by 
LC-MS.  The reaction was maintained at room temperature for 18 h. To reaction mixture added EtOAc and the 
suspension was extracted with EtOAc (30 mL X 3 times). The organic extracts were combined, dried (Na2SO4), 
and concentrated under reduced pressure to provide crude compound. Purification by flash chromatography 
(24 g silica cartridge, 10% MeOH in CH2Cl2) gave the title compound (207 mg, 45%). (ESI) m/z 388 (M+1)+. 
 
 
Step 6: Synthesis of ethyl 4-amino-3-(4-(2-((1-methylethyl)sulfonamido)ethyl)phenyl)butanoate, 73 
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72 73  
To a solution of ethyl 3-(4-(2-((1-methylethyl)sulfonamido)ethyl)phenyl)-4-nitrobutanoate (200 mg, 0.51 mmol) 
in ethanol, under nitrogen atmosphere added 10% Pd/C (110.6 mg, 0.15 mmol) and setup was placed on par 
hydrogenator and maintained under hydrogen atmosphere 50psi for 18 hours. The reaction was checked by 
LC-MS and after complete conversion, the reaction mixture was filtered through celite and concentrated in 
vacuo to get crude compound (82 mg, 44%). The crude product was used as is without further purification. 
(ESI) m/z 358 (M+1)+. 
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Step 7: Synthesis of ethyl 4-((1-methylethyl)sulfonamido)-3-(4-(2-((1-
methylethyl)sulfonamido)ethyl)phenyl)butanoate, 62 
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73 62  
The starting material ethyl 4-amino-3-(4-(2-((1-methylethyl)sulfonamido)ethyl)phenyl)butanoate (67 mg, 0.189 
mmol) in CH2Cl2:THF (1 mL, 1:1) was cooled to 0 °C. 1,8-Diazabicyclo 5.4.0 undec-7-ene (68 mg, 0.45 mmol), 
and isopropyl sulfonyl chloride (59 mg, 0.41 mmol) were then added. The reaction was maintained at room 
temperature for 18 h with stirring. To the reaction mixture was added HCl (5 mL) and EtOAc (10 mL) and the 
suspension was extracted with EtOAc (3 × 10 mL). The organic extracts were combined, dried (Na2SO4), and 
concentrated under reduced pressure to provide crude compound. Purification by flash chromatography (12 g 
silica cartridge, 10% MeOH in CH2Cl2) to give the title compound (35 mg, 40%). 1H NMR (CHLOROFORM-d, 
300MHz): δ = 7.17 (s, 4 H), 4.19 - 4.33 (m, 2 H), 4.00 - 4.13 (m, 2 H), 3.27 - 3.43 (m, 5 H), 2.99 - 3.18 (m, 2 H), 
2.56 - 2.88 (m, 4 H), 1.30 (d, J=7.0 Hz, 12 H), 1.14 - 1.21 ppm (m, 3 H). (ESI) m/z 464 (M+1)+. 
 
Step 8: Synthesis of 4-((1-methylethyl)sulfonamido)-3-(4-(2-((1-methylethyl)sulfonamido)ethyl)phenyl)butanoic 
acid, 74 

O
OEt

NH

S
O

O HN
S

O
O

2N NaOH, 
EtOH O

OH

NH

S
O

O HN
S

O
O

62 74  
 
The starting material ethyl 4-((1-methylethyl)sulfonamido)-3-(4-(2-((1-
methylethyl)sulfonamido)ethyl)phenyl)butanoate (33 mg, 0.09 mmol) was dissolved in ethanol (0.5 mL). To this 
solution, sodium hydroxide (36.8 mg, 0.87 mmol) was added and reaction stirred at room temperature for 3 h. 
After completion of reaction, the reaction mixture was concentrated and CH2Cl2 and 1N HCl (3 mL) were 
added. The suspension was extracted with CH2Cl2 (3 × 5 mL). The organic extracts were combined dried 
(Na2SO4), and concentrated under reduced pressure to provide crude compound, which is used as is for next 
step. 1H NMR (METHANOL-d4, 300MHz): δ = 7.17 - 7.31 (m, 4 H), 3.35 (s, 1 H), 3.30 (br. s., 4 H), 3.07 (dq, 
J=13.5, 6.8 Hz, 2 H), 2.78 - 2.94 (m, J=7.0 Hz, 3 H), 2.52 - 2.69 (m, J=4.7 Hz, 1 H), 1.18 - 1.34 ppm (m, 12 H). 
(ESI) m/z 436 (M+1)+. 
 
Step 9: Synthesis of 4-((1-methylethyl)sulfonamido)-3-(4-(2-((1-methylethyl)sulfonamido)ethyl)phenyl)-N-(3-((2-
(prop-2-yn-1-yloxy)ethyl)amino)propyl)butanamide, 75 
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NHS, 0 °C, 
DCC, THF

A 
solution of 4-((1-methylethyl)sulfonamido)-3-(4-(2-((1-methylethyl)sulfonamido)ethyl)phenyl)butanoic acid (30.2 
mg, 0.07 mmol) and N-hydroxysuccinimide (8 mg, 0.07 mmol) in dry THF (0.3 mL) was cooled to 0 °C in an ice 
bath. Dicyclohexylcarbodiimide (17.9 mg, 0.09 mmol) dissolved in dry THF (0.5 mL) was added drop wise to 
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the mixture and the reaction stirred at room temperature for 24 h. The reaction mixture was filtered to remove 
dicyclohexylurea by-product formed. The filtrate was concentrated under reduced pressure. The residue was 
dissolved in CHCl3 and washed consecutively with water, a saturated solution of NaHCO3 and water. The 
organic layer was dried (Na2SO4), and concentrated under reduced pressure to obtain the N-
hyroxysuccinimide active ester intermediate. This intermediate (37.0 mg, 0.07 mmol) and N1-(2-(prop-2-yn-1-
yloxy)ethyl)propane-1,3-diamine (20.0 mg, 0.07 mmol) were dissolved in CHCl3 (0.3 mL) with addition of small 
amount of DMF (35 uL). The reaction stirred at room temperature for 48 h. After completion of reaction, the 
reaction mixture was washed with H2O, sat. NaHCO3, and H2O. filtered off the desiccant, dried over Na2SO4, 
concentrated and purified by reverse phase preparative HPLC (mobile phase: 0.1% TFA in acetonitrile and 
0.1% TFA in water) to give pure compound 9.0 mg, 23% yield. 1H NMR (METHANOL-d4 ,300MHz): δ= 7.23 (s, 
4 H), 4.22 - 4.30 (m, 2 H), 3.75 (t, J=5.0 Hz, 2 H), 3.24 (br. s., 4 H), 2.93 - 3.17 (m, 6 H), 2.71 - 2.87 (m, J=7.0, 
7.0 Hz, 4 H), 2.35 - 2.58 (m, J=14.4, 9.1 Hz, 2 H), 1.57 - 1.80 (m, 2 H), 1.16 - 1.37 ppm (m, 12 H). (ESI) m/z 
574 (M+1)+. 
 
Step 10: Synthesis of reagent CMPDA.2DART.2 (R16) 
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To a vial containing the azido-PEG36-HTL.2 (azidoDART.2, R4) (28.4 mg, 0.013 mmol) and 4-((1-
methylethyl)sulfonamido)-3-(4-(2-((1-methylethyl)sulfonamido)ethyl)phenyl)-N-(3-((2-(prop-2-yn-1-
yloxy)ethyl)amino)propyl)butanamide (7.8 mg, 0.013 mmol), the solvent mixture EtOH:iPrOH:H2O (2:1:1) (200 
uL) was added followed by CuSO4.5H20 (2.39 mg, 0.015 mmol) and (+)-sodium L-ascorbate (3.0 mg, 0.015 
mmol) was pre-dissolved in solutions of EtOH:iPrOH:H2O (2:1:1) (400 uL). The reaction was stirred for 18 h at 
room temperature. After completion of reaction, reaction mixture was filtered, concentrated and purified by 
reverse phase preparative HPLC (mobile phase: 0.1% TFA in acetonitrile and 0.1% TFA in water) to get pure 
compound R16 17.0 mg, 47% yield. 1H NMR (300 MHz, METHANOL-d4) δ ppm 8.19 - 8.25 (m, 1 H) 7.84 - 
7.97 (m, 2 H) 7.51 (d, J=7.03 Hz, 2 H) 7.33 (s, 4 H) 7.17 (d, J=7.03 Hz, 1 H) 6.87 (br. s., 1 H) 6.76 (d, J=7.62 
Hz, 1 H) 4.86 (s, 1 H) 4.80 (br. s., 1 H) 4.71 (br. s., 1 H) 4.57 (br. s., 2 H) 3.99 (m, J=3.51 Hz, 3 H) 3.83 - 3.94 
(m, 8 H) 3.57 - 3.83 (m, 158 H) 3.20 (m, J=11.72 Hz, 4 H) 2.88 (m, J=7.62 Hz, 8 H) 2.50 - 2.70 (m, 4 H) 2.14 (t, 
J=6.44 Hz, 2 H) 1.81 (br. s., 2 H) 1.37 (m, J=2.34 Hz, 12 H); (ESI) m/z 1332 (M/2+1)+; HRMS (ESI): m/z calcd 
for C123H221ClN9O46S2: 2659.4341 [M+H]+; found: 2659.43551, [M+H]+ 
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SUPPLEMENTARY TEXT 
 
LOCUS       DP.M3810A_aavCAG_H      7381 bp    DNA     circular  
DEFINITION   
FEATURES             Location/Qualifiers 
     Region          57..223 
                     /label=ITR 
     Region          250..1184 
                     /label=CAG 
     Region          1357..1389 
                     /label=HA 
     Region          1399..2289 
                     /label=+HTP 
     Region          2305..2574 
                     /label=NLGtm 
     Region          2575..2955 
                     /label=NLGct 
     Region          2962..3021 
                     /label=GolgiTS 
     Region          3034..3054 
                     /label=ERExport 
     Region          3067..3132 
                     /label=p2A 
     Region          3151..3852 
                     /label=dTomato 
     Region          3880..4468 
                     /label=WPRE 
     Region          4496..4727 
                     /label=SV40polyA 
     Region          complement(4756..4922) 
                     /label=ITR 
     Region          5650..6438 
                     /label=beta_Lactamase 
ORIGIN 
        1 agcgcccaat acgcaaaccg cctctccccg cgcgttggcc gattcattaa tgcagctgcg 
       61 cgctcgctcg ctcactgagg ccgcccgggc aaagcccggg cgtcgggcga cctttggtcg 
      121 cccggcctca gtgagcgagc gagcgcgcag agagggagtg gccaactcca tcactagggg 
      181 ttccttgtag ttaatgatta acccgccatg ctacttatct acgtagccat gctctaggaa 
      241 gatcgtacca ttgacgtcaa taatgacgta tgttcccata gtaacgccaa tagggacttt 
      301 ccattgacgt caatgggtgg actatttacg gtaaactgcc cacttggcag tacatcaagt 
      361 gtatcatatg ccaagtacgc cccctattga cgtcaatgac ggtaaatggc ccgcctggca 
      421 ttatgcccag tacatgacct tatgggactt tcctacttgg cagtacatct acgtattagt 
      481 catcgctatt accatggtcg aggtgagccc cacgttctgc ttcactctcc ccatctcccc 
      541 cccctcccca cccccaattt tgtatttatt tattttttaa ttattttgtg cagcgatggg 
      601 ggcggggggg gggggggggc gcgcgccagg cggggcgggg cggggcgagg ggcggggcgg 
      661 ggcgaggcgg agaggtgcgg cggcagccaa tcagagcggc gcgctccgaa agtttccttt 
      721 tatggcgagg cggcggcggc ggcggcccta taaaaagcga agcgcgcggc gggcgggagt 
      781 cgctgcgacg ctgccttcgc cccgtgcccc gctccgccgc cgcctcgcgc cgcccgcccc 
      841 ggctctgact gaccgcgtta ctcccacagg tgagcgggcg ggacggccct tctcctccgg 
      901 gctgtaatta gcgcttggtt taatgacggc ttgtttcttt tctgtggctg cgtgaaagcc 
      961 ttgaggggct ccgggagggc cctttgtgcg gggggagcgg ctcggggctg tccgcggggg 
     1021 gacggctgcc ttcggggggg acggggcagg gcggggttcg gcttctggcg tgtgaccggc 
     1081 ggctctagtg cctctgctaa ccatgttcat gccttcttct ttttcctaca gctcctgggc 
     1141 aacgtgctgg ttattgtgct gtctcatcat tttggcaaag aattagatcc tagggccgcc 
     1201 accatggcac ttcctagatg tatgtggcct aattatgtat ggcgagctat gatggcctgc 
     1261 gtggtgcacc gagggagtgg cgccccactt acactctgcc tgttgggttg cctcctccag 
     1321 actttccacg ttctttcaca gaagctggat atgcattacc catacgatgt tccagattac 
     1381 gctggtaccg gagaattcgg ttcagagatt ggcaccggct tcccgtttga tccccattac 
     1441 gtggaagtgc tcggggagcg aatgcactac gtggacgtgg gaccgcgcga cgggacccct 
     1501 gtgctgttct tgcacggaaa tcccacctcg agctacgtgt ggcggaacat cattccgcac 
     1561 gtggccccta ctcaccgctg tatcgctccg gacctcatcg gaatgggaaa gtccgacaag 
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     1621 cccgacttgg gctatttctt cgacgaccat gtccggttca tggacgcatt catcgaggcc 
     1681 ttgggcctgg aagaagtcgt gctggtcatc cacgattggg gctcggccct tggattccac 
     1741 tgggccaagc ggaaccctga gagagtgaag gggattgcct tcatggagtt catccgccct 
     1801 atccctacct gggacgaatg gccagagttc gcccgcgaaa ctttccaggc gttccggacc 
     1861 accgacgtgg gcaggaagct gatcatcgat cagaatgtgt tcattgaggg aactctgccc 
     1921 atgggggtcg tcagaccgct gacggaagtg gaaatggacc attaccggga gcctttcctc 
     1981 aaccccgtgg acagagaacc actgtggcgg tttcccaacg aactgccgat tgctggagaa 
     2041 cccgcaaaca tcgtcgcgct cgtggaagag tacatggatt ggctgcacca gtcccctgtg 
     2101 ccgaagctgc tgttttgggg cactccgggc gtgctgattc caccggctga ggccgccagg 
     2161 ctcgcaaagt ccctcccaaa ctgcaaggcc gtggatattg gtcctggcct gaacctgttg 
     2221 caagaggata atccagacct gatcggctcc gaaattgctc gctggcttag caccctggaa 
     2281 atctccggca ccggtggaac gcgtctcgag ctggtgcccc acttgcataa cctcaatgac 
     2341 atcagccaat acacaagtac aaccaccaag gtcccaagca ctgacatcac ccttcgacca 
     2401 actcggaaaa actcaacccc tgtgaccagc gcatttccaa ccgctaagca agacgacccc 
     2461 aaacaacagc ctagtccatt tagcgtagac caaagggact acagcacaga gctgtccgtg 
     2521 accatagctg taggagcttc cctgcttttc ctgaacattc tggctttcgc ggccctctat 
     2581 tacaagaagg acaaaaggcg ccacgacgta cataggagat gtagtccgca acgaactaca 
     2641 accaatgatc ttacgcacgc acctgaggag gagatcatga gtcttcagat gaaacacaca 
     2701 gacctggacc acgagtgtga atccatccat ccccatgagg tggtgctgag gacagcatgc 
     2761 cctccggact ataccctggc aatgcgccga agcccagacg acattcccct gatgacaccc 
     2821 aataccataa ccatgattcc caacactatt ccaggaatcc agcctctcca cactttcaac 
     2881 acattcactg gtggacagaa taatactctc cctcatccgc atccacaccc ccactcccac 
     2941 agcacaacac gggtgtctag taagagcagg atcaccagcg agggcgagta catccccctg 
     3001 gaccagatcg acatcaacgt gggaggttca ggtttctgct acgagaacga ggtgtctagt 
     3061 gcaggtggaa gcggagctac taacttcagc ctgctgaagc aggctggaga cgtggaggag 
     3121 aaccctggac ctgctggttc tagtgcaggt atggtgtcta agggtgagga agtaattaag 
     3181 gagtttatga gattcaaagt tagaatggag ggtagcatga acgggcacga gtttgaaatt 
     3241 gaaggtgagg gtgaaggaag accatatgag ggcacacaaa ccgccaagct caaggttacc 
     3301 aaaggtggcc cccttccttt cgcctgggac atcctcagcc ctcaattcat gtacggtagc 
     3361 aaggcttacg tcaaacaccc tgctgatata cctgattaca aaaaactgtc atttcctgaa 
     3421 ggatttaagt gggaacgagt aatgaatttt gaggatggtg ggctggtcac tgtcacgcaa 
     3481 gactcctctc tgcaggacgg caccctgatt tacaaggtga agatgcgcgg aacaaatttt 
     3541 ccccccgatg gccccgtgat gcagaagaag accatggggt gggaggcctc tacagaacga 
     3601 ctgtaccccc gcgatggcgt tcttaaaggc gaaatccatc aggcgcttaa actcaaagat 
     3661 ggcgggcact acctggttga gttcaaaact atatatatgg ccaaaaagcc ggttcagctg 
     3721 cctggctact actacgtgga caccaagttg gacatcacga gtcacaacga ggactacaca 
     3781 atcgtcgagc agtacgaacg ctcagaaggt cggcatcacc tgttcttgta tggcatggat 
     3841 gagctgtata aggctggttc tagatagaag cttatcgata atcaacctct ggattacaaa 
     3901 atttgtgaaa gattgactgg tattcttaac tatgttgctc cttttacgct atgtggatac 
     3961 gctgctttaa tgcctttgta tcatgctatt gcttcccgta tggctttcat tttctcctcc 
     4021 ttgtataaat cctggttgct gtctctttat gaggagttgt ggcccgttgt caggcaacgt 
     4081 ggcgtggtgt gcactgtgtt tgctgacgca acccccactg gttggggcat tgccaccacc 
     4141 tgtcagctcc tttccgggac tttcgctttc cccctcccta ttgccacggc ggaactcatc 
     4201 gccgcctgcc ttgcccgctg ctggacaggg gctcggctgt tgggcactga caattccgtg 
     4261 gtgttgtcgg ggaaatcatc gtcctttcct tggctgctcg cctgtgttgc cacctggatt 
     4321 ctgcgcggga cgtccttctg ctacgtccct tcggccctca atccagcgga ccttccttcc 
     4381 cgcggcctgc tgccggctct gcggcctctt ccgcgtcttc gccttcgccc tcagacgagt 
     4441 cggatctccc tttgggccgc ctccccgcat cgataccgtc gacccgggcg gccgcttcga 
     4501 gcagacatga taagatacat tgatgagttt ggacaaacca caactagaat gcagtgaaaa 
     4561 aaatgcttta tttgtgaaat ttgtgatgct attgctttat ttgtaaccat tataagctgc 
     4621 aataaacaag ttaacaacaa caattgcatt cattttatgt ttcaggttca gggggagatg 
     4681 tgggaggttt tttaaagcaa gtaaaacctc tacaaatgtg gtaaaatcga taaggatctt 
     4741 cctagagcat ggctacgtag ataagtagca tggcgggtta atcattaact acaaggaacc 
     4801 cctagtgatg gagttggcca ctccctctct gcgcgctcgc tcgctcactg aggccgggcg 
     4861 accaaaggtc gcccgacgcc cgggctttgc ccgggcggcc tcagtgagcg agcgagcgcg 
     4921 cagctggcgt aatagcgaag aggcccgcac cgatcgccct tcccaacagt tgcgcagcct 
     4981 gaatggcgaa tgggacgcgc cctgtagcgg cgcattaagc gcggcgggtg tggtggttac 
     5041 gcgcagcgtg accgctacac ttgccagcgc cctagcgccc gctcctttcg ctttcttccc 
     5101 ttcctttctc gccacgttcg ccggctttcc ccgtcaagct ctaaatcggg ggctcccttt 
     5161 agggttccga tttagtgctt tacggcacct cgaccccaaa aaacttgatt agggtgatgg 
     5221 ttcacgtagt gggccatcgc cctgatagac ggtttttcgc cctttgacgt tggagtccac 
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     5281 gttctttaat agtggactct tgttccaaac tggaacaaca ctcaacccta tctcggtcta 
     5341 ttcttttgat ttataaggga ttttgccgat ttcggcctat tggttaaaaa atgagctgat 
     5401 ttaacaaaaa tttaacgcga attttaacaa aatattaacg cttacaattt aggtggcact 
     5461 tttcggggaa atgtgcgcgg aacccctatt tgtttatttt tctaaataca ttcaaatatg 
     5521 tatccgctca tgagacaata accctgataa atgcttcaat aatattgaaa aaggaagagt 
     5581 atgagtattc aacatttccg tgtcgccctt attccctttt ttgcggcatt ttgccttcct 
     5641 gtttttgctc acccagaaac gctggtgaaa gtaaaagatg ctgaagatca gttgggtgca 
     5701 cgagtgggtt acatcgaact ggatctcaac agcggtaaga tccttgagag ttttcgcccc 
     5761 gaagaacgtt ttccaatgat gagcactttt aaagttctgc tatgtggcgc ggtattatcc 
     5821 cgtattgacg ccgggcaaga gcaactcggt cgccgcatac actattctca gaatgacttg 
     5881 gttgagtact caccagtcac agaaaagcat cttacggatg gcatgacagt aagagaatta 
     5941 tgcagtgctg ccataaccat gagtgataac actgcggcca acttacttct gacaacgatc 
     6001 ggaggaccga aggagctaac cgcttttttg cacaacatgg gggatcatgt aactcgcctt 
     6061 gatcgttggg aaccggagct gaatgaagcc ataccaaacg acgagcgtga caccacgatg 
     6121 cctgtagcaa tggcaacaac gttgcgcaaa ctattaactg gcgaactact tactctagct 
     6181 tcccggcaac aattaataga ctggatggag gcggataaag ttgcaggacc acttctgcgc 
     6241 tcggcccttc cggctggctg gtttattgct gataaatctg gagccggtga gcgtgggtct 
     6301 cgcggtatca ttgcagcact ggggccagat ggtaagccct cccgtatcgt agttatctac 
     6361 acgacgggga gtcaggcaac tatggatgaa cgaaatagac agatcgctga gataggtgcc 
     6421 tcactgatta agcattggta actgtcagac caagtttact catatatact ttagattgat 
     6481 ttaaaacttc atttttaatt taaaaggatc taggtgaaga tcctttttga taatctcatg 
     6541 accaaaatcc cttaacgtga gttttcgttc cactgagcgt cagaccccgt agaaaagatc 
     6601 aaaggatctt cttgagatcc tttttttctg cgcgtaatct gctgcttgca aacaaaaaaa 
     6661 ccaccgctac cagcggtggt ttgtttgccg gatcaagagc taccaactct ttttccgaag 
     6721 gtaactggct tcagcagagc gcagatacca aatactgttc ttctagtgta gccgtagtta 
     6781 ggccaccact tcaagaactc tgtagcaccg cctacatacc tcgctctgct aatcctgtta 
     6841 ccagtggctg ctgccagtgg cgataagtcg tgtcttaccg ggttggactc aagacgatag 
     6901 ttaccggata aggcgcagcg gtcgggctga acggggggtt cgtgcacaca gcccagcttg 
     6961 gagcgaacga cctacaccga actgagatac ctacagcgtg agctatgaga aagcgccacg 
     7021 cttcccgaag ggagaaaggc ggacaggtat ccggtaagcg gcagggtcgg aacaggagag 
     7081 cgcacgaggg agcttccagg gggaaacgcc tggtatcttt atagtcctgt cgggtttcgc 
     7141 cacctctgac ttgagcgtcg atttttgtga tgctcgtcag gggggcggag cctatggaaa 
     7201 aacgccagca acgcggcctt tttacggttc ctggcctttt gctggccttt tgctcacatg 
     7261 ttctttcctg cgttatcccc tgattctgtg gataaccgta ttaccgcctt tgagtgagct 
     7321 gataccgctc gccgcagccg aacgaccgag cgcagcgagt cagtgagcga ggaagcggaa 
     7381 g 
// 
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LOCUS       DP.M6374A_aavCAG_d      7381 bp    DNA     circular  
DEFINITION   
FEATURES             Location/Qualifiers 
     Region          57..223 
                     /label=ITR 
     Region          250..1184 
                     /label=HA 
     Region          1399..2289 
                     /label=ddHTP 
     Region          2305..2574 
                     /label=NLGtm 
     Region          2575..2955 
                     /label=NLGct 
     Region          2962..3021 
                     /label=GolgiTS 
     Region          3034..3054 
                     /label=ERExport 
     Region          3067..3132 
                     /label=p2A 
     Region          3151..3852 
                     /label=dTomato 
     Region          3880..4468 
                     /label=WPRE 
     Region          4496..4727 
                     /label=SV40polyA 
     Region          complement(4756..4922) 
                     /label=ITR 
     Region          5650..6438 
                     /label=beta_Lactamase 
ORIGIN 
        1 agcgcccaat acgcaaaccg cctctccccg cgcgttggcc gattcattaa tgcagctgcg 
       61 cgctcgctcg ctcactgagg ccgcccgggc aaagcccggg cgtcgggcga cctttggtcg 
      121 cccggcctca gtgagcgagc gagcgcgcag agagggagtg gccaactcca tcactagggg 
      181 ttccttgtag ttaatgatta acccgccatg ctacttatct acgtagccat gctctaggaa 
      241 gatcgtacca ttgacgtcaa taatgacgta tgttcccata gtaacgccaa tagggacttt 
      301 ccattgacgt caatgggtgg actatttacg gtaaactgcc cacttggcag tacatcaagt 
      361 gtatcatatg ccaagtacgc cccctattga cgtcaatgac ggtaaatggc ccgcctggca 
      421 ttatgcccag tacatgacct tatgggactt tcctacttgg cagtacatct acgtattagt 
      481 catcgctatt accatggtcg aggtgagccc cacgttctgc ttcactctcc ccatctcccc 
      541 cccctcccca cccccaattt tgtatttatt tattttttaa ttattttgtg cagcgatggg 
      601 ggcggggggg gggggggggc gcgcgccagg cggggcgggg cggggcgagg ggcggggcgg 
      661 ggcgaggcgg agaggtgcgg cggcagccaa tcagagcggc gcgctccgaa agtttccttt 
      721 tatggcgagg cggcggcggc ggcggcccta taaaaagcga agcgcgcggc gggcgggagt 
      781 cgctgcgacg ctgccttcgc cccgtgcccc gctccgccgc cgcctcgcgc cgcccgcccc 
      841 ggctctgact gaccgcgtta ctcccacagg tgagcgggcg ggacggccct tctcctccgg 
      901 gctgtaatta gcgcttggtt taatgacggc ttgtttcttt tctgtggctg cgtgaaagcc 
      961 ttgaggggct ccgggagggc cctttgtgcg gggggagcgg ctcggggctg tccgcggggg 
     1021 gacggctgcc ttcggggggg acggggcagg gcggggttcg gcttctggcg tgtgaccggc 
     1081 ggctctagtg cctctgctaa ccatgttcat gccttcttct ttttcctaca gctcctgggc 
     1141 aacgtgctgg ttattgtgct gtctcatcat tttggcaaag aattagatcc tagggccgcc 
     1201 accatggcac ttcctagatg tatgtggcct aattatgtat ggcgagctat gatggcctgc 
     1261 gtggtgcacc gagggagtgg cgccccactt acactctgcc tgttgggttg cctcctccag 
     1321 actttccacg ttctttcaca gaagctggat atgcattacc catacgatgt tccagattac 
     1381 gctggtaccg gagaattcgg ttcagagatt ggcaccggct tcccgtttga tccccattac 
     1441 gtggaagtgc tcggggagcg aatgcactac gtggacgtgg gaccgcgcga cgggacccct 
     1501 gtgctgttct tgcacggaga acccacctcg agctacgtgt ggcggaacat cattccgcac 
     1561 gtggccccta ctcaccgctg tatcgctccg gacctcatcg gaatgggaaa gtccgacaag 
     1621 cccgacttgg gctatttctt cgacgaccat gtccggttca tggacgcatt catcgaggcc 
     1681 ttgggcctgg aagaagtcgt gctggtcatc cacgaagggg gctcggccct tggattccac 
     1741 tgggccaagc ggaaccctga gagagtgaag gggattgcct tcatggagtt catccgccct 
     1801 atccctacct gggacgaatg gccagagttc gcccgcgaaa ctttccaggc gttccggacc 
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     1861 accgacgtgg gcaggaagct gatcatcgat cagaatgtgt tcattgaggg aactctgccc 
     1921 atgggggtcg tcagaccgct gacggaagtg gaaatggacc attaccggga gcctttcctc 
     1981 aaccccgtgg acagagaacc actgtggcgg tttcccaacg aactgccgat tgctggagaa 
     2041 cccgcaaaca tcgtcgcgct cgtggaagag tacatggatt ggctgcacca gtcccctgtg 
     2101 ccgaagctgc tgttttgggg cactccgggc cttcgtattc caccggctga ggccgccagg 
     2161 ctcgcaaagt ccctcccaaa ctgcaaggcc gtggatattg gtcctggcct gaacctgttg 
     2221 caagaggata atccagacct gatcggctcc gaaattgctc gctggcttag caccctggaa 
     2281 atctccggca ccggtggaac gcgtctcgag ctggtgcccc acttgcataa cctcaatgac 
     2341 atcagccaat acacaagtac aaccaccaag gtcccaagca ctgacatcac ccttcgacca 
     2401 actcggaaaa actcaacccc tgtgaccagc gcatttccaa ccgctaagca agacgacccc 
     2461 aaacaacagc ctagtccatt tagcgtagac caaagggact acagcacaga gctgtccgtg 
     2521 accatagctg taggagcttc cctgcttttc ctgaacattc tggctttcgc ggccctctat 
     2581 tacaagaagg acaaaaggcg ccacgacgta cataggagat gtagtccgca acgaactaca 
     2641 accaatgatc ttacgcacgc acctgaggag gagatcatga gtcttcagat gaaacacaca 
     2701 gacctggacc acgagtgtga atccatccat ccccatgagg tggtgctgag gacagcatgc 
     2761 cctccggact ataccctggc aatgcgccga agcccagacg acattcccct gatgacaccc 
     2821 aataccataa ccatgattcc caacactatt ccaggaatcc agcctctcca cactttcaac 
     2881 acattcactg gtggacagaa taatactctc cctcatccgc atccacaccc ccactcccac 
     2941 agcacaacac gggtgtctag taagagcagg atcaccagcg agggcgagta catccccctg 
     3001 gaccagatcg acatcaacgt gggaggttca ggtttctgct acgagaacga ggtgtctagt 
     3061 gcaggtggaa gcggagctac taacttcagc ctgctgaagc aggctggaga cgtggaggag 
     3121 aaccctggac ctgctggttc tagtgcaggt atggtgtcta agggtgagga agtaattaag 
     3181 gagtttatga gattcaaagt tagaatggag ggtagcatga acgggcacga gtttgaaatt 
     3241 gaaggtgagg gtgaaggaag accatatgag ggcacacaaa ccgccaagct caaggttacc 
     3301 aaaggtggcc cccttccttt cgcctgggac atcctcagcc ctcaattcat gtacggtagc 
     3361 aaggcttacg tcaaacaccc tgctgatata cctgattaca aaaaactgtc atttcctgaa 
     3421 ggatttaagt gggaacgagt aatgaatttt gaggatggtg ggctggtcac tgtcacgcaa 
     3481 gactcctctc tgcaggacgg caccctgatt tacaaggtga agatgcgcgg aacaaatttt 
     3541 ccccccgatg gccccgtgat gcagaagaag accatggggt gggaggcctc tacagaacga 
     3601 ctgtaccccc gcgatggcgt tcttaaaggc gaaatccatc aggcgcttaa actcaaagat 
     3661 ggcgggcact acctggttga gttcaaaact atatatatgg ccaaaaagcc ggttcagctg 
     3721 cctggctact actacgtgga caccaagttg gacatcacga gtcacaacga ggactacaca 
     3781 atcgtcgagc agtacgaacg ctcagaaggt cggcatcacc tgttcttgta tggcatggat 
     3841 gagctgtata aggctggttc tagatagaag cttatcgata atcaacctct ggattacaaa 
     3901 atttgtgaaa gattgactgg tattcttaac tatgttgctc cttttacgct atgtggatac 
     3961 gctgctttaa tgcctttgta tcatgctatt gcttcccgta tggctttcat tttctcctcc 
     4021 ttgtataaat cctggttgct gtctctttat gaggagttgt ggcccgttgt caggcaacgt 
     4081 ggcgtggtgt gcactgtgtt tgctgacgca acccccactg gttggggcat tgccaccacc 
     4141 tgtcagctcc tttccgggac tttcgctttc cccctcccta ttgccacggc ggaactcatc 
     4201 gccgcctgcc ttgcccgctg ctggacaggg gctcggctgt tgggcactga caattccgtg 
     4261 gtgttgtcgg ggaaatcatc gtcctttcct tggctgctcg cctgtgttgc cacctggatt 
     4321 ctgcgcggga cgtccttctg ctacgtccct tcggccctca atccagcgga ccttccttcc 
     4381 cgcggcctgc tgccggctct gcggcctctt ccgcgtcttc gccttcgccc tcagacgagt 
     4441 cggatctccc tttgggccgc ctccccgcat cgataccgtc gacccgggcg gccgcttcga 
     4501 gcagacatga taagatacat tgatgagttt ggacaaacca caactagaat gcagtgaaaa 
     4561 aaatgcttta tttgtgaaat ttgtgatgct attgctttat ttgtaaccat tataagctgc 
     4621 aataaacaag ttaacaacaa caattgcatt cattttatgt ttcaggttca gggggagatg 
     4681 tgggaggttt tttaaagcaa gtaaaacctc tacaaatgtg gtaaaatcga taaggatctt 
     4741 cctagagcat ggctacgtag ataagtagca tggcgggtta atcattaact acaaggaacc 
     4801 cctagtgatg gagttggcca ctccctctct gcgcgctcgc tcgctcactg aggccgggcg 
     4861 accaaaggtc gcccgacgcc cgggctttgc ccgggcggcc tcagtgagcg agcgagcgcg 
     4921 cagctggcgt aatagcgaag aggcccgcac cgatcgccct tcccaacagt tgcgcagcct 
     4981 gaatggcgaa tgggacgcgc cctgtagcgg cgcattaagc gcggcgggtg tggtggttac 
     5041 gcgcagcgtg accgctacac ttgccagcgc cctagcgccc gctcctttcg ctttcttccc 
     5101 ttcctttctc gccacgttcg ccggctttcc ccgtcaagct ctaaatcggg ggctcccttt 
     5161 agggttccga tttagtgctt tacggcacct cgaccccaaa aaacttgatt agggtgatgg 
     5221 ttcacgtagt gggccatcgc cctgatagac ggtttttcgc cctttgacgt tggagtccac 
     5281 gttctttaat agtggactct tgttccaaac tggaacaaca ctcaacccta tctcggtcta 
     5341 ttcttttgat ttataaggga ttttgccgat ttcggcctat tggttaaaaa atgagctgat 
     5401 ttaacaaaaa tttaacgcga attttaacaa aatattaacg cttacaattt aggtggcact 
     5461 tttcggggaa atgtgcgcgg aacccctatt tgtttatttt tctaaataca ttcaaatatg 
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     5521 tatccgctca tgagacaata accctgataa atgcttcaat aatattgaaa aaggaagagt 
     5581 atgagtattc aacatttccg tgtcgccctt attccctttt ttgcggcatt ttgccttcct 
     5641 gtttttgctc acccagaaac gctggtgaaa gtaaaagatg ctgaagatca gttgggtgca 
     5701 cgagtgggtt acatcgaact ggatctcaac agcggtaaga tccttgagag ttttcgcccc 
     5761 gaagaacgtt ttccaatgat gagcactttt aaagttctgc tatgtggcgc ggtattatcc 
     5821 cgtattgacg ccgggcaaga gcaactcggt cgccgcatac actattctca gaatgacttg 
     5881 gttgagtact caccagtcac agaaaagcat cttacggatg gcatgacagt aagagaatta 
     5941 tgcagtgctg ccataaccat gagtgataac actgcggcca acttacttct gacaacgatc 
     6001 ggaggaccga aggagctaac cgcttttttg cacaacatgg gggatcatgt aactcgcctt 
     6061 gatcgttggg aaccggagct gaatgaagcc ataccaaacg acgagcgtga caccacgatg 
     6121 cctgtagcaa tggcaacaac gttgcgcaaa ctattaactg gcgaactact tactctagct 
     6181 tcccggcaac aattaataga ctggatggag gcggataaag ttgcaggacc acttctgcgc 
     6241 tcggcccttc cggctggctg gtttattgct gataaatctg gagccggtga gcgtgggtct 
     6301 cgcggtatca ttgcagcact ggggccagat ggtaagccct cccgtatcgt agttatctac 
     6361 acgacgggga gtcaggcaac tatggatgaa cgaaatagac agatcgctga gataggtgcc 
     6421 tcactgatta agcattggta actgtcagac caagtttact catatatact ttagattgat 
     6481 ttaaaacttc atttttaatt taaaaggatc taggtgaaga tcctttttga taatctcatg 
     6541 accaaaatcc cttaacgtga gttttcgttc cactgagcgt cagaccccgt agaaaagatc 
     6601 aaaggatctt cttgagatcc tttttttctg cgcgtaatct gctgcttgca aacaaaaaaa 
     6661 ccaccgctac cagcggtggt ttgtttgccg gatcaagagc taccaactct ttttccgaag 
     6721 gtaactggct tcagcagagc gcagatacca aatactgttc ttctagtgta gccgtagtta 
     6781 ggccaccact tcaagaactc tgtagcaccg cctacatacc tcgctctgct aatcctgtta 
     6841 ccagtggctg ctgccagtgg cgataagtcg tgtcttaccg ggttggactc aagacgatag 
     6901 ttaccggata aggcgcagcg gtcgggctga acggggggtt cgtgcacaca gcccagcttg 
     6961 gagcgaacga cctacaccga actgagatac ctacagcgtg agctatgaga aagcgccacg 
     7021 cttcccgaag ggagaaaggc ggacaggtat ccggtaagcg gcagggtcgg aacaggagag 
     7081 cgcacgaggg agcttccagg gggaaacgcc tggtatcttt atagtcctgt cgggtttcgc 
     7141 cacctctgac ttgagcgtcg atttttgtga tgctcgtcag gggggcggag cctatggaaa 
     7201 aacgccagca acgcggcctt tttacggttc ctggcctttt gctggccttt tgctcacatg 
     7261 ttctttcctg cgttatcccc tgattctgtg gataaccgta ttaccgcctt tgagtgagct 
     7321 gataccgctc gccgcagccg aacgaccgag cgcagcgagt cagtgagcga ggaagcggaa 
     7381 g 
// 
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LOCUS       DP.X0117A_aavCAGDI      7067 bp    DNA     circular  
DEFINITION   
FEATURES             Location/Qualifiers 
     Region          complement(944..1732) 
                     /label=beta_Lactamase 
     Region          2460..2626 
                     /label=ITR 
     Region          2651..3584 
                     /label=CAG 
     Region          3593..3626 
                     /label=lox2272 
     Region          3689..3722 
                     /label=loxP 
     Region          complement(3756..4457) 
                     /label=dTomato 
     Region          complement(4476..4541) 
                     /label=p2A 
     Region          complement(4560..4652) 
                     /label=GPI 
     Region          complement(4683..4802) 
                     /label=GGSGG8 
     Region          complement(4809..5699) 
                     /label=+HTP 
     Region          complement(5706..5768) 
                     /label=ssIGK 
     Region          complement(5790..5823) 
                     /label=lox2272 
     Region          complement(5894..5927) 
                     /label=loxP 
     Region          5969..6557 
                     /label=WPRE 
     Region          6585..6816 
                     /label=SV40polyA 
     Region          complement(6845..7011) 
                     /label=ITR 
ORIGIN 
        1 cttccgcttc ctcgctcact gactcgctgc gctcggtcgt tcggctgcgg cgagcggtat 
       61 cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga 
      121 acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg ttgctggcgt 
      181 ttttccatag gctccgcccc cctgacgagc atcacaaaaa tcgacgctca agtcagaggt 
      241 ggcgaaaccc gacaggacta taaagatacc aggcgtttcc ccctggaagc tccctcgtgc 
      301 gctctcctgt tccgaccctg ccgcttaccg gatacctgtc cgcctttctc ccttcgggaa 
      361 gcgtggcgct ttctcatagc tcacgctgta ggtatctcag ttcggtgtag gtcgttcgct 
      421 ccaagctggg ctgtgtgcac gaaccccccg ttcagcccga ccgctgcgcc ttatccggta 
      481 actatcgtct tgagtccaac ccggtaagac acgacttatc gccactggca gcagccactg 
      541 gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg aagtggtggc 
      601 ctaactacgg ctacactaga agaacagtat ttggtatctg cgctctgctg aagccagtta 
      661 ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccgct ggtagcggtg 
      721 gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt 
      781 tgatcttttc tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg 
      841 tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta 
      901 aatcaatcta aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg 
      961 aggcacctat ctcagcgatc tgtctatttc gttcatccat agttgcctga ctccccgtcg 
     1021 tgtagataac tacgatacgg gagggcttac catctggccc cagtgctgca atgataccgc 
     1081 gagacccacg ctcaccggct ccagatttat cagcaataaa ccagccagcc ggaagggccg 
     1141 agcgcagaag tggtcctgca actttatccg cctccatcca gtctattaat tgttgccggg 
     1201 aagctagagt aagtagttcg ccagttaata gtttgcgcaa cgttgttgcc attgctacag 
     1261 gcatcgtggt gtcacgctcg tcgtttggta tggcttcatt cagctccggt tcccaacgat 
     1321 caaggcgagt tacatgatcc cccatgttgt gcaaaaaagc ggttagctcc ttcggtcctc 
     1381 cgatcgttgt cagaagtaag ttggccgcag tgttatcact catggttatg gcagcactgc 
     1441 ataattctct tactgtcatg ccatccgtaa gatgcttttc tgtgactggt gagtactcaa 
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     1501 ccaagtcatt ctgagaatag tgtatgcggc gaccgagttg ctcttgcccg gcgtcaatac 
     1561 gggataatac cgcgccacat agcagaactt taaaagtgct catcattgga aaacgttctt 
     1621 cggggcgaaa actctcaagg atcttaccgc tgttgagatc cagttcgatg taacccactc 
     1681 gtgcacccaa ctgatcttca gcatctttta ctttcaccag cgtttctggg tgagcaaaaa 
     1741 caggaaggca aaatgccgca aaaaagggaa taagggcgac acggaaatgt tgaatactca 
     1801 tactcttcct ttttcaatat tattgaagca tttatcaggg ttattgtctc atgagcggat 
     1861 acatatttga atgtatttag aaaaataaac aaataggggt tccgcgcaca tttccccgaa 
     1921 aagtgccacc taaattgtaa gcgttaatat tttgttaaaa ttcgcgttaa atttttgtta 
     1981 aatcagctca ttttttaacc aataggccga aatcggcaaa atcccttata aatcaaaaga 
     2041 atagaccgag atagggttga gtgttgttcc agtttggaac aagagtccac tattaaagaa 
     2101 cgtggactcc aacgtcaaag ggcgaaaaac cgtctatcag ggcgatggcc cactacgtga 
     2161 accatcaccc taatcaagtt ttttggggtc gaggtgccgt aaagcactaa atcggaaccc 
     2221 taaagggagc ccccgattta gagcttgacg gggaaagccg gcgaacgtgg cgagaaagga 
     2281 agggaagaaa gcgaaaggag cgggcgctag ggcgctggca agtgtagcgg tcacgctgcg 
     2341 cgtaaccacc acacccgccg cgcttaatgc gccgctacag ggcgcgtccc attcgccatt 
     2401 caggctgcgc aactgttggg aagggcgatc ggtgcgggcc tcttcgctat tacgccagct 
     2461 gcgcgctcgc tcgctcactg aggccgcccg ggcaaagccc gggcgtcggg cgacctttgg 
     2521 tcgcccggcc tcagtgagcg agcgagcgcg cagagaggga gtggccaact ccatcactag 
     2581 gggttccttg tagttaatga ttaacccgcc atgctactta tctacgtagc catgctctag 
     2641 gaagagtacc attgacgtca ataatgacgt atgttcccat agtaacgcca atagggactt 
     2701 tccattgacg tcaatgggtg gagtatttac ggtaaactgc ccacttggca gtacatcaag 
     2761 tgtatcatat gccaagtacg ccccctattg acgtcaatga cggtaaatgg cccgcctggc 
     2821 attatgccca gtacatgacc ttatgggact ttcctacttg gcagtacatc tacgtattag 
     2881 tcatcgctat taccatggtc gaggtgagcc ccacgttctg cttcactctc cccatctccc 
     2941 ccccctcccc acccccaatt ttgtatttat ttatttttta attattttgt gcagcgatgg 
     3001 gggcgggggg gggggggggg cgcgcgccag gcggggcggg gcggggcgag gggcggggcg 
     3061 gggcgaggcg gagaggtgcg gcggcagcca atcagagcgg cgcgctccga aagtttcctt 
     3121 ttatggcgag gcggcggcgg cggcggccct ataaaaagcg aagcgcgcgg cgggcgggag 
     3181 tcgctgcgcg ctgccttcgc cccgtgcccc gctccgccgc cgcctcgcgc cgcccgcccc 
     3241 ggctctgact gaccgcgtta ctcccacagg tgagcgggcg ggacggccct tctcctccgg 
     3301 gctgtaatta gcgcttggtt taatgacggc ttgtttcttt tctgtggctg cgtgaaagcc 
     3361 ttgaggggct ccgggagggc cctttgtgcg gggggagcgg ctcggggctg tccgcggggg 
     3421 gacggctgcc ttcggggggg acggggcagg gcggggttcg gcttctggcg tgtgaccggc 
     3481 ggctctagag cctctgctaa ccatgttcat gccttcttct ttttcctaca gctcctgggc 
     3541 aacgtgctgg ttattgtgct gtctcatcat tttggcaaag aattggatcc ccataacttc 
     3601 gtataaagta tcctatacga agttatatca aaataggaag accaatgctt caccatcgac 
     3661 ccgaattgcc aagcatcacc atcgacccat aacttcgtat aatgtatgct atacgaagtt 
     3721 atactagtgc tagagctagc tgatcactta agctacttat acagctcatc catgccatac 
     3781 aagaacaggt gatgccgacc ttctgagcgt tcgtactgct cgacgattgt gtagtcctcg 
     3841 ttgtgactcg tgatgtccaa cttggtgtcc acgtagtagt agccaggcag ctgaaccggc 
     3901 tttttggcca tatatatagt tttgaactca accaggtagt gcccgccatc tttgagttta 
     3961 agcgcctgat ggatttcgcc tttaagaacg ccatcgcggg ggtacagtcg ttctgtagag 
     4021 gcctcccacc ccatggtctt cttctgcatc acggggccat cggggggaaa atttgttccg 
     4081 cgcatcttca ccttgtaaat cagggtgccg tcctgcagag aggagtcttg cgtgacagtg 
     4141 accagcccac catcctcaaa attcattact cgttcccact taaatccttc aggaaatgac 
     4201 agttttttgt aatcaggtat atcagcaggg tgtttgacgt aagccttgct accgtacatg 
     4261 aattgagggc tgaggatgtc ccaggcgaaa ggaagggggc cacctttggt aaccttgagc 
     4321 ttggcggttt gtgtgccctc atatggtctt ccttcaccct caccttcaat ttcaaactcg 
     4381 tgcccgttca tgctaccctc cattctaact ttgaatctca taaactcctt aattacttcc 
     4441 tcacccttag acaccatacc tgcactagaa ccagcaggtc cagggttctc ctccacgtct 
     4501 ccagcctgct tcagcaggct gaagttagta gctccgcttc cggatccggt acccttaagc 
     4561 agagaaatga agtccagggc ttggaggagg gagagggaaa gcagcagcag cagcatccag 
     4621 gatgtgttct gaaccagcag gcttatgccg ccattctcga gttggtagct agacgatccg 
     4681 ccaccaccac ttccacctcc tccagaacct cctccacctg atcctccacc tccactacct 
     4741 cctccaccag aacctccacc accacttcct ccacctcctg atccacctcc tccagaacca 
     4801 ccaccggtgc cggagatttc cagggtgcta agccagcgag caatttcgga gccgatcagg 
     4861 tctggattat cctcttgcaa caggttcagg ccaggaccaa tatccacggc cttgcagttt 
     4921 gggagggact ttgcgagcct ggcggcctca gccggtggaa tcagcacgcc cggagtgccc 
     4981 caaaacagca gcttcggcac aggggactgg tgcagccaat ccatgtactc ttccacgagc 
     5041 gcgacgatgt ttgcgggttc tccagcaatc ggcagttcgt tgggaaaccg ccacagtggt 
     5101 tctctgtcca cggggttgag gaaaggctcc cggtaatggt ccatttccac ttccgtcagc 
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     5161 ggtctgacga cccccatggg cagagttccc tcaatgaaca cattctgatc gatgatcagc 
     5221 ttcctgccca cgtcggtggt ccggaacgcc tggaaagttt cgcgggcgaa ctctggccat 
     5281 tcgtcccagg tagggatagg gcggatgaac tccatgaagg caatcccctt cactctctca 
     5341 gggttccgct tggcccagtg gaatccaagg gccgagcccc aatcgtggat gaccagcacg 
     5401 acttcttcca ggcccaaggc ctcgatgaat gcgtccatga accggacatg gtcgtcgaag 
     5461 aaatagccca agtcgggctt gtcggacttt cccattccga tgaggtccgg agcgatacag 
     5521 cggtgagtag gggccacgtg cggaatgatg ttccgccaca cgtagctcga ggtgggattt 
     5581 ccgtgcaaga acagcacagg ggtcccgtcg cgcggtccca cgtccacgta gtgcattcgc 
     5641 tccccgagca cttccacgta atggggatca aacgggaagc cggtgccaat ctctgaacca 
     5701 tgcatgtcac cagtggaacc tggaacccag agcagcagta cccatagcag gagtgtgtct 
     5761 gtctccatgg tggcggccgt accactagta taacttcgta taggatactt tatacgaagt 
     5821 tatcattggg attcttccta ttttgatcca agcatcacca tcgaccctct agtccagatc 
     5881 tcaccatcga cccataactt cgtatagcat acattatacg aagttatgtc cctcgaagag 
     5941 gttcgaattc gatatcaagc ttatcgataa tcaacctctg gattacaaaa tttgtgaaag 
     6001 attgactggt attcttaact atgttgctcc ttttacgcta tgtggatacg ctgctttaat 
     6061 gcctttgtat catgctattg cttcccgtat ggctttcatt ttctcctcct tgtataaatc 
     6121 ctggttgctg tctctttatg aggagttgtg gcccgttgtc aggcaacgtg gcgtggtgtg 
     6181 cactgtgttt gctgacgcaa cccccactgg ttggggcatt gccaccacct gtcagctcct 
     6241 ttccgggact ttcgctttcc ccctccctat tgccacggcg gaactcatcg ccgcctgcct 
     6301 tgcccgctgc tggacagggg ctcggctgtt gggcactgac aattccgtgg tgttgtcggg 
     6361 gaaatcatcg tcctttcctt ggctgctcgc ctgtgttgcc acctggattc tgcgcgggac 
     6421 gtccttctgc tacgtccctt cggccctcaa tccagcggac cttccttccc gcggcctgct 
     6481 gccggctctg cggcctcttc cgcgtcttcg ccttcgccct cagacgagtc ggatctccct 
     6541 ttgggccgcc tccccgcatc gataccgtcg acccgggcgg ccgcttcgag cagacatgat 
     6601 aagatacatt gatgagtttg gacaaaccac aactagaatg cagtgaaaaa aatgctttat 
     6661 ttgtgaaatt tgtgatgcta ttgctttatt tgtaaccatt ataagctgca ataaacaagt 
     6721 taacaacaac aattgcattc attttatgtt tcaggttcag ggggagatgt gggaggtttt 
     6781 ttaaagcaag taaaacctct acaaatgtgg taaaatcgat aaggatcttc ctagagcatg 
     6841 gctacgtaga taagtagcat ggcgggttaa tcattaacta caaggaaccc ctagtgatgg 
     6901 agttggccac tccctctctg cgcgctcgct cgctcactga ggccgggcga ccaaaggtcg 
     6961 cccgacgccc gggctttgcc cgggcggcct cagtgagcga gcgagcgcgc agctgcatta 
     7021 atgaatcggc caacgcgcgg ggagaggcgg tttgcgtatt gggcgct 
// 
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LOCUS       DP.M6360D_aavCAGDI      7067 bp    DNA     circular  
DEFINITION   
FEATURES             Location/Qualifiers 
     Region          complement(944..1732) 
                     /label=beta_Lactamase 
     Region          2460..2626 
                     /label=ITR 
     Region          2651..3584 
                     /label=CAG 
     Region          3593..3626 
                     /label=lox2272 
     Region          3689..3722 
                     /label=loxP 
     Region          complement(3756..4457) 
                     /label=dTomato 
     Region          complement(4476..4541) 
                     /label=p2A 
     Region          complement(4560..4652) 
                     /label=GPI 
     Region          complement(4683..4802) 
                     /label=GGSGG8 
     Region          complement(4809..5699) 
                     /label=ddHTP 
     Region          complement(5706..5768) 
                     /label=ssIGK 
     Region          complement(5790..5823) 
                     /label=lox2272 
     Region          complement(5894..5927) 
                     /label=loxP 
     Region          5969..6557 
                     /label=WPRE 
     Region          6585..6816 
                     /label=SV40polyA 
     Region          complement(6845..7011) 
                     /label=ITR 
ORIGIN 
        1 cttccgcttc ctcgctcact gactcgctgc gctcggtcgt tcggctgcgg cgagcggtat 
       61 cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga 
      121 acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg ttgctggcgt 
      181 ttttccatag gctccgcccc cctgacgagc atcacaaaaa tcgacgctca agtcagaggt 
      241 ggcgaaaccc gacaggacta taaagatacc aggcgtttcc ccctggaagc tccctcgtgc 
      301 gctctcctgt tccgaccctg ccgcttaccg gatacctgtc cgcctttctc ccttcgggaa 
      361 gcgtggcgct ttctcatagc tcacgctgta ggtatctcag ttcggtgtag gtcgttcgct 
      421 ccaagctggg ctgtgtgcac gaaccccccg ttcagcccga ccgctgcgcc ttatccggta 
      481 actatcgtct tgagtccaac ccggtaagac acgacttatc gccactggca gcagccactg 
      541 gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg aagtggtggc 
      601 ctaactacgg ctacactaga agaacagtat ttggtatctg cgctctgctg aagccagtta 
      661 ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccgct ggtagcggtg 
      721 gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt 
      781 tgatcttttc tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg 
      841 tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta 
      901 aatcaatcta aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg 
      961 aggcacctat ctcagcgatc tgtctatttc gttcatccat agttgcctga ctccccgtcg 
     1021 tgtagataac tacgatacgg gagggcttac catctggccc cagtgctgca atgataccgc 
     1081 gagacccacg ctcaccggct ccagatttat cagcaataaa ccagccagcc ggaagggccg 
     1141 agcgcagaag tggtcctgca actttatccg cctccatcca gtctattaat tgttgccggg 
     1201 aagctagagt aagtagttcg ccagttaata gtttgcgcaa cgttgttgcc attgctacag 
     1261 gcatcgtggt gtcacgctcg tcgtttggta tggcttcatt cagctccggt tcccaacgat 
     1321 caaggcgagt tacatgatcc cccatgttgt gcaaaaaagc ggttagctcc ttcggtcctc 
     1381 cgatcgttgt cagaagtaag ttggccgcag tgttatcact catggttatg gcagcactgc 
     1441 ataattctct tactgtcatg ccatccgtaa gatgcttttc tgtgactggt gagtactcaa 
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     1501 ccaagtcatt ctgagaatag tgtatgcggc gaccgagttg ctcttgcccg gcgtcaatac 
     1561 gggataatac cgcgccacat agcagaactt taaaagtgct catcattgga aaacgttctt 
     1621 cggggcgaaa actctcaagg atcttaccgc tgttgagatc cagttcgatg taacccactc 
     1681 gtgcacccaa ctgatcttca gcatctttta ctttcaccag cgtttctggg tgagcaaaaa 
     1741 caggaaggca aaatgccgca aaaaagggaa taagggcgac acggaaatgt tgaatactca 
     1801 tactcttcct ttttcaatat tattgaagca tttatcaggg ttattgtctc atgagcggat 
     1861 acatatttga atgtatttag aaaaataaac aaataggggt tccgcgcaca tttccccgaa 
     1921 aagtgccacc taaattgtaa gcgttaatat tttgttaaaa ttcgcgttaa atttttgtta 
     1981 aatcagctca ttttttaacc aataggccga aatcggcaaa atcccttata aatcaaaaga 
     2041 atagaccgag atagggttga gtgttgttcc agtttggaac aagagtccac tattaaagaa 
     2101 cgtggactcc aacgtcaaag ggcgaaaaac cgtctatcag ggcgatggcc cactacgtga 
     2161 accatcaccc taatcaagtt ttttggggtc gaggtgccgt aaagcactaa atcggaaccc 
     2221 taaagggagc ccccgattta gagcttgacg gggaaagccg gcgaacgtgg cgagaaagga 
     2281 agggaagaaa gcgaaaggag cgggcgctag ggcgctggca agtgtagcgg tcacgctgcg 
     2341 cgtaaccacc acacccgccg cgcttaatgc gccgctacag ggcgcgtccc attcgccatt 
     2401 caggctgcgc aactgttggg aagggcgatc ggtgcgggcc tcttcgctat tacgccagct 
     2461 gcgcgctcgc tcgctcactg aggccgcccg ggcaaagccc gggcgtcggg cgacctttgg 
     2521 tcgcccggcc tcagtgagcg agcgagcgcg cagagaggga gtggccaact ccatcactag 
     2581 gggttccttg tagttaatga ttaacccgcc atgctactta tctacgtagc catgctctag 
     2641 gaagagtacc attgacgtca ataatgacgt atgttcccat agtaacgcca atagggactt 
     2701 tccattgacg tcaatgggtg gagtatttac ggtaaactgc ccacttggca gtacatcaag 
     2761 tgtatcatat gccaagtacg ccccctattg acgtcaatga cggtaaatgg cccgcctggc 
     2821 attatgccca gtacatgacc ttatgggact ttcctacttg gcagtacatc tacgtattag 
     2881 tcatcgctat taccatggtc gaggtgagcc ccacgttctg cttcactctc cccatctccc 
     2941 ccccctcccc acccccaatt ttgtatttat ttatttttta attattttgt gcagcgatgg 
     3001 gggcgggggg gggggggggg cgcgcgccag gcggggcggg gcggggcgag gggcggggcg 
     3061 gggcgaggcg gagaggtgcg gcggcagcca atcagagcgg cgcgctccga aagtttcctt 
     3121 ttatggcgag gcggcggcgg cggcggccct ataaaaagcg aagcgcgcgg cgggcgggag 
     3181 tcgctgcgcg ctgccttcgc cccgtgcccc gctccgccgc cgcctcgcgc cgcccgcccc 
     3241 ggctctgact gaccgcgtta ctcccacagg tgagcgggcg ggacggccct tctcctccgg 
     3301 gctgtaatta gcgcttggtt taatgacggc ttgtttcttt tctgtggctg cgtgaaagcc 
     3361 ttgaggggct ccgggagggc cctttgtgcg gggggagcgg ctcggggctg tccgcggggg 
     3421 gacggctgcc ttcggggggg acggggcagg gcggggttcg gcttctggcg tgtgaccggc 
     3481 ggctctagag cctctgctaa ccatgttcat gccttcttct ttttcctaca gctcctgggc 
     3541 aacgtgctgg ttattgtgct gtctcatcat tttggcaaag aattggatcc ccataacttc 
     3601 gtataaagta tcctatacga agttatatca aaataggaag accaatgctt caccatcgac 
     3661 ccgaattgcc aagcatcacc atcgacccat aacttcgtat aatgtatgct atacgaagtt 
     3721 atactagtgc tagagctagc tgatcactta agctacttat acagctcatc catgccatac 
     3781 aagaacaggt gatgccgacc ttctgagcgt tcgtactgct cgacgattgt gtagtcctcg 
     3841 ttgtgactcg tgatgtccaa cttggtgtcc acgtagtagt agccaggcag ctgaaccggc 
     3901 tttttggcca tatatatagt tttgaactca accaggtagt gcccgccatc tttgagttta 
     3961 agcgcctgat ggatttcgcc tttaagaacg ccatcgcggg ggtacagtcg ttctgtagag 
     4021 gcctcccacc ccatggtctt cttctgcatc acggggccat cggggggaaa atttgttccg 
     4081 cgcatcttca ccttgtaaat cagggtgccg tcctgcagag aggagtcttg cgtgacagtg 
     4141 accagcccac catcctcaaa attcattact cgttcccact taaatccttc aggaaatgac 
     4201 agttttttgt aatcaggtat atcagcaggg tgtttgacgt aagccttgct accgtacatg 
     4261 aattgagggc tgaggatgtc ccaggcgaaa ggaagggggc cacctttggt aaccttgagc 
     4321 ttggcggttt gtgtgccctc atatggtctt ccttcaccct caccttcaat ttcaaactcg 
     4381 tgcccgttca tgctaccctc cattctaact ttgaatctca taaactcctt aattacttcc 
     4441 tcacccttag acaccatacc tgcactagaa ccagcaggtc cagggttctc ctccacgtct 
     4501 ccagcctgct tcagcaggct gaagttagta gctccgcttc cggatccggt acccttaagc 
     4561 agagaaatga agtccagggc ttggaggagg gagagggaaa gcagcagcag cagcatccag 
     4621 gatgtgttct gaaccagcag gcttatgccg ccattctcga gttggtagct agacgatccg 
     4681 ccaccaccac ttccacctcc tccagaacct cctccacctg atcctccacc tccactacct 
     4741 cctccaccag aacctccacc accacttcct ccacctcctg atccacctcc tccagaacca 
     4801 ccaccggtgc cggagatttc cagggtgcta agccagcgag caatttcgga gccgatcagg 
     4861 tctggattat cctcttgcaa caggttcagg ccaggaccaa tatccacggc cttgcagttt 
     4921 gggagggact ttgcgagcct ggcggcctca gccggtggaa tacgaaggcc cggagtgccc 
     4981 caaaacagca gcttcggcac aggggactgg tgcagccaat ccatgtactc ttccacgagc 
     5041 gcgacgatgt ttgcgggttc tccagcaatc ggcagttcgt tgggaaaccg ccacagtggt 
     5101 tctctgtcca cggggttgag gaaaggctcc cggtaatggt ccatttccac ttccgtcagc 
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     5161 ggtctgacga cccccatggg cagagttccc tcaatgaaca cattctgatc gatgatcagc 
     5221 ttcctgccca cgtcggtggt ccggaacgcc tggaaagttt cgcgggcgaa ctctggccat 
     5281 tcgtcccagg tagggatagg gcggatgaac tccatgaagg caatcccctt cactctctca 
     5341 gggttccgct tggcccagtg gaatccaagg gccgagcccc cttcgtggat gaccagcacg 
     5401 acttcttcca ggcccaaggc ctcgatgaat gcgtccatga accggacatg gtcgtcgaag 
     5461 aaatagccca agtcgggctt gtcggacttt cccattccga tgaggtccgg agcgatacag 
     5521 cggtgagtag gggccacgtg cggaatgatg ttccgccaca cgtagctcga ggtgggttct 
     5581 ccgtgcaaga acagcacagg ggtcccgtcg cgcggtccca cgtccacgta gtgcattcgc 
     5641 tccccgagca cttccacgta atggggatca aacgggaagc cggtgccaat ctctgaacca 
     5701 tgcatgtcac cagtggaacc tggaacccag agcagcagta cccatagcag gagtgtgtct 
     5761 gtctccatgg tggcggccgt accactagta taacttcgta taggatactt tatacgaagt 
     5821 tatcattggg attcttccta ttttgatcca agcatcacca tcgaccctct agtccagatc 
     5881 tcaccatcga cccataactt cgtatagcat acattatacg aagttatgtc cctcgaagag 
     5941 gttcgaattc gatatcaagc ttatcgataa tcaacctctg gattacaaaa tttgtgaaag 
     6001 attgactggt attcttaact atgttgctcc ttttacgcta tgtggatacg ctgctttaat 
     6061 gcctttgtat catgctattg cttcccgtat ggctttcatt ttctcctcct tgtataaatc 
     6121 ctggttgctg tctctttatg aggagttgtg gcccgttgtc aggcaacgtg gcgtggtgtg 
     6181 cactgtgttt gctgacgcaa cccccactgg ttggggcatt gccaccacct gtcagctcct 
     6241 ttccgggact ttcgctttcc ccctccctat tgccacggcg gaactcatcg ccgcctgcct 
     6301 tgcccgctgc tggacagggg ctcggctgtt gggcactgac aattccgtgg tgttgtcggg 
     6361 gaaatcatcg tcctttcctt ggctgctcgc ctgtgttgcc acctggattc tgcgcgggac 
     6421 gtccttctgc tacgtccctt cggccctcaa tccagcggac cttccttccc gcggcctgct 
     6481 gccggctctg cggcctcttc cgcgtcttcg ccttcgccct cagacgagtc ggatctccct 
     6541 ttgggccgcc tccccgcatc gataccgtcg acccgggcgg ccgcttcgag cagacatgat 
     6601 aagatacatt gatgagtttg gacaaaccac aactagaatg cagtgaaaaa aatgctttat 
     6661 ttgtgaaatt tgtgatgcta ttgctttatt tgtaaccatt ataagctgca ataaacaagt 
     6721 taacaacaac aattgcattc attttatgtt tcaggttcag ggggagatgt gggaggtttt 
     6781 ttaaagcaag taaaacctct acaaatgtgg taaaatcgat aaggatcttc ctagagcatg 
     6841 gctacgtaga taagtagcat ggcgggttaa tcattaacta caaggaaccc ctagtgatgg 
     6901 agttggccac tccctctctg cgcgctcgct cgctcactga ggccgggcga ccaaaggtcg 
     6961 cccgacgccc gggctttgcc cgggcggcct cagtgagcga gcgagcgcgc agctgcatta 
     7021 atgaatcggc caacgcgcgg ggagaggcgg tttgcgtatt gggcgct 
// 
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LOCUS       DP.M6771A_aavCAGDI      7100 bp    DNA     circular  
DEFINITION   
FEATURES             Location/Qualifiers 
     Region          1..130 
                     /label=ITR_Del11 
     Region          148..1081 
                     /label=CAG 
     Region          complement(1088..1121) 
                     /label=lox2272 
     Region          complement(1172..1205) 
                     /label=loxP 
     Region          complement(1217..1279) 
                     /label=Farnes 
     Region          complement(1280..1981) 
                     /label=dTomato 
     Region          complement(1988..2561) 
                     /label=IRES 
     Region          complement(2574..2666) 
                     /label=GPI 
     Region          complement(2700..2819) 
                     /label=GGSGG8 
     Region          complement(2826..3716) 
                     /label=+HTP 
     Region          complement(3723..3785) 
                     /label=ssIGK 
     Region          3801..3834 
                     /label=lox2272 
     Region          3885..3918 
                     /label=loxP 
     Region          3927..4355 
                     /label=W3SL 
     Region          complement(4363..4503) 
                     /label=ITR 
     Region          5489..6277 
                     /label=beta_Lactamase 
ORIGIN 
        1 cctgcaggca gctgcgcgct cgctcgctca ctgaggccgc ccgggcgtcg ggcgaccttt 
       61 ggtcgcccgg cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact 
      121 aggggttcct gcggccgcac gcgtaccatt gacgtcaata atgacgtatg ttcccatagt 
      181 aacgccaata gggactttcc attgacgtca atgggtggag tatttacggt aaactgccca 
      241 cttggcagta catcaagtgt atcatatgcc aagtacgccc cctattgacg tcaatgacgg 
      301 taaatggccc gcctggcatt atgcccagta catgacctta tgggactttc ctacttggca 
      361 gtacatctac gtattagtca tcgctattac catggtcgag gtgagcccca cgttctgctt 
      421 cactctcccc atctcccccc cctccccacc cccaattttg tatttattta ttttttaatt 
      481 attttgtgca gcgatggggg cggggggggg gggggggcgc gcgccaggcg gggcggggcg 
      541 gggcgagggg cggggcgggg cgaggcggag aggtgcggcg gcagccaatc agagcggcgc 
      601 gctccgaaag tttcctttta tggcgaggcg gcggcggcgg cggccctata aaaagcgaag 
      661 cgcgcggcgg gcgggagtcg ctgcgcgctg ccttcgcccc gtgccccgct ccgccgccgc 
      721 ctcgcgccgc ccgccccggc tctgactgac cgcgttactc ccacaggtga gcgggcggga 
      781 cggcccttct cctccgggct gtaattagcg cttggtttaa tgacggcttg tttcttttct 
      841 gtggctgcgt gaaagccttg aggggctccg ggagggccct ttgtgcgggg ggagcggctc 
      901 ggggctgtcc gcggggggac ggctgccttc gggggggacg gggcagggcg gggttcggct 
      961 tctggcgtgt gaccggcggc tctagagcct ctgctaacca tgttcatgcc ttcttctttt 
     1021 tcctacagct cctgggcaac gtgctggtta ttgtgctgtc tcatcatttt ggcaaagaat 
     1081 tggatccata acttcgtata ggatacttta tacgaagtta tgcagaatgg tagctggatt 
     1141 gtagctgcta ttagcaatat gaaacctctt aataacttcg tatagcatac attatacgaa 
     1201 gttatggcgc gccttatcag gagagcacac acttgcagct catgcagccg gggccactct 
     1261 catcaggagg gttcagcttc ttatacagct catccatgcc atacaagaac aggtgatgcc 
     1321 gaccttctga gcgttcgtac tgctcgacga ttgtgtagtc ctcgttgtga ctcgtgatgt 
     1381 ccaacttggt gtccacgtag tagtagccag gcagctgaac cggctttttg gccatatata 
     1441 tagttttgaa ctcaaccagg tagtgcccgc catctttgag tttaagcgcc tgatggattt 
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     1501 cgcctttaag aacgccatcg cgggggtaca gtcgttctgt agaggcctcc caccccatgg 
     1561 tcttcttctg catcacgggg ccatcggggg gaaaatttgt tccgcgcatc ttcaccttgt 
     1621 aaatcagggt gccgtcctgc agagaggagt cttgcgtgac agtgaccagc ccaccatcct 
     1681 caaaattcat tactcgttcc cacttaaatc cttcaggaaa tgacagtttt ttgtaatcag 
     1741 gtatatcagc agggtgtttg acgtaagcct tgctaccgta catgaattga gggctgagga 
     1801 tgtcccaggc gaaaggaagg gggccacctt tggtaacctt gagcttggcg gtttgtgtgc 
     1861 cctcatatgg tcttccttca ccctcacctt caatttcaaa ctcgtgcccg ttcatgctac 
     1921 cctccattct aactttgaat ctcataaact ccttaattac ttcctcaccc ttagacacca 
     1981 tggatccggt tgtggccata ttatcatcgt gtttttcaaa ggaaaaccac gtccccgtgg 
     2041 ttcggggggc ctagacgttt ttttaacctc gactaaacac atgtaaagca tgtgcaccga 
     2101 ggccccagat cagatcccat acaatggggt accttctggg catccttcag ccccttgttg 
     2161 aatacgcttg aggagagcca tttgactctt tccacaacta tccaactcac aacgtggcac 
     2221 tggggttgtg ccgcctttgc aggtgtatct tatacacgtg gcttttggcc gcagaggcac 
     2281 ctgtcgccag gtggggggtt ccgctgcctg caaagggtcg ctacagacgt tgtttgtctt 
     2341 caagaagctt ccagaggaac tgcttccttc acgacattca acagaccttg cattcctttg 
     2401 gcgagagggg aaagacccct aggaatgctc gtcaagaaga cagggccagg tttccgggcc 
     2461 ctcacattgc caaaagacgg caatatggtg gaaaataaca tatagacaaa cgcacaccgg 
     2521 ccttattcca agcggcttcg gccagtaacg ttaggggggg gcttaagtca ttacagagaa 
     2581 atgaagtcca gggcttggag gagggagagg gaaagcagca gcagcagcat ccaggatgtg 
     2641 ttctgaacca gcaggcttat gccgccattc tcgagttggt agctagacga tcctccggaa 
     2701 ccaccacttc cacctcctcc agaacctcct ccacctgatc ctccacctcc actacctcct 
     2761 ccaccagaac ctccaccacc acttcctcca cctcctgatc cacctcctcc agaaccacca 
     2821 ccggtgccgg agatttccag ggtgctaagc cagcgagcaa tttcggagcc gatcaggtct 
     2881 ggattatcct cttgcaacag gttcaggcca ggaccaatat ccacggcctt gcagtttggg 
     2941 agggactttg cgagcctggc ggcctcagcc ggtggaatca gcacgcccgg agtgccccaa 
     3001 aacagcagct tcggcacagg ggactggtgc agccaatcca tgtactcttc cacgagcgcg 
     3061 acgatgtttg cgggttctcc agcaatcggc agttcgttgg gaaaccgcca cagtggttct 
     3121 ctgtccacgg ggttgaggaa aggctcccgg taatggtcca tttccacttc cgtcagcggt 
     3181 ctgacgaccc ccatgggcag agttccctca atgaacacat tctgatcgat gatcagcttc 
     3241 ctgcccacgt cggtggtccg gaacgcctgg aaagtttcgc gggcgaactc tggccattcg 
     3301 tcccaggtag ggatagggcg gatgaactcc atgaaggcaa tccccttcac tctctcaggg 
     3361 ttccgcttgg cccagtggaa tccaagggcc gagccccaat cgtggatgac cagcacgact 
     3421 tcttccaggc ccaaggcctc gatgaatgcg tccatgaacc ggacatggtc gtcgaagaaa 
     3481 tagcccaagt cgggcttgtc ggactttccc attccgatga ggtccggagc gatacagcgg 
     3541 tgagtagggg ccacgtgcgg aatgatgttc cgccacacgt agctcgaggt gggatttccg 
     3601 tgcaagaaca gcacaggggt cccgtcgcgc ggtcccacgt ccacgtagtg cattcgctcc 
     3661 ccgagcactt ccacgtaatg gggatcaaac gggaagccgg tgccaatctc tgaaccgaat 
     3721 tcgtcaccag tggaacctgg aacccagagc agcagtaccc atagcaggag tgtgtctgtc 
     3781 tccatggtgg cggccctagg ataacttcgt ataaagtatc ctatacgaag ttatttgcct 
     3841 taacccagaa attatcactg ttattcttta gaatggtgca aagaataact tcgtataatg 
     3901 tatgctatac gaagttatga actcgagata atcaacctct ggattacaaa atttgtgaaa 
     3961 gattgactgg tattcttaac tatgttgctc cttttacgct atgtggatac gctgctttaa 
     4021 tgcctttgta tcatgctatt gcttcccgta tggctttcat tttctcctcc ttgtataaat 
     4081 cctggttagt tcttgccacg gcggaactca tcgccgcctg ccttgcccgc tgctggacag 
     4141 gggctcggct gttgggcact gacaattccg tggtgtttat ttgtgaaatt tgtgatgcta 
     4201 ttgctttatt tgtaaccatc tagctttatt tgtgaaattt gtgatgctat tgctttattt 
     4261 gtaaccatta taagctgcaa taaacaagtt aacaacaaca attgcattca ttttatgttt 
     4321 caggttcagg gggagatgtg ggaggttttt taaagcggcc gcaggaaccc ctagtgatgg 
     4381 agttggccac tccctctctg cgcgctcgct cgctcactga ggccgggcga ccaaaggtcg 
     4441 cccgacgccc gggctttgcc cgggcggcct cagtgagcga gcgagcgcgc agctgcctgc 
     4501 aggggcgcct gatgcggtat tttctcctta cgcatctgtg cggtatttca caccgcatac 
     4561 gtcaaagcaa ccatagtacg cgccctgtag cggcgcatta agcgcggcgg gtgtggtggt 
     4621 tacgcgcagc gtgaccgcta cacttgccag cgccttagcg cccgctcctt tcgctttctt 
     4681 cccttccttt ctcgccacgt tcgccggctt tccccgtcaa gctctaaatc gggggctccc 
     4741 tttagggttc cgatttagtg ctttacggca cctcgacccc aaaaaacttg atttgggtga 
     4801 tggttcacgt agtgggccat cgccctgata gacggttttt cgccctttga cgttggagtc 
     4861 cacgttcttt aatagtggac tcttgttcca aactggaaca acactcaact ctatctcggg 
     4921 ctattctttt gatttataag ggattttgcc gatttcggtc tattggttaa aaaatgagct 
     4981 gatttaacaa aaatttaacg cgaattttaa caaaatatta acgtttacaa ttttatggtg 
     5041 cactctcagt acaatctgct ctgatgccgc atagttaagc cagccccgac acccgccaac 
     5101 acccgctgac gcgccctgac gggcttgtct gctcccggca tccgcttaca gacaagctgt 
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     5161 gaccgtctcc gggagctgca tgtgtcagag gttttcaccg tcatcaccga aacgcgcgag 
     5221 acgaaagggc ctcgtgatac gcctattttt ataggttaat gtcatgataa taatggtttc 
     5281 ttagacgtca ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt 
     5341 ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata 
     5401 atattgaaaa aggaagagta tgagtattca acatttccgt gtcgccctta ttcccttttt 
     5461 tgcggcattt tgccttcctg tttttgctca cccagaaacg ctggtgaaag taaaagatgc 
     5521 tgaagatcag ttgggtgcac gagtgggtta catcgaactg gatctcaaca gcggtaagat 
     5581 ccttgagagt tttcgccccg aagaacgttt tccaatgatg agcactttta aagttctgct 
     5641 atgtggcgcg gtattatccc gtattgacgc cgggcaagag caactcggtc gccgcataca 
     5701 ctattctcag aatgacttgg ttgagtactc accagtcaca gaaaagcatc ttacggatgg 
     5761 catgacagta agagaattat gcagtgctgc cataaccatg agtgataaca ctgcggccaa 
     5821 cttacttctg acaacgatcg gaggaccgaa ggagctaacc gcttttttgc acaacatggg 
     5881 ggatcatgta actcgccttg atcgttggga accggagctg aatgaagcca taccaaacga 
     5941 cgagcgtgac accacgatgc ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg 
     6001 cgaactactt actctagctt cccggcaaca attaatagac tggatggagg cggataaagt 
     6061 tgcaggacca cttctgcgct cggcccttcc ggctggctgg tttattgctg ataaatctgg 
     6121 agccggtgag cgtgggtctc gcggtatcat tgcagcactg gggccagatg gtaagccctc 
     6181 ccgtatcgta gttatctaca cgacggggag tcaggcaact atggatgaac gaaatagaca 
     6241 gatcgctgag ataggtgcct cactgattaa gcattggtaa ctgtcagacc aagtttactc 
     6301 atatatactt tagattgatt taaaacttca tttttaattt aaaaggatct aggtgaagat 
     6361 cctttttgat aatctcatga ccaaaatccc ttaacgtgag ttttcgttcc actgagcgtc 
     6421 agaccccgta gaaaagatca aaggatcttc ttgagatcct ttttttctgc gcgtaatctg 
     6481 ctgcttgcaa acaaaaaaac caccgctacc agcggtggtt tgtttgccgg atcaagagct 
     6541 accaactctt tttccgaagg taactggctt cagcagagcg cagataccaa atactgttct 
     6601 tctagtgtag ccgtagttag gccaccactt caagaactct gtagcaccgc ctacatacct 
     6661 cgctctgcta atcctgttac cagtggctgc tgccagtggc gataagtcgt gtcttaccgg 
     6721 gttggactca agacgatagt taccggataa ggcgcagcgg tcgggctgaa cggggggttc 
     6781 gtgcacacag cccagcttgg agcgaacgac ctacaccgaa ctgagatacc tacagcgtga 
     6841 gctatgagaa agcgccacgc ttcccgaagg gagaaaggcg gacaggtatc cggtaagcgg 
     6901 cagggtcgga acaggagagc gcacgaggga gcttccaggg ggaaacgcct ggtatcttta 
     6961 tagtcctgtc gggtttcgcc acctctgact tgagcgtcga tttttgtgat gctcgtcagg 
     7021 ggggcggagc ctatggaaaa acgccagcaa cgcggccttt ttacggttcc tggccttttg 
     7081 ctggcctttt gctcacatgt 
// 
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LOCUS       DP.M6829B      7100 bp    DNA     circular  
DEFINITION   
FEATURES             Location/Qualifiers 
     Region          1..130 
                     /label=ITR_Del11 
     Region          148..1081 
                     /label=CAG 
     Region          complement(1088..1121) 
                     /label=lox2272 
     Region          complement(1172..1205) 
                     /label=loxP 
     Region          complement(1217..1279) 
                     /label=Farnes 
     Region          complement(1280..1981) 
                     /label=dTomato 
     Region          complement(1988..2561) 
                     /label=IRES 
     Region          complement(2574..2666) 
                     /label=GPI 
     Region          complement(2700..2819) 
                     /label=GGSGG8 
     Region          complement(2826..3716) 
                     /label=ddHTP 
     Region          complement(3723..3785) 
                     /label=ssIGK 
     Region          3801..3834 
                     /label=lox2272 
     Region          3885..3918 
                     /label=loxP 
     Region          3927..4355 
                     /label=W3SL 
     Region          complement(4363..4503) 
                     /label=ITR 
     Region          5489..6277 
                     /label=beta_Lactamase 
ORIGIN 
        1 cctgcaggca gctgcgcgct cgctcgctca ctgaggccgc ccgggcgtcg ggcgaccttt 
       61 ggtcgcccgg cctcagtgag cgagcgagcg cgcagagagg gagtggccaa ctccatcact 
      121 aggggttcct gcggccgcac gcgtaccatt gacgtcaata atgacgtatg ttcccatagt 
      181 aacgccaata gggactttcc attgacgtca atgggtggag tatttacggt aaactgccca 
      241 cttggcagta catcaagtgt atcatatgcc aagtacgccc cctattgacg tcaatgacgg 
      301 taaatggccc gcctggcatt atgcccagta catgacctta tgggactttc ctacttggca 
      361 gtacatctac gtattagtca tcgctattac catggtcgag gtgagcccca cgttctgctt 
      421 cactctcccc atctcccccc cctccccacc cccaattttg tatttattta ttttttaatt 
      481 attttgtgca gcgatggggg cggggggggg gggggggcgc gcgccaggcg gggcggggcg 
      541 gggcgagggg cggggcgggg cgaggcggag aggtgcggcg gcagccaatc agagcggcgc 
      601 gctccgaaag tttcctttta tggcgaggcg gcggcggcgg cggccctata aaaagcgaag 
      661 cgcgcggcgg gcgggagtcg ctgcgcgctg ccttcgcccc gtgccccgct ccgccgccgc 
      721 ctcgcgccgc ccgccccggc tctgactgac cgcgttactc ccacaggtga gcgggcggga 
      781 cggcccttct cctccgggct gtaattagcg cttggtttaa tgacggcttg tttcttttct 
      841 gtggctgcgt gaaagccttg aggggctccg ggagggccct ttgtgcgggg ggagcggctc 
      901 ggggctgtcc gcggggggac ggctgccttc gggggggacg gggcagggcg gggttcggct 
      961 tctggcgtgt gaccggcggc tctagagcct ctgctaacca tgttcatgcc ttcttctttt 
     1021 tcctacagct cctgggcaac gtgctggtta ttgtgctgtc tcatcatttt ggcaaagaat 
     1081 tggatccata acttcgtata ggatacttta tacgaagtta tgcagaatgg tagctggatt 
     1141 gtagctgcta ttagcaatat gaaacctctt aataacttcg tatagcatac attatacgaa 
     1201 gttatggcgc gccttatcag gagagcacac acttgcagct catgcagccg gggccactct 
     1261 catcaggagg gttcagcttc ttatacagct catccatgcc atacaagaac aggtgatgcc 
     1321 gaccttctga gcgttcgtac tgctcgacga ttgtgtagtc ctcgttgtga ctcgtgatgt 
     1381 ccaacttggt gtccacgtag tagtagccag gcagctgaac cggctttttg gccatatata 
     1441 tagttttgaa ctcaaccagg tagtgcccgc catctttgag tttaagcgcc tgatggattt 
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     1501 cgcctttaag aacgccatcg cgggggtaca gtcgttctgt agaggcctcc caccccatgg 
     1561 tcttcttctg catcacgggg ccatcggggg gaaaatttgt tccgcgcatc ttcaccttgt 
     1621 aaatcagggt gccgtcctgc agagaggagt cttgcgtgac agtgaccagc ccaccatcct 
     1681 caaaattcat tactcgttcc cacttaaatc cttcaggaaa tgacagtttt ttgtaatcag 
     1741 gtatatcagc agggtgtttg acgtaagcct tgctaccgta catgaattga gggctgagga 
     1801 tgtcccaggc gaaaggaagg gggccacctt tggtaacctt gagcttggcg gtttgtgtgc 
     1861 cctcatatgg tcttccttca ccctcacctt caatttcaaa ctcgtgcccg ttcatgctac 
     1921 cctccattct aactttgaat ctcataaact ccttaattac ttcctcaccc ttagacacca 
     1981 tggatccggt tgtggccata ttatcatcgt gtttttcaaa ggaaaaccac gtccccgtgg 
     2041 ttcggggggc ctagacgttt ttttaacctc gactaaacac atgtaaagca tgtgcaccga 
     2101 ggccccagat cagatcccat acaatggggt accttctggg catccttcag ccccttgttg 
     2161 aatacgcttg aggagagcca tttgactctt tccacaacta tccaactcac aacgtggcac 
     2221 tggggttgtg ccgcctttgc aggtgtatct tatacacgtg gcttttggcc gcagaggcac 
     2281 ctgtcgccag gtggggggtt ccgctgcctg caaagggtcg ctacagacgt tgtttgtctt 
     2341 caagaagctt ccagaggaac tgcttccttc acgacattca acagaccttg cattcctttg 
     2401 gcgagagggg aaagacccct aggaatgctc gtcaagaaga cagggccagg tttccgggcc 
     2461 ctcacattgc caaaagacgg caatatggtg gaaaataaca tatagacaaa cgcacaccgg 
     2521 ccttattcca agcggcttcg gccagtaacg ttaggggggg gcttaagtca ttacagagaa 
     2581 atgaagtcca gggcttggag gagggagagg gaaagcagca gcagcagcat ccaggatgtg 
     2641 ttctgaacca gcaggcttat gccgccattc tcgagttggt agctagacga tcctccggaa 
     2701 ccaccacttc cacctcctcc agaacctcct ccacctgatc ctccacctcc actacctcct 
     2761 ccaccagaac ctccaccacc acttcctcca cctcctgatc cacctcctcc agaaccacca 
     2821 ccggtgccgg agatttccag ggtgctaagc cagcgagcaa tttcggagcc gatcaggtct 
     2881 ggattatcct cttgcaacag gttcaggcca ggaccaatat ccacggcctt gcagtttggg 
     2941 agggactttg cgagcctggc ggcctcagcc ggtggaatac gaaggcccgg agtgccccaa 
     3001 aacagcagct tcggcacagg ggactggtgc agccaatcca tgtactcttc cacgagcgcg 
     3061 acgatgtttg cgggttctcc agcaatcggc agttcgttgg gaaaccgcca cagtggttct 
     3121 ctgtccacgg ggttgaggaa aggctcccgg taatggtcca tttccacttc cgtcagcggt 
     3181 ctgacgaccc ccatgggcag agttccctca atgaacacat tctgatcgat gatcagcttc 
     3241 ctgcccacgt cggtggtccg gaacgcctgg aaagtttcgc gggcgaactc tggccattcg 
     3301 tcccaggtag ggatagggcg gatgaactcc atgaaggcaa tccccttcac tctctcaggg 
     3361 ttccgcttgg cccagtggaa tccaagggcc gagccccctt cgtggatgac cagcacgact 
     3421 tcttccaggc ccaaggcctc gatgaatgcg tccatgaacc ggacatggtc gtcgaagaaa 
     3481 tagcccaagt cgggcttgtc ggactttccc attccgatga ggtccggagc gatacagcgg 
     3541 tgagtagggg ccacgtgcgg aatgatgttc cgccacacgt agctcgaggt gggttctccg 
     3601 tgcaagaaca gcacaggggt cccgtcgcgc ggtcccacgt ccacgtagtg cattcgctcc 
     3661 ccgagcactt ccacgtaatg gggatcaaac gggaagccgg tgccaatctc tgaaccgaat 
     3721 tcgtcaccag tggaacctgg aacccagagc agcagtaccc atagcaggag tgtgtctgtc 
     3781 tccatggtgg cggccctagg ataacttcgt ataaagtatc ctatacgaag ttatttgcct 
     3841 taacccagaa attatcactg ttattcttta gaatggtgca aagaataact tcgtataatg 
     3901 tatgctatac gaagttatga actcgagata atcaacctct ggattacaaa atttgtgaaa 
     3961 gattgactgg tattcttaac tatgttgctc cttttacgct atgtggatac gctgctttaa 
     4021 tgcctttgta tcatgctatt gcttcccgta tggctttcat tttctcctcc ttgtataaat 
     4081 cctggttagt tcttgccacg gcggaactca tcgccgcctg ccttgcccgc tgctggacag 
     4141 gggctcggct gttgggcact gacaattccg tggtgtttat ttgtgaaatt tgtgatgcta 
     4201 ttgctttatt tgtaaccatc tagctttatt tgtgaaattt gtgatgctat tgctttattt 
     4261 gtaaccatta taagctgcaa taaacaagtt aacaacaaca attgcattca ttttatgttt 
     4321 caggttcagg gggagatgtg ggaggttttt taaagcggcc gcaggaaccc ctagtgatgg 
     4381 agttggccac tccctctctg cgcgctcgct cgctcactga ggccgggcga ccaaaggtcg 
     4441 cccgacgccc gggctttgcc cgggcggcct cagtgagcga gcgagcgcgc agctgcctgc 
     4501 aggggcgcct gatgcggtat tttctcctta cgcatctgtg cggtatttca caccgcatac 
     4561 gtcaaagcaa ccatagtacg cgccctgtag cggcgcatta agcgcggcgg gtgtggtggt 
     4621 tacgcgcagc gtgaccgcta cacttgccag cgccttagcg cccgctcctt tcgctttctt 
     4681 cccttccttt ctcgccacgt tcgccggctt tccccgtcaa gctctaaatc gggggctccc 
     4741 tttagggttc cgatttagtg ctttacggca cctcgacccc aaaaaacttg atttgggtga 
     4801 tggttcacgt agtgggccat cgccctgata gacggttttt cgccctttga cgttggagtc 
     4861 cacgttcttt aatagtggac tcttgttcca aactggaaca acactcaact ctatctcggg 
     4921 ctattctttt gatttataag ggattttgcc gatttcggtc tattggttaa aaaatgagct 
     4981 gatttaacaa aaatttaacg cgaattttaa caaaatatta acgtttacaa ttttatggtg 
     5041 cactctcagt acaatctgct ctgatgccgc atagttaagc cagccccgac acccgccaac 
     5101 acccgctgac gcgccctgac gggcttgtct gctcccggca tccgcttaca gacaagctgt 
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     5161 gaccgtctcc gggagctgca tgtgtcagag gttttcaccg tcatcaccga aacgcgcgag 
     5221 acgaaagggc ctcgtgatac gcctattttt ataggttaat gtcatgataa taatggtttc 
     5281 ttagacgtca ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt 
     5341 ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata 
     5401 atattgaaaa aggaagagta tgagtattca acatttccgt gtcgccctta ttcccttttt 
     5461 tgcggcattt tgccttcctg tttttgctca cccagaaacg ctggtgaaag taaaagatgc 
     5521 tgaagatcag ttgggtgcac gagtgggtta catcgaactg gatctcaaca gcggtaagat 
     5581 ccttgagagt tttcgccccg aagaacgttt tccaatgatg agcactttta aagttctgct 
     5641 atgtggcgcg gtattatccc gtattgacgc cgggcaagag caactcggtc gccgcataca 
     5701 ctattctcag aatgacttgg ttgagtactc accagtcaca gaaaagcatc ttacggatgg 
     5761 catgacagta agagaattat gcagtgctgc cataaccatg agtgataaca ctgcggccaa 
     5821 cttacttctg acaacgatcg gaggaccgaa ggagctaacc gcttttttgc acaacatggg 
     5881 ggatcatgta actcgccttg atcgttggga accggagctg aatgaagcca taccaaacga 
     5941 cgagcgtgac accacgatgc ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg 
     6001 cgaactactt actctagctt cccggcaaca attaatagac tggatggagg cggataaagt 
     6061 tgcaggacca cttctgcgct cggcccttcc ggctggctgg tttattgctg ataaatctgg 
     6121 agccggtgag cgtgggtctc gcggtatcat tgcagcactg gggccagatg gtaagccctc 
     6181 ccgtatcgta gttatctaca cgacggggag tcaggcaact atggatgaac gaaatagaca 
     6241 gatcgctgag ataggtgcct cactgattaa gcattggtaa ctgtcagacc aagtttactc 
     6301 atatatactt tagattgatt taaaacttca tttttaattt aaaaggatct aggtgaagat 
     6361 cctttttgat aatctcatga ccaaaatccc ttaacgtgag ttttcgttcc actgagcgtc 
     6421 agaccccgta gaaaagatca aaggatcttc ttgagatcct ttttttctgc gcgtaatctg 
     6481 ctgcttgcaa acaaaaaaac caccgctacc agcggtggtt tgtttgccgg atcaagagct 
     6541 accaactctt tttccgaagg taactggctt cagcagagcg cagataccaa atactgttct 
     6601 tctagtgtag ccgtagttag gccaccactt caagaactct gtagcaccgc ctacatacct 
     6661 cgctctgcta atcctgttac cagtggctgc tgccagtggc gataagtcgt gtcttaccgg 
     6721 gttggactca agacgatagt taccggataa ggcgcagcgg tcgggctgaa cggggggttc 
     6781 gtgcacacag cccagcttgg agcgaacgac ctacaccgaa ctgagatacc tacagcgtga 
     6841 gctatgagaa agcgccacgc ttcccgaagg gagaaaggcg gacaggtatc cggtaagcgg 
     6901 cagggtcgga acaggagagc gcacgaggga gcttccaggg ggaaacgcct ggtatcttta 
     6961 tagtcctgtc gggtttcgcc acctctgact tgagcgtcga tttttgtgat gctcgtcagg 
     7021 ggggcggagc ctatggaaaa acgccagcaa cgcggccttt ttacggttcc tggccttttg 
     7081 ctggcctttt gctcacatgt 
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