3

% WILLIAM & MARY
CHARTERED 1693 W&M ScholarWorks

Undergraduate Honors Theses Theses, Dissertations, & Master Projects

5-2011

Synthesis of 1-(5-methylhexyl)-2,3,8,9-tetrahydro-1H-
naphtho[2,1-e]indol-6(7H)-one

Nicholas Lopez
College of William and Mary

Follow this and additional works at: https://scholarworks.wm.edu/honorstheses

Recommended Citation

Lopez, Nicholas, "Synthesis of 1-(5-methylhexyl)-2,3,8,9-tetrahydro-1H-naphtho[2,1-e]indol-6(7H)-one"
(2011). Undergraduate Honors Theses. Paper 361.

https://scholarworks.wm.edu/honorstheses/361

This Honors Thesis is brought to you for free and open access by the Theses, Dissertations, & Master Projects at
W&M ScholarWorks. It has been accepted for inclusion in Undergraduate Honors Theses by an authorized
administrator of W&M ScholarWorks. For more information, please contact scholarworks@wm.edu.


https://scholarworks.wm.edu/
https://scholarworks.wm.edu/honorstheses
https://scholarworks.wm.edu/etds
https://scholarworks.wm.edu/honorstheses?utm_source=scholarworks.wm.edu%2Fhonorstheses%2F361&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wm.edu/honorstheses/361?utm_source=scholarworks.wm.edu%2Fhonorstheses%2F361&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@wm.edu

Synthesis of 1-(5-methylhexyl)-2,3,8,9-tetrahydroH-naphtho[2,1-€]indol-
6(7H)-one

A thesis submitted in partial fulfillment of theg@rement
For the degree of Bachelors of Science in Chemisbiy
The College of William and Mary

by

Nicholas Adam Lopez

Accepted for

Dr. Christopher J. Abelt, Director

Dr. Lisa M. Landino

Professor Christine Westberg



Synthesis of 1-(5-methylhexyl)-2,3,8,9-tetrahydroH-naphtho[2,1-€]indol-
6(7H)-one

A thesis submitted in partial fulfilment of theg@rement
For the degree of Bachelors of Science in Chemisbiry
The College of William and Mary

by

Nicholas Adam Lopez



Table of Contents

Acknowledgements
List of Figures
List of Schemes

Introduction
Background

Experimental
5-Bromonaphthalen-2-amine
N-(5-Bromonaphthalen-2-yl)methanesulfonamide
N-(5-Bromonaphthalen-2-yiN-(2,2-diethoxyethyl)
methanesulfonamide
6-Bromo-3-(methylsulfonyl)-B-benzofg]indole
6-Bromo-3H-benzog]indole
6-bromo-3-(5-methylhexyl)43-benzog]indole
6-Bromo-3-(5-methylhexyl)-2,3-dihydroHtbenzog]indole
Ethyl 4-(3-(5-methylhexyl)-2,3-dihydro-
1H-benzog]indol-6-yl)butanoate
1-(5-methylhexyl)-2,3,8,9-tetrahydrd4inaphtho[2,1€]
indol-6(HA)-one

Results and Discussion

Conclusion
Appendix A
References

Vita

10
10
11
12
12

13

15

30

31

41

45



Acknowledgements

| would like to thank Professor Christopher J. Albet all of his support and
guidance not only on this thesis but also in my fgears at William and Mary. |
would also like to thank everyone else who workedbelt lab for making this
possible. | want to thank all of my friends and figrfor their support and love
during this project. | could not have done thishwiit their encouragement. | want
to thank my Pastors and church leaders for thaiygrs and support. Finally, |
want to thank God for His blessings and support.

“Trust in him at all times, you people; pour outydnearts to him, for God is our
refuge.” —Psalm 62:8



=

©CoNorwWN

List of Figures

Figure 1. 1-(5-methylhexyl)-2,3,8,9-tetrahydrd4inaphtho[2,1-
elindol-6(7H)-one

Figure 2. PRODAN

Figure 3. Cholesterol

Figure4. Target and PRODAN

Figure5. PRODAN and Planar Model

Figure 6. Explored D-ring Reactions

Figure 7. Bucherer Mechanism

Figure 8. D-ring Cyclization Mechanism

Figure 9. D-ring Cyclization With and Without Mesylate

10 Figure 10. Possible Alkyl Chains
11.Figure 11. A-ring Cyclization Mechanism

DWN K-



PowpbPE

© N O

9.

10. Scheme 10. 1-(5-methylhexyl)-2,3,8,9-tetrahydrd4inaphtho[2,1-

List of Schemes

Scheme 1. Complete Synthesis

Scheme 2. 5-Bromonaphthalen-2-amine

Scheme 3. N-(5-Bromonaphthalen-2-yl)methanesulfonamide

Scheme 4. N-(5-Bromonaphthalen-2-yIN-(2,2-
diethoxyethyl)methanesulfonamide

Scheme 5. 6-Bromo-3-(methylsulfonyl)-8-benzogjindole

Scheme 6. 6-Bromo-3H-benzoflindole

Scheme 7. 6-bromo-3-(5-methylhexyl)43-benzog]indole

Scheme 8. 6-Bromo-3-(5-methylhexyl)-2,3-dihydroHE
benzoflindole

Scheme 9. Ethyl 4-(3-(5-methylhexyl)-2,3-dihydroH-
benzoflindol-6-yl)butanoate

glindol-6(7H)-one

16
17
19

20
21
24
25
26

27



Introduction
The goal of study was to explore the synthesis-(§-methylhexyl)-
2,3,8,9-tetrahydroH-naphtho[2,1e]indol-6(7H)-one. The structure and ring

designation of this molecule is shownFigure 1.

1-(5-methylhexyl)-2,3,8,9-tetrahydrd4inaphtho[2,1e]indol-6(7H)-one

Figure 1

This molecule is designed to act as a fluorescemtainfor cholesterol. It
mimics cholesterol in terms of size, shape, anddplibbic nature. This molecule
gains its fluorescent character by having a fluboyp imbedded within its
structure.

The fluorophore embedded within the model is esagnthe fluorophore
1-(6-(dimethylamino)naphthalen-2-yl)propan-1-onspaalled PRODAN, shown

in Figure 2.
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PRODAN

Figure 2

The two six-membered rings of PRODAN make up th&nB and C-ring
of the model. The amine is built into the five-meargd D-ring, and the carbonyl
functional group is attached to the A-ring of thedwal. A nine-step synthesis was
explored in order to develop this model.

1-(5-methylhexyl)-2,3,8,9-tetrahydrd4tnaphtho[2, 1e]indol-6(7H)-one
was designed to be used as a cholesterol modedi@n to explore the cholesterol
binding sites of the protein human serum albumiSAH HSA has been shown

to be involved in cholesterol transpbrt.



Background
Steroid hormones are terpene derivatives thagssential for cell
signaling and homeostasis. The basic structuralfateroids is a four-fused ring
system: three six-membered rings and one five-mesdl@éng. The molecular
precursor to all steroid hormones is cholesterbé ¢holesterol structure as well

as ring designation is shownkingure 3.
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Figure 3

Cholesterol is located in all human cells tisdus, it is only slightly
water-soluble. It must, therefore, be transportedughout the body by various
lipoproteins. The two primary classes of lipoprogethat transport cholesterol are
low-density lipoproteins (LDLs) and high-densitgdiproteins (HDLs). LDLs are
the primary transporters to cell tissue. High @mrations of LDLs can result in
plaques that form on artery walls. HDLs transpedavenged cholesterol to the
liver, where excess cholesterol can be disposdd.@fLs, HDLs, and cholesterol

all play significant roles in heart disedse.



HDLs and LDLs are not the only proteins that t@ors cholesterol. The
protein Human Serum Albumin (HSA) has been showpldy a significant role
in cholesterol trafficking’ HSA is the most abundant protein in blood plasma
with a concentration of around 5 g/100 rhit.has been shown that HSA does not
promote cholesterol efflux as well as other pradnt due to the fact that it is
present in much higher concentration than othelesterol transporters it plays a
significant role in cholesterol transpdit.

HSA is a 66 kDa monomer of 585 amino acids. HSAt@os a large
amount ofu-helical structures as well as 17 disulfide bonus a single
tryptophan residue. HSA is divided into three homgolus helical domains named
l, II, and Ill. Each of these domains is furthebdivided into A and B
subdomaing’

The primary function of HSA is disputed but HSAngportant in
obtaining proper osmotic pressure and importatrainsport and regulatory
processes. The substrates that bind to HSA incheteals, fatty acids, amino
acids, hormones, cholesterol, and many therapergs."" HSA has been
shown to contain eleven total binding sites fotyfacids. Up to seven of those
binding sites can contain a long chain fatty asidsultaneously*

Because it plays such a vital role in fatty acid aholesterol transport,
HSA has been investigated in its role in heartalise In fact, there is an
association between the mortality rate and level4SA in serum. Low levels of

HSA have been to correlated to high rates of mitytil coronary heart disease.

Xi



Despite the fact that HSA plays a major role inlebterol efflux, there
has been very little investigation into the relagbip between HSA and
cholesterol. Current research suggests that cleoté$tinds to two separate sites.
One site in subdomain IIA and the other site indubain [IIAX" It has been
shown that these two sites are the two primaryibinsites for drug&" ™"

The goal of this research is to synthesize thedisent cholesterol analog
that can be used to examine HSA-cholesterol bindrogerties. Because
cholesterol binds so nonspecifically to HSA, thalag need only mimic
cholesterol in terms of size, shape, hydrophohieihyd arrangement of polar
groups.

It should be noted that, currently, there are #soent cholesterol models.
There are two major problems with the current agsld he first observed
problem is that a large number of the current nodale low quantum
fluorescent yield. The other problem is that inesrfbr the models to gain
fluorescent character, they have significant stnattdifferences from
cholesterol

Fluorescent cholesterol analogs have been usgukaifie protein studies
as well as lipid membrane binding studies. Problestis the current models have
arisen with both types of studies. In lipid memlasit has been shown that some
models insert into the membrane upside down, drthieamodels do not interact
with lipid rafts. In the case of protein bindinges, it has been shown that slight
variations to the original cholesterol structuresagly reduce the binding affinity

of the models™"™™il HSA a carrier protein, falls in-between these two



categories. The HSA-cholesterol binding sites pasaehigher selectivity than
lipid membranes but not the selectivity of speqgiotein binding sites. This is
the reason why the model created in this studyegkéal only mimic cholesterol

in terms of size, shape, hydrophobicity, and areamgnt of polar groups. It is also
important to note that HSA contains UV-absorbingpamophores, especially its
tryptophan residue. Therefore a cholesterol anadogt emit and absorb outside

the range of tryptophan.
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1-(5-methylhexyl)-2,3,8,9-tetrahydrd4tnaphtho[2,1€]indol-6(7H)-one PRODAN
Figure 4

The model created in this study, 1-(5-methylhex®yB;8,9-tetrahydroH1-
naphtho[2,1e]indol-6(7H)-one (Figure 4), is based on the molecular fluborp
PRODAN(1-(6-(dimethylamino)naphthalen-2-yl)propaieiie). PRODAN has
actually been used to examine the binding proeai¢iSA. PRODAN has been
shown to bind to the drug binding site in the liAddIIA subdomains, the same
sites cholesterol has been shown to bind to. Relssaiggests that interactions
between PRODAN and HSA is largely due to hydropba@lnid electrostatic
interactions’™

Fluorescence resonance energy transfer (FRET )estidive been

conducted using PRODAN and HSA, specifically witip-R14 and Cys-34. This



study showed that low concentrations of palmiticl & the solution increased the
fluorescence of PRODAN without effecting the trypit@n fluorescence but higher
concentrations of palmitic acid had the oppositeatf This allowed for the
mapping out of the binding locations of PRODAN goadimitic acid in relation to
Trp-214 and Cys-3%

PRODAN was first prepared in 1979 by Weber andig&élt is a flurophore
that is sensitive to the polarity of its environrhélhe fluorescent nature of
PRODAN involves two groups, an electron donatirkylaimino group and an
electron accepting carbonyl. These two groups taeted to an aromatic

naphthalene rin§

Co o

PRODAN Planar Model

Figure 5

Transfer of electron density from the electron dimgggroup to accepting groups
creates an excited state with significant fluoeescharacter . The Abelt lab has
shown that if the amino group of PRODAN is constegl into a planar conformation
(Figure 5) it possess nearly identical fluoresadatracteristics to PRODAN. The
twisted state, where the amino group is out of @haith the ring, however possesses
nearly no fluorescent charactéf* Within the model for this study the amino
group is constrained in a five-membered ring inglaar conformation and will

possess similar fluorescent characteristics to PRQ.D



Experimental
5-Bromonaphthalen-2-amine 5-Bromonaphthalen-2-ol (7.23 g, 0.032 mol),
NaHSGQG (6.32 g, 0.061 mol), and NaOH (1.22 g, 0.031 maje placed in an
autoclave followed by NEDH (60 mL). The autoclave was sealed and heated to
151C (~300 psi) overnight. The autoclave was allovweedaol to 60C and
depressurized. The contents were extracted byngnsgith water and acetone.
This mixture was poured into water (200 mL), anel tinxture was stirred
overnight to allow acetone to evaporate. The naytNaCl (25 g) was added to
the mixture. The resulting precipitate was collddby suction filtration and then
dissolved in CHCI, (100 mL). HCI (50 mL, 10%) was added to the solutiA
brown precipitate salt immediately forms and idexikd through suction
filtration. The precipitate is placed in aq. NaH{®00 mL, 2%) and stirred for 3
hours. The layers of the filtrate were separated,the organic layer was
concentratedn vacuo to obtain starting 5-bromonaphthalen-2-ol (3.46.916
mol). The precipitate in the NaHG@ixture is collected through suction
filtration giving 5-bromonaphthalen-2-amine (3.09¢0137 mol, 81%, based on
recovered starting materiatH NMR (CDCk) & 8.03 (d,J= 8.8 Hz, 1H), 7.52 (d,
J=8.2 Hz, 1 H), 7.49 (dJ=7.2 Hz, 1 H), 7.17 (§=7.0 Hz, 1 H), 7.00 (d]=8.43
Hz, 1H), 6.93 (s, 1H):*C NMR (CDC}) 6 145.08, 136.43, 128.77, 126.93,

126.61, 126.53, 126.03, 123.03, 119.60, 108.89.

N-(5-Bromonaphthalen-2-yl)methanesulfonamidePyridine (4.7 mL) is added

with stirring to a solution of 5-bromonapthalen+2iae (4.21 g, 0.019 mol) in



CH.Cl, (60 mL) cooled to @. Next, a solution of methanesulfonyl chloride2{3.
g, 0.029 mol) in CBECl, (10 mL) is added dropwise. The mixture is stira¢@C
for 1 hour, then stirred at room temperature foolir. The mixture is poured into
saturated aq. NaHGQOand the layers are stirred together rapidly oniinutes.
The product is extracted with GEll, (3x 50 mL). The combined organic layers
are washed with 10% HCL (4x 50 mL), dried over8@;, and concentrated
vacuo. The resulting solid was recrystallized in MeOBIZH Finally, N-(5-
bromonaphthalen-2-yl)methanesulfonamide was dmebttuhigh vacuum at
100C before the next step. (4.52 g, 0.015 mol, 79¢6NMR (CDCkL) & 8.16

(d, J=9.1 Hz, 1H), 7.75 (d)=7.75 Hz, 1H), 7.68 (dI=7.3 Hz, 1H), 7.53 (d, J=8.7
Hz, 1H), 7.38 (s, 1H), 7.30 @=7.9 Hz, 1H), 3.01 (s, 3H)**C NMR (CDCE) &
136.83, 135.31, 129.14, 129.06, 128.79, 127.61,1827122.61, 121.69, 116.07,

39.32.

N-(5-Bromonaphthalen-2-yl)N-(2,2-diethoxyethyl)methanesulfonamide.
Potassium carbonate (2.35 g, 0.017 mol) is addedstution oiN-(6-
bromonaphthalen-2-yl)methanesulfonamide (2.500&83 mol) is added to
DMF (10 mL) under Ar followed by addition of KOs (1 g, 0.00725 mol). 2-
bromo-1,1-diethoxyethane (3 mL, 0.0116 mol) is alddéne reaction mixture is
heated overnight at 1X0 with stirring. The reaction is monitored by TLC.
Another portion of 2-bromo-1,1-diethoxyethane (1,r100387 mol) is added,
and heating and stirring is continued overnighfusher portion of 2-bromo-1,1-

diethoxyethane (1 mL, 0.00387 mol) is added, aradihg and stirring is
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continued overnight. Additional 3COs; (0.42 g, 0.00305 mol) and 2-bromo-1,1-
diethoxyethane (1 mL, 0.00387 mol) are added. WIH&D analysis shows that
the reaction is complete, the reaction is allowseddol. The inorganic solids are
removed by suction filtration, and the solid is tved with a small amount of
CH,Cl,. The volatile solvent is removed vacuo, and the higher boiling materials
are removed under high vacuum (0.1 Torr, up to C4Sfistillation. N-(5-
Bromonaphthalen-2-ylN-(2,2-diethoxyethyl) methanesulfonamide is colldcte
with some solvent still present on the solid (3390.0940, 112%)H NMR
(CDCl) § 8.27 (d,J=9.0 Hz, 1H), 7.86 (s, 1H) 7.80 (#6.9 Hz, 1H), 7.79(d,
J=7.95 Hz, 1H), 7.57 (d=8.39, Hz 1H), 7.36 (1)=7.61 Hz, 1H), 4.63 (}=5.4
Hz, 1H) 3.88 (d,J=5.26 Hz, 2H), 3.64(q]=7.71 Hz, 2H), 3.49 (q}=7.6 Hz, 2H),
3.01(s, 3H), 1.13 (1]=6.91 Hz, 6)*C NMR (CDCE) & 138.73, 134.91, 131,31,
130,89, 129,05, 128.20, 127.67, 127.64, 127.34,882201.24, 62.86, 53.55,

38.66, 15.45

6-Bromo-3-(methylsulfonyl)-3H-benzolg]indole. TheN-(5-Bromonaphthalen-2-
yl)-N-(2,2-diethoxyethyl)methanesulfonamide residue (+$9~0.0940 mol) is
dissolved in CHCI, (20 mL) and boron trifluoride etherate (1.5 mLQI22 mol)
is added. The reaction is stirred at room tempegaiuernight. The reaction is
monitored by TLC. The following day two more portgof boron trifluoride
etherate (0.5 mL, 0.00407 mol) is added, and taeti@n is stirred at room
temperature overnight. A final portion of bororfltroride etherate (0.5 mL,

0.00407 mol) is added. The reaction mixture igrpd slowly into saturated aq.
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NaHCO3 (200 mL) with vigorous stirring. Once thébling has stopped,
CHCl, (100 mL) is added to the mixture, and the layeessaparated. The
aqueous layer is extracted with &, (2x 50 mL). The organic layers are
washed with HO (2x 50 mL), dried over Cagland concentrated vacuo. 6-
Bromo-3-(methylsulfonyl)-Bl-benzog]indole was collected (2.66 g, 0.00821
mol, 87%)."H NMR (CDCk) & 8.18 (m, 3 H), 7.81 (dI=7.1 Hz, 1 H), 7.60 (d,
J=2.9 Hz, 1H), 7.43 (1)=7.9 Hz, 1H), 7.22 (d]=2.86 Hz, 1 H), 3.17 (s, 3H}*C
NMR (CDCk) 6 129.55, 129.12, 128.99, 127.35, 127.29, 126.78,78) 123,78,

123.32, 114, 32, 107.38, 41.90

6-Bromo-3H-benzofglindole. The 6-Bromo-3-(methylsulfonyl)+3-
benzofglindole (2.66 g, 0.00821 mol) residue is takenrup% methanolic KOH
(150 mL), and the reaction is refluxed overnighteTeaction is allowed to cool,
and the mixture is poured int,@ (300 mL). The methanol is allowed to
evaporate overnight. The resulting solid is coléctia suction filtration, washed
with water and air-dried. The filtrate is acidifiadth acetic acid (50 mL), NaCl is
added, and the resulting solid is collected throsigttion filtration, washed with
water, and air-dried giving N-(5-bromonaphthalegi2aethanesulfonamide (140
mg, 0.466 mmol). The first solid is purified byghivacuum (0.1 Torr, T ~ 200
°C) sublimation giving 6-bromo-3H-benzo[e]indole{8g, 0.00317 mol, 28 %)
From N-(5-bromonaphthalen-2-yl)methanesulfonamide (40%r &/steps)H
NMR (CDCL) & 8.21 (d,J=7.9 Hz, 1H), 8.03 (dJ=9.14 Hz, 1H), 7.71 (d=7.66

Hz, 1H), 7.61 (dJ=9.1 Hz, 1H), 7.37 (}=7.46 Hz, 1H), 7.31 (s, 1H), 7.08 (s,
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1H); **C NMR (CDCk) & 129.73, 127.86, 127.81, 126.35, 123.76, 123.28.2R2

123.17, 123.10, 122.12, 114.26, 102.39.

6-bromo-3-(5-methylhexyl)-3H-benzofglindole. Sodium hydride (150 mg,
0.00625 mol, 60% in oil) is added in one portioratsolution of 6-bromo-3H-
benzole]indole (0.78 g, 0.00317 mol) in DMF (15 mAjter the reaction is
complete, 5-methylhexyl methanesulfonate (1.00.@Q809 mol) is added in one
portion. The reaction is stirred undes fér several hours. Additional sodium
hydride (70 mg, 0.0030mol) is added and stirredLibminutes. Then additional
5-methylhexyl methanesulfonate (240 mg, 1.24 mnsaddded and stirred under
N overnight. The next day TLC analysis show thatrdaetion is complete. The
next day the reaction mixture is diluted with heasd5 mL) and C}Cl, (15

mL). The aqueous layer is additionally extractethvaexanes (20 mL) and
CH.CI; (10 mL). The combined organic layer is washed wigter (3 x 60 mL),
then dried over Cagland concin vacuo. The excess 5-methylhexyl
methanesulfonate is removed by vacuum distillatiofh Torr, up to 190°C)
leaving 6-bromo-3-(5-methylhexyl)-3H-benzo[e]ind¢tel.04 g, 0.00302 mol,
95.3%) which is used without further purificatidhl NMR (CDCL) & 8.22 (d,
J=7.99 Hz, 1 H), 8.04 (d= 9.15 Hz, 1H), 7.71 (dJ= 7.16 Hz, 1H), 7.60 (dl=
9.52 Hz, 1H), 7.37 (J=7.73 Hz, 1H), 7.21 (d]=2.38 Hz, 1H), 7.03 (d]=2.67
Hz, 1H), 4.22 (t)=7.0 Hz, 2H), 1.86 (q}=7.05 Hz, 2H), 1.52(m]=6.6 Hz, 1H),

1.31(p,J=7.8 Hz, 2H), 1.22 (p)=7.1 Hz, 2H), 0.87(d)=6.3 Hz, 6H); (CDCI3p
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132.92, 129.96, 127.56, 126.87, 126.22, 123.77,/B2322.95, 121.38, 113.01,

112.77, 100.67, 46.98, 38.70, 31.24, 28.11, 2£293H1.

6-Bromo-3-(5-methylhexyl)-2,3-dihydro-H-benzolglindole. 6-bromo-3-(5-
methylhexyl)-3H-benzofg]indole (1.04 g, 3.02 mmol) is combined with AcOH
(25 mL). NaBHCN (2.0 g, 0.0317 mol) is added slowly to mixtuaad the
reaction is left to stir overnight undep.N'he next day additional NaBBN (1 g,
0.0159 mol) is added, and the reaction is stiroedéveral hours. The product
mixture is added dropwise to aq. sodium bicarbo(@@6 mL, 40 g), and the
mixture is stirred for 1 hr. The product was exteacwvith CHCl, (3x 100 mL),
washed with HO (2x 100 mL), concentrated vacuo, and purified by high
vacuum (0.1 Torr, up to 145 °C) distillation to gi@-bromo-3-(5-methylhexyl)-
2,3-dihydro-H-benzog]indole (900 mg, 2.60 mol, 86%) NMR (CDCL) &
8.04 (d,J=8.8 Hz, 1H), 7.46(m)=9.0 Hz, 2H), 7.19(t)=7.9 Hz, 1H), 6.98(d,
J=9.1 Hz, 1H), 3.55(t)=8.5 Hz, 2H), 3.24(t)=8.7 Hz, 2H), 3.17(t)=7.3 Hz,
2H), 1.59(m, 3H), 1.42(@=7.7 Hz, 2H), 1.26(pJ=7.1 Hz, 2H), 0.92(d)=6.8
Hz, 6H);**C NMR (CDC}) 6 151.46, 132.32, 127.92, 126.74, 126.21, 125.46,
123.93, 122.21, 121.38, 111.87, 53.72, 49.76, 32824, 27.93, 27.35, 25.27,

22.91.

Ethyl 4-(3-(5-methylhexyl)-2,3-dihydro-1H-benzof]indol-6-yl)butanoate.
NiCly(Pd), (176 mg, 2.69) is added t®-bromo-3-(5-methylhexyl)-2,3-dihydro-

1H-benzog]indole (900 mg, 2.62) in DMAC (7 mL) underNrl'he reaction is
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stirred for 15 minutes until all the NigPd), dissolves. 4-Ethoxy-4-
oxobutylzinc bromide (8.8 mL, 0.5 M solution in THE4 mmol) is added to the
mixture. Stirring continued for several hours. Adthal NiChL(Pd). (90 mg,
0.138 mmol) is added. After 15 minutes additionatldoxy-4-oxobutylzinc
bromide (5 mL, 0.5 M solution in THF, 2.5 mol)added to the mixture. The
reaction is monitored by TLC. Stirring continuesovght. The following day
additional NiCh(Pds)2 (90 mg, 0.138 mol) is added. After 15 minutes addal
4-ethoxy-4-oxobutylzinc bromide (5 mL, , 0.5 M sidun in THF, 2.5 mmol) is
added to the mixture. Stirring continues overnigte following day the mixture
is poured into water (300 mL) and stirred for 1 h@&alt is added to the mixture
and then the precipitated solid is collected witbht®n filtration. The solid is
washed with water, air dried and ethyl 4-(3-(5-my#tbxyl)-2,3-dihydro-H-
benzoklindol-6-yl)butanoate (1.33 g, 3.49 mol, >100%¢@lected*H NMR
(CDCly) & 7.87 (d,J=8.7 Hz, 1H), 7.46 (m, 1H), 7.01 (6.3 Hz, 1H), 6.95 (d,
J=6.3 Hz, 1H), 4.12 (¢J=6.9 Hz, 2H), 3.5 (t)=8.3 Hz, 2H), 3.24 (t)=8.4 Hz,
2), 3.15(tJ=7.1 Hz, 2H), 3.04(t)=7.6 Hz, 2H), 2.29 (t)=7.3 Hz, 2H), 2.06 (p,
J=7.3 Hz, 2H), 1.58(m, 2H), 1.40(m, 1H), 1.35(m, 2HR5(t,J=6.4 Hz, 3H),

0.89(d,J=6.4 Hz, 6H):**C NMR (CDCE) &

1-(5-methylhexyl)-2,3,8,9-tetrahydro-H-naphtho[2,1-€]indol-6(7H)-one.
Ethyl 4-(3-(5-methylhexyl)-2,3-dihydroH-benzog]indol-6-yl)butanoate(1.33 g,
3.49 mmol) is covered in polyphosphoric acid, heé&tel1@, and stirred

overnight. The following day the mixture is poutatb water (400 mL) and
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stirred for several hours. The precipitated sdidallected with suction filtration
and air dried. The solid was purified by vacuuni. (Dorr, T ~ 200 °C)
sublimation giving 1-(5-methylhexyl)-2,3,8,9-tetyaino-1H-naphtho[2, 1e]indol-
6(7H)-one (420 mg, 1.26 mol, 36%) (48% over two step$sNMR (CDCk) &
8.01 (d,J=8.5 Hz, 1H), 7.93 (d}=8.9 Hz, 1H), 7.40 (d}=8.3 Hz, 1H), 6.93(d,
J=8.9 Hz, 1H), 3.61(t)=8.6 Hz, 2H), 3.27(m, 4), 3.21(=7.0 Hz, 2H), 2.68(t,
J=5.9 Hz, 2H), 2.24(t)=5.6 Hz, 2H), 1.61(q)=7.4 Hz, 2H), 1.54 (m, 1H), 1.39

(p, J=5.9 Hz, 2H), 1.24 (pJ=8.0 Hz, 2H), 0.89 (dJ=6.1 Hz, 6H).
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Results and Discussion

The 1-(5-methylhexyl)-2,3,8,9-tetrahydrétihaphtho[2,1€]indol-6(7H)-
one cholesterol model has five main molecular camepts: the A-ring, B-ring,
C-ring, D-ring, and alkyl chain tail. The B- andribgs are the two six membered
rings in the naphthalene of the starting compoubhddBnonaphthalen-2-ol.
Previous work had allowed for successful synthetee A-ring using a Negishi
coupling and Lewis acid ring closure. The alkylichaas provided by the
commercially available alcohol. Three separatbways were explored for the

synthesis of the D-ringF{gure 6)

O
Oe o _—S
Nz é\)l\
/@ O/\
- NH
(cocly,
Et;N
o (0]
NH

Gassman Indole

o (0]

NH, Eto)‘\’(\l\
(0]

HOAc

A

OEt
>

Intramolecular Friedel-Crafts

EtO

J—oa -
N
\Me Br TMe
>
DMF, NaH
PPA

Sundberg Indole

ZT

Figure 6
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Each of the pathways was tested on the model conthmaphthalen-2-
amine. The Gassman indole synthesis employed thefus sulfoxide and a [2,3]-
sigmatropic rearrangment as a means of cyclizalibe.problem with this
synthesis arose in the difficulty of the removathe thiol. With the
intramolecular Friedel-Crafts synthesis, the migtigduction steps lead to low
yields. The Sundberg indole synthesis was seldotetie D-ring synthesis due to

the highest yields and ease of reactions.

Nal qu _ msa
e T owRrco, ,CO;

5-bromonay phlh\ n-2-ol

6-bromo-3H-benzoflindole 6-bromo-3-(methylsulfonyl)-8-benzoglindole

6-bromo-3-(5- methylhexyl)ﬂ benzoflindole

Nal BH3CN

*‘@ @ @

. 3-dihydroH: ethyl 4-(3 . 3-dihydraH: phtho[2, 1efindol-6(7H)-ol

Scheme 1

The final targetCompound 10, 1-(5-methylhexyl)-2,3,8,9-tetrahydrd41
naphtho[2,1le]indol-6(7H)-one, was synthesized over a ten-step procesmgtar
from 1, 5-bromonaphthalen-2-olS¢heme 1). As mentioned above the B- and C-
rings were imbedded in the 5-bromonaphthalen-@asting material and the D-

ring was added to the naphthalene base using thgb8tg indole synthesis. The
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alkyl chain was attached to the amine within tharg; and finally the A-ring

was added using a Negishi Coupling reaction folldvwg Lewis acid cyclization.

OH NH,
NaHSG;
»>
NH;
Br Br
5-bromonaphthalen-2-ol 5-bromonaphthalen-2-amine
1 2
Scheme 2

Compound 2was prepared in 81% yiel@dheme 2). Reactantl was
recovered, and the yield was based on this recoiRagctanii was prepared by
Abelt lab. The Bucherer reaction was performed ¢mgive2. This reaction was
performed in autoclave at >18CQ and ~300 psi overnight. Initially, the autoclave
would not hold pressure, and the reaction woula@ed with very low yields.
Cleaning the autoclave and double-wrapping then@-with Teflon tape solved
this problem.*H and**C confirmed the transformation. The appropriateretic
peaks appeared (7-8 pmm) as well as ten carbors p€ak same number of
peaks with the same patternsleappeared. However, there were chemical shift

changes consistent with the substitution of a graaisonance-electron donating

group.
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The mechanism for the Bucherer reaction is of @geand is illustrated in
Figure 7. First the sulfite adds to the keto resonance fbarat the beta position
to the carbonyl. After protonation, the alcoliclis formed. After
tautomerization, the carbonyl on the resonance fifrsuffers nucleophilic

attack by ammonialhe alcohol irlf takes up a second hydrogen becoming a
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good leaving group. The hydronium ion leaves figrand the alpha carbon is
deprotonated idh reforming one of the pi bonds. It is also possthb at these
temperatures for the hydroxide to leave withoutgmation. Finally, aromaticity

is restored when the sulfite leavEgesulting in produc®.

NH,

ZT

Ms

MSCI
—_—

Pyr.

Br Br

5-bromonaphthalen-2-amine N-(5-bromonaphthalen-2-yl)methanesulfonamide

2 3
Scheme 3

Compound 3was synthesized with a 79% yiel&cljeme 3) This reaction
was performed in C§Cl, under CaGl The mesylate functional group was
successfully added to the amine of compo&misrough an addition-elimination
mechanism. CompourBiwas purified by recrystalization.

The identity ofCompound 3was confirmed byH and**C NMR. The'H
spectra had the appropridté aromatic peaks (7-8 ppm) and the strong singlet
around 3 ppm indicating the methyl on the mesyfate3C spectra had the
expected 11 carbon peaks. The next several stapspegormed without

purification after each step. Purification wasauplished withCompound 6.
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OEt
H Br
\MS N\
OEt Ms
DMF, K,CO;y

Br
Br

N-(5-bromonaphthalen-2-yl)methanesulfonamide  N-(5-bromonaphthalen-2-yly-(2,2-diethoxyethyl)methanesulfonamide
3 4

Scheme 4

Compound 4was prepared in over 100% yiel&cljeme 4). This apparent
yield is due to the fact that not all of the DMRw&mt could be removed from the
sample. Initially, quantitative amounts of NaH weised instead of KOs, but
K,CQO; proved to give higher yields and was easier tcassadditional portions of
NaH had to be added with each addition of acdt#.dlso imperative that pure
DMF is used.

This reaction was monitored by TLC analysis usii$6 hexanes/ 25%
EtOAc. The slower eluting reactant, would becoess lintense through out the
reaction, and the faster eluting product, wouldooee more intense. Usually two
to four additional amounts of acetal were requitedhe reaction to go to
completion. This reaction proceeds by a2 $echanism where, after it has been
deprotonated, the nitrogen’s lone pair attackstrbon bearing the bromine on
the acetal.

The identity ofCompound 4 was confirmed byH and**C NMR. The
appropriatéH aromatic peaks were observed (7-8 ppm) as welHeamesylate
peak around 3 ppm. The appropriate ethyl peaks aleserved downshifted due

to the oxygen (3-4 ppm). A distinctive doublet-teippattern was observed for the
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added two-carbon chain. The expected 15 carborspeate observed in tH&C

NMR.

OEt

BF3 Ms

Br
Br

N-(5-bromonaphthalen-2-yly-(2,2-diethoxyethyl)methanesulfonamide ~ 6-Promo-3-(methylsulfonyl)-8-benzogjindole
4
5

Scheme 5

Compound 5 was produced at 87% yiel8cheme5). The Lewis acid,
boron trifluoride, was used for the ring closurgtially, polyphosphoric acid
(PPA) was used, but boron triflouride proved taebsier to use as PPA is highly
viscous.

This reaction was monitored by TLC analysis. A soluof 4% EtOAc/
96% hexanes was used as the mobile phase. It weukrally take 3 additional
additions of BE for the reactant spot to fully disappear.

The identity ofCompound 5 was confirmed byH and**C NMR. The
appropriate aromatic peaks appeared (7-8 ppm) hasvihe mesylate peak
around 3. The confirmation of ring closure is théale peaks at 7.2 ppm (J=2.9
Hz) and at 7.6 ppm (J=2.9 Hz). The small J valuesiae to the hydrogen being a
member of a 5-membered ring as well as the hydregeoximity to
electronegative nitrogen. This small J value i®adyindicator of the presence of

the indole. The expected 13 carbon peaks were wixbén the>C NMR.
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[S]
BF3

Figure 8

The mechanism for D-ring closure is worth noting @shown irFigure
8. One of the oxygens ahacts as a nucleophile and bonds with.BFhe formed
ethoxytrifluoroboratéeaves imMa and the electrons on the other oxygen help
stabilize the cation that is formed. Then the pc&bns in the aromatic ring b
nucleophillically attack the cation forming the fembered ring. After

aromaticity is restored i, the remaining oxygen also bonds withsBiad
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leaves as ethoxytrifluoroboratede After further deprotationation, the indole

that forms,Compound5, is a stabilized heteroaromatic system.

Etok@ EtoH;H%/H
©)
s A
EtOAGD\f/H EtOHA<’/
\ P H\
S N4
/N = A VAN
o // o
s s

Figure 9

N 4

/

It is essential that the mesylate functional grisupresent, anBligure 9
illustrates this fact. Without this mesylate grdbp cation in the intermediate
could rearrange as the electrons on the nitrogeld dwlp stabilize the positive
charge. This does not occur in the presence ahémylate because those
electrons are delocalized to the mesylate and toardribute to the cation
stability. The likelihood of rearrangment is veryial. This allows for the pi-

electrons of the naphthalene to form the 5-membengd
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Ms KOH, MeOH

P
-

Br Br

6-bromo-3-(methylsulfonyl)-3-benzoglindole 6-bromo-B8i-benzoglindole
5 6

Scheme 6

Compound 6was produced with 28% yield using this saponifmati
reaction &cheme 6). This compound was the first purified producicgin
Compound 3. This step has the lowest yield of any in the Bgasis. It is unclear
whether this loss of yield occurs during the reaciiself or during the
purification process. The reaction occurs in methahreflux and was purified
by high vacuum sublimation. It should be noted th#erent reflux durations
have lead to vastly different yields with the meective being between 12-24
hours.

The identity ofCompound 6was confirmed byH and**C NMR. The
primary indicator that compour&iwas successfully made is the removal of the
mesylate peak around 3 ppm. The indole peaks wesereed at 7.31 ppm and
7.08 ppm are still present in compouficas well as the appropriate aromatic
peaks (7-8 ppm). The indole peaks appeared aesimghks on the NMR of

compounds. The expected 12 carbon peaks were observee iiGHNMR .



26

Y

™ /\/\)\
MsO
NaH

Br
Br

6-bromo-3H-benzoflindole
6-bromo-3-(5-methylhexyl)43-benzogjindole

6 7

Scheme 7

Compound 7was produced with 95% yiel&theme 7). The attachment
of the alkyl chain proceeds using a@3nechanism. The reaction was monitored
by TLC using 4% EtOAC/ 96% hexanes. Additional éidds of alkyl chain as
well as additional NaH had to be added to driveriaetion to completion.
Generally, two of three additions of NaH and alglyain were required. Initially,
this reaction would not proceed due to excess raastulfonyl choloride present
in the alkyl chain. This was solved by purificatiby distillation of the alkyl
chain.

The identity ofCompound 7was confirmed byH and**C NMR. The
indole peak was observed at 7.21 ppm (J=2.38 Ht}pai.03 (J=2.67 Hz). The
alkyl peaks appeared between 1-2 ppm with one ajngeat 4.2 ppm,
downshifted due to the neighboring nitrogen. Theeexed 18 carbon peaks were

observed in th&’C NMR.
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S chiral center Racemic No chiral center

Figure 10

Initially, the alkyl chain was to have tichiral center configuration as
depicted inFigure 10. Unfortunately, this sterecisomer was unable tsbkated
or synthesized. Instead of using the racemic mxaiirboth stereoisomers the
chiral center was removed all togetherClompound 7the alkyl chain has no

chiral center.

N N
Br Br

6-bromo-3-(5-methylhexyl)43-benzogjindole 6-bromo-3-(5-methylhexyl)-2,3-dihydra-tbenzoglindole
7 8

Scheme 8

Compound 8 was produced in 86% yiel&gheme 8). This reduction was
performed over two days. Two additional portiontNeBH;CN were added to
ensure completion of the reaction. Initially, atfgmto purifycompound with
high vacuum sublimation failed as the product begaistill off the sublimation
tip. So a high vacuum distillation was preformedhaseans of purification.

The identity ofCompound 8was confirmed byH NMR and**C NMR.

The disappearance of the indole peaks, the appmadralkane peaks between 3-
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4 ppm confirmed the reaction $theme 8 was successful. The expected 18

carbon peaks were observed.

N
(o)
> o
NiCl(Pds),

6-bromo-3-(5- methylhexyl) -2,3-dihydro-tbenzoflindole ethyl 4-(3-(5-methylhexyl)-2,3-dihydra-tbenzog]indol-6-yl)butanoate

9
Scheme 9

Compound 9was reported in over 100% yiel8cheme 9). It was
synthesized using a Negishi coupling mechanism WNi@i,(Pd:); as the catalyst.
Initially, the reaction would not proceed on otheawdel molecules, but this was
solved once the DMAC was purified by distillatidrhis reaction was monitored
by TLC using 4% EtOAc/ 96% hexanes as the mobiksphAdditional
NiCl,(Pd); and ethoxy-4-oxobutylzinc bromide was added uhglreactant spot
disappeared on the TLC.

The identity ofCompound 9was confirmed byH NMR. The most
telling sign is the presence of a quartet aroupgr which indicates the presence
of thea-carbon to the ester. Although th¢ NMR showed all the proper peaks it
also showed low levels of impurities in the samplee*C NMR sample was too

crude to provide evidence 8f
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{5 =

ethyl 4-(3-(5-methylhexyl)-2,3-dihydroH:benzof]indol-6-yl)butanoate ~ 1-(5-methylhexyl)-2,3,8,9-tetrahydrd4tnaphtho[2,1e]indol-6(7H)-one
9 10

Scheme 10

Compound 10was produced in 36% yield. PPA acts as a Lewis faci
this ring closure$cheme 10). These final two steps were only performed once
and further trials, in order to learn reactant eathlyst amounts as well as
reaction duration, are needed to maximize the giefdhese reactions.
Compoundl0 was purified by high vacuum sublimation.

The identity ofCompound 10was confirmed byH NMR. Another sign
that product is obtained is that in solution und¥frlight, compoundLO
fluoresces a blue-green color as the PRODAN mogeisuhow successfully
imbedded into the model. In total, from reactaothpoundl to product

compoundlO a total percent yield of 10.2% was obtained.
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The mechanism for the A-ring closure is worth magh(Figure 11). This
mechanism functions in a similar manner to thahefring closure on the D-ring.
A hydrogen from the Lewis acid PPA is attacked aaphillically by a lone pair
on the ester carbonyl group9nThe carbonyl carbon is then attacked by pi
electrons in the aromatic ring, creating a carbaron bond sealing the 6-
membered ring i®a. Aromaticity is restored i@b. In a manner similar to a
reverse aldol reaction the lone pair on the alcoéimrms a carbonyl and the
OCH;" acts as a leaving group 9e. Finally, the hydrogen is removed from the

carbonyl in9d and the final produs€ompound 10 is obtained.
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Conclusion

The starting compound 1-(5-methylhexyl)-2,3,8,9&eydro-H-
naphtho[2,1e]indol-6(7H)-one was prepared with a 10.2% yield from starfng
Bromonaphthalen-2-ol. The final product needs tameayzed and characterized
by fluorescence spectroscopy. AlSoheme 6, Scheme 9, andScheme 10 all need
further examination. These three steps all resuite¢ke lowest yields, and
drastically reduce the yield of the synthesis. dation time irscheme 6 needs
further examination in order to determine the prapaount of reflux and
appropriate temperaturgcheme 9 andScheme 10 were only performed once and
further exploration of these reactions is necesgamgaximize the yield. The
proper duration of the reactions, the amount ofteeds used, and the best
possible purification technique all need to be exach Once these issues have

been addressed the model can be used to examilestenol binding in HSA.
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Figure Al. 5-Bromonaphthalen-2-amittt-NMR ~ 4.13 6.83
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Figure A2. 5-Bromonaphthalen-2-amif€-NMR
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Figure A3.N-(5-Bromonaphthalen-2-yl)methanesulfonamitieNMR
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Figure A4.N-(5-Bromonaphthalen-2-yl)methanesulfonamidé-NMR
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Figure A5.N-(5-Bromonaphthalen-2-yiN-(2,2-
diethoxyethyl)methanesulfonamité-NMR
OEt

EtO

Ms

Br
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Figure A6.N-(5-Bromonaphthalen-2-yiN-(2,2-
diethoxyethyl)methanesulfonamitie-NMR
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Figure A7. 6-Bromo-3-(methylsulfonyl)k8-benzog]indole'H-NMR

480354304
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Br
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12 10 8 6 4 2 0 ppm

Figure A8. 6-Bromo-3-(methylsulfonyl)F8-benzoglindole **C-NMR
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Figure A9. 6-Bromo-Bi-benzo]indole*H-NMR

NH

Br

Figure A10. 6-Bromo-B-benzoindole*C-NMR

482856960
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Figure A11. 6-bromo-3-(5-methylhexyl¥Bbenzog]indole. 'H-NMR.

483401728
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Figure A12. 6-bromo-3-(5-methylhexyl¥Bbenzoglindole. *C-NMR.

313192448
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Figure A13. 6-Bromo-3-(5-methylhexyl)-2,3-dihydré+benzog]indole *H-
NMR.
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Figure Al4. 6-Bromo-3-(5-methylhexyl)-2,3-dihydrétbenzok]indole **C-
NMR.

550125568
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Figure A15. Ethyl 4-(3-(5-methylhexyl)-2,3-dihydid4-benzofg]indol-6-
yl)butanoatéH-NMR.

N
OEt
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Figure A16. Ethyl 4-(3-(5-methylhexyl)-2,3-dihydid4-benzofg]indol-6-
yl)butanoaté®C-NMR. (Crude)
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200 150 100 50 0 ppm
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Figure Al17. 1-(5-methylhexyl)-2,3,8,9-tetrahydrB-haphtho[2,1€e]indol-6(7H)-
one'H-NMR.

Figure A18. 1-(5-methylhexyl)-2,3,8,9-tetrahydrb-haphtho[2,1€]indol-6(7H)-
one™®C-NMR. (Crude)
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