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Abstract
A collaborative study to determine what role, iffamtamin D; plays in the survival of a
zooplankton genu®aphnia (spp.), under the stress of UV radiation is culyesngoing. The
portion of the study described here is a methoditdw/linking vitamin RQto a fluorophore (Nile
Blue A). Functionalization and linking of Nile B#tA and vitamin Ris explored utilizing

“click" chemistry, carbonyldiimizaole (CDI) couptirand diisopropylcarbodiimide (DIC)

coupling.
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1. Introduction

Over the past few decades there has been growimgoodue to the presence of two
holes in the ozone layer over each of the Arctit Antarctic regions The destruction of ozone
in the stratosphere is dominated by the catalgiiction of nitrogen, hydrogen, chlorine, and
bromine oxidedy green house gases

The effects of decreased ozone include increaseckatrations of ultraviolet radiation
(UVR) reaching the Earth’s surface. The UVR caibkken down into three different types,
based on wavelength of radiation: UVA, 400-320nw8,)320-290nm; and UVC, 290-200nin.
Longer wavelengths are required for vision in arénaand photosynthesis in plants, while shorter
wavelength UVB radiation is damaging to living angans (through DNA damage), and even
shorter wavelength UVC radiation is instant cehittie Ozone absorbs most of the solar UVB
radiation, in addition to UVC and some UVA. Howewéth the thinning of the stratospheric
ozone an increasing percentage of UVB radiatideaath’s surface has been detetted

In humans, UV radiation damages the DNA, and vitaBn(1) is utilized in the repair
mechanism for that UV damageVitamin D; (1) can act as a secondary target for UVR rather
than DNA undergoing more damé&géThere are also thoughts that vitamin(ID has the
potential to increase repair rates. The purposbkigtollaborative research is to determine how
freshwater systems are affected by the increase®. UX order to do that daphnia are studied, in

particular how they are utilizing vitaminz[{1) in UVR protection.

Figure 1: Molecular structure of vitamin 1)



In order to study the effects of the increased UW&shwater zooplankton, specifically
daphnia (Figure 2), were chosen. Daphnia are egllext model because they are primary
consumers and they have a significant effect a®a $ource on their environméniThey are the
base of many freshwater food webs, so scientistex@apolate the survival and reproductive
effects of the daphnia to the rest of the food wbhphnia are an excellent organism to study for
multiple reasons. Daphnia are highly sensitivertaéironmental stressors such as UV radidtion
Daphnia are readily available in freshwater envinents, they are common in clear lake systems,
and easily maintained in a laboratory setting.oAlwoper assessment of their reproduction and
survival is well known, they are sometimes trangpgrand they are parthenogenic (clonal
organisms with females giving rise to females).tAdlit sexual reproduction, the genome of the
daphnia changes very little from generation to getien. This allows for the study of essentially
the same organism over many months without hadraphsider individual variations of any

adaptive mechanisms.

Figure 2: Picture ofDaphnia pulicaria®



This research is the result of a collaboration leetwDr. Sandra Connelly, Dr. Loraine
Tan, and Dr. Jeremy Cody. The goal of the collation is to study the uptake of vitamin (@)
in daphnia. For each aspect of these studiekdstaome overlap between the different

specialties of organic chemistry, biology and atiedy chemistry (Figure 3).

/ Dr.
Connelly's
. Lb
| Dr. Cody's © Dr.Tan's
| lab Lab
\\\ /< S

Figure 3: Diagram of overlapping skill sets

1.1 Overall goals

The goal of the collaboration is to investigate plogential benefits of vitamin Y1)
metabolites as a protective mechanism againswidted radiation exposure. This is
accomplished by exposing the daphnia to vitamji{llp allowing them to metabolize the
compound, and then isolating the organic metalsolifdso, the survival rates are studied by
exposing daphnia to vitamins[@1) and exposing them to UVR and monitoring theivaw over
time. Another goal of the collaboration is to detare where in the body of the daphnia vitamin
D; (1) is being sequestered. In order for this last ohe accomplished, the Cody group in
addition to the Tan group is utilized by linkindl@aorophore to vitamin B(1) and determining
where it is located in the body of the daphnia gisirfluorescent microscope. Distinguishing the
location of vitamin [ (1) in the daphnia is important for identifying whiolhgans or tissues may

be absorbing the vitaminz{l).



1.2 Cody group goals

The goal of the Cody group is to design and preparempound that allows for the
visualization of vitamin B (1) while it is in the body of the daphnia. Vitant (1) is not
colored nor does it fluoresce, so in order to seenie approach is to add on a fluorescent group to
vitamin D; (1). Another goal of the Cody group is to isolate tiganic metabolites of vitamin
D; (1) (along with the Tan lab) and analyze tha@mvarious instrumentation techniques.
2. Isolation of organic metabolites of vitamin RQ(1)

In the human body there is a pathway in which viteby (1) is made and metabolized.
As seen in Scheme 1, the body contains 7-dehydiestienol @) in the dermis layer of the skin.
There, the 7-dehydrocholesterd) {s photolyzed by ultraviolet irradiation. Theqgtblyzation
leads to previtamin §X(3) which then spontaneously isomerizes to vitamil). Vitamin D,
(2) is then transported to the livéia the blood where it is hydroxylated to 25-hydroxgwitin D;
(4). 25-Hydroxyvitamin 3 (4) is further metabolized in the kidneys t@ d5-dihydroxyvitamin
D; (5). The final metabolite is then transporteathe plasma to target cells located in the

intestines, kidneys and bones where it is putis®@aiding in the repair of DNA damdge

(Scheme 1).

7-Dehydrocholesterol)

Vitamin D3 (1)

y

1a,25-Dihydroxyvitamin B3 (5) 25-Hydroxyvitamin Dy (4)

Scheme 1 Metabolic pathway of vitamin £X1) in humans



Part of the research involves determining whichatelites of vitamin (1) are made
by daphnia. The goal of this part of the researeblves determining if the daphnia are ingesting
and metabolizing the vitamins[j1) into any recognizable metabolites. In orderdcoanplish
this goal, Dr. Connelly’s group set up experimemtere daphnisvere exposed to vitamin{l)

(Figure 4).

50mL 50mL 50mL

synthetic synthetic synthetic
freshwate
Omg Vit D3 5mg Vit D3 10mg Vit Dg
Algae Algae Algae
daphnia daphnia daphnia

50mL
synthetic

50mL
synthetic

50mL
synthetic
reshwat

Omg Vit D3 5mg Vit D3 10mg Vit Dy
Algae Algae Algae

Figure 4: Setup of biological experiment$

Six 50mL centrifuge tubes were set up with varyamgounts of vitamin B(1), a
constant concentration of green algae food, antdrdapr no daphnia. The setup (both daphnia
and no daphnia) were incubated for 72 hours & 2M a light cycle of 16:8, (light: dark, UVA:
dark; 103 kJ/rhtotal UVA). After 72 hours, the daphnisigae and synthetic freshwater were
separate§. The organic metabolites were then extractedgusihyl acetate. The resulting
solutions were analyzed using HPLC to determineatheunt of vitamin B(1) and its
metabolites that were isolated. Both vitamin(D and 25-hydroxyvitamin BX(4) were then
quantified by Dr. Tan’s grodp
3. Thesis goals

The goal of this thesis is to link a fluorophorevitamin D;(1). This is accomplished in

two ways. The first approach includes couplinguarbphore onto vitamin 1), exposing



daphnia to the compound, then using a fluorescérbatope to visualize where in the daphnia’s

body vitamin 3 (1) is sequestered (Figure 5).

fluorophore

Mini-tagging Mini-tagging

—¢_ -
R

Mini-tagged (.)
vitamin D3 J

Mini-tagged Mini-tagged
fluorophore

vitamin D; fluorophore

Mini-tagged
fluorophore

Feeding to Daphnia

Daphnia

Figure 5: Pictorial representation of approach A (linkingdrefingestion)
The second approach involved creating a minitagitamin D; (1), exposing the compound to
daphnia then saturating the daphnia with the cpomding minitagged fluorophore (Figure 6).
The theory is that the two compounds would linkhie body where vitamin {J1) had been
previously sequestered allowing visualization & tlhuiorophore under a fluorescent

microscopé&.



fluorophore

Coupling reaction Coupling reaction
Mini-tagged ( g O§ ) fluorophore Mini-tagged
vitamin D fluorophore
Feeding to
daphnia
Daphnia
Feeding to

Minitagged @ daphnia
vitamin D,

Daphnia

Mini-tagged
vitamin D,

Figure 6: Pictorialrepresentation of approach B (linking after ingaski

Linking

3.1 Linking vitamin D3 (1) to the fluorophore before ingestion (approact)

Approach A (linking before ingestion) of this projes the first approach investigated.
There are both positive and negative aspectssatiproach. One positive aspect is the ability to
synthesize the linked species of vitamigD and a fluorophore, in a laboratory setting under
controlled situations. A negative aspect is thatde not know whether or not the daphnia are
going to metabolize the large molecule the sameasaey would to a normal vitamiry (1)

molecule.



When linked, as in Figure 7, the fluorophore magifere with the active sites on

e
/)\fK;EOH

o~ o

vitamin D; ().

Figure 7: Molecular structure of Nile Blue AL) linked to vitamin 3 (1) (6)
The first hydroxylation occurs at C-25 which istbe opposite side of the molecule from

where the fluorophore is being linked (Figure 8p the formation of 25-hydroxyvitamins[4)

is not the concern; the second hydroxylation ocatis-1 which is 2 carbons away from where
the fluorophore is to be linked. This means iftd@p are converting toa]25-dihydroxyvitamin

Ds (5) the fluorophore might get in the way of the melam. The overall size of the linked
species®) is twice the size of vitamin {{1) which can interfere with the absorption capaie#it

of daphnia. Also, the linking adjusted the poladf vitamin D; (1). Adding in a fluorophore

increases the polarity of the molecule which affébe absorption and sequestering ability.

22 OH

Figure 8: Molecular structure of 25-hydroxyvitamins[4)
3.1.1 Initial fluorophore selection
Initially Texas Red sulfonyl chloride (TRSCJ)((Figure 9) was chosen as the

fluorophore. Itis a fluorescent dye with an extiin wavelength of 594nm and an emission



wavelength of 623nm while in ethafibl The wavelengths fall into the wavelength rangeded
for the fluorescent microscope that is availablago Also, the emission wavelength does not
overlap with the fluorescence wavelength of thaaltpat are fed to the daphnia. TR3L also

easily forms conjugatega the sulfonyl chloride group.

Figure 9: Molecular structure of Texas Red sulfonyl chlor{@g
3.1.2 Sulfonamide bond formation with vitamin I3 (1)
Vitamin Ds (1) must first be functionalized to amid@ in order to link to TRSE7).
This functionalization was done using a known pdoce. First a 1,4-addition was performed
to add acrylonitrile §) to vitamin D; (1) to form nitrile9. Nitrile 9 was then reduced to amihe
using lithium aluminum hydride in diethyl ether {®ene 2). There was a very poor isolation of

aminel0via column chromatography; due to the high polar nadfitbe material.



triton b (40% wt soln in water)

Nyt -
o t-BUuOH/CH,CN
25-45% yield N
S
HO
1 9
LiAIH ,
—_—
Et,0
5-19% vield
HZN/\/\O‘\’

10
Scheme 2Preparation of vitamin Paminel0
If amine 10 was readily available in our hands, then it wcudge been linked to TRSC

(7) as seen in Scheme 3.

Scheme 3Proposed coupling of vitamins@minelOto TRSC {)

The synthesis was abandoned for multiple reas@me reason was the inability to
isolate aminel0 effectively. Another reason is, TRSQ (s a very expensive fluorophore. Also,
the method described in Schemes 2 and 3 canndilizediin satisfying approach B (linking
after ingestion). Lastly commercial TRSY has various isomers, resulting in the undesired
generation of disubstituted products. These diftubed products have been seen to form from

TRSC () having two sulfonyl chloride groups. After coimgl TRSC {) with a model amine,

10



diadditions were observed as a significant by-pebdliherefore an alternate fluorophore was
investigated.
3.1.3 Final fluorophore selection

The next fluorophore that was studied was Nile B\u@2) (Figure 10). Nile Blue A
(12) is a fluorescent dye with an absorption wavelergt626nm and an emission wavelength of
668nm (in methanal). Once again the emission wavelength does notapvaiith the
fluorescence wavelength of the algae. Nile Blugd3 has an amine rather than a sulfonyl
chloride functionality necessitating a differenpeyof chemistry to allow for coupling. An added
benefit to Nile Blue A12) is it is less expensive ($62.70/28ghan TRSCT) ($103/5mg)’.

Also, Nile Blue A (L2) only has one isomer as it comes commercially Wwisanore desirable.

N ‘ o
YL | o
/J\f 0 NH, ©

- -2

Figure 10: Molecular structure of Nile Blue £L2)
In order to link the new fluorophore to vitamina (1) different coupling strategies were
utilized.
3.1.4 Carbonyl diimidazole coupling
In order to link vitamin B (1) and Nile Blue A {2), carbonyldiimidazole (CDI) coupling

was explored (Scheme 4).

11



CDlI, 0.05 equiv DMAP ‘
DMF K;[/N

N o NH

J Ao

6

HO™

Scheme 4CDI coupling between vitamin 91) and Nile Blue A(12)

The CDI reaction forms a carbamate bond betweeamn@ne and an alcohol in two steps. The
first step is adding the imidazole ring to the &loipthen to link that isolatable intermediate with
the amine to form the carbamate bond.
3.1.4.1 Model system to develop CDI coupling

Prior to starting to work with vitamin 1) and Nile Blue A 12), model systems were
studied. A model system allows for optimizatiorrediction conditions without using expensive
and unstable materials. Nile Blue 22f and vitamin @ (1) are unstable due to the light and heat
sensitive nature of the compounds. The modeligedilare seen in Figure 11. Cyclohexad8) (
was chosen as the model for vitamig(D) due to both being a secondary alcohol and on a

cyclohexane ring. Anilineld) was chosen to model Nile Blue A2) since it bears both an

O/OH ©/NH2

13 14

aromatic ring and an amine.

Figure 11: Cyclohexano(13) and aniling14) as models for vitamin (1) and Nile Blue A
(12), respectively
The first attempt at this reaction was completédidfdng the one-pot two-step literature
conditions from Rannard and DaVigScheme 5). One equivalent of cyclohexad@) (vas

dissolved in toluene under argon at 60°C. Onevadgt of aniline was then added along with

12



0.05 eg. KOH. The solution was allowed to reac2ftnours, and then 1.5 eq. aniline was added

to the reaction. The solution was allowed tofstir24 h.

OH NH; CDI KOH o
O/ ©/ toluene, 60 °C OJ\NHQ
15
Scheme 5CDI coupling ofl3and14to form carbamat&5
The reaction performed by Rannard and Davis hatarslary alcohol interacting with
an aliphatic primary amine (Scheme 6). Amigroduces high yield&under these conditions

whereas amin&4 does not produce any of carbamiie Our model reaction may not have

worked since our model amine was attached to anadio ring making it less nucleophilic.

CDI, KOH O

AT+ it
B
toluene, 60 °C 07 ONH YN
16 17 18

Scheme 6Literature model reaction
Since the one-pot two-step procedure did not fangnadt carbamaté5, both steps were
explored individually. The first step, formatiohthe imidazole intermediate, was optimized
using the conditions described in Tabf 1
None of the reactions required purification becahsecrude product was deemed pure
enough to continuda *H NMR (Figure 12). The run using DCM and DMAP (Tatl, Entry 3),
was chosen as the optimal conditions for the ffiedt of the reaction due to the conditions

provided the highest yield (90%) of clean product.
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Table 1: Optimizing conditions for formation of cyclohex@nmidazole20

N N
\?’ \:N \Q/
13 19 20
Entry Condition: Yield (crude
1 1eq.CDI, DCM, KOH, 40°C, 19t 33%
2 1eq.CDI, THF, DMAP, 48°C, 4t 84%
3 | 1eq.CDI, DCM, DMAP, 40°C, 4t 90%
[N Il I T
e 8, 4
D
OJJ\N/§N
C\Q/
A B C 20 °
Jj
Loy Ly L by
I T w‘ : ;g T I T ng I T \ﬁ \ESK‘E%\ I

Figure 12: '"H NMR (CDCL) of cyclohexanol imidazol&0

The optimized reaction conditions were then utdite prepare imidazole intermediate

21 from vitamin I (1), as seen in Scheme 7, in a 75% crude yield.amMit D, imidazole21 has

been seen to degrade over time necessitatinggatiifn using silica gel column chromatography

if stored.

14



1 DMAP
T NN >
\—/ \—,” DCM, reflux, 3hr
19 75% crude yield 0

N7 N7 O

HO™ \__/

Scheme 7:Formation of vitamin Bimidazole21
The second half of the CDI coupling reaction inealwreacting cyclohexanol imidazole
20 with aniline (L4). As seen in Table 2, multiple conditions wereeistigated until the optimal
conditions, with the greatest percent conversi@revfound. In the first five reactions no product
was detectedia 'H NMR or LRMS (Table 2, entries 1-5). When anilimas used as the solvent
the desired product was observed (Table 2, entty 6)

Table 2: Conditions for formation of carbamalté&

OB e (0) g
oy + (T OuNe
N 0" ONH
14 15

20
Entry Condition: Crude Mas: | Percent Conversic
Recovery (Isolated Yield)

1 Toluene, 60°C, 5 | >100% 0%

2 Toluene, 60°C, 1.5 eq aniline, 71 55% 0%

3 Toluene, 60°C, 0.1 eq DMAI28 hi 46% 0%

4 DCM, 40°C, 0.1 eq DMAP, 28 76% 0%

5 DCM, 60°C, 0.1 eq DMAP, high pressure, | 36% 0%

6 DMAP, aniline as solvent, ~103.3°C, 98.5t 41% >95% (32%

7 DMAP, 60°C, aniline as solvent, 73 >100% >95%

8 DMAP, 80°C, aniline asolvent, 73 t >100% >95%

9 DMAP, DMF, 60°C, 72 t >100% 40%

10 DMAP, DMSO, 60°C, 72} >100% 49%

To access the effectiveness of the reaction camditihe percent conversion was

calculatediia '"H NMR by monitoring at the peak of the tertiary famwon cyclohexanol (letter A
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in Figure 13). When the reaction did not go to ptation there were two tertiary proton peaks

allowing for the calculation of a conversion peregye.
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Figure 13:'H NMR (CDCE) of carbamatd.5

Once the reaction proceeded, the temperature wasipgd®. Both reactions (Table 2,
entries 7 & 8) worked affording the same percemtveosion. The lower temperature {60vs.
80rC) was used (Table 2, Entry 7 and 8), since vitdmi(il) degrades in heat. Lastly, the
solvent was optimizéd Nile Blue A (L2) is a solid which means, unlike aniline, it canact as
the solvent of a reaction, so DMSO and DMF wegtriBoth solvents dissolve Nile Blue 22§
and were shown to be effective for the reactior ésgtries 9 and 10).

Once the optimal conditions were identified, thaming of Nile Blue A (2) to
cyclohexanol imidazol@0 was explored. The reaction was taken in a stepfamshion as with
the model system. The reaction in Scheme 8 wdsrpgzd once in DMF and once in DMSO
both with 0.01 eq DMAP, and 5 eq. of Nile Blue 22|. The reaction stirred at 60°C for 288 h
under argon, meanwhile being monitored by LRMSe ploduct mass was observed during the
reaction. When running with DMF there was a >1008ss recovery after extracting with
dichloromethane. The product appeared to conésildual DMF, so a second extraction with

diethyl ether was performed. It was very diffictdtseparate the organic and aqueous layers
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during the work up. A UV light (short wavelengtlidis shown on the layers and the organic
layer fluoresced whereas the aqueous layer did After the second work up, the mass recovery
was 8%. The product was not observied'H NMR.

The same reaction was repeated using DMSO andceedravith dichloromethane. The
product was observed wittRMS but was not observed with NMR. The lack of detection in
'H NMR could be because there was not an appregjaiteof product. The LRMS is

extremely sensitive and can detect very small aainatons of product.

Q 0 N ‘ DMAP N ‘
~
S o0 r. TG
N ~ N o NHO
) o)\o

o) NH,
)

20 12 22
Scheme 8:Coupling of Nile Blue A(12) with cyclohexanol imidazol20
Finally, CDI coupling was applied to the Nile Blag12), vitamin D; (1) system. The
LRMS for Scheme 8 data did show the MW product peaking us optimistic that the real
system would work. There are two routes to couftéamin D; (1) to Nile Blue A (2) using CDI
coupling. First CDI can be reacted with vitamig(D) to form vitamin 3 imidazole21 then the
resulting compound can be coupled to Nile Bluel® ( The other route is to add CDI into Nile

Blue A (12), then to couple it with vitamin {§1).

C[ :‘ 0.05eq DMAP
NH, dayS :‘
¢\N)L . Ji/\ : NH o

N\a 12

21
Not detected

Scheme 9:Formation of Nile Blue A/vitamin Pcarbamat® via vitamin D; imidazole21
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It was predicted Nile Blue £12) would link with vitamin Qimidazole21 as seen in
Scheme 9. Initially21 was reacted with Nile Blue &.2)in the presence of DMF and 0.05eq
DMAP. Only starting materi&21 was observed after 168 h of monitoriig LRMS. Since the
sequence of adding CDI to vitamin Q) first did not work, CDI was reacted with Nile Bl
(12) prior to coupling to vitamin BX1). It was thought that vitaminJ¥1) is a better nucleophile
than Nile Blue A 12) and the addition would be more effective with bietter nucleophile added

last.

od O‘ i, 2 LIS
+ NN, —>
+ N N N 0] NH
N o NH, = |, DMF PR
07 N\
12 19 23 \;\?

Scheme 10formation of Nile Blue A imidazol23
When Nile Blue A 12) was stirred with 1.1 equivalents CL9j in the presence of
DMAP (0.05 eq.) in DMF at 40°C for 4 days (Scherfi¢, formation 0f23 was observedia
LRMS. A m/z peak was present at 376 for Nile BMdenethanol adduc4. The 376 m/z may

be a result of methanol acting as the nucleophitedasplacing the imidazole (Scheme 14).

N ‘ N ‘
LI — L e
/)\f' o NH + MeOH AN o \QN

+
NH
”s OA\I\\I:? ) o)\q imidazole

24 Me
m/z = 376

Scheme 11Methanol adding into Nile Blue A imidazo&3to form Nile Blue A/methanol
adduct24
Isolation of imidazol@3is very difficult. To work up the reaction an edtion was

performed using dichloromethane, and similar tocimgpling in Scheme 8, there was poor
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separation between the aqueous layer and orgamic |&ttempts to work up this reaction lead to
entire loss of Nile Blue A imidazot23. Therefore, the CDI coupling with Nile Blue (A2) was
completed as a one-pot two-step reaction.

The one-pot two-step coupling of Nile Blue 22f and vitamin 3 (1) was performed as
seen in Scheme 4 (and Table 3). The reaction edsrmed with CDI, 0.05eq DMAP, and
DMF. The temperature varied from 40°C to 85°C #rallength of the reaction varied from 25 h
to 216 h as seen in Table 3. When monitoviag_.RMS Nile Blue A imidazole3 is assumed to
be forming due to the presence of the 376 m/z (did Blue A/methanol addu@4, Scheme
11), however Nile Blue A imidazot23 was not observeda 'H NMR. The final product was
visualized als@ia LRMS but again was not visibléa 'H NMR. Therefore it was assumed that
the reaction did occur, just not in an apprecigiséd.

Table 3: Conditions for formation of Nile Blue A/vitamindZarbamat®

CDl, 0.05 equiv DMAP ‘
N ees
/j* o jl—l

oo

6

Entry | Eq.of 1 | Temperatur | Duratior
1 1 40°C 191hi
2 1 80°C 96hi
3 1 85°C 25hi
4 3 60°C 146hi
5 3 40°C 216hi
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A novel work up for this reaction was discoveredttimay be effective for other Nile
Blue A (12) coupling reactions. Rather than attempting toaex with an organic solvent (which
leads to an inability to distinguish between orgaamd aqueous layers and the development of
rag layers), adding in an aqueous wash precipitateg@roduct out. The reaction was diluted in
20mL 50% brine and then suction filtered. Afterdsit was observed that an abundance of
unreacted Nile Blue A1) was left in the solid, so the product was thénrted with EtOAc
overnight. The solution was then filtered and emiated resulting in a sticky blue/purple
material.

After failure to obtain any product from experimedescribed in Table 3, the CDI
coupling approach was abandoned. The couplingiosa@n for over 168 h at an elevated
temperature yielding no appreciable amount. Theréaof the coupling reaction was thought to
be due to Nile Blue Al2) being a better leaving group than imidazole whiets observed by
LRMS. Therefore, when vitaminsl) added in to form the carbamate, Nile Bluel®)(would
be displaced rather than the imidazole ring. TBé €@upling was abandoned and alternate
coupling reactions were investigated.

3.1.5 Diisopropylcarbodiimide coupling

Diisopropylcarbodiimide (DIC) is a peptide couplireagent, and is used in conjunction
with N-hydroxybenzotriazoléo form amide bond& The reaction conditions from Zhang and
his associatéSwere combined with the reaction conditions fromatal his associatégo

develop conditions that work with the system atch¢@cheme 12).

Nj‘

Q:/ O

(@] +

N ‘ N o NH

UL " Supoees -

PN o \H I DMAP, DIPEA o

P 2 DMF, rt HN\(O
12 25 >100% mass recovery 26 o 74

Scheme 12DIC coupling between Nile Blue ALR) and Boc-Gly-OH 25)
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Nile Blue A (12) was coupled with Boc-protected glycirgb) to form amide26 (Scheme
12). Coupling to the glycine molecule allows tingirge that is to be reacted with to be changed
from an aromatic amine to an aliphatic amine. Thisnge allows for easier coupling of the
amine. Also, the DIC coupling reaction eliminaties flaws that the CDI coupling has such as
having imidazole as a worse leaving group than Rliltee A (12). The formation of amid26
was a relatively easy reaction, taking from 1 -ahld proceeding at room temperature. Andifie
was readily precipitated out with saturated sodhicarbonate and suction filtered. The Boc
protecting group must be removed from anftéaising TFA prior to additional couplings

(Scheme 135.

HN o 0]
26 \lé 27 NH,

Scheme 13Deprotection of Nile Blue A Boc-gI26 by TFA

The isolation of the deprotected Nile Blue A/glyeRv has proven to be difficult. The
product was precipitated out of solution by dietiyler but it only afforded an 8-9% vyield. The
mass peak was observdd LRMS. After Nile Blue A/glycine27 was deprotected it was reacted
with vitamin D; imidazole21 (3.0 eq.), an@7 (1.0 eq.) were dissolved in DMF (Scheme 14). To
that DMAP (1.0 eq.) and DIPEA (3.0 eq.) were added the reaction was allowed to stir at rt for
72 h. Once7 was seen to disappear by LRMS the reaction wasedilin saturated NaHG@nd
suction filtered to yield carbama28. The mass peak was never seen for carba@8atdich
may be due to the molecule’s size. More work neéede done with this system to fully
synthesize carbama®8 such as optimizing the formation of the deproteetenide27, then

reacting amid@7 with vitamin D, imidazole21 again.
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KIN‘
/j}+ o NH
PN .
\—/ HN

27 21 28

Scheme 14formation of carbamate8

With all of the problems that have been occurrimigtfie coupling reactions, a different
avenue needed to be investigated. “Click” chemistis studied as an alternate to the failing
coupling reactions.

3.1.6 “Click” chemistry coupling

“Click” chemistry was first discovered by Ralph ldgen as a reaction between a
terminal alkyne and an azide. These two functignailips react together in the presence of
copper () to form a 1,2,3-triazole rifig The name “click” chemistry was then coined byra
Sharpless due to the reaction’s progression at teamerature under aqueous conditions while
being open to atmosphere, thus increasing theagabe chemistry/.

Before starting the “click” chemistry the linkingrictionality (minitags —alkyne and
azide) must be coupled to our species. An effecttvategy was to use CDI coupling reactions
from the previous section. A model system was @ggin to optimize the conditions prior to
testing the target system of vitamin (@) and Nile Blue A 12).
3.1.6.1 Model study of “click” chemistry

The first step was to synthesize the terminal adkyrinitag on the model cyclohexanol as

seen in Scheme 15.

CD Q 0 Q i
H->N NN —_—
O\OH + 2 /\\ OJ]\NH/\\\ + [0) N/§

13 29 30 20

Scheme 15CDI coupling to form model alkyne
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This reaction was performed under the original émmts of KOH and toluene before being
optimized with DMAP and DCM (Table 4). The optiraton involved fully converting
cyclohexanol imidazol20 to alkyne30 resulting in increased yields of cyclohexanol akg0.

In entries 1-3 (Table 4) the ratio of cyclohexafid) to propargyl amine20) was optimized. It
was found that 1 equivalent b8 to every 1.5 equivalents 8B was optimal. The final conditions
of 1.0 eq. CDI, DCM and 0.05 eq. DMAP were carieer from the optimization of the
formation of cyclohexanol imidazoR0 (Table 4, Entry 4).

Table 4: Conditions for formation of cyclohexanol alky86

CDI Q 0 Q JOL
H-N .
QOH + BN OJ\NH\ + 0" ONTY

13 29 30 20 \i/
Entry Condition: Ratio (alcohc 13:amine 29) | % Yield® | % 2C°
1 CDl, toluene, KOt 2:1 19% 50%
2 CDI, toluene, KO} 1:1 32% 22%
3 CDI, toluene, KOt 11t 30% 28%
4 CDI, DCM, DMAF 1.1 54% 15%

?lsolated yields
Once cyclohexanol alkyrg) was made, a one pot synthesis was carried oufaitmaed

the azide on anilineld) and then clickingn situ (Scheme 16).

1. HCl, NaNQ Q j\ N
L+ QI it oy
+ > N
NH, 0" NN 3.Cu, CusQ
14 30 t-BUOH/HZO, 30 31
60% crude yield

Scheme 16Model system of one pot click reaction
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This reaction yielded a 60% crude mass recovehe T2,3-triazole ring was observesing’H

NMR (Figure 14) and the mass peak was visualizigd LRMS.

T T B e o e w N e e e °
g £gEge 3 8 %4z g BZ2BgE g
g 2588 o § 58z 8 BoAphEs g
R I | Lol
L3
L N
o NH\[\"IN
A N
31 @
A
I T I T I T I T I T I T I T I T I T I
PPM 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

Figure 14: *H NMR (CDCE) of cyclohexanol click produ@1 with indicative 1,2,3-triazole peak
Triazole31 was never purified as confirmation of the reacti@s the goal. The CDI
coupling to prepare vitaminilkyne32 was undertaken by using the previously optimized

conditions (Table 4, entry 4) for the model sys{@mble 5, entry 3).
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Table 5: Conditions for CDI coupling of propargyl amir@9f and vitamin Q (1)

CDI
E—
o)
/\NHH\O“‘

Entry Condition: Ratio (alcohc 1:amine 29) | % CrudeYield® | % 21
1 | CDI, toluene, KO} 11 80% (17%) 46%
2 | CDI, toluene, KO} 1:1.5 71-85% (3%0) | 41%
3 | CDI, DCM, DMAP 1:1.5 57-85% (40-51% | <1%

%lsolated yield in ()

As seen in Table 5, vitaminsDmidazole intermediat2l was formed along with vitaminsD
alkyne32 These reactions were performed to optimize thé@Dpling (Table 5). The standard
CDI coupling conditions of DCM and 0.05eq DMAP peoMto be optimal based on isolated
yields.

Nile Blue A (12) and vitamin @ alkyne32 were attempted to be clicked together (Scheme
17). To accomplish this linking, an azide needagefiihctionalized onto Nile Blue ALQ); in
order to accomplish this 2.0 eq. Nile Blue )\ was dissolved in 50% HCI (0.48mL) at 0°C and
2.4 eq. of NaN@was added. The resulting solution was stirredttbr Then a solution of 4 eq.
NaNs;and 40 eq. NaOAc in 4.3mL of water was added drepwi he solution was stirred for an
additional 15 minutes before adding 0.41mL 7N Na@ign 5.2mL of t-BuOH, 5.25 eq. @u
1.3 eq. of CuS@and 1 eq. vitamin Palkyne32 The mixture was allowed to stir at rt for 144 h.
During the reaction, the disappearance of startiatgrials was observed by LRMS however no
triazole33 was seen. The indicative 1,2,3-triazole peakn(@&gure 14) was not observed in the

crude'H NMR, therefore the one-pot click reaction wasratmmed for approach A (linking
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before ingestion). Further discussions regarthiegformation of the azide on Nile Blue A can

be found in section 3.2.2.

C[/N
+
/)\,* (¢} NH,

= TNH O
12 32

1. HCI, NaNQ
2. NaN3 NaOAc

3 Cu, CusQ
t-BUOH/H,0, 28 /\N N \ o
o"'

Scheme 170ne pot click coupling a2 and32
A future direction for this reaction could be tarthis again, but use 10 equivalents of Nile Blue
A (12) to assure that enough of the azide is formed.
3.2 Linking to the fluorophore after ingestion (appoach B)

The benefit of linking the fluorophore to vitaminy [1) after ingestion to the daphnia is
the smaller size of the molecule being ingesteddphnia and polarity. The fluorophore attached
to the vitamin R (1) may obstruct the second active site on vitamjifllpwhich then would
hinder the daphnia’s ability to utilize the compduthe same as vitaming[{l). In approach B
(linking after ingestion) a minitag on vitamirg 1) and Nile Blue A 12) are created then the two
are linked after ingestion of the daphnia. Theitags are either a terminal alkyne or an azide,
which will be used in subsequent click reactions

There are three steps to approach B (linking &figgstion): forming minitagged vitamin
Ds (1), forming minitagged Nile Blue AlQ), then clicking the two compounds together (Scheme

18).
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Scheme 18Three steps for approach B (linking after ingestion

3.2.1 Synthesis of minitagged vitamin (1)

In click chemistry there are two functional grodbat are necessary to form the 1,2,3-
triazole ring. Both of these functional groups g@oing to function as minitags for the proposed
approach B (linking after ingestion), as they aralb additions to the larger molecule of vitamin
Ds (1) or Nile Blue A (L2). The two minitags that need to be present aeenainal alkyne and an
azide group.

Propargyl amineZ9), was linked onto vitamin §X1) to form vitamin 13 alkyne32 using
the optimized CDI reaction from approach A (linkibpgfore ingestion) (Table 5). Then the azide
minitag was synthesized on vitamin (@), first with the model system. These reactionsewe

done so as to have vitamin @) linked with both possible minitags.
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Azide 34 was synthesized using the conditions from Cart®analil and Vaultier by
stirring 9.75g of 3-chloropropyl amine hydrochlair’5 mmol, 1 eq.) with 14.64g of sodium
azide (225 mmol, 3 eq.) in 225mL water for 18h@A@ At the end of the reaction most of the
water was removed by vacuum distillation, followsdaddition of EO (300mL) and KOH
(249) pellets. The aqueous layer was extracted B4O. The organics were washed with brine
(120mL), dried over magnesium sulfate and conctedrip yield 6.46g of 3-azidopropan-1-
amine B34) (86% yield), which was used without purificatidrhe reaction in Scheme 19 was run
prior condition optimization with DCM and DMAP. €&heaction yielded 24-37% of
cyclohexanol imidazol20in addition to cyclohexanol azi@5 being formed.

O
CDI, KOH o)
+ HNTTN > O\ + O\ LA

toluene, 16-37% N
13 34 35 20

Scheme 19Formation of azide minitagged cyclohexasl
When the KOH reaction conditions were extrapolatetthe vitamin @ (1) system a
significant amount of vitamin Pimidazole21 was obtained (Table 6, Entry 1).
As seen in Table 6, the yields of formation of @@ are less than that of the formation of
vitamin D, alkyne32 (Table 5). This may be a result of the instabitifyazide36 compared to
alkyne32 It was predicted that alkyrg2 would be an efficient alkyne coupling partner thoe
click chemistry. Vitamin (1) minitag was successful with both the azide aedatkyne

functionality.
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Table 6: Conditions for formation of compoursb

Entry Condition: % yield3€ | % 21

1 CDiI, toluene, KOl 51% 62%

2 CDI, DCM, DMAF | 63% (crude | ND?®

2 Not detected byH NMR of crude product
3.2.2 Synthesis of minitagged Nile Blue A (12)

For “click” chemistry whichever minitag vitamins{1) has linked to it, Nile Blue AlQ)
needs the corresponding minitag. Seeing as tlyaalkad higher yields, putting the azide on
Nile Blue A (12) was focused on. Nile Blue A?) has an amine functionality and utilizing Hu
and his associates’ reaction conditions it is gaedb convert the amine group into an azide
groupg®. Using aniline as an example the standard camditare as follows: to 560mg of anilne
(6 mmol, 1.0 eq.) in a solution with 20mL 50% HEDAC was added 497mg of Nal(T.2
mmol, 1.2 eq.). The solution stirred for 3 h tii@®mg of NaN (12 mmol, 2.0 eq.) and 9.84g
NaOAc (120 mmol, 20 eq.) in 30mL of water was addexpwise over 15 minutes. The reaction
was extracted with EtOAc (3 x 25mL). Combined miga were washed with brine (25mL),
dried over magnesium sulfate and concentratedetd $26mg of azidobenzene in a 74% yield
(Scheme 20). Using aniline was done to practiceiftg the azide and to use it as a model

system in click chemistry.
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1. HCI, NaNQ
@\ 2. NaN,, NaOAc @\
NH, 36-74% crude yield N3

14 37

Scheme 20Formation of azid&7
With the use ofH NMR, azide37 was deemed pure enough to use in further reactions
Azide 37 was mixed with 1 equivalent of anilingé4) to prove that azid87 was not contaminated
with aniline (Figure 15). In the aromatic regitrete are two distinct groups of aromatic peaks
showing aniline 14) and the shifted aromatic peaks of aZ3deThe reaction conditions above

gave reasonable yields so it was then applied o Blue A (L2) (Scheme 21).

— bOvE'L
— 8491
—— £620°¢
—— 926£'9
— 0T169'9
LELT'S
ZETT'Y
£8Y0'E
£952'T

PPM 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

Figure 15:'H NMR (CDCL) of a mixture of aniline¥4) and azide37
The same reaction conditions as in Scheme 20 vee@ an the Nile Blue AlQ) system.
Nile Blue A azide38 was never successfully isolated. It was seenittda LRMS, however
the’H NMR was a complex mixture. Aromatic azides amewn to be unstable and isolation has
not been achieved thus far. It was then thougtitiftNile Blue A azide38 was prepared it
would be able to undergo the click reaction withioeihg isolated in a one-pot two-step reaction

which was attempted in Scheme 17.
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1. HCI, NaNQ
2. Nal\g NaOAc

/N
Q o
12 38
Scheme 21Formation of Nile Blue A azidd8
In order to circumvent the problem of the aromatitdes decomposing a coupling
between Nile Blue AX2) and azide34 was undertaken. Before this was done it was gitiean

using the model system (Scheme 22).

i DCM, reflux @ 0
+ N%N N«N > NHJJ\NQ
NH \—/ |lw,/ 4h 95% crude @N

14 19 39

Scheme 22CDI addition onto anilin¢14)

Aniline (14) (500mg, 5.4mmol, 1eq.) and 960mg of CDI (5.9mridleq.) were refluxed
in 2.2mL DCM for 4 h. The solution was diluted3@mL DCM, washed with distilled water
(3x12mL), brine (12mL), dried over magnesium s@lfahd concentrated to yield 962mg of
aniline imidazoled9 (5.1 mmol, 95% yieldf. The synthesis of aniline imidaz®8 was

successful with a 95% crude yield.

31



99c+'8
— T6ET'8
— ZL66'L
— 1995'L
— 868E'L
— 96TEL

009Z'
— 6¥1ZL
— $T9T'£L
— Z880L

" b i,

! I ! I i T i I i T i T i I ! I ! I i T i T i T
PPM 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6

Figure 16:'H NMR of aniline imidazole39
The aniline imidazol89 was observedia 'H NMR (Figure 16). The imidazole peaks
are hidden by the aromatic peaks, however oneserabd at 7.16 ppm. One of the peaks
downfield can be assigned as the amide proton@sttlicture. Aniline imidazolg9d was

utilized without purification in the next step (Sche 23).

©\ ﬁ\ P~ DCM, reflux o
NH N, TN Na I
N 4h, 49% NH NH "N,
39 34 40

Scheme 23Formation of azide linked aniling0
Azide 40 was synthesized by refluxing 500mg of aniline iazidle39 (2.7mmol, 1.0 eq.)
and 267mg of azidg4 (2.7mmol, 1.0 eq.) in 1.0mL DCM for 4 h. At thedeaf the reaction the
mixture was diluted in 80mL ED, washed with 0.5N HCI (3x20mL), saturated sodium
bicarbonate (20mL), brine (20mL), dried over magumessulfate, and concentrated. The product

was purified using silica gel column chromatograpty% EtOAc/hexanes 70%
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EtOAc/hexanes) to yield 290mg of azidie (1.3 mmol, 49% vyield). Seeing as this reactios wa

successful it was then extrapolated to the reaésy®sf Nile Blue A {2) (Scheme 28).

‘ 1. CDI, DMF K;E

N 2 34 NH
CXTL + v

/jﬁ o) NH, 7% crude o NH
12

34 41 KL

Scheme 24Formation of Nile Blue A azidél

Nile Blue A azide41 was visualizedia LRMS however théH NMR is a complex
mixture, 7% mass recovery. As has been previataled (Section 3.1.4.1) CDI coupling with
Nile Blue A (12) does not work, and this route was abandoned.
3.2.3 “Click” chemistry

Using Cl catalyzed “click” chemistry will be an essentiahgponent to approach B
(linking after ingestion). Therefore, preparatand utilization of azides and alkyne compounds
in developing a robust method to link the fluoroghand vitamin (1) has been undertaken.
“Click” reaction conditions vary based on which©source they used, which can be seen by the
examples of Scrafton and coworkers who use$’C8theme 25) and Appukkuttan and
coworkers who uses Q;,;lCuSQ” (Scheme 26). Nakamura and coworkers use Ga8@

sodium ascorbate to perform “click” chemisfrgScheme 27).

0.0 Z  cul 0.0
B + NaN; 4+ —_— B
@Am « e @” N—)
44 0 N=

Scheme 25Scrafton et. al. Cul reaction conditidhs
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t-BuOH, H,0, 10min
46 43 47 81% 48

Cu(0), CusQ Mw HO =N
R R

Scheme 26Appukkuttan et. al. G/CuSQ reaction conditiorf§

Ng /@\CUSQ‘ Na ascorba
+
EE[ ~ H,O/t- BuOH
.
~ 65%
49 50

Scheme 27Nakamura et. al. CuSMa ascorbate reaction conditiéhs

A comparison of the three conditions is summarinetiable 7 using the model system
azide35 and alkyne30.

Table 7: Click chemistry conditions for the formation ofaziole52

o)
0 CL 0 cu* CLOJLNH\@N
O\OJ\NH/\/\N3 + OJ\NH\ N N

NH
35 30 52 /<O.O

Entry Condition: Yield of 52°
1 Cu, CuS(, H,O/t-BUOH, rt, 18h 68%
2 Cul, DMSO, 80°C, 5¢ 32%
3 CuS(,, Na ascorbate, ,O/t-BuOH, rt, 18h 9%

%lsolated yield
All sets of conditions yielded product. When utitig Cusy and CuSQ(Table 7, entry 1)
a higher yield was obtained. Therefore these imacbnditions were used in the majority of
reactions. It was not until later that the thimhdition was attempted (Table 7, entry 3). It&as

low yield however the product was mostly lost dgrpurification and the reaction was never
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repeated. When running the click reaction usimgNh ascorbate procedure, there was a very
high crude yield with a very clear lookiflg NMR. Crude azid&2 was then purified where the
majority of the product degraded during column ahatography. Due to the high purity of the
crude product and the high yield of it, the Na alsate procedure was deemed the preferred
procedure for future click reactions.

A 1,2,3-triazole ring is easy to distinguish wheaoking at'H NMR due to the singlet it
produces at 7.6-8.0ppm from the single proton éntttazole ring (i.e. triazol®2 (Figure 17)).
The 1,2,3-triazole peak was seen for triazflso the reaction conditions (Table 7, entry 1) were

applied to the vitamin Palkyne32

LEBS' L
— TLiFE'S
— S5915'S
— BETS'¥
— +POEP
— {PO0E
— Zb'Z
— 6566'T
— SP9L'T
— L&T9'T
— 6bbt' T
— TE9Z'T

O\OiNH/YQIN__\’\

N=p/ o
0o

J’\A 1 JLAJ L

I T I T T I T I T T T T T I T T
PPM 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

Figure 17:'H NMR (CDCW) of triazole52 using entry 3 conditions of Table 7
The formation of vitamin Btriazole53 was attempted by dissolving 100mg of alk@2e
(0.2mmol, 1.0 eq.) in 0.6mL 1:1 t-BuOH:@, adding 50mg of azides (0.2mmol, 1.0 eq.),
11mg Cuy;) (0.17mmol, 0.8 eq.), 7mg Cus@®.04mmol, 0.2 eq.), and stirring at rt for 20h

(Scheme 28). At the end of the reaction, the gluvas diluted in 12mL ED and 12mL water,
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filtered and separated. The aqueous layer waaa&tt with E{O (2x10mL). The combined
organic layers were washed with brine (6mL), dogdr magnesium sulfate, and concentrated.
Due to the lack of the 1,2,3-triazole peak arouggm in the'H NMR (Figure 18), it was

surmised that the reaction did not produce anydteb3.

Cu, CusSQ
A — X
NH""Ng  H,0/t-BuO

H o
okNH'\/\N
35 N
N=N
32 53

Scheme 28Click chemistry formation of vitamin fXriazole53

mmmmm

mmmmm

—— BISZ'L
— £69T°¢

(LIS
o uo W
= W NO
o @
WD

9E

S 14
— 0QEYE'T
— 0044°T
— 0ZZ5'T
— LSYE'T
989Z'T

QW i
o) NH’\/\I;A.\‘/VNHMO_.
=N
53

T
PPM 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

Figure 18:'H NMR (CDCL) of crude vitamin Rtriazole53

Another click reaction was investigated usinguwiin D; alkyne32 and azide37

(Scheme 29).
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Cu, CuSQ

—_—
N;  H,0/t-BUOH
1?\ 37 47-59% crude yield @\ ﬁ\
N"N">NH o
Z TNHYo N:?/\
32 54

Scheme 29Click chemistry formation of aniline triazo4
The click reaction was conducted under the samditions as the attempted synthesi®af
(Scheme 28), however it had higher crude yield$7659%. The 1,2,3-triazole peak observed
was indicative of aniline triazol4 being produced. There was no mass peak obseyed b
LRMS, so the assumption that the peak at 7.73 &4 2,3-triazole peak could be wrong. Peak
A (Figure 19) also falls into the range of the exatpeable proton of a carbamate group.
Therefore, it is inconclusive if aniline triazddd was synthesized. The click reaction should be

repeated using the Na ascorbate conditions fdiotineation of triazoles4 (Table 7, Entry 3).

— $IELL
— 0ZZ8'L
— 982/
— Z¥6T'9
— $210'9
— ZLED'S
— ETI8Y
—— BZ96'E
— $60L'E
— SZIYE
— EBBLET
202 T
£65Z'T

—— 09160
— $558'0
—— EDES'O

— 21291
— SZLP'T

I i I I T I I ! I I T I T I ! I
PPM 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

Figure 19:'H NMR (CDCE) of aniline triazoles4
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4. Future Directions

Currently there are still aspects of this rese#nah need to be further investigated. The
following sections will discuss how to further thi®rk.
4.1 Possible routes for approach A (linking beforéngestion)

There were difficulties in synthesizing a carbanmird on Nile Blue A12) using the
CDI coupling method. Other methods are left t@kglored such as using reductive amination
and Sonogashira coupling.

The reductive amination can be used to link onldergde that has an alkyne (or azide)
on it to then have the product be clicked withphaetnering vitamin B (1) minitag (Scheme 30).

We have initiated studies on the reductive amimadiod it looks like a promising avenue.

NaBH(OAG) Jj;[ ;t
Q /€>\/ """"""""" INH
NHZ n  AcOH, DCE

55 56

I

Scheme 30Proposed reductive amination method
Another option is to brominate Nile Blue AZ), then perform a Sonogashira coupling to

link Nile Blue A (12) and vitamin Q (1) (Scheme 31).
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THF, EtNH
| Pd(PPL),Cl,, Cul

P ——

Scheme 31Proposed Sonogashira coupling method

Lastly, in terms of the DIC coupling (Section 3)Iférther work needs to be done to
optimize the conditions of TFA deprotection reactigScheme 13). Higher yields need to be
obtained to keep DIC coupling a viable option.
4.2 Possible routes for approach B (linking afterrigestion)

In addition to developing approach B (linking aftegestion) to address polarity and
binding issues it is also important to have theel@wgth change once the vitamia @) has
been linkedn vivo. This change in wavelength is important so thit possible to distinguish
between linked fluorophore and unlinked fluoroph®&eth minitags were synthesized on vitamin
Ds (1), however an effective minitag on Nile Blue 22 that is compatible with the aromatic

ring has yet to be produced.
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The DIC coupling can be used to fulfill the reqonents for approach B (linking after
ingestion). If propiolic acid59) was coupled to Nile Blue ALR) the conjugation can be

extended therefore shifting the wavelength of twogbance once it is clicked (Scheme 32).

N ‘ 9 DIC, HOBt 2 i
O + ——< """""""""" - +
SN o NH oH DMAP, DIPEA” N o NH
2 J
P 12

DMF, rt

/

59 60 O

Scheme 32Proposed DIC coupling for approach B (linking aftegestion)

Conclusions

A method of minitagging vitamin 1) was described above. Vitamin 1) was
functionalized with both an alkyne and an azideceasfully while limiting the formation of
intermediate imidazole compounds. The functiomdilimn of Nile Blue A {2) was described
utilizing DIC coupling. High percent recoveriesre@@btained with more work needed to be
done on the deprotection of the Boc group. “Clickemistry was studied as is still a viable
option for thein vivo coupling of vitamin @ (1) and Nile Blue A 12). Multiple avenues were
discussed for future directions for this projeattsas Sonogashira coupling, reductive amination

and further use of DIC coupling.
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General Experimental Procedure

All reactions were stirred magnetically. Reactiomse heated in a sand bath encased in a
heating mantel, controlling the temperature witlagable transformer. Temperatures reported
refer to bath temperatures unless otherwise ndbéstillations were performed under argon
atmosphere. Vacuum distillations utilized a waispirator (> 15 mmHg).

The phrase “concentrated” or “concentrated in vacefers to removal of solventéa a rotary-
evaporator using a water aspirator.

Reagents and Solvents

All reagents and solvents were of commercial gaattewere used as obtained from the suppliers
except for the ones listed below that were purifiedollows:

Recrystallized copper iodide using the followinggedure: 16g Cul was added to a boiling
saturated solution of 50mL distilled,® and 50g Nal. The solution was boiled for 15 rteésu
Then added 1g of decolorizing charcoal and boledsblution for an additional 15 minutes.
Filtered and then diluted the cooled filtrate wstbmL HO. The resulting crystals were then
filtered and washed with the following: water (10né&thanol (10mL), ethyl acetate (10mL),
diethyl ether (10mL), and pentane (10mL). Thetatgswere then dried overnight under vacuum
from an oil pump and stored in a desiccator.

Cyclohexanol was distilled under vacuum from CaO.

Aniline was distilled under vacuum from CaH

Chromatography

“Chromatography” refers to flash column chromatpiausing 230-400 mesh silica gel (EMD
Reagents). Analytical and preparative thin layeomatography (TLC) was performed on EMD
pre-coated silica gel 60 F-254 plastic plates (@u29. Visualization was performed by short
wave UV light and/or staining the plate followed tgating with a heat gun for approximately 15

seconds when appropriatB-anisaldehyde stain was prepared by mixing 15mjp- of
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anisaldehyde, 3mL glacial acetic acid, 10mL cormegatl sulfuric acid, and 260mL of 95%
ethanol.

Physical Data and Instrumentation

Proton Nuclear Magnetic Resonantég NMR) spectra were obtained on a Bruker DRX-300
(300MH2z) instrument. Chemical shifts are repoitedpm downfield and are internally
referenced using CD&(7.26 ppm) or DMSO (2.50 ppm) as solvent. ProttR data are
reported as follows: chemical shift (multiplicityoupling constants in Hz, number of protons).
Multiplicity was abbreviated as follows: s (singled (doublet), t (triplet), q (quartet), m
(multiplet), dd (doublet of a doublet), dt (doubdéta triplet), s (br) (broad singlet).
Low-resolution mass spectra were obtained usingymotied Biosystems — Q Trap 3200 — LC-

MS/MS.
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Experimentals
The following pages contain experimental procedfoeseveral reactions portrayed in this

thesis.
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j\ DMAP
+ NN >
\—/ l~/° DCM, reflux, 3hr
19 75% crude yield o)

NP N O

\—/
1 21

HO™

Imidazole-1-carboxylic acid 3-{2-[1-(1,5-dimethylh&yl)-7a-methyloctahydroinden-4-
ylidene]ethylidene}-4-methylenecyclohexyl ester (21

To 211mg of CDI (1.3 mmol, 1.0 eq.) in 5.2 mL of MGt 40°C under argon atmosphere and in
the absence of light was added 8mg of DMAP (0.060mt05 eq.) and 500mg of vitamiry D
(1). The solution was stirred for 3 h. The reacti@as monitored by silica gel TLC {0.49

ethyl acetate/hexanes 1:1). At the end of thetimadhe solution was allowed to cool to room
temperature. The organics were washed with watgrsmL), and brine (5mL), dried over
magnesium sulfate, filtered, and concentratedicuo to yield 493mg (1.0 mmol, 75% crude
yield). At times the crude product does requirgffpation. The crude product may be purified
using silica gel column chromatography (5% EtOAg#res> 40% EtOAc/hexanes) 58%
recovery of imidazole-1-carboxylic acid 3-{2-[1-ftdimethylhexyl)-7a-methyloctahydroinden-
4-ylidene]ethylidene}-4-methylenecyclohexyl est2t)(as a yellow solid product.

Compound 21

Ri=0.49 (50% EtOAc/Hex)

IR vimax (CHCL)cm™: 2949, 1751, 1394, 1278, 1238, 1001, 906, 729, 648

'H NMR (300 MHz, CDCJ): § 8.12 (s, 1H), 7.40 (s, 1H), 7.04 (s, 1H), 6.25)(d,11.25 Hz,

1H), 6.01 (d,J = 11.43, 1H), 5.19 (m, 1H), 5.10 (s, 1H), 4.881¢d), 2.81-2.65 (m, 2H), 2.58-
2.38 (m, 2H), 2.33-2.21 (m, 1H), 2.15-1.80 (m, 4HB9-1.60 (M, 2H), 1.56-1.42 (m, 4H), 1.37-

1.22 (m, 4H), 1.14-1.08 (m, 2H), 0.90 (ts 6.06Hz, 3H), 0.84 (d] = 6.57, 6H), 0.53 (s, 3H)
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LRMS (ESI+): Exact mass calculated fos84eN,0,[M+Na’] = 501.35, found = 501.6
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Prop-2-ynylcarbamic acid 3-{2-[1-(1,5-dimethylhexy}-7a-methyloctahydroinden-4-

ylidene]ethylidene}-4-methylenecyclohexyl ester (32

To 211mg of CDI (1.3 mmol, 1.0 eq.) in 5.2mL of DGMder argon atmosphere and in the
absence of light was added 8mg of DMAP (0.06 mi@l5 eq.) and 500mg of vitamirs QL).
The solution was heated to 40°C and stirred for Ze reaction was monitoreth silica gel
TLC, when the reaction wasn’t seen to progresfiénradded an additional 62mg of CDI (0.4
mmol 0.3 eq.) was added. The solution was stiime@ h more at 40°C. Added 72mg of
propargyl amineZ9) (1.3 mmol, 1.0 eq.). The solution was stirred®8 h at 40°C. At the end
of the reaction the solution was allowed to coaldom temperature. The reaction was diluted
with DCM (15mL), washed with water (3 x 5mL), brifemL), dried over magnesium sulfate,
filtered, and concentrated vacuo. The crude product was purified using silicag@umn
chromatography (5% EtOAc/hexangs40% EtOAc/hexanes) to give 311mg (0.7mmol, 51%
yield) of prop-2-ynyl-carbamic acid 3-{2-[1-(1,5+dethylhexyl)-7a-methyloctahydroinden-4-
ylidene]ethylidene}-4-methylenecyclohexyl esf8R) as a yellow viscous product.

Compound 32

Ri= 0.88 (50% EtOAc/Hex)

IR vmax (N€at)/crit: 3350, 2947, 2866, 1701, 1508, 1240, 1041, 908, 635

'H NMR (300MHz, CDCY): § 6.21 (d,J = 11.43, 1H), 6.02 (dl = 10.95, 1H), 5.04, (s, 1H), 4.91
(m, 1H), 4.83 (s, 1H), 3.97 (s, 2H), 2.84-2.75 (i), 2.62-2.53 (m, 1H), 2.42-2.31 (m, 2H),

2.25-2.17 (m, 2H), 2.03 (s, 1H), 2.02-1.91 (m, 4HB9-1.6s8 (M, 4H), 1.68-1.61 (m, 2H), 1.55-
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1.43 (m, 4H), 1.38-1.21 (m, 4H), 1.15-1.08 (m, 26191 (d,J = 6.42Hz, 3H), 0.86 (d] = 6.61,
6H), 0.53 (s, 3H)

LRMS (ESI+): Exact mass calculated fos8,;NO;[M+Na'] = 488.35, found = 488.2
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(3-Azidopropyl)carbamic acid 3-{2-[1-(1,5-dimethylrexyl)-7a-methyloctahydroinden-4-

ylidene]ethylidene}-4-methylenecyclohexyl ester (36

To 250mg of21 (0.52 mmol, 1.0 eq.) in 0.5mL DCM under argon adpiere was added 78mg
of 34 (0.78mmol, 1.5 eq.). The solution was stirred4fdr at 40°C. The reaction was monitored
viasilica gel TLC. Upon the completion of the reastithe solution was cooled to rt, diluted in
diethyl ether (80mL), washed with 0.5N HCI (3x 20m&aturated sodium bicarbonate solution
(20mL), brine (20mL), dried over magnesium sulféiteered, and concentratéd vacuo. The
crude product was purified using silica gel coluthnomatography (5% EtOAc/hexanes30%
EtOAc/hexanes) to give 96mg (0.18mmol, 36% yiefd)Bsazidopropyl)-carbamic acid 3-{2-[1-
(1,5-dimethylhexyl)-7a-methyloctahydroinden-4-yidgethylidene}-4-methylenecyclohexyl
ester(36) as a yellow viscous product.

Compound 36

Ri= 0.92 (50% EtOAc/Hex)

IR vimax (N€at)/crit: 3490, 2645, 2866, 2094, 1701, 1516, 1238, 908, 73

'H NMR (300MHz, CDCY): § 6.22 (d,J = 10.98, 1H), 6.03 (d] = 10.98, 1H), 5.05 (s, 1H), 4.86
(m, 1H), 4.83 (s, 1H), 3.36 (,= 6.18, 2H), 3.26 (q] = 6.18, 2H), 2.85-2.76 (m, 1H), 2.61-2.53
(m, 1H), 2.43-2.31 (m, 2H), 2.26-2.12 (m, 2H), 2067 (m, 2H), 1.57-1.41 (m, 1H), 1.38-1.25
(m, 15H), 1.17-1.07 (m, 2H), 0.96 (@= 6.54, 2H), 0.91 (d] = 12.78, 3H), 0.86 (dl= 7.32,

6H), 0.54 (s, 3H)

LRMS (ESI+): Exact mass calculated fos;E85oN,O,;[M+Na'] = 533.38, found = 533.6
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12 25 e 26 \574
[5-(2-tert-Butoxycarbonylaminoacetylamino)benzog]phenoxazin-0-
ylidene]diethylammonium (26)

To 294mg of Nile Blue A12) (0.8 mmol, 1 eq.) in 6mL DMF was added 198mg [1® mmol,
2 eq.), 240mg HOBt*kD (1.6 mmol, 2 eq.), 96mg DMAP (0.8 mmol, 1 eqO4@g DIPEA (2.4
mmol, 3 eq.), 413 mg Boc-Gly-OR%) (2.4 mmol, 3 eq.). The solution stirred for atht. The
reaction was monitoreda LRMS. After 2 h added 198mg DIC (1.6 mmol, 2 e&40 mg
HOBt*H,0 (1.6 mmol, 2 eq.), 202mg DIPEA (1.6 mmol, 2 eg75mg Boc-Gly-OH (1.6 mmol,
2 eq.). The solution stirred for an additiondd at which point the reaction had been deemed
completediia LRMS. The product was precipitated out from 12ratusated sodium
bicarbonate and filtered. Rinsed solid with 10ratusated sodium bicarbonate to yield a wet
blue solid. It was dried under hi-vac for 1 hauyteld 320 mg (0.6mmol, 86% yield) of [5-(2-
tert-butoxycarbonylaminoacetylamino)benafghenoxazin-0-ylidene]diethylammoniur6) as
a dark blue powdery solid. The compound was degiueglenough to continue onto the next
step.

Compound 26

IR vmax (N€at)/crii: 3338, 2966, 1614, 1246, 1165, 831, 694

'H NMR (300MHz, CDCJ): 6 8.55 (d,J = 6.96, 1H), 8.26 (d] = 8.1, 1H), 7.79 (tJ = 7.59, 1H),
7.70 (t,J = 7.65, 1H), 7.58 (d] = 8.64, 1H), 7.19 (t) = 5.79, 1H), 6.80 (dd] = 8.94,J = 2.25,
1H), 6.63 (ds) = 2.61, 1H), 6.38 (s, 1H), 5.48 (= 7.65, 18H), 3.85 (d] = 6.12, 2H), 3.63
(m, 22H), 3.50 (g = 6.45, 6H), 3.31 (s, 40H), 1.37 (s, 8H), 1.14)(g,6.36, 11H),

LRMS (ESI+): Exact mass calculated fon8soN,O, = 475.23, found = 475.3
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Appendix

The following pages contaftd NMR, and IR spectra for certain compounds. Tthectures and

numbers of the structures are located with eacttspe.

There is provided a list of all of the schemesmpidathe spectra.

52



List of Schemes

7-Dehydrocholesterol)

Vitamin D3 (1)

y

1a,25-Dihydroxyvitamin B3 (5) 25-Hydroxyvitamin D (4)

Scheme 1Metabolic pathway of vitamin £(1) in humans

triton b (40% wt soln in water)

/\N + -
o t-BUuOH/CH,CN
25-45% yield Nx.
So
HO
1 9
LIAH ,
E—
Et,0
5-19% yield
HZN/\/\O‘“

10

Scheme 2Preparation of vitamin Paminel0
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6
Scheme 4CDI coupling between vitamin{)P1) and Nile Blue A(12)
OH ©/NH2 CDI, KOH O\ 0 @
O/ toluene, 60 °C OJ\NH

Scheme 5CDI coupling ofl3and14to form carbamaté&5

OH CDI, KOH 0
A+ e ow X
toluene, 60 °C 07 ONH NN
16 17 18

Scheme 61literature model reaction

O

+ N%\NJ\N/\I >
\—/ l/° DCM, reflux, 3hr
19 75% crude yield o)

DMAP

N7 N7 oY

HO™ \__/

Scheme 7:Formation of vitamin Bimidazole21
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) \ ‘ DMAP /N
QOJ\N\:\/N + /j“ Jj;[on - /}“QO O)N\HOO

20 12 22

Scheme 8:Coupling of Nile Blue A(12) with cyclohexanol imidazol20

=

I

NH ~0"

:‘ 0.05eq DMAP
C[ NH, days N
oSS
21 6
Not detected
Scheme 9:Formation of Nile Blue A/vitamin Pcarbamaté via vitamin D; imidazole21

Scheme 10Formation of Nile Blue A imidazol23

Q:/N:‘O! K;[/N:to
+ + MeOH —
/)\l ° g <N @ NH

ON/\> ) 070

23 SN 24 |
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Scheme 15CDI coupling to form model alkyne
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Scheme 16Model system of one pot click reaction
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Scheme 19Formation of azide minitagged cyclohexasl
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Scheme 20Formation of azid&7
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Scheme 21Formation of Nile Blue A azida8
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Scheme 25Scrafton et. al. Cul reaction conditions
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Scheme 26Appukkuttan et. al. Gy CuSQ reaction conditions
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Scheme 27Nakamura et. al. CuSNa ascorbate reaction conditions
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Scheme 28Click chemistry formation of vitamin fXriazole53
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Scheme 29Click chemistry formation of aniline triazolt
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Scheme 30Proposed reductive amination method
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Scheme 31Proposed Sonogashira coupling method
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Scheme 32Proposed DIC coupling for approach B (linking aftegestion)
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