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(57) ABSTRACT 

Methods of making indole analogs using a rhodium-con­
taining catalyst are described, along with methods of using 
the compounds to treat hyperglycemic, hyperlipidemic, or 
autoimmune disorders in mannnals, and corresponding 
pharmaceutical compositions. Disclosed herein is a method 
of making indoles. The method comprises contacting a 
reactant of formula I wherein E is a protecting group, 
-SO2-Aryl, or -SO2-substituted-Aryl; and R and R2 are 
independently selected from the group consisting of hydro­
gen, halo, Cl-C12-alkyl and aryl; with a rhodium(l)-con­
taining catalyst. 

20 Claims, No Drawings 
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SYNTHESIS OF CYCLOPROPYL INDOLES 
AND CYCLOHEPTA[B]INDOLES, 

PHARMACEUTICAL COMPOSITIONS 
CONTAINING THEM AND METHOD OF 

USING THEM 

FEDERAL FUNDING STATEMENT 

This invention was made with government support under 10 

GM088285 awarded by the National Institutes of Health. 
The government has certain rights in the invention. 

BACKGROUND 15 

Metal carbenes are versatile intermediates for a variety of 
reactions. 1 Conventionally, they are generally derived from 
diazo compounds or related derivatives.2 However, some 
metal carbenes cannot be generated from diazo compounds 20 

easily, such as Rh(I)-carbenes.3 Fisher carbenes have been 
the primary precursors of Rh(I)-carbenes for cycloaddi­
tions.4 Several groups have discovered that Rh(I)-carbenes 
can be derived from 1,2-acyloxy migration of propargylic 
esters for cycloadditions.5

•
6

.7 It has also recently been found 25 

that ynamides and 3-hydroxy-1,4-enynes can serve as Rh(I)­
carbene precursors in cycloaddition and cycloisomerization 
reactions. 8 Despite much progress, however, there remains a 
long-felt and unmet need for versatile carbene intermediates 
to make indoles. 30 

SUMMARY OF THE INVENTION 

Disclosed herein is a method of making indoles. The 35 

method comprises contacting a reactant of formula I: 

(I) 

40 

45 

wherein E is a protecting group, -SO2 -Aryl, or -SO2 - 50 
substituted-Ary!; and R1 and R2 are independently selected 
from the group consisting of hydrogen, halo, C1 -C12-alkyl, 
and aryl; with a rhodium(I)-containing catalyst. The cata­
lytic reaction can take place in the presence of or in the 
absence of an alkene-containing co-reactant. The reaction is 55 
conducted for a time and at a temperature to yield a product 
mixture comprising formula (II), (III), and/or (IV): 

(II) 60 

65 

-continued 
(111) 

N 

I 
E 

(IV) 

wherein R1, R2
, and E are as defined previously, and R3 

is hydrogen in the absence of the alkene-containing co­
reactant, and R3 is a substituent corresponding to the alkene­
containing co-reactant in the presence of the alkene-con­
taining co-reactant. 

The rhodium(I)-containing catalyst may optionally com­
prise [Rh(CO)2 Cl] 2 . 

In some versions, the reaction is conducted in the pres­
ence of carbon monoxide. 

If an alkene-containing co-reactant is used, it may option­
ally be selected from the group consisting of: 
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-continued 
E 

rr) 
7: >=CH2. 

Rs 

10 

wherein R4
, Rs, and R6 are each independently selected 

from the group consisting of hydrogen, C1 -C12-alkyl, 15 

C1 -C12-alkyloxy, C1 -C12-haloalkyl, and C1 -C12-hydroxy­
alkyl; and E is a protecting group. 

Also disclosed herein is a method of treating hypergly­
cemic, hyperlipidemic, or autoimmune disorders in mam- 20 
mals. The method comprises administering to a mammal an 
anti-hyperglycemic-effective, anti-hyperlipidemic, or anti­
autoimmune amount of one or more the indole analogs 
selected from the group consisting of: 

4 
-continued 

wherein R4
, Rs, and R6 are each independently selected 

from the group consisting of hydrogen, C1 -C12-alkyl, 
C1 -C12-alkyloxy, C1 -C12-haloalkyl, and C1 -C12-hydroxy­
alkyl; E is a protecting group or a hydrogen atom; or a 

25 pharmaceutically suitable salt thereof. 

(II) 

Also disclosed herein are pharmaceutical and/or nutri­
tional compositions for treating hyperglycemic, hyperlipi­
demic, or autoimmune disorders in mammals. The compo­
sition comprise an anti-hyperglycemic-effective, anti-

30 hyperlipidemic, or anti-autoimmune effective amount of one 
or more the indole analogs disclosed herein, optionally in 
combination with a pharmaceutically suitable carrier. 

More specifically disclosed and claimed herein are the 
following: 

(111) 35 
1. A method of making indoles, the method comprising: 
contacting a reactant of formula I: 

(I) 

40 

N 

I 
E }-P

R2 

R1 

C \_ j 
//; 

(IV) 45 HC HN 

I 

wherein R1 and R2 are independently selected from the 
group consisting of hydrogen, halo, C1 -C12-alkyl, and aryl; 
and R3 is selected from the group consisting of: 

E 

wherein E is a protecting group, -S02 -Aryl, or -S02 -

50 substituted-Ary!; and 
R 1 and R 2 are independently selected from the group 

consisting of hydrogen, halo, C1 -C12-alkyl, and aryl; 
with a rhodium(I)-containing catalyst, in the presence or 

absence of an alpha-alkene-containing co-reactant, for a 

55 time and at a temperature to yield a product mixture com­
prising a compound selected from the group consisting of 
formula (II), (III), and (IV): 

60 
(II) 

65 
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-continued 
(111) 

R2 

RI 5 

R2, and 

N 

I 
E 

10 

(IV) 
RI 

15 

20 

wherein R1
, R2

, and E are as defined previously, and R3 

6 
8. The method of Claim 7, which yields a product mixture 

comprising a compound of formula (II). 

9. The method of Claim 7, which yields a product mixture 
comprising a compound of formula (III). 

10. The method of Claim 7, which yields a product 
mixture comprising a compound of formula (IV). 

11. The method of Claim 7, conducted in the absence of 
the alpha-alkene-containing co-reactant. 

12. The method of Claim 7, wherein the alkene-contain­
ing co-reactant is present and is selected from the group 
consisting of: 

R4 R4 'yyCH, 
~ 

#CH2, 

R6 Rs R6 Rs 

is hydrogen in the absence of the alpha-alkene-containing 
co-reactant, and R3 is a substituent corresponding to the 
alkene-containing co-reactant in the presence of the alkene-

25 
containing co-reactant. 

2. The method of Claim 1, which yields a product mixture 
comprising a compound of formula (II). 

3. The method of Claim 1, which yields a product mixture 
comprising a compound of formula (III). 

30 
4. The method of Claim 1, which yields a product mixture 

comprising a compound of formula (IV). 
5. The method of Claim 1, conducted in the absence of the 

alpha-alkene-containing co-reactant. 
6. The method of Claim 1, wherein the alkene-containing 

35 
co-reactant is present and is selected from the group con­
sisting of: 

wherein R4
, Rs, and R6 are each independently selected 

40 
from the group consisting of hydrogen, C1 -C12-alkyl, 
C1 -C12-alkyloxy, C1 -C12-haloalkyl, and C1 -C12-hydroxy-

#cH2, alkyl; and E is a protecting group. 

wherein R4
, Rs, and R6 are each independently selected 

from the group consisting of hydrogen, C1 -C12-alkyl, 
C1 -C12-alkyloxy, C1 -C12-haloalkyl, and C1 -C12-hydroxy-

13. The method of Claim 1, wherein the reactant of 
formula I is contacted with the catalyst in the presence of 

45 carbon monoxide. 

14. The method of Claim 13, which yields a product 
mixture comprising a compound of formula (II). 

15. The method of Claim 13, which yields a product 
50 mixture comprising a compound of formula (III). 

16. The method of Claim 13, which yields a product 
mixture comprising a compound of formula (IV). 

17. The method of Claim 13, conducted in the absence of 

55 the alpha-alkene-containing co-reactant. 

60 

18. The method of Claim 13, wherein the alkene-contain­
ing co-reactant is present and is selected from the group 
consisting of: 

alkyl; and E is a protecting group. 65 

7. The method of Claim 1, wherein the rhodium(I)­
containing catalyst comprises [Rh(CO)2Clh 
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E 
I 

N R5 

7 
-continued 

D-< CH2, and 

8 

10 

15 

and 

20 

wherein R4
, Rs, and R6 are each independently selected 25 

from the group consisting of hydrogen, C1 -C12-alkyl, 
wherein R4

, Rs, and R6 are each independently selected 
from the group consisting of hydrogen, C1 -C12-alkyl, 
C1 -C12-alkyloxy, C1 -C12-haloalkyl, and C1 -C12-hydroxy-

30 alkyl; E is a protecting group or a hydrogen atom; 

C1 -C12-alkyloxy, C1 -C12-haloalkyl, and C1 -C12-hydroxy­
alkyl; and E is a protecting group. 

19. A method of treating hyperglycemic, hyperlipidemic, 
or autoimmune disorders in mammals, the method compris­
ing administering to a mammal an anti-hyperglycemic­
effective, anti-hyperlipidemic-effective, or anti-autoim­
mune-effective amount of one or more compounds selected 
from the group consisting of: 

(II) 

or a pharmaceutically suitable salt thereof. 
20. A pharmaceutical composition for treating hypergly­

cemic, hyperlipidemic, or autoimmune disorders in mam­
mals, the composition comprising an anti-hyperglycemic-

35 effective, anti-hyperlipidemic-effective, or anti-

40 

autoimmune-effective amount of one or more of the 
compounds recited in Claim 19, in combination with a 
pharmaceutically suitable carrier. 

DETAILED DESCRIPTION 

Abbreviations and Definitions 

(111) 45 

DCE=dichloroethane. HRMS (ESI)=high-resolution 
mass spectrometry (electrospray ionization). NMR=nuclear 
magnetic resonance. TLC=thin-layer chromatography. 

Unless otherwise noted, the term "alkyl" whether used 
alone or as part of a substituent group, includes fully 
saturated straight, branched, and cyclic alkyl radicals. (That 
is, an alkyl is the radical formed by removing one hydrogen 

N 

I 
E 

(IV) 

wherein R1 and R2 are independently selected from the 
group consisting of hydrogen, halo, C1 -C12-alkyl, and aryl; 
and R3 is selected from the group consisting of: 

50 atom from a parent alkane.) For example, alkyl radicals 
include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, t-butyl, pentyl, heptyl, octyl and the like. C1 to C12 

alkyls are preferred. Unless otherwise noted, "lower" when 
used with alkyl means a carbon chain composition of 1-6 

55 carbon atoms. The term "alkenyl," refers to an alkenyl 
having at least one double bond. An alpha-alkene has a 
double bond at the alpha-position (or I-position) carbon 
atom. An alkene is the parent compound of an alkenyl 
radical. 

60 "Pharmaceutically-suitable salt"=any acid or base addi­
tion salt whose counter-ions are non-toxic to the patient in 
pharmaceutical doses of the salts, so that the beneficial 
inhibitory effects inherent in the free base or free acid are not 
vitiated by side effects ascribable to the counter-ions. A host 

65 of pharmaceutically-suitable salts are well known in the art. 
For basic active ingredients, all acid addition salts are useful 
as sources of the free base form even if the particular salt, 
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per se, is desired only as an intermediate product as, for 
example, when the salt is formed only for purposes of 
purification, and identification, or when it is used as inter­
mediate in preparing a pharmaceutically-suitable salt by ion 
exchange procedures. Pharmaceutically-suitable salts 5 

include, without limitation, those derived from mineral acids 
and organic acids, explicitly including hydrohalides, e.g., 
hydrochlorides and hydrobromides, sulphates, phosphates, 
nitrates, sulphamates, acetates, citrates, lactates, tartrates, 
malonates, oxalates, salicylates, propionates, succinates, 10 

fumarates, maleates, methylene-bis-b-hydroxynaphthoates, 
gentisates, isethionates, di-p-toluoyltartrates, methane-sul­
phonates, ethanesulphonates, benzenesulphonates, p-tolu­
enesulphonates, cyclohexylsulphamates, quinates, and the 
like. Base addition salts include those derived from alkali or 15 

alkaline earth metal bases or conventional organic bases, 
such as triethylamine, pyridine, piperidine, morpholine, 
N-methylmorpholine, and the like. 

10 
pyl)phenoxyacetate, chlorodiphenylacetate, isobutyrate, 
monosuccinate, (E)-2-methyl-2-butenoate (tigloate ), 
o-(methoxycarbonyl)benzoate, p-poly-benzoate, a-naph-
thoate, nitrate, alkyl N,N,N',N'-tetramethyl-phosphorodi­
amidate, n-phenylcarbamate, borate, 2,4-dinitrophenyl­
sulfenate ); or sulfonates (methanesulfonate(mesylate ), 
benzenesulfonate, benzylsulfonate, tosylate, or triflate). 

The more common of the amine-protecting groups have 
trivial abbreviations that are widely used in the literature and 
include: carbobenzyloxy (Cbz) group (removed by hydrog­
enolysis ), p-methoxybenzyl carbonyl (Moz or MeOZ) group 
(removed by hydrogenolysis ), tert-butyloxycarbonyl (BOC) 
group (common in solid phase peptide synthesis; removed 
by concentrated strong acid (such as HCI or CF3COOH), or 
by heating to >80° C., 9-fluorenylmethyloxycarbonyl 
(FMOC) group (also common in solid phase peptide syn­
thesis; removed by base, such as piperidine ), acetyl (Ac) 
group (removed by treatment with a base), benzoyl (Bz) A "protecting group" is any chemical moiety capable of 

selective addition to and removal from a reactive site to 
allow manipulation of a chemical entity at sites other than 
the reactive site. Many protecting groups are known in the 
art. A large number of protecting groups and corresponding 
chemical cleavage reactions are described in "Greene's 
Protective Groups in Organic Synthesis," ISBN-13: 978-
1118057483, ©2014, John Wiley & Sons, Inc. (hereinafter 
"Greene"). Greene describes many nitrogen protecting 
groups, for example, amide-forming groups. For additional 
information on protecting groups, see also Kocienski, Philip 

20 group (removed by treatment with a base), benzyl (Bn) 
group (removed by hydrogenolysis), carbamate group (re­
moved by acid and mild heating), p-methoxybenzyl (PMB) 
(removed by hydrogenolysis), 3,4-dimethoxybenzyl 
(DMPM) (removed by hydrogenolysis), p-methoxyphenyl 

J. "Protecting Groups," (Georg Thieme Verlag Stuttgart, 
New York, 1994 ), which is incorporated herein by reference. 
Typical nitrogen protecting groups described in Greene 
include benzyl ethers, silyl ethers, esters including sulfonic 
acid esters, carbonates, sulfates, and sulfonates. For 
example, suitable nitrogen protecting groups include substi­
tuted methyl ethers; substituted ethyl ethers; p-chlorophenyl, 
p-methoxyphenyl, 2,4-dinitrophenyl, benzyl; substituted 
benzyl ethers (p-methoxybenzyl, 3,4-dimethoxybenzyl, 
o-nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-dichlo­
robenzyl, p-cyanobenzyl, p-phenylbenzyl, 2- and 4-picolyl, 
diphenylmethyl, 5-dibenzosuberyl, triphenylmethyl, 
p-methoxyphenyl-diphenylmethyl, di(p-methoxyphenyl) 
phenylmethyl, tri(p-methoxyphenyl)methyl, 1,3-benzodithi­
olan-2-yl, benzisothiazolyl S,S-dioxido ); silyl ethers (sily­
loxy groups) (trimethylsilyl, triethylsilyl, triisopropylsilyl, 
dimethy lisopropy lsily I, diethylisopropy lsily I, dimethy lthex­

25 (PMP) group (removed by ammonium cerium(IV) nitrate 
(CAN)), tosyl (Ts) group (removed by concentrated acid and 
strong reducing agents), sulfonamide groups (Nosy! & Nps; 
removed by samarium iodide, tributyltin hydride. 

Numerical ranges as used herein are intended to include 
30 every number and subset of numbers contained within that 

range, whether specifically disclosed or not. Further, these 
numerical ranges should be construed as providing support 
for a claim directed to any number or subset of numbers in 
that range. For example, a disclosure of from 1 to 10 should 

35 be construed as supporting a range of from 2 to 8, from 3 to 
7, from 1 to 9, from 3.6 to 4.6, from 3.5 to 9.9, and so forth. 
In short, ranges as used herein are to be understood as 
specifically disclosing all ranges formed from any pair of 
any upper range limit or preferred value and any lower range 

40 limit or preferred value, regardless of whether ranges are 
separately disclosed. Where a range of numerical values is 
recited herein, unless otherwise stated, the range is intended 
to include the endpoints thereof, and all integers and frac­
tions within the range. It is not intended that the scope of the 

45 invention be limited to the specific values recited when 
defining a range. 

All references to singular characteristics or limitations of 
the present invention shall include the corresponding plural 
characteristic or limitation, and vice-versa, unless otherwise 

50 specified or clearly implied to the contrary by the context in 
which the reference is made. 

y lsilyl, t-butyldimethylsilyl, t-butyldiphenylsilyl, tribenzyl­
silyl, tri-p-xylylsilyl, triphenylsilyl, diphenylmethylsilyl, 
t-butylmethoxy-phenylsilyl); esters (formate, benzoylfor­
mate, acetate, choroacetate, dichloroacetate, trichloroac­
etate, trifluoroacetate, methoxyacetate, triphenylmethoxyac­
etate, phenoxyacetate, p-chlorophenoxyacetate, 
3-phenylpropionate, 4-oxopentanoate (levulinate ), piv­
aloate, adamantoate, crotonate, 4-methoxycrotonate, benzo­
ate, p-phenylbenzoate, 2,4,6-trimethylbenzoate(mesitoate)); 55 

carbonates (methyl, 9-fluorenylmethyl, ethyl, 2,2,2-trichlo­
roethy I, 2-( trimethy lsilyl )ethy I, 2-(pheny lsulfonyl )ethy I, 
2-(triphenylphosphonio )ethyl, isobutyl, vinyl, ally!, p-nitro­
phenyl, benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, 
o-nitrobenzyl, p-nitrobenzyl, S-benzyl thiocarbonate, 60 

4-ethoxy-1-naphthyl, methyl dithiocarbonate ); groups with 
assisted cleavage (2-iodobenzoate, 4-azidobutyrate, 4-nitro-
4-methylpentanoate, o-( dibromomethyl)benzoate, 2-formyl­
benzenesulfonate, 2-(methylthiomethoxy)ethyl carbonate, 
4-(methylthiomethoxy)butyrate, miscellaneous esters (2,6- 65 

dichloro-4-methylphenoxyacetate, 2,6-dichloro-4-(1, 1,3,3 
tetramethylbutyl)phenoxyacetate, 2,4-bis(l, 1-dimethylpro-

All combinations of method or process steps as used 
herein can be performed in any order, unless otherwise 
specified or clearly implied to the contrary by the context in 
which the referenced combination is made. 

The methods of the present invention can comprise, 
consist of, or consist essentially of the essential elements and 
limitations of the method described herein, as well as any 
additional or optional ingredients, components, or limita­
tions described herein or otherwise useful in synthetic 
organic chemistry. 

As used herein, the terms "comprises," "comprising," 
"includes," "including," "has," "having," "contains" or 
"containing," or any other variation thereof, are intended to 
cover a non-exclusive inclusion. For example, a composi­
tion, a mixture, process, method, article, or apparatus that 
comprises a list of elements is not necessarily limited to only 
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those elements but may include other elements not expressly 
listed or inherent to such composition, mixture, process, 
method, article, or apparatus. 

Unless expressly stated to the contrary, "or" refers to an 
inclusive "or" and not to an exclusive "or." For example, a 
condition "A or B" is satisfied by any one of the following: 
A is true ( or present) and Bis false ( or not present); A is false 
( or not present) and B is true ( or present); and both A and B 
are true ( or present). 

5 

10 The term "about" when used (for example) to modify the 
quantity of an ingredient or reactant, length, mass, pH, time, 
temperature, pressure, concentration, or any other numeric 
descriptor, refers to variation in the numerical quantity that 
can occur, for example, through typical measuring equip-

15 
ment and material handling procedures and the inherent 
errors (human and otherwise) used for making such mea­
surements in the real world. The variations may arise from 
any source, without limitation, such as through through 
inadvertent error in these procedures (i.e., human error), 20 

through differences in the manufacture, source, or purity of 
the ingredients employed to make the compositions or carry 
out the methods, through the inherent sensitivity of the 
equipment used, etc. The term "about" also encompasses 
amounts that differ due to different equilibrium conditions 25 

for a composition resulting from a particular initial mixture. 
Whether or not modified by the term "about," the claims 
include equivalents to the quantities. The term "about" may 
mean within 10% of the reported numerical value, prefer-
ably within 5% of the reported numerical value. 30 

As described in full below, Rh(I)-carbenes were generated 
from propargyl alcohol derivatives via a dehydrative indole 
annulation. Depending on the choice of the electron-with­
drawing group on the aniline nitrogen nucleophile, a cyclo-

35 
propanation product or a dimerization product can be 
obtained, chemoselectively. Intramolecular hydroamidation 
occurred for the same type of propargylic alcohol deriva­
tives when other transition metal catalysts were employed, 
such as gold-, silver-, platinum-, palladium-, and copper- 40 

based complexes. 
In an effort to develop more general carbene precursors 

for the synthesis of diverse indole derivatives, it was found 
that indole annulation of propargylic alcohol 1 could pro­
duce Rh(I)-carbene 2, which underwent chemoselective 45 

cyclopropanation or dimerization to form products 3a and 
3b, respectively, depending on the choice of the E-group. 
See Scheme 1. No dimerization product was found in the 
absence of external alkenes for precursor la; no cyclopro­
panation product was observed for precursor 1 b in the 50 

presence of excess external alkenes. 

Scheme 1. Divergent Reactivity ofRh(I)-Carbene Derived from Indole 
Annulation: 55 

12 
-continued 

;rP / 
OR 

'--.... 
I \ 

Rh 

2 

3a 

R 

N 

I 
Boe 

3b 

Indole is one of the most abundant bioactive heterocycles 
in natural products and pharmaceutical agents. 9 Most pre­
vious indole synthesis focused on the construction of indole 
ring alone. 10 The present inventors, however, hypothesized 
that it would be more efficient to couple indole annulation 
with other transformations in a cascade marmer. Propargylic 
alcohol I has been used by Chan extensively for various Au­
and Ag-catalyzed tandem indole armulation and nucleophilic 
additions (Eq. 1 ). 11 Other catalysts, such as Pt-, Pd-, and 
Cu-based complexes can also mediate this process. 12 The 
Rh(I)-catalyst, however, is unique in promoting the forma­
tion of carbene 2, instead ofhydroamidation product 4, and 
subsequent divergent transformations: 

1~ :f9 
\ 

E 

4 

HNu 
-H20 

(1) 

;rP 
Nu t9 60 (M = Au-, Ag-, Pt-, Pd-, and Cu-based complexes) 

HN......_ 
E 

la, E ~ Ts 
lb,E~Boc 

Diazomethanes without an adjacent electron-withdrawing 
group are generally not very stable and those with an 

65 electron-rich aryl substituent are particularly difficult to 
prepare. 13 Indeed, the present inventors were not able to 
prepare the indolyl substituted diazomethane precursor for 
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carbene 2 using known methods, 13 when they explored 
alternative cyclopropanation methods. 14 In the present dis­
closure, a tandem indole annulation of propargylic alcohol 1 
followed by stereoselective cyclopropanation allows the 
construction of both the indole and cyclopropane ring sys- 5 

terns, two of the most important rings in organic 
chemistry.9015 

By examining various transition metal catalysts that are 
known to mediate the cyclization of aniline 6a, it was found 10 
that Rh(I) complexes were able to promote the formation of 
both indole and cyclopropane and afford product Sa in the 
presence of alkene 7a (Eq. 2). Cationic Rh(I)-catalysts or 
neutral Rh(I)-catalysts without CO did not provide any 
desired product ( entries 1-3, Table 1 ). High yield of product 15 

Sa could be obtained by using [Rh(CO)2 Cl] 2 complex as the 
catalyst in the presence or absence of a CO balloon ( entries 
4 and 5). When the amount of alkene was reduced from 2 
equivalents to 1.2 equivalents, only slightly lower yield was 
observed ( entry 6). No cyclopropanation products were 20 

formed when other metal complexes were employed ( entries 
7-10). In some cases, hydroamidation product 4 was 
observed, which is consistent with previous reports. 11

-
12 

t9
0H 

Me 

;) 

I 
RN, 

Ts 

6a 

MeO~ 

~ 
7a 

see conditions 
in Table 1 

25 

(2) 

30 

35 

14 
Overall, generating the indolyl Rh(I) carbenes proceeds as 

follows: 

0 

~Me 

UNH2 

(1)== MgBr 

(2) TsCl, Py 
62% over two steps 

~ 
UNHTs~ 

[Rb(CO)iCl]i (5 mol %) 

CO(l atrn) 

DCE, 60° C. 

Me 

~ //Rb 
Styrene 

(2 equiv) 

v1-r 
\ 

Ts 

Me 

36% 

HO Me 

R ~~ 

TABLE 1 

Screening of Conditions for Substrates 6a and 7aa 

entry conditions yield of 8ab 

[Rb(COD)2 ]BF4 (5 mol %) 0 
2 [Rb(PPh3 ) 3Cl] (5 mol %) 0 
3 [Rb(COD)Clb (5 mol %) 0 
4 [Rb(CO)2 Clb (5 mol %), 82% 

CO (1 atrn) 
5 [Rb(CO)2 Clb (5 mol %) 86% 
6 [Rb(CO)2 Clb (5 mol %) 77o/oc 
7 [Ir(COD)Clb (5 mol %) 0 
8 Pd(OAch (5 mol %) 0 
9 PtC12 (5 mol %) 0 

10 Au(PPh3)Cl (5 mol %) 0 

aConditions: dichloroethane (DCE), 6a (1.0 equiv), 7a (2.0 equiv), rt, 12-20 h, unless noted 
otherwise. 
bThe yield was determined by 1H NMR of crude product using CH2Br2 as the internal 

45 

50 

55 

60 

standard. 65 
c7a (1.2 equiv). 

~ 
ll.......AOMe 

(2 equiv) 

[Rb(CO)2Clb (5 mol %) 

CO(l atrn) 

DCE, 60° C. 

Me 

84% 

OMe 
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TABLE la 

Optimization of Reaction Conditions 

HO Me 
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~'~OMe 

NHTs (2 equiv) 

Conditions 

The scope of alkene co-reactant was then examined using 
propargylic alcohol 6a as the carbene precursor (Table 2). 
Various styrenes with a para-substituent participated in the 
cyclopropanation and yielded exclusively the cis-diastereoi-

5 somer (entries 1-4). The reactivity of electron-poor styrene 
is much lower than that of electron-rich styrene ( entries 1 vs 
5). Styrenes with multiple substituent or ortho-substituent 
could also be tolerated ( entries 6 and 7). Trisubstituted 
cyclopropanes 8h-8j were successfully prepared from 1,1-

Entry 

2 
3 
4 
5 
6 
7 
8 
9 

Me 

Conditions 

lO disubstituted alkenes ( entries 8-10). Notably, free alcohols in 
7i and 7j were tolerated under the standard conditions. Other 
arenes such as pyrrole, naphthalene, and indole could also be 
introduced to the diary! cyclopropane products ( entries 

15 
11-13). Unfortunately, 1,2-disubstituted alkene 7n did not 
participate in the cyclopropanation. No cyclopropanation 
was observed by using alkenes with just an alkyl substituent 
including both electron-rich vinyl ethers and electron-poor 
enones. 

OMe 20 The scope of the propargylic alcohols was also explored. 

Yields a 

[Rh(CO)oClb (5 mol %), CO (1 atrn), DCE, rt, 12 h 82% 

See Table 3. The aryl sulfonyl group does not have obvious 
effect on the tandem annulation/ cyclopropanation ( entries 
1-5). The R1 group can be a hydrogen or other alkyl groups 
( entries 6-8). Substituents can be introduced to the benzene [Rh(CO)oClb (5 mol %), DCE, rt, 12 h 

[Rh(COD)oClb (5 mol %), DCE, rt, 12 h 
Rh(COD)2 ]BF4 (5 mol %), DCE, rt, 12 h 
[Rh(Ph3PhCl] (5 mol %), DCE, rt, 12 h 
[Rh(CO)oClb (5 mol %), DCE, rt, 12 h 
[Ir(COD)2 Clb (5 mol %), DCE, rt, 12 h 
PtCl2, (5 mol %), DCE, 60° C., 12 h 
AuCl(PPh3 ) (5 mol %), DCE, 60° C., 12 h 

86% 
0 
0 
0 

77%b 

0 
0 
0 

25 ring of substrate 9 ( entries 9 and 10). Notably, aryl bromide 
in 9i can be tolerated for Rh-catalyzed reactions. 

Diene 11 participated in the cyclopropanation and afford 
vinylcyclopropane 12, which could undergo Cope rear-

a. Yields were calculated based on 1H NM:R using CH2Br2 as the internal standard. 

bl .2 equivalent alkene was used. 

30 rangement to yield cyclohepta[b]indole 14 (Scheme 2). 16 

Indole fused with a seven-membered ring is present in a 
number of natural products 17 and bioactive pharmaceutical 
agents. 18 

Scheme 2. Sequential Indole Annulation, Cyclopropanation, and Cope Rearrangement: 

~ 
MeO~ 

11 

Ar 

14 

(Ar~ pMeOC6!Li) 

9f 

see Table 3 
for conditions 

52% yield 
over 2 steps f 

12 

140° C.i 

Ar 

13 
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TABLE 2 

Scope of Alkenes for the Tandem Indole Annulation/Cyclopropanation with 6aa 

entry substrate 7 product S (drl yieldc 

R 

1 7a, R- MeO Sa (20:1) SO% 
2 7b, R - H Sb (20:1) 4S% 
3 7e, R- Me Sc (20:1) 6S% 
4 7d,R-tBu Sd (20:1) 70% 
5 7e, R - CF3 Se 20%b 

<¼ 0 

< 0 

6 7f, Sf, (20:1) 78% 

~ 
OMe 

7 7g, Sg, (20:1) 70% 

R'Dy R2 

RI 

s 7h, R1 
- Me, R2

- H Sh, (20:1) 63% 
9 7i, R 1 

- CH2OH, Si, (20:1) 52% 
R2 -H 

10 7j, R 1 
- CH2OH, Sj, (20:1) S7% 

R2 
- MeO 

Ts 
I 

N 

~ f 
~ 

11 7k Sk (20:1) 64% 

c£ # 
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TABLE 2-continued 

Scope of Alkenes for the Tandem Indole Annulation/Cyclopropanation with 6aa 

entry substrate 7 

12 71 

Boe 

rYS 
~ 

Q_ 
14 7n 

Me 

product 8 (drl yieldc 

81 (20:1) 53% 

Sm (20:1) 60% 

0% 

aConditions: [Rh(CO)2Clb (5 mol %), DCE, 6a (1.0 equiv), 7 (2.0 equiv), rt, 12-20 h, unless noted otherwise. 

Znetermined by 1H NMR of crude product using CH2Br2 as the internal standard. 
crsolated yield. 

dSubstrate 9f (Table 3) was employed in this case. 

TABLE 3 

Scope of Propargylic Alcohols for the Tandem Indole 
Annulation/Cyclopropanationa 

7a 

see note a 

9 

MeO 

10 

product 10 
entry substrate 9 (drl 

9a, R1 -Me, R2 -H, 10a (20:1) 
Ar- Ph 

2 9b, R 1 -Me, R2 -H, !Ob (20:1) 
Ar - 4-FC6H4 

3 9c, R1 -Me, R2 -H, 10c (20:1) 
Ar - 4-tBuC6H4 

4 9d, R 1 -Me, R2 -H, 10d (20:1) 
Ar - 4-MeOC6H4 

5 9e, R1 -Me, R2 -H, lOe (20:1) 
Ar - 1-naphthyl 

6 9f, R 1 -R2 -H, !Of (20:1) 

Ar - 4-MeC6H4 
7 9g, R 1 -Et, R2 -H, 10g (5:1) 

Ar - 4-MeC6H4 

yieldc 

72% 

77% 

72% 

73% 

75% 

66% 

81% 

30 

40 

(3) 45 

50 

55 

60 

65 

entry 

8 

9 

10 

TABLE 3-continued 

Scope of Propargylic Alcohols for the Tandem Indole 
A.nnulation/Cyclopropanationa 

7a 

see note a 

9 

MeO 

10 

product 10 
substrate 9 (drl 

9h, R1 
- nBu, R2 

- H, !Oh (5:1) 
Ar - 4-MeC6H4 
9i, R1 

- Me, R2 
- Br, lOi (20:1) 

Ar - 4-MeC6H4 
9j, R1 

- Me, R2 
- Ph, lOj (20:1) 

Ar - 4-MeC6H4 

(3) 

yieldc 

77% 

71% 

75% 

aconditions: [Rh(CO),Cll, (5 mo! %), DCE, 9 (1.0 equiv), 7a (2.0 equiv), rt, 12-20 h, 
unless noted otherwise. 
Znetermined by 1H NMR of crude product using CH2Br2 as the internal standard. 

cisolated yield. 

In addition to various arylsulfonyl groups in Table 3, the 
effect of other electron-withdrawing groups on the aniline 
nucleophile for the tandem annulation/cyclopropanation was 
also explored. Under the standard conditions in Table 3, no 



US 10,174,008 B2 
21 

cyclopropanation product was observed for substrate 15a in 
the presence of different styrenes. Instead, trace amount of 
dimeric indole 16a was obtained in the presence or absence 
of styrenes ( entry 1, Table 4 ). The yield of the dimeric indole 
was improved dramatically by simply attaching a CO bal- 5 

loon to the reaction flask (entry 2). Under these condition, 
the dimeric indole for substrate 6a with a tosyl group on the 
nitrogen (entry 4, Table 1) was not observed. 

Using the above-noted reaction conditions, the following 
cyclopropyl indole compounds were made at the stated 10 

yields: 

Me 

48% 

Me 

80% 

Me 

70% 

Me 

78% 

Me 

68% 

15 

20 

25 

30 

OMe 

35 

40 

45 

50 

55 

60 

Me 65 

22 
-continued 

Me 

70% 

Me 

48% 

Me 

80% 

Me 

70% 

Me 

78% 

Me 

68% 

OMe 

Me 



23 
-continued 

Me 

70% 

63% 

52% 

Me 

87% 

Me 

48% 

80% 

US 10,174,008 B2 

10 

tBu 

15 

20 

25 

30 

35 

40 

OMe 

45 

50 

55 

60 

OMe 
65 

~ 

24 
-continued 
Me 

70% 

78% 

68% 

Me 

70% 

Me 

63% 

52% 

Me 

tBu 
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25 
-continued 
Me 

87% 

Me 

53% 

Me 

64% 

60% 

72% 

Me 

Ar~ p-FPh, 77% 
~ p-tBuPh, 72% 
~ p-OMePh, 73% 

OMe 

NTs 

NBoc 

OMe 

OMe 

US 10,174,008 B2 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

R 

26 
-continued 

66% 

Et 

81%,dr~5:l 

nBu 

Me 

R~Br, 71% 
~Ph, 75% 

OMe 

OMe 

OMe 

OMe 

As shown in Table 3a, cyclopropanation can also be 
accomplished enantioselectively: 
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TABLE 3a 

Enantioselective Cyclopropanation 

28 
also be prepared (entries 11 and 12). As shown in the 

Examples, the E- and Z-isomers can be separated by column 

chromatography in many cases. The structures of the 

HO Me 

~ 
5 dimeric indoles were unambiguously determined by X-ray 

analysis of E-16b and Z-16b. It was also found that Z-16a 

could be isomerized completely to E-16a under thermal 

conditions. 

~ 
~OMe 

(2 equiv) 

[Rh(CO)iCl]i (5 mol %) 

Ligand (10 mol %) 

DCE, 60° C. 

10 

TABLE 4 

Screening of Conditions for Dimerization of llaa 

15 

~ /I conditions 
M/YOH (\ /, 

20 I HN 

\ 
Boe 

15a 

OMe 
25 

dr > 20:1 

Entry Ligands Yields ee 

30 

n - 1, Ar - C6 Hs 56% 0 

2 n - 1, Ar - 3,5-CF3C6 H3 53% 38 

3 n - 1, Ar - C6 Hs 67% 52% 

4 n - 2, Ar - C6 H5 65% 60% 35 

5 n - 3, Ar - C6 H5 62% 35% 

40 

Ar Ar 

><°f-0>-(J,. 
o,,,,·-~o 

Ar Ar 

45 

Ligand 

50 

Dimerization of carbenes is generally a low yield side 
reaction in transformations involving this reactive interme- 55 

diate with a few exceptions. 19 Given the high yield of 
product 16a and the potential utility of indole derivatives, 
the scope of the indole dimerization (Table 5) was further 
explored. In addition to Boe-group, other alkoxy carbonyl 

60 
groups (entries 2 and 4), acetyl (entry 3), and dimethylam­
inocarbonyl group ( entry 5) also facilitated the formation of 
dimer 16. It is also interesting to note that the carbene 
intermediate cannot be trapped by even an intramolecularly 
tethered alkene (entry 4). The R1 substituent can be a 65 

hydrogen, ethyl, isopropyl, butyl, phenyl, etc. (entries 6-10). 
Dimeric indoles with substituents on the benzene ring could 

Me 

Boe 

I 
N 

N 
(4) 

I 
Boe 

16a 

yield and 

E/Z ratio of 

entry conditions 12ab 

[Rh(COhClb (5 mol %), DCE, 60" C., 12 h trace 

2 [Rh(COhClb (5 mol %), CO (1 atm) DCE, 86% 

60° c., 12 h (1.4:1) 

3 [Rh(COD)Clb (5 mol %), CO (1 atm) 71% (1:1) 

DCE, 60' C., 12 h 

4 [Rh(CODh]BF4 (5 mol %) 0 

5 [Rh(CODh]BF4 (5 mol %), trace 

CO (1 atm) 

6 [lr(COD)Clb (5 mol %), 0 

CO (1 atm) 

7 Pd(OAeh(5 mol %), CO (1 atm) 0 

8 PtC12 (5 mol %), CO (1 atm) 0 

9 Au(PPh3)Cl (5 mol %), CO (1 atm) 0 

aConditions: dichloroethane (DCE), 15a, 60° C., 10 h, unless noted otherwise. 

bThe yield and E/Z ratio were determined by 1H NMR of crude product using CH2Br2 as 
the internal standard. 
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TABLE 5 

Scope of Indole Dimerizationa 

R~' 

I Y seenotea 

>-R3 

entry 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

0 

15 

R
3yo 

N 

R2 
RI 

substrate 15 

15a, R1 
- Me, R2 - H, 

R3 
- tBuO 

15b, R1 
- Me, R2 - H, 

R3 
- MeO 

15c, R1 
- Me, R2 - H, 

R3 -Me 

15d, R1 
- Me, R2 - H, 

R3 
- CH2=CHCH2CH2 

15e, R1 
- Me, R2 - H, 

R3 
- Me2N 

15f, R1 
- R2 - H, 

R3 
- tBuO 

15g, R1 
- Et, R2 - H, 

R3 
- tBuO 

15h, R1 
- iPr, R2 - H, 

R3 
- tBuO 

15i, R1 
- nBu, R2 - H, 

R3 
- tBuO 

15j, R1 
- Ph, R2 - H, 

R3 
- tBuO 

15k, R1 
- Me, R2 - Br, 

R3 
- tBuO 

~ N 

OAR3 

16 

product 

(E/Z/ 

16a (1.4:1) 

16b (1.2:1) 

16c (1.1 :1) 

16d (1.4:1) 

16e (2:1) 

16f (1.2:1) 

16g (1.3:1) 

16h (1.3:1) 

16i (1.5:1) 

16j (1.1 :1) 

16k (1.3:1) 

US 10,174,008 B2 

R2 

16 yieldc 

81% 

81% 

75% 

82% 

55%d 

88% 

82% 

74% 

80% 

60% 

92% 

30 
TABLE 5-continued 

Scope of Indole Dimerizationa 

R~' 

10/ y 
>-R3 

see note a 

0 

15 

15 

(5) 20 

25 

30 

35 

R
3yo 

N 

R2 
RI 

entry substrate 15 

12 151, R1 
- Me, R2 - Ph, 

R3 
- tBuO 

~ 

16 

N 
(5) 

OAR3 

product 
(E/Z/ 16 yieldc 

161 (1.3:1) 93% 

aConditions: [Rh(CO),Cll, (5 mo!%), CO (1 atrn), dichloroethane (DCE), 15a, 60° C., 10 
h, unless noted otherwise. unless noted otherwise. 
hbetermined by 1H NMR of crude product using CH2Br2 as the internal standard. 
cisolated yield of two isomers. 

disolated yield of E-isomer. 

The mechanism of the indole annulation/cyclopropana­
tion or dimerization is proposed in Scheme 3. Coordination 
of the metal catalyst to alkyne in propargylic alcohol 1 will 
induce nucleophilic attack of the aniline nitrogen to form 

40 adduct 17.7 Protonation to form the hydroamidation product 
4 occurred for most n-acidic transition metals. In the case of 
Rh(I) complexes with a CO ligand, elimination of water 
occurred to yield carbene intermediate 18, which can 
undergo either cyclopropanation or dimerization depending 

45 
on the nature the E-group. We propose that the chemose­
lectivity arise from the ability of the carbony 1 group in 18b 
to coordinate to Rh(I)-carbenes. This type of coordination 
was also proposed by Tanaka in their Rh-catalyzed cascade 
1,2-acyloxy migration of propargylic esters/intermolecular 
cyclopropanation.6 The cis-selective cyclopropanation is 

50 consistent with gold-catalyzed 1,2-acyloxy migration of 
propargylic esters/intermolecular cyclopropanation. 20 

Scheme 3. Proposed Mechanism for the Formation ofRh(l)-Carbenes and Their Divergent Reactivity 

- e~ ( 
M '~ 

17 

N 
\ 

E 

18 
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J9 
\ 

E 

4 
hydroamidation 

(M ~ other metals) 

31 

!Sa 

cyclopropanation 

In sunnnary, various cyclopropanes with cis-1,2-diaryl 
substituents were prepared stereoselectively from propar­
gylic alcohol derivatives via a tandem indole annulation and 
cyclopropanation. The enantioselective version of this cas­
cade process is currently under investigation in our labora­
tory. Computational studies are also ongoing to elucidate the 
origin of the intriguing chemoselectivity. 
Nutritional Compositions: 

The present disclosure includes nutritional compositions. 
Such compositions include any food or preparation for 
human consumption (including for enteral or parenteral 
consumption) which when taken into the body (a) serve to 
nourish or build up tissues or supply energy and/or (b) 
maintain, restore or support adequate nutritional status or 
metabolic function. 

The nutritional composition comprises at least one indol 
derivative as described herein and may either be in a solid 
or liquid form. Additionally, the composition may include 
edible macronutrients, vitamins and minerals in amounts 
desired for a particular use. The amount of such ingredients 
will vary depending on whether the composition is intended 
for use with normal, healthy infants, children or adults 
having specialized needs such as those which accompany 
hyperglycemic and hyperlipidemic metabolic conditions. As 

32 

~ ----0 
!Sb 

dimerization 

tions. Nutritional compositions of particular interest include 

20 but are not limited to those utilized for enteral and parenteral 
supplementation for infants, specialist infant formulas, 
supplements for the elderly, and supplements for those with 
hyperglycemia. 

The nutritional composition of the present invention may 
25 also be added to food even when supplementation of the diet 

is not required. For example, the composition may be added 
to food of any type including but not limited to margarines, 
modified butters, cheeses, milk, yoghurt, chocolate, candy, 
snacks, salad oils, cooking oils, cooking fats, meats, fish and 

30 beverages. 
In a preferred version, the nutritional composition is an 

enteral nutritional product, more preferably, an adult or 
pediatric enteral nutritional product. This composition may 
be administered to adults or children experiencing stress or 

35 having specialized needs due to chronic or acute disease 
states. The composition may comprise, in addition to indole 
analogs described herein, macronutrients, vitamins and min­
erals as described above. The macronutrients may be present 
in amounts equivalent to those present in human milk or on 

40 an energy basis, i.e., on a per calorie basis. 

a general proposition, the compositions contain a sufficient 
amount of one or more of the indole compounds to alleviate, 
remediate, attenuate, or otherwise reduce the hyperglycemic 45 

and/or hyperlipidemic metabolic condition(s) in the subject 
when taken on a prescribed schedule. 

Methods for formulating liquid or solid enteral and par­
enteral nutritional formulas are well known in the art. An 
enteral formula, for example, may be sterilized and subse­
quently utilized on a ready-to-feed (RTF) basis or stored in 
a concentrated liquid or powder. The powder can be pre­
pared by spray drying the formula prepared as indicated 
above, and reconstituting it by rehydrating the concentrate. 
Adult and pediatric nutritional formulas are well known in 
the art and are connnercially available ( e.g., Similac®-brand 
and Ensure®-brand formulas from Ross Products Division, 
Abbott Laboratories, Columbus, Ohio). An indole analog 

Examples of macronutrients which may be added to the 
composition include but are not limited to edible fats, 
carbohydrates and proteins. Examples of such edible fats 50 

include but are not limited to coconut oil, soy oil, and mono­
and diglycerides. Examples of such carbohydrates include 
but are not limited to glucose, edible lactose and hydrolyzed 
search. Additionally, examples of proteins which may be 
utilized in the nutritional composition include but are not 55 

limited to soy proteins, electrodialysed whey, electrodia­
lysed skim milk, milk whey, or the hydrolysates of these 
proteins. 

produced in accordance with the present disclosure may be 
added to connnercial formulas of this type. 

The energy density of the nutritional compositions in 
liquid form may range from about 0.6 Kcal to about 3 Kcal 
per ml. When in solid or powdered form, the nutritional 
supplements may contain from about 1.2 to more than 9 
Kcals per gram, preferably about 3 to 7 Kcals per gm. In 
general, the osmolality of a liquid product should be less With respect to vitamins and minerals, the following may 

be added to the nutritional compositions described herein: 
calcium, phosphorus, potassium, sodium, chloride, magne­
sium, manganese, iron, copper, zinc, selenium, iodine, and 
Vitamins A, E, D, C, and the B complex. Other such 
vitamins and minerals may also be added. 

60 than 700 mOsm and, more preferably, less than 660 mOsm. 

Examples of nutritional compositions disclosed herein 
include but are not limited to infant formulas, dietary 
supplements, dietary substitutes, and rehydration composi-

Pharmaceutical Compositions: 
Also disclosed herein are pharmaceutical compositions 

comprising one or more of the indole analogs or a pharma­
ceutically suitable salt thereof as described herein. More 

65 specifically, the pharmaceutical composition may comprise 
one or more of the indole analogs, as well as a standard, 
well-known, non-toxic pharmaceutically suitable carrier, 
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10 

34 
autoimmune amount of one or more the indole analogs 
described herein. In particular, the compositions of the 
present invention may be used to treat diabetic conditions of 
any and all description. Additionally, the compositions of the 
present invention may also be used to prevent the apoptotic 
death of ~ cells in the pancreas. To the extent the compo­
sitions impart a feeling of satiation, the compositions may 
also be used to treat obesity and to ease weight loss. 

It has also been found that the present indole analogs 
modify the activity of proprotein convertase subtilisin kexin 
type 9 (PCSK9). Thus, the compounds disclosed herein are 
useful to treat hyperlipidemia and thus also to inhibit coro­
nary artery disease. PCSK9 was first identified in 2003, 

adjuvant or vehicle such as, for example, phosphate buffered 
saline, water, ethanol, polyols, vegetable oils, a wetting 
agent or an emulsion such as a water/oil emulsion. The 
composition may be in either a liquid, solid or semi-solid 
form. For example, the composition may be in the form of 5 

a tablet, capsule, ingestible liquid or powder, injectible, 
suppository, or topical ointment or cream. Proper fluidity 
can be maintained, for example, by maintaining appropriate 
particle size in the case of dispersions and by the use of 
surfactants. It may also be desirable to include isotonic 
agents, for example, sugars, sodium chloride, and the like. 
Besides such inert diluents, the composition may also 
include adjuvants, such as wetting agents, emulsifying and 
suspending agents, sweetening agents, flavoring agents, 
perfuming agents, and the like. 15 Seidah et al. (2003) Proc. Natl. Acad. Sci. U.S.A. 100:928. 

Suspensions, in addition to the active compounds, may 
comprise suspending agents such as, for example, ethoxy­
lated isostearyl alcohols, polyoxyethylene sorbitol and sor­
bitan esters, microcrystalline cellulose, aluminum metahy­
droxide, bentonite, agar-agar and tragacanth or mixtures of 
these substances. 

The PCSK9 enzyme is encoded by the PCSK9 gene; a 
proprotein convertase activates the enzyme. Compounds 
that block, inhibit, or otherwise attenuate PCSK9 secretion 

20 and/or activity can lower low density lipoprotein cholesterol 
(LDL-C) levels in mannnals. Thus, PCSK9 constitutes an 
attractive therapeutic target for the treatment of hyperlipi­
demia in mammals, including in humans. A number of 
monoclonal antibodies that bind to PCSK9 are in clinical 

25 
trials as of 2014. These include evolocumab (Amgen), 
1D05-IgG2 (Merck) and alirocumab (Aventis/Regeneron). 

Solid dosage forms such as tablets and capsules can be 
prepared using techniques well known in the art of phar­
macy. For example, indole analogs produced as described 
herein can be tableted with conventional tablet bases such as 
lactose, sucrose, and cornstarch in combination with binders 
such as acacia, cornstarch or gelatin, disintegrating agents 
such as potato starch or alginic acid, and a lubricant such as 
stearic acid or magnesium stearate. Capsules can be pre­
pared by incorporating these excipients into a gelatin cap- 30 

sule along with antioxidants and the relevant indole analog. 

PCSK9 belongs to the proteinase K subfamily of secre­

tory proteases. This protein plays a major regulatory role in 

cholesterol homeostasis. PCSK9 regulates plasma LDL­

cholesterol (LDL-C) levels by directing LDL receptor 

(LDLR) to lysosomal degradation, resulting in reduced LDL 
For intravenous administration, the indole analogs may be 

incorporated into commercial formulations such as Intra­
lipid-brand fat emulsions for intravenous injection. ("Intra­
lipid" is a registered trademark of Fresenius Kabi AB, 
Uppsalla, Sweden.) Where desired, the individual compo­
nents of the formulations may be provided individually, in 
kit form, for single or multiple use. A typical intravenous 
dosage of a representative indole analog as described herein 
is from about 0.1 mg to 100 mg daily and is preferably from 
0.5 mg to 3.0 mg daily. Dosages above and below these 
stated ranges are specifically within the scope of the claims. 

Possible routes of administration of the pharmaceutical 
compositions include, for example, enteral ( e.g., oral and 
rectal) and parenteral. For example, a liquid preparation may 
be administered, for example, orally or rectally. Addition­
ally, a homogenous mixture can be completely dispersed in 
water, admixed under sterile conditions with physiologically 
acceptable diluents, preservatives, buffers or propellants in 
order to form a spray or inhalant. The route of administration 
will, of course, depend upon the desired effect and the 
medical stated of the subject being treated. The dosage of the 
composition to be administered to the patient may be 
determined by one of ordinary skill in the art and depends 
upon various factors such as weight of the patient, age of the 
patient, immune status of the patient, etc., and is ultimately 
at the discretion of the medical professional administering 
the treatment. 

With respect to form, the composition may be, for 
example, a solution, a dispersion, a suspension, an emulsion 
or a sterile powder which is then reconstituted. The com­
position may be administered in a single daily dose or 
multiple doses. 

clearance and accumulation of LDL in the circulation. 
35 Gain-of-function mutations of PCSK9 lead to hyperlipi-

demia and premature coronary artery disease in humans. In 

contrast, loss-of-function mutations of PCSK9 are associ­

ated with lower levels ofLDL and protection from coronary 
40 artery disease. The therapeutic antibodies noted above dis-

play impressive efficacy in LDL lowering either as a mono­

therapy or in a combination therapy with statins. Given this 

strong clinical validation, small molecule inhibitors of 
45 PCSK9 are expected to display similar activity. 

PCSK9 expression is actively regulated at transcription 
levels. Statins are known to stimulate PCSK9 transcription 
which in turn curbs the efficacy of statins in LDL lowering 

50 in humans. A few other molecules, including berberine and 
oncostatin, have been shown to suppress PCSK9 transcrip­
tion, which in turn contributes to the hypolipidemic effects 
of these agents. A number of primary and secondary assays 

55 
to measure PCSK9 secretion/modulation in response to 
putative active agents are known. Primary assays: PCSK9 
Secretion HepG2 SP/CRC (% Inhibition/IC50); PCSK9 
Secretion Cell Health HepG2 SP/CRC (% Inhibition/IC50); 

and Metabolic Luciferase Reporter Assay CRC (IC50). Sec-
60 ondary assays: PCSK9 ELISA HepG2 CRC (IC50); ApoA-1 

ELISA HepG2 CRC (IC50), and Profiling Biochemical 
Activity-Kinase Panel SP/CRC (% Efficacy/IC50). All of 
these assays are publicly accessible via Lilly's Open Inno­
vation Drug Discovery program (as well as other sources). 

The present disclosure also includes methods of treating 
hyperglycemic, hyperlipidemic, and autoimmune disorders 65 

in mannnals, including humans, by administering an anti­
hyperglycemic-effective, anti-hyperlipidemic, and/or anti-

Compounds disclosed herein have been shown to be 
selective inhibitors of PCSK9 secretion in HepG2 cells. 
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TABLE 6 

Selective Inhibitors of PCSK9 Secretion in HepG2 Cells 
A) selective inhibitor 

la,R1 ~H,R2 ~Me 

lb, R 1 ~ OMe, R2 ~ Me 

le, R1 ~ OMe, R2 ~ Et 

0 

< 0 

ld 

B) IC50s 

IC50-A IC50-C 
inhibition non-selective 
of PCSK9 IC50-B inhibition at 

compounds secretion cytotoxicity protein secretion 

la 21 uM 
lb 1.8uM >50 uM >50 uM 
le 0.7 uM >50 uM >50 uM 
ld 9.9 uM >50 uM >50 uM 

10 

15 

20 

25 

30 

Similarly, the present indole compounds also modify the 35 
activity of glucagon-like peptide 1 (GLP-1), which plays a 
critical role in hyperglycemia and diabetes in humans. 
Glucagon-like peptide 1 (GLP-1) is derived from transcrip­
tion of the proglucagon gene followed by post-translational 
modifications of proglucagon to the following biologically 40 

active peptides: GLP-1 (7-37) and GLP-1 (7-36)-NH2. 
GLP-1 secretion by ilea! L cells is dependent on the presence 
of nutrients in the lumen of the small intestine. GLP-1 is a 
potent anti-hyperglycemic hormone that induces glucose­
dependent insulin secretion and suppresses glucagon secre- 45 

tion. The glucose dependency of this mechanism is particu­
larly important because GLP-1 does not stimulate insulin 
secretion and cause hypoglycemia when plasma glucose 
concentrations are in the normal fasting range. 

GLP-1 secretion is measured using an ELISA designed to 50 

detect the appropriate forms of GLP-1 secreted from these 
cells. See, for example, Gareth E. Kim and Patricia L. 
Brubaker (December 2006) "Glucagon-Like Peptide 1 
Secretion by the L-Cell," Diabetes: 55 (supplement 2). 

36 
chemokines for the CCR6 receptor. In addition to RORg, 
recent global analysis of transcription factors has high­
lighted the molecular complexity of the Thi 7 differentiation 
program. 

Active compounds are identified by measuring their abil­
ity to inhibitor ILi 7 secretion from human peripheral blood 
mononuclear cells (PBMCs) following stimulation of 
memory T cells by IL23, anti-CD3, and anti-CD28. See M. 
Ciofani, et al (2012) "A validated regulatory network for 
Th17 cell specification." Cell, 151:289-303. 

It should be noted that the above-described pharmaceu­
tical and nutritional compositions may be utilized in con­
nection with non-human animals, both domestic and non­
domestic, as well as humans. 

EXAMPLES 

The following Examples are included solely to provide a 
more complete description of the compounds disclosed and 
claimed herein. The Examples do not limit the scope of the 
claims in any fashion. 

General Experimental Procedures for Cyclopropanation: 

--
2 

To an oven-dried flask was added propargylic alcohol 
substrate (0.1 mmol), alkenes (0.2 mmol), anhydrous DCE 
(2 ml), and [Rh(CO)2Cl] 2 (0.005 mmol). The flask was 
degassed and stirred at room temperature. The reaction was 
monitored by TLC. After the reaction was completed, the 
solvent was evaporated and the residue was purified by flash 
column chromatography. 

General Experimental Procedures for Dimerization: 

\ j 
Rh(!) -

It has also been found that the present indole analogs 55 

inhibit the secretion of IL-17. The present compounds are 
thus useful to treat autoimmune disorders such as (but not 
limited to) arthritis, multiple sclerosis, psoriasis, and inflam­
matory bowel disease. The IL-17 pathway plays an essential 
pathological role in many autoimmune diseases including 60 

arthritis, multiple sclerosis, psoriasis, and inflammatory 
bowel disease. IL-17 is produced and secreted by at least 
two classes of lymphocytes, oy and CD4+ T cells (Thi 7). 
The orphan nuclear receptor RORg is required for the 
differentiation of Thi 7 cells where over-expression in 
human and rodent T cells induces transcripts found in Thi 7 
cells encoding key cytokines for the IL23 receptor and 

t9
0H 

651 HN 

'-Boe 
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To an oven-dried flask was added propargylic alcohol 
substrate (0.2 mmol), anhydrous DCE (4 ml), and 
[Rh(CO)2 Cl]2 (0.01 mmol). The flask was degassed and 20 

filled with a CO atmosphere (1 atm). The oil bath was heated 
to 60° C. The reaction was monitored by TLC. After the 
reaction was completed, the solvent was evaporated and the 
residue was purified by flash colunm chromatography. 

General Procedure for the Synthesis of Cyclohepta[b]In- 25 

dole: 

38 
Characterization Data for Selected Compounds (Sa, Sb, Sf, 
Si, 10g and 14): 

Sa 

Sa: 2-(2-( 4-methoxyphenyl)cyclopropyl)-3-methyl-1-to­
syl-lH-indole. White solid. 34.5 mg. m.p.=155-156° C. 1H 
NMR (500 MHz, CDC13 , TMS): Ii 1.50-1.54 (m, lH), 
1.69-1.73 (m, lH), 2.08 (s, 3H), 2.28 (s, 3H), 2.48-2.51 (m, 
2H), 3.65 (s, 3H), 6.55 (d, J=9.0 Hz, 2H), 6.78 (d, J=9.0 Hz, 
2H), 7.05 (d, J=S.0 Hz, 2H), 7.13-7.18 (m, 2H), 7.24-7.26 

HO~ ' ~ ~ 
I -~ R ~ 

HN'­
Ts 

30 (m, lH), 7.40 (d, J=S.0 Hz, 2H), 7.87 (d, J=S.0 Hz, lH). 13C 
NMR (125 MHz, CDC13 ): Ii 10.3, 15.2, 19.0, 21.7, 23.9, 
55.3, 113.4, 115.3, 118.6, 121.1, 123.3, 124.5, 126.5, 128.2, 
129.6, 131.2, 131.7, 133.8, 136.4, 136.9, 144.2, 157.8. IR v 
2963, 2343, 1717, 1651, 1520 cm- 1

. HRMS (ESI) for 
35 C26H25NO3 S (M+Na), 454.1447 (Cale.), found 454.1442. 

R 

-- 40 

45 

50 

To an oven-dried flask was added substrate propargylic 
alcohol (30 mg, 0.1 mmol), diene (0.2 mmol), anhydrous 55 

DCE (2 ml) and [Rh(CO)2 Cl] 2 (0.005 mmol). The flask was 
degassed and stirred at room temperature. The reaction was 
monitored by TLC. After the reaction was completed, the 
reaction mixture was filtered through a small pad of Celite, 
the filtrate was concentrated under vacuum and the crude 60 

mixture was used for the next step without further purifica­
tion. 

Sb 

Sb: 3-methyl-2-(2-phenylcyclopropyl)-1-tosyl-lH-indole. 
White solid. 19.2 mg. m.p.=156-157° C. 1H NMR (500 
MHz, CDC13 , TMS): Ii 1.57-1.61 (m, lH), 1.73-1.78 (m, 
lH), 2.07 (s, 3H), 2.27 (s, 3H), 2.52-2.62 (m, 2H), 6.84 (d, 
J=S.5 Hz, 2H), 6.97-6.70 (m, 3H), 7.04 (d, J=S.5 Hz, 2H), 
7.12-7.17 (m, 2H), 7.24-7.26 (m, lH), 7.39 (d, J=S.5 Hz, 
2H), 7.85 (d, J=S.0 Hz, lH). 13C NMR (125 MHz, CDC13 ): 

Ii 10.3, 15.6, 19.5, 21.7, 24.6, 115.3, 118.6, 121.3, 123.3, 
124.5, 125.7, 126.6, 127.2, 127.8, 129.7, 131.6, 133.6, The crude mixture from the previous paragraph in xylene 

(1 ml) was heated at 140° C. for 2 h. The solvent was 
evaporated and the residue was purified by flash column 
chromatography. 

65 136.3, 136.8, 139.3, 144.2. IR v 2955, 2320, 1651, 1522 
cm- 1

. HRMS (ESI) for C25H23NO2 S (M+Na), 424.1342 
(Cale.), found 424.1338. 
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Sf Me'Q 0 5 

,y 
s 

0 ~ ,y" 

< I O N 
10 

0 

Me 

15 

Sf: 2-(2-(benzo[ d] [1,3]dioxol-5-yl)cyclopropyl)-3-
methyl-1-tosyl-1 H-indole. White solid. 34.7 mg. m.p.=106- 20 

107° C. 1H NMR (500 MHz, CDC13 , TMS): Ii 1.49-1.55 (m, 
lH), 1.68-1.73 (m, lH), 2.14 (s, 3H), 2.28 (s, 3H), 2.45-2.55 
(m, 2H), 5.76 (d, 1=16.5 Hz, 2H), 6.38 (d, 1=8.0 Hz, 2H), 
6.47 (d, 1=8.0 Hz, lH), 7.06 (d, 1=8.0 Hz, 2H), 7.14-7.19 (m, 
2H), 7.27 (d, 1=8.5 Hz, lH), 7.42 (d, 1=8.5 Hz, 2H), 7.90 (d, 25 

1=8.5 Hz, lH). 13C NMR (125 MHz, CDC13 ): Ii 10.3, 15.1, 
19.2, 21.7, 24.3, 100.7, 107.8, 108.0, 115.3, 118.6, 120.5, 
121.0, 123.3, 124.5, 126.5, 129.6, 131.6, 133.0, 133.6, 
136.4, 136.8, 144.2, 145.7, 147.2. IR v 2943, 2322, 1712, 30 

1652, 1520 cm- 1
. HRMS (ESI) for C26H23NO4 S (M+Na), 

468.1224 (Cale.), found 468.1228. 

q 
S.;:::::::O 

o.;::::::: \ 

-........_OH Me 

Si 35 

40 

~ 
45 

¾,.. 

50 

40 

10g 

Me 

¢ 
o"""'s 

"""'o I 
~ N 

O-Me 

1 0g: 3-ethyl-2-(2-( 4-methoxyphenyl)cyclopropyl)-1-to­
syl-1 H-indole. Colorless oil. 54 mg, dr=5:1. 1H NMR (500 
MHz, CDC13 , TMS) major isomer: ll 7.88 (d, 1=9.0 Hz, lH), 
7.37 (d, 1=8.5 Hz, 2H), 7.31-7.29 (m, lH), 7.14-7.08 (m, 
2H), 7.02 (d, 1=8.0 Hz, 2H), 6.84 (d, 1=8.5 Hz, 2H), 6.56 (d, 
1=9.0 Hz, 2H), 3.64 (s, 3H), 2.73-2.65 (m, lH), 2.53-2.48 (m 
3H), 2.52 (s, 3H), 1.73-1.71 (m, lH), 1.52-1.48 (m, lH), 
1.10 (t, 1=7.5 Hz, 3H). 13C NMR (125 MHz, CDC13 ): Ii 
157.8, 144.1, 137.2, 136.2, 133.6, 131.2, 131.0, 129.5, 
128.4, 126.4, 124.3, 123.3, 118.8, 115.6, 114.1, 113.4, 55.3, 
23.8, 21.7, 18.9, 18.1, 15.1, 14.2. IR (CH2 Cl2 ) v 3663, 2349, 
2321, 1711, 1641 cm- 1

. HRMS (ESI) m/z caled for 
C27H27NO3 S (M+Nat 468.1604 found 468.1605. 

Me'\_ 

0 

Me 

0~0 ~s 
/~ 

N 0 

14 

14: (Z)-10-( 4-methoxyphenyl)-5-tosyl-5,6, 7, 10-tetrahy­
drocyclohepta[b ]indole. White solid, 23.2 mg, m.p.=75-76° 
C. 1H NMR (500 MHz, CDC13 , TMS): ll 2.13-2.19 (m, lH), 
2.29-2.38 (m, 4H), 3.25-3.38 (m, 2H), 3.73 (s, 3H), 4.83 (d, 

Si: (2-(3-methyl-1-tosyl-1 H-indol-2-yl)-1-phenyleyclo­
propyl)methanol. White solid. 22.4 mg. m.p.=57-58° C. 1H 
NMR (400 MHz, CDC13 , TMS): Ii 1.53-1.55 (m, lH), 1.92 
(t, 1=6.0 Hz, lH), 2.05 (s, 3H), 2.31 (s, 3H), 2.59-2.65 (m, 
2H), 3.96 (s, 2H), 7.00-7.04 (m, lH), 7.09-7.13 (m, 5H), 
7.18 (t, 1=8.0 Hz, 2H), 7.41 (d, 1=8.0 Hz, 2H), 7.49 (d, 1=8.0 
Hz, 2H), 7.98 (d, 1=8.0 Hz, lH). 13C NMR (100 MHz, 
CDC13 ): Ii 10.4, 16.9, 21.8, 23.1, 34.6, 71.4, 115.1, 118.6, 
119.8, 123.5, 124.7, 126.4, 126.8, 128.1, 129.6, 129.9, 
131.9, 133.1, 136.0, 136.6, 138.6, 144.7. IR v 3365, 2921, 
2349, 1717, 1651 cm- 1

. HRMS (ESI) for C26H25NO3 S 
(M+Na), 454.1447 (Cale.), found 454.1443. 

55 1=7.0 Hz, lH), 5.83-5.88 (m, lH), 6.03 (dd, 1=11.0, 7.0 Hz, 
lH), 6.71 (d, 1=8.5 Hz, 21), 7.00 (d, 1=8.5 Hz, 2H), 
7.14-7.18 (m, 3H), 7.20-7.25 (m, 2H), 7.56 (d, 1=8.5 Hz, 
2H), 8.22 (d, 1=8.5 Hz, lH). 13C NMR (125 MHz, CDC13 ): 

Ii 21.8, 25.5, 26.1, 40.8, 55.4, 113.9, 115.5, 118.6, 122.3, 
60 123.8, 124.3, 126.5, 126.9, 128.5, 130.0, 131.2, 132.2, 

135.5, 136.5, 136.7, 138.3, 144.8, 158.1. IR v 2998, 2349, 
1717, 1652, 1520 cm- 1

. HRMS (ESI) for C27H25NO3 S 
(M+Na), 466.1447 (Cale.), found 466.1441. 
Biological Activity of Selected Compounds (Sa, Sb, Sf, Si, 

65 10g and 14): 
Sa: PCSK9, IC50=1.8 µM; IL17, IC50=10 µM; IL5, 

IC50>30 µM. 
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Sb: PCSK9, IC50=20.96 µM. 
Sf: PCSK9, IC50=9.9 uM; ILl 7, 

IC50>30 uM. 
Si: GLP-1, EC50=7.3 µM. 
10g: PCSK9, IC50=0.7 µM. 
14: GLP-1, EC50=28.4 µM. 

IC50=7.3 uM; IL5, 
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What is claimed is: 
1. A method of making indoles, the method comprising: 
contacting a reactant of formula I: 

(I) 

}-P
R2 

R1 

C \_ ;) 

//; 
HC HN 

I 
E 

wherein E is a protecting group, -SO2 -Aryl, or -SO2 -

substituted-Aryl; and 
R 1 and R 2 are independently selected from the group 

consisting of hydrogen, halo, C1 -C12-alkyl, and aryl; 
with a rhodium(I)-containing catalyst, in the presence or 

absence of an alkene-containing co-reactant, for a time 
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and at a temperature to yield a product mixture com­
prising a compound selected from the group consisting 
of formula (II), (III), and (IV): 

(II) 

(111) 

10 

15 

E 
I 

N R5 

44 
-continued 

D--< CH2, and 

wherein R4
, Rs, and R6 are each independently selected 

from the group consisting of hydrogen, C1 -C12-alkyl, 
C1 -C12-alkyloxy, C1 -C12-haloalkyl, and C1 -C12-hy­
droxyalkyl; and E is a protecting group. 

7. The method of claim 1, wherein the rhodium(I)­
containing catalyst comprises [Rh(CO)2Clh 

8. The method of claim 7, which yields a product mixture 
comprising a compound of formula (II). 

N 

I 
9. The method of claim 7, which yields a product mixture 

20 
comprising a compound of formula (III). 

E 
10. The method of claim 7, which yields a product 

mixture comprising a compound of formula (IV). 
(IV) 11. The method of claim 7, conducted in the absence of 

25 
the alpha-alkene-containing co-reactant. 

12. The method of claim 7, wherein the alkene-containing 
co-reactant is present and is selected from the group con­
sisting of: 

30 

wherein R1
, R2

, and E are as defined previously, and R3 

is hydrogen in the absence of the alkene-containing 
co-reactant, and R3 is a substituent corresponding to the 35 

alkene-containing co-reactant in the presence of the 
alkene-containing co-reactant. 

2. The method of claim 1, which yields a product mixture 
comprising a compound of formula (II). 

3. The method of claim 1, which yields a product mixture 
comprising a compound of formula (III). 

4. The method of claim 1, which yields a product mixture 
comprising a compound of formula (IV). 

5. The method of claim 1, conducted in the absence of the 
alpha-alkene-containing co-reactant. 

6. The method of claim 1, wherein the alkene-containing 
co-reactant is present and is selected from the group con-

40 

45 

sisting of: 50 

R4 R4 yYCH, 55 

~ 
#CH2, 

R6 Rs R6 Rs 

60 

o=Qy 
\ I # CH2, CH2, 

65 
R6 Rs R6 Rs 

wherein R4
, Rs, and R6 are each independently selected 

from the group consisting of hydrogen, C1 -C12-alkyl, 
C1 -C12-alkyloxy, C1 -C12-haloalkyl, and C1 -C12-hy­
droxyalkyl; and E is a protecting group. 

13. The method of claim 1, wherein the reactant of 
formula I is contacted with the catalyst in the presence of 
carbon monoxide. 

14. The method of claim 13, which yields a product 
mixture comprising a compound of formula (II). 

15. The method of claim 13, which yields a product 
mixture comprising a compound of formula (III). 

16. The method of claim 13, which yields a product 
mixture comprising a compound of formula (IV). 

17. The method of claim 13, conducted in the absence of 
the alpha-alkene-containing co-reactant. 
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18. The method of claim 13, wherein the alkene-contain­
ing co-reactant is present and is selected from the group 
consisting of: 

10 

15 

20 

25 

-continued 

E 
I 

0+1 and 

wherein R4
, Rs, and R6 are each independently selected 

from the group consisting of hydrogen, C 1 -C12-alkyl, 
C 1 -C12-alkyloxy, C 1 -C12-haloalkyl, and C 1 -C12-hy­
droxyalkyl; Eis a protecting group or a hydrogen atom; 

or a pharmaceutically suitable salt thereof. 

20. A pharmaceutical composition for treating hypergly­
cemic, hyperlipidemic, or autoimmune disorders in mam­
mals, wherein the autoimmune disorders are selected from 

wherein R4
, Rs, and R6 are each independently selected 

from the group consisting of hydrogen, C1 -C12-alkyl, 
C 1 -C12-alkyloxy, C 1 -C12-haloalkyl, and C 1 -C12-hy­
droxyalkyl; and E is a protecting group. 

19. A method of treating hyperglycemic, hyperlipidemic, 

30 the group consisting of arthritis, multiple sclerosis, psoriasis, 
and inflammatory bowel disease, the composition compris­
ing an anti-hyperglycemic-effective, anti-hyperlipidemic­
effective, or anti-autoimmune-effective amount of one or 
more of the compounds selected from the group consisting 

35 of: 
or autoimmune disorders in mammals, wherein the autoim­
mune disorders are selected from the group consisting of 
arthritis, multiple sclerosis, psoriasis, and inflammatory 
bowel disease, the method comprising administering to a 
mammal an anti-hyperglycemic-effective, anti-hyperlipi- 40 

demic-effective, or anti-autoimmune-effective amount of 
one or more compounds selected from the group consisting 
of: 

45 

(II) 

50 

wherein R1 and R2 are independently selected from the 
55 

group consisting of hydrogen, halo, C1 -C12-alkyl, and 
aryl; and R3 is selected from the group consisting of: 

60 

65 

(II) 

wherein R1 and R2 are independently selected from the 
group consisting of hydrogen, halo, C1 -C12-alkyl, and 
aryl; and R3 is selected from the group consisting of: 
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-continued 

and 

10 

wherein R4
, R5

, and R 6 are each independently selected 
from the group consisting of hydrogen, C1 -C12-

alkyl, C1 -C12-alkyloxy, C1 -C12-haloalkyl, and 
15 

C1 -C12-hydroxyalkyl; E is a protecting group or a 
hydrogen atom; 

or a pharmaceutically suitable salt thereof; 
in combination with a pharmaceutically suitable carrier. 

* * * * * 

48 


