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ABSTRACT 

This invention relates to pharmaceutical compositions and 
methods for treating alopecia and promoting hair growth 
using an N-oxide of a heterocyclic ester, amide, thioester, or 
ketone. 
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N-OXIDE OF HETEROCYCLIC ESTER, AMIDE, 
THIOESTER, OR KETONE HAIR GROWTH 

COMPOSITIONS AND USES 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 09/089,416, filed on Jun. 3, 1998, 
the entire contents of which are herein incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of Invention 
0003. This invention relates to pharmaceutical composi 
tions methods for treating alopecia and promoting hair 
growth using N-oxides of heterocyclic esters, amides, 
thioesters, or ketones. 
0004 2. Description of Related Art 
0005 Hair loss occurs in a variety of situations. These 
Situations include male pattern alopecia, alopecia Senilis, 
alopecia areata, diseases accompanied by basic skin lesions 
or tumors, and Systematic disorderS Such as nutritional 
disorders and internal Secretion disorders. The mechanisms 
causing hair loSS are very complicated, but in Some instances 
can be attributed to aging, genetic disposition, the activation 
of male hormones, the loSS of blood Supply to hair follicles, 
and Scalp abnormalities. 
0006 The immunosuppressant drugs FK506, rapamycin 
and cyclosporin are well known as potent T-cell Specific 
immunosuppressants, and are effective against graft rejec 
tion after organ transplantation. It has been reported that 
topical, but not oral, application of FK506 (Yamamoto et al., 
J. Invest. Dermatol., 1994, 102, 160-164; Jiang et al., J. 
Invest. Dermatol. 1995, 104, 523-525) and cyclosporin 
(Iwabuchi et al., J. Dermatol. Sci. 1995, 9, 64-69) stimulates 
hair growth in a dose-dependent manner. One form of hair 
loSS, alopecia areata, is known to be associated with autoim 
mune activities; hence, topically administered immuno 
modulatory compounds are expected to demonstrate efficacy 
for treating that type of hair loSS. The hair growth Stimulat 
ing effects of FK506 have been the subject of an interna 
tional patent filing covering FK506 and structures related 
thereto for hair growth stimulation (Honbo et al., EP 0 423 
714 A2). Honbo et al. discloses the use of relatively large 
tricyclic compounds, known for their immunosuppressive 
effects, as hair revitalizing agents. 

0007. The hair growth and revitalization effects of FK506 
and related agents are disclosed in many U.S. patents 
(Goulet et al., U.S. Pat. No. 5,258,389; Luly et al., U.S. Pat. 
No. 5,457,111; Goulet et al., U.S. Pat. No. 5,532,248; Goulet 
et al., U.S. Pat. No. 5,189,042; and Ok et al., U.S. Pat. No. 
5,208,241; Rupprecht et al., U.S. Pat. No. 5,284.840; Organ 
et al., U.S. Pat. No. 5,284.877). These patents claim FK506 
related compounds. Although they do not claim methods of 
hair revitalization, they disclose the known use of FK506 for 
effecting hair growth. Similar to FK506 (and the claimed 
variations in the Honbo et al. patent), the compounds 
claimed in these patents are relatively large. Further, the 
cited patents relate to immunomodulatory compounds for 
use in autoimmune related diseases, for which FK506’s 
efficacy is well known. 
0008. Other U.S. patents disclose the use of cyclosporin 
and related compounds for hair revitalization (Hauer et al., 
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U.S. Pat. No. 5,342,625; Eberle, U.S. Pat. No. 5,284.826; 
Hewitt et al., U.S. Pat. No. 4,996,193). These patents also 
relate to compounds useful for treating autoimmune diseases 
and cite the known use of cycloSporin and related immuno 
Suppressive compounds for hair growth. 
0009. However, immunosuppressive compounds by defi 
nition SuppreSS the immune System and also exhibit other 
toxic side effects. Accordingly, there is a need for non 
immunosuppreSSant, Small molecule compounds which are 
useful as hair revitalizing compounds. 
0010 Hamilton and Steiner disclose in U.S. Pat. No. 
5,614,547 novel pyrrolidine carboxylate compounds which 
bind to the immunophilin FKBP12 and stimulate nerve 
growth, but which lack immunosuppressive effects. UneX 
pectedly, it has been discovered that these non-immunoSup 
preSSant compounds promote hair growth with an efficacy 
similar to FK506. Yet their novel Small molecule structure 
and non-immunosuppressive properties differentiate them 
from FK506 and related immunosuppressive compounds 
found in the prior art. 

SUMMARY OF THE INVENTION 

0011. The present invention relates to a method for 
treating alopecia or promoting hair growth in an animal in 
need thereof, which comprises administering to Said animal 
an effective amount of an N-oxide of a pheterocyclic ester, 
amide, thioester, or ketone. 
0012. The present invention further relates to a pharma 
ceutical composition which comprises: 

0013 (i) an effective amount of an N-oxide of a 
heterocyclic ester, amide, thioester, or ketone for 
treating alopecia or promoting hair growth in an 
animal in need thereof, and 

0014 (ii) a pharmaceutically acceptable carrier. 

0015 The N-oxide of a heterocyclic ester, amide, 
thioester, or ketone used in the inventive method and phar 
maceutical composition preferably has an affinity for FKBP 
type immunophilins and does not exert any significant 
immunosuppressive activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a photograph of C57 Black 6 mice before 
being shaved for the experiment. FIG. 1 shows the condition 
of the mice prior to the experiment. 
0017 FIG. 2 is a photograph of mice treated with a 
vehicle after six weeks. FIG. 2 shows that less than 3% of 
the shaved area is covered with new hair growth when the 
vehicle (control) is administered. 
0018 FIG.3 is a photograph of mice treated with 10 uM 
of GPI 1046 after six weeks. FIG. 3 shows the remarkable 
effects of compounds of the invention and related com 
pounds wherein 90% of the shaved area is covered with new 
hair growth. 
0019 FIG. 4 is a photograph of mice treated with 30 uM 
of GPI 1046 after six weeks. FIG. 4 shows the remarkable 
ability of compounds of the invention and related com 
pounds to achieve, essentially, complete hair regrowth in the 
Shaved area. 
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0020 FIG. 5 is a bar graph depicting the relative hair 
growth indices of mice treated with a vehicle, FK506, and 
various related compounds 14 days after treatment with each 
identified compound. FIG. 5 demonstrates the remarkable 
early hair growth promoted by compounds of the invention 
and other related compounds. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Definitions 

0021 “Alopecia” refers to deficient hair growth and 
partial or complete loSS of hair, including without limitation 
androgenic alopecia (male pattern baldness), toxic alopecia, 
alopecia Senilis, alopecia areata, alopecia pelada and tricho 
tillomania. Alopecia results when the pilar cycle is dis 
turbed. The most frequent phenomenon is a shortening of the 
hair growth or anagen phase due to cessation of cell prolif 
eration. This results in an early onset of the catagen phase, 
and consequently a large number of hairs in the telogen 
phase during which the follicles are detached from the 
dermal papillae, and the hairS fall out. Alopecia has a 
number of etiologies, including genetic factors, aging, local 
and Systemic diseases, febrile conditions, mental Stresses, 
hormonal problems, and Secondary effects of drugs. 

0022 “GPI 1605” refers to a compound of formula 

HN 

GP 1605 

0023) “GPI 1046” refers to 3-(3-pyridyl)-1-propyl(2s)-1- 
(3,3-dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate, a 
compound of formula 

GP1046 
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0024 “GPI 1312" refers to a compound of formula 

GPI 1312 

S 
N 

O=S=O O 

0025 “GPI 1572" refers to a compound of formula 

GPI 1572 

O 
O 

0026 “GPI 1389” refers to a compound of formula 

GPI 1389 
N 
n 

2 
N 

O O 
O 

0027) “GPI 1511” refers to a compound of formula 

GPI 151 
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0028 “GPI 1234” refers to a compound of formula 

GPI 123 

S 
N 

O O 
O 

0029) “Isomers' refer to different compounds that have 
the same molecular formula. "Stereoisomers' are isomers 
that differ only in the way the atoms are arranged in Space. 
"Enantiomers' are a pair of Stereoisomers that are non 
Superimposable mirror images of each other. “Diastereoiso 
mers' are Stereoisomers which are not mirror images of each 
other. “Racemic mixture” means a mixture containing equal 
parts of individual enantiomers. "Non-racemic mixture' is a 
mixture containing unequal parts of individual enantiomers 
or Stereoisomers. 

0030) “Pharmaceutically acceptable salt” refers to a salt 
of the inventive compounds which possesses the desired 
pharmacological activity and which is neither biologically 
nor otherwise undesirable. The Salt can be formed with 
inorganic acids Such as acetate, adipate, alginate, aspartate, 
benzoate, benzeneSulfonate, bisulfate butyrate, citrate, cam 
phorate, camphorSulfonate, cyclopentanepropionate, diglu 
conate, dodecylsulfate, ethaneSulfonate, fumarate, gluco 
heptanoate, glycerophosphate, hemisulfate heptanoate, 
hexanoate, hydrochloride hydrobromide, hydroiodide, 2-hy 
droxyethaneSulfonate, lactate, maleate, methaneSulfonate, 
2-naphthaleneSulfonate, nicotinate, oxalate, thiocyanate, 
tosylate and undecanoate. Examples of a base Salt include 
ammonium Salts, alkali metal Salts. Such as Sodium and 
potassium Salts, alkaline earth metal Salts Such as calcium 
and magnesium Salts, Salts with organic baseS Such as 
dicyclohexylamine Salts, N-methyl-D-glucamine, and Salts 
with amino acids Such as arginine and lysine. Also, the basic 
nitrogen-containing groups can be quarternized with agents 
including: lower alkyl halides Such as methyl, ethyl, propyl, 
and butyl chlorides, bromides and iodides; dialkyl sulfates 
Such as dimethyl, diethyl, dibutyl and diamyl Sulfates, long 
chain halides Such as decyl, lauryl, myristyl and Stearyl 
chlorides, bromides and iodides, and aralkyl halides Such as 
benzyl and phenethyl bromides. 

0031) “Pilar cycle” refers to the life cycle of hair follicles, 
and includes three phases: 

OO32 1) the anagen phase, the period of active hair gen p p 
growth which, insofar as Scalp hair is concerned, 
lasts about three to five years, 

0033 (2) the catagen phase, the period when growth 
Stops and the follicle atrophies which, insofar as 
Scalp hair is concerned, lasts about one to two weeks, 
and 
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0034 (3) the telogen phase, the rest period when 
hair progressively separates and finally falls out 
which, insofar as Scalp hair is concerned, lasts about 
three to four months. 

0035) Normally 80 to 90 percent of the follicles are in the 
anagen phase, less than 1 percent being in the catagen phase, 
and the rest being in the telogen phase. In the telogen phase, 
hair is uniform in diameter with a slightly bulbous, non 
pigmented root. By contrast, in the anagen phase, hair has a 
large colored bulb at its root. 
0036 “Promoting hair growth” refers to maintaining, 
inducing, Stimulating, accelerating, or revitalizing the ger 
mination of hair. 

0037) 
0038 (i) preventing alopecia in an animal which 
may be predisposed to alopecia; and/or 

“Treating alopecia’ refers to: 

0039 (ii) inhibiting, retarding or reducing alopecia; 
and/or 

0040 (iii) promoting hair growth; and/or 
0041 (iv) prolonging the anagen phase of the hair 
cycle; and/or 

0042 (v) converting vellus hair to growth as termi 
nal hair. Terminal hair is coarse, pigmented, long hair 
in which the bulb of the hair follicle is seated deep 
in the dermis. Vellus hair, on the other hand, is fine, 
thin, non-pigmented short hair in which the hair bulb 
is located Superficially in the dermis. AS alopecia 
progresses, the hairs change from the terminal to the 
Vellus type. 

Methods of the Present Invention 

0043. The present invention relates to a method for 
treating alopecia or promoting hair growth in an animal in 
need thereof, which comprises administering to Said animal 
an effective amount of an N-oxide of a heterocyclic ester, 
amide, thioester, or ketone. 
0044) The inventive method is particularly useful for 
treating male pattern alopecia, alopecia Senilis, alopecia 
areata, alopecia resulting from skin lesions or tumors, alope 
cia resulting from cancer therapy Such as chemotherapy and 
radiation, and alopecia resulting from Systematic disorders 
Such as nutritional disorders and internal Secretion disorders. 

Pharmaceutical Compositions of the Present 
Invention 

004.5 The present invention also relates to a pharmaceu 
tical composition comprising: 

0046 (i) an effective amount of an N-oxide of a 
heterocyclic ester, amide, thioester, or ketone for 
treating alopecia or promoting hair growth in an 
animal in need thereof, and 

0047 (ii) a pharmaceutically acceptable carrier. 

N-OXIDES OF HETEROCYCLIC ESTERS, 
AMIDES, THIOESTERS, OR KETONES 

0048. An N-oxide of heterocyclic esters, amides, 
thioesters, or ketones used in the method and pharmaceutical 
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composition of the present invention is a low molecular 
weight, Small molecule compound preferably having an 
affinity for an FKBP-type immunophilin, such as FKBP12. 
When the compound binds to an FKBP-type immunophilin, 
it has been found to inhibit the prolyl-peptidyl cis-trans 
isomerase activity, or rotamase, activity of the binding 
protein. Unexpectedly, the compound has also been found to 
stimulate hair growth. Preferably, the compound is devoid of 
any significant immunosuppressive activity. 
0049. Examples of N-oxides of heterocyclic esters, 
amides, thioesters, or ketones that may be used in the 
inventive method and pharmaceutical composition are Set 
forth below. 

FORMULAI 

0050. A compound of the invention may be of formula I 

A. X-Y- 

0051 or a pharmaceutically acceptable salt, ester, or 
Solvate thereof, wherein: 

0052 A and B are taken together, with the nitrogen 
and carbon atoms to which they are respectively 
attached, to form a 5-7 membered Saturated or unsat 
urated heterocyclic ring which has any combination 
of CH, CH, O, S, SO, SO, N, NH and NR; 

0053 W is O, S, CH, or two hydrogen atoms; 
0054 R is C-C straight or branched chain alkyl, 
C-C straight or branched chain alkenyl, Ca-Cs 
cycloalkyl, Cs-C, cycloalkenyl, or Art, 
0055 wherein said R is optionally substituted 
with one or more Substituent(s) independently 
Selected from the group consisting of C-C alkyl, 
C-C alkenyl, hydroxy, C-C cycloalkyl, C-C, 
cycloalkenyl, and Ara, 

0056 Ari and Ara are independently selected from 
the group consisting of 1-napthyl, 2-napthyl, 1-in 
dolyl, 2-indolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 
2-pyridyl, 3-pyridyl, 4-pyridyl, and phenyl, 

0057 wherein said Ar or Ara has one or more 
Substituent(s) independently selected from the 
group consisting of hydrogen, halo, hydroxy, 
nitro, trifluoromethyl, C-C straight or branched 
chain alkyl, C-C Straight or branched chain alk 
enyl, C-C alkenyloxy, phenoxy, benzyloxy, and 
amino; 

0.058 X is O, NH, NR, S, CH, CHR, or CRR, 
0059 Y is a direct bond, C-C straight or branched 
chain alkyl, or C-C Straight or branched chain 
alkenyl, 
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0060 wherein said alkyl or alkenyl is optionally 
Substituted with one or more substituent(s) inde 
pendently Selected from the group consisting of 
C-C straight or branched chain alkyl, C-C, 
Straight or branched chain alkenyl, C-Cs 
cycloalkyl, Cs-C, cycloalkenyl, hydroxy, carbonyl 
OXygen, and Ar, 
0061 wherein said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar is optionally Substituted 
with C-C alkyl, C-C alkenyl, hydroxy, or 
carbonyl oxygen, 

0062 wherein any carbon atom of said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar is 
optionally replaced with O, NH, NR, S, SO, or 
SO; 

0063 R is selected from the group consisting of 
hydrogen, C-C Straight or branched chain alkyl, 
C-C straight or branched chain alkenyl or alkynyl, 
and C-C bridging alkyl, 
0.064 wherein a bridge is formed between the 
nitrogen and a carbon atom of Said alkyl or alkenyl 
to form a ring, 
0065 wherein said ring is optionally fused to 
an Argroup; 

0066 Z is an aromatic amine or a tertiary amine 
oxidized to a corresponding N-oxide, 

0067 wherein said aromatic amine is pyridyl, 
pyrimidyl, quinolinyl, or isoquinolinyl, which is 
either unsubstituted or Substituted with one or 
more Substituent(s) independently selected from 
the group consisting of halo, hydroxy, nitro, trif 
luoromethyl, C-C Straight or branched chain 
alkyl, C-C Straight or branched chain alkenyl, 
C-C alkoxy, C-C alkenyloxy, phenoxy, benzy 
loxy, and amino, 

0068 wherein said tertiary amine is NRRR, 
wherein R, Rs, and Rare independently selected 
from the group consisting of C-C Straight or 
branched chain alkyl and C-C Straight or 
branched chain alkenyl, 
0069 wherein said alkyl or alkenyl is option 
ally substituted with one or more substituent (s) 
independently Selected from the group consist 
ing of C-C Straight or branched chain alkyl, 
C-C straight or branched chain alkenyl, Cs-Cs 
cycloalkyl, Cs-C, cycloalkenyl, hydroxy, car 
bonyl oxygen, and Ar, 
0070 wherein said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
Substituted with C-C alkyl, C-C alkenyl, 
hydroxy, or carbonyl oxygen, 

0071 wherein any carbon atom of said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar is 
optionally replaced with O, NH, NR, S, SO, 
or SO; 

0072 Ar is selected from the group consisting of 
pyrrolidinyl, pyridyl, pyrimidyl, pyrazyl, pyridaZyl, 
quinolinyl, and isoquinolinyl; and 
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0073 RandR are independently hydrogen, C-C, 
Straight or branched chain alkyl, C-C straight or 
branched chain alkenyl or alkynyl, or Y-Z. 

FORMULA II 

0.074 Moreover, a compound of the invention may be of 
formula II 

I 

X-Y- 

0075 or a pharmaceutically acceptable salt, ester, or 
Solvate thereof, wherein: 

0076 E, F, G, and J are independently CH, O, S, 
SO, SO, NH or NR; 

0.077 W is O, S, CH, or two hydrogen atoms; 

0078 R is C-C straight or branched chain alkyl, 
C-C straight or branched chain alkenyl, Ca-Cs 
cycloalkyl, Cs-C7 cycloalkenyl, or Art, 

0079 wherein said R is optionally substituted 
with one or more Substituent(s) independently 
Selected from the group consisting of C-C alkyl, 
C-C alkenyl, hydroxy, C-C cycloalkyl, Cs-C, 
cycloalkenyl, and Ar; 

0080 Ar is selected from the group consisting of 
1-napthyl, 2-napthyl, 1-indolyl, 2-indolyl, 2-furyl, 
3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl and phenyl, 

0081 wherein said Ari has one or more substitu 
ent(s) independently Selected from the group con 
Sisting of hydrogen, halo, hydroxy, nitro, trifluo 
romethyl, C-C Straight or branched chain alkyl, 
C-C Straight or branched chain alkenyl, C-C, 
alkenyloxy, phenoxy, benzyloxy, and amino; 

0082 X is O, NH, NR, S, CH, CHR, or CRR, 

0083 Y is a direct bond, C-C straight or branched 
chain alkyl, or C-C Straight or branched chain 
alkenyl, 

0084 wherein said alkyl or alkenyl is optionally 
Substituted with one or more substituent(s) inde 
pendently Selected from the group consisting of 
C-C straight or branched chain alkyl, C-C, 
Straight or branched chain alkenyl, C-Cs 
cycloalkyl, Cs-C7 cycloalkenyl, hydroxy, carbonyl 
OXygen, and Ar, 
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0085 wherein said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar is optionally Substituted 
with C-C alkyl, C-C alkenyl, hydroxy, or 
carbonyl oxygen, 

0086 wherein any carbon atom of said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar is 
optionally replaced with O, NH, NR, S, SO, or 
SO; 

0087 R is selected from the group consisting of 
hydrogen, C-C Straight or branched chain alkyl, 
C-C Straight or branched chain alkenyl or alkynyl, 3 

and C-C bridging alkyl, 

0088 wherein a bridge is formed between the 
nitrogen and a carbon atom of Said alkyl or alkenyl 
to form a ring, 
0089 wherein said ring is optionally fused to 
an Argroup; 

0090 Z is an aromatic amine or a tertiary amine 
oxidized to a corresponding N-oxide, 
0.091 wherein said aromatic amine is pyridyl, 
pyrimidyl, quinolinyl, or isoquinolinyl, which is 
either unsubstituted or Substituted with one or 
more Substituent(s) independently selected from 
the group consisting of halo, hydroxy, nitro, trif 
luoromethyl, C-C Straight or branched chain 
alkyl, C-C Straight or branched chain alkenyl, 
C-C alkoxy, C-C alkenyloxy, phenoxy, benzy 
loxy, and amino, 

0092 wherein said tertiary amine is NRRR, 
wherein R, Rs, and R are independently Selected 
from the group consisting of C-C Straight or 
branched chain alkyl and C-C Straight or 
branched chain alkenyl, 
0093 wherein said alkyl or alkenyl is option 
ally substituted with one or more substituent(s) 
independently Selected from the group consist 
ing of C-C Straight or branched chain alkyl, 
C-C straight or branched chain alkenyl, Ca-Cs 
cycloalkyl, Cs-C7 cycloalkenyl, hydroxy, car 
bonyl oxygen, and Ar, 
0094 wherein said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
Substituted with C-C alkyl, C-C alkenyl, 
hydroxy, or carbonyl oxygen, 

0095 wherein any carbon atom of said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar is 
optionally replaced with O, NH, NR, S, SO, 
or SO; 

0096 Ar is selected from the group consisting of 
pyrrolidinyl, pyridyl, pyrimidyl, pyrazyl, pyridaZyl, 
quinolinyl, and isoquinolinyl; and 

0097 R and R are independently hydrogen, C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl or alkynyl, or Y-Z. 
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FORMULA III 

0098. Furthermore, a compound of the invention may be 
of formula III 

III 

|- 
E vo V o n XY. 

N 

O 

W 

0099 or a pharmaceutically acceptable salt, ester, or 
Solvate thereof, wherein: 

0100 E, F, and G are independently CH, O, S, SO, 
SO, NH or NR; 

0101 W is O, S, CH, or two hydrogen atoms; 

0102 R is C-C straight or branched chain alkyl, 
C-C straight or branched chain alkenyl, Ca-Cs 
cycloalkyl, Cs-C7 cycloalkenyl, or Art, 

0.103 wherein said R is optionally substituted 
with one or more Substituent(s) independently 
Selected from the group consisting of C-C alkyl, 
C-C alkenyl, hydroxy, C-C cycloalkyl, Cs-C, 
cycloalkenyl, and Ar; 

0104 Ar is selected from the group consisting of 
1-napthyl, 2-napthyl, 1-indolyl, 2-indolyl, 2-furyl, 
3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl and phenyl, 

0105 wherein said Ari has one or more substitu 
ent(s) independently Selected from the group con 
Sisting of hydrogen, halo, hydroxy, nitro, trifluo 
romethyl, C-C Straight or branched chain alkyl, 
C-C Straight or branched chain alkenyl, C-C, 
alkenyloxy, phenoxy, benzyloxy, and amino; 

0106 X is O, NH, NR, S, CH, CHR, or CRR, 

0107 Y is a direct bond, C-C straight or branched 
chain alkyl, or C-C Straight or branched chain 
alkenyl, 

0.108 wherein said alkyl or alkenyl is optionally 
Substituted with one or more substituent(s) inde 
pendently Selected from the group consisting of 
C-C straight or branched chain alkyl, C-C, 
Straight or branched chain alkenyl, C-Cs 
cycloalkyl, Cs-C7 cycloalkenyl, hydroxy, carbonyl 
OXygen, and Ar, 

0109 wherein said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar is optionally Substituted 
with C-C alkyl, C-C alkenyl, hydroxy, or 
carbonyl oxygen, 
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0110 wherein any carbon atom of said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar is 
optionally replaced with O, NH, NR, S, SO, or 
SO; 

0111 R is selected from the group consisting of 
hydrogen, C-C Straight or branched chain alkyl, 
C-C straight or branched chain alkenyl or alkynyl, 
and C-C bridging alkyl, 

0112 wherein a bridge is formed between the 
nitrogen and a carbon atom of Said alkyl or alkenyl 
to form a ring, 

0113 wherein said ring is optionally fused to 
an Argroup; 

0114 Z is an aromatic amine or a tertiary amine 
oxidized to a corresponding N-oxide, 

0115 wherein said aromatic amine is pyridyl, 
pyrimidyl, quinolinyl, or isoquinolinyl, which is 
either unsubstituted or Substituted with one or 

more Substituent(s) independently selected from 
the group consisting of halo, hydroxy, nitro, trif 
luoromethyl, C-C Straight or branched chain 
alkyl, C-C Straight or branched chain alkenyl, 
C-C alkoxy, C-C alkenyloxy, phenoxy, benzy 
loxy, and amino, 

0116 wherein said tertiary amine is NRRR, 
wherein R, Rs, and Rare independently selected 
from the group consisting of C-C straight or 
branched chain alkyl and C-C Straight or 
branched chain alkenyl, 

0117 wherein said alkyl or alkenyl is option 
ally substituted with one or more substituent(s) 
independently Selected from the group consist 
ing of C-C Straight or branched chain alkyl, 
C-C straight or branched chain alkenyl, Ca-Cs 
cycloalkyl, Cs-C7 cycloalkenyl, hydroxy, car 
bonyl oxygen, and Ar, 

0118 wherein said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
Substituted with C-C alkyl, C-C alkenyl, 
hydroxy, or carbonyl oxygen, 

0119 wherein any carbon atom of said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar is 
optionally replaced with O, NH, NR, S, SO, 
or SO; 

0120 Ar is selected from the group consisting of 
pyrrolidinyl, pyridyl, pyrimidyl, pyrazyl, pyridaZyl, 
quinolinyl, and isoquinolinyl; and 

0121 R and R are independently hydrogen, C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl or alkynyl, or Y-Z. 
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FORMULA IV 

0122) A compound of the invention may also be of 
formula IV 

(CH2) 

C X-Y- 
N 

O 
W 

IV 

0123 or a pharmaceutically acceptable Salt, ester, or 
Solvate thereof, wherein: 

0.124 n is 1, 2 or 3 forming a 5-7 member hetero 
cyclic ring, 

0125 W is O, S, CH, or two hydrogen atoms; 

0126 R is C-C straight or branched chain alkyl, 
C-C straight or branched chain alkenyl, Ca-Cs 
cycloalkyl, C-C-7 cycloalkenyl, or Art, 

0127 wherein said R is optionally substituted 
with one or more Substituent(s) independently 
Selected from the group consisting of C-C alkyl, 
C-C alkenyl, hydroxy, C-C cycloalkyl, Cs-C, 
cycloalkenyl, and Ar; 

0128 Ar is selected from the group consisting of 
1-napthyl, 2-napthyl, 1-indolyl, 2-indolyl, 2-furyl, 
3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl and phenyl, 

0129 wherein said Ari has one or more substitu 
ent(s) independently Selected from the group con 
Sisting of hydrogen, halo, hydroxy, nitro, trifluo 
romethyl, C-C Straight or branched chain alkyl, 
C-C Straight or branched chain alkenyl, C-C, 
alkenyloxy, phenoxy, benzyloxy, and amino; 

0130 X is O, NH, NR, S, CH, CHR, or CRR, 

0131 Y is a direct bond, C-C straight or branched 
chain alkyl, or C-C Straight or branched chain 
alkenyl, 

0132 wherein said alkyl or alkenyl is optionally 
Substituted with one or more substituent(s) inde 
pendently Selected from the group consisting of 
C-C straight or branched chain alkyl, C-C, 
Straight or branched chain alkenyl, C-Cs 
cycloalkyl, Cs-C7 cycloalkenyl, hydroxy, carbonyl 
OXygen, and Ar, 

0.133 wherein said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar is optionally Substituted 
with C-C alkyl, C-C alkenyl, hydroxy, or 
carbonyl oxygen, 
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0.134 wherein any carbon atom of said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar is 
optionally replaced with O, NH, NR, S, SO, or 
SO; 

0.135 R is selected from the group consisting of 
hydrogen, C-C Straight or branched chain alkyl, 
C-C straight or branched chain alkenyl or alkynyl, 
and C-C bridging alkyl, 

0.136 wherein a bridge is formed between the 
nitrogen and a carbon atom of Said alkyl or alkenyl 
to form a ring, 

0.137 wherein said ring is optionally fused to 
an Argroup; 

0.138 Z is an aromatic amine or a tertiary amine 
oxidized to a corresponding N-oxide, 

0139 wherein said aromatic amine is pyridyl, 
pyrimidyl, quinolinyl, or isoquinolinyl, which is 
either unsubstituted or Substituted with one or 

more Substituent(s) independently selected from 
the group consisting of halo, hydroxy, nitro, trif 
luoromethyl, C-C Straight or branched chain 
alkyl, C-C Straight or branched chain alkenyl, 
C-C alkoxy, C-C alkenyloxy, phenoxy, benzy 
loxy, and amino, 

0140 wherein said tertiary amine is NRRR, 
wherein R, Rs, and Rare independently selected 
from the group consisting of C-C straight or 
branched chain alkyl and C-C Straight or 
branched chain alkenyl, 

0141 wherein said alkyl or alkenyl is option 
ally substituted with one or more substituent(s) 
independently Selected from the group consist 
ing of C-C Straight or branched chain alkyl, 
C-C straight or branched chain alkenyl, Ca-Cs 
cycloalkyl, Cs-C7 cycloalkenyl, hydroxy, car 
bonyl oxygen, and Ar, 

0.142 wherein said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
Substituted with C-C alkyl, C-C alkenyl, 
hydroxy, or carbonyl oxygen, 

0.143 wherein any carbon atom of said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar is 
optionally replaced with O, NH, NR, S, SO, 
or SO; 

0144 Ar is selected from the group consisting of 
pyrrolidinyl, pyridyl, pyrimidyl, pyrazyl, pyridaZyl, 
quinolinyl, and isoquinolinyl; and 

0145 R and R are independently hydrogen, C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl or alkynyl, or Y-Z. 
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0146 Examples of the compounds of formula IV when W 
is O are presented in TABLE I. 

TABLE I 

(CH2) 

-Nux-y-Z 
N 

O 
O 

R 

No. X Y 7 R 

1. 1 O (CH), 3-Pyridyl N-oxide 1,1-dimethylpropyl 
2 1 O (CH), 2-Pyridyl N-oxide 1,1-dimethylpropyl 
3 1 O (CH) 4-Pyridyl N-oxide 1,1-dimethylpropyl 
4 1 O (CH) 2-Quinolyl N-oxide 1,1-dimethylpropyl 
5 1 O (CH), 3-Quinloyl N-oxide 1,1-dimethylpropyl 
6 1 O (CH) 4-Quinolyl N-oxide 1,1-dimethylpropyl 

0147 Preferred compounds of formula IV may be 
Selected from the group consisting of: 

0148 3-(2-Pyridyl)-1-propyl (2S)-1-(1,1-Dimethyl 
1,2-dioxo-pentyl)-2-pyrrolidinecarboxylate, N-ox 
ide; 

0149) 3-(3-Pyridyl)-1-propyl(2S)-1-(1,1-Dimethyl 
1,2-dioxo-pentyl)-2-pyrrolidinecarboxylate, N-ox 
ide; 

0150) 3-(4-Pyridyl)-1-propyl (2S)-1-(1,1-Dimethyl 
1,2-dioxo-pentyl)-2-pyrrolidinecarboxylate, N-ox 
ide; 

0151 3-(2-Quinolyl)-1-propyl (2S)-1-(1,1-Dim 
ethyl-1,2-dioxo-pentyl)-2-pyrrolidinecarboxylate, 
N-oxide; 

0152 3-(3-Quinolyl)-1-propyl (2S)-1-(1,1-Dim 
ethyl-1,2-dioxo-pentyl)-2-pyrrolidinecarboxylate, 
N-oxide; and 

0153 3-(4-Quinolyl)-1-propyl(2S)-1-(1,1-Dim 
ethyl-1,2-dioxo-pentyl)-2-pyrrolidinecarboxylate, 
N-oxide; 

0154 or a pharmaceutically acceptable Salt, ester, or 
Solvate thereof. 

FORMULAV 

O155 Additionally, a compound of the invention may be 
of formula V 

A. X-Y- 
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0156 or a pharmaceutically acceptable salt, ester, or 
Solvate thereof, wherein: 

O157 V is CH or N; 
0158) A and B, taken together with V and the carbon 
atom to which they are respectively attached, form a 
5-7 membered Saturated or unsaturated heterocyclic 
ring which has one or more heteroatom(s) Selected 
from the group consisting of O, S, SO, SO, N, NH, 
and NR7; 

0159 R, is either C-C straight or branched chain 
alkyl, C-Co Straight or branched chain alkenyl, 
C-C cycloalkyl, C-C, cycloalkenyl, or Ars, 
0160 wherein said R, is either unsubstituted or 
Substituted with one or more substituent(s) inde 
pendently Selected from the group consisting of 
halo, haloalkyl, carbonyl, carboxy, hydroxy, nitro, 
trifluoromethyl, C-C Straight or branched chain 
alkyl, C-C Straight or branched chain alkenyl, 
C-C, alkoxy, Ca-C, alkenyloxy, phenoxy, benzy 
loxy, thioalkyl, alkylthio, Sulfhydryl, amino, alky 
lamino, aminoalkyl, aminocarboxyl, and Ar; 

0.161 Ara and Ara are independently an alicyclic or 
aromatic, mono-, bi- or tricyclic, carbo- or hetero 
cyclic ring, 

0162 wherein the individual ring size is 5-8 
members, 

0163 wherein said heterocyclic ring has 1-6 het 
eroatom(s) independently selected from the group 
consisting of O, N, and S; 

0.164 W is O, S, CH, or two hydrogen atoms; 
0.165 R is C-C straight or branched chain alkyl, 
C-C straight or branched chain alkenyl, Ca-Cs 
cycloalkyl, Cs-C7 cycloalkenyl, or Art, 
0166 wherein said R is optionally substituted 
with one or more Substituent(s) independently 
Selected from the group consisting of C-C alkyl, 
C-C alkenyl, hydroxy, C-C cycloalkyl, Cs-C, 
cycloalkenyl, and Ara, 

0.167 Ari and Ara are independently selected from 
the group consisting of 1-napthyl, 2-napthyl, 1-in 
dolyl, 2-indolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 
2-pyridyl, 3-pyridyl, 4-pyridyl, and phenyl, 

0168 wherein said Ar or Ara has one or more 
Substituent(s) independently selected from the 
group consisting of hydrogen, halo, hydroxy, 
nitro, trifluoromethyl, C-C Straight or branched 
chain alkyl, C-C straight or branched chain alk 
enyl, C-C alkenyloxy, phenoxy, benzyloxy, and 
amino; 

0169 X is O, NH, NR, S, CH, CHR, or CRR, 
0170 Y is a direct bond, C-C straight or branched 
chain alkyl, or C-C Straight or branched chain 
alkenyl, 

0171 wherein said alkyl or alkenyl is optionally 
Substituted with one or more substituent(s) inde 
pendently Selected from the group consisting of 
C-C straight or branched chain alkyl, C-C, 
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Straight or branched chain alkenyl, C-Cs 
cycloalkyl, Cs-C, cycloalkenyl, hydroxy, carbonyl 
OXygen, and Ar, 

0172 wherein said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar is optionally Substituted 
with C-C alkyl, C-C alkenyl, hydroxy, or 
carbonyl oxygen, 

0173 wherein any carbon atom of said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar is 
optionally replaced with O, NH, NR, S, SO, or 
SO; 

0.174 R is selected from the group consisting of 
hydrogen, C-C Straight or branched chain alkyl, 
C-C straight or branched chain alkenyl or alkynyl, 
and C-C bridging alkyl, 

0.175 wherein a bridge is formed between the 
nitrogen and a carbon atom of Said alkyl or alkenyl 
to form a ring, 

0176 wherein said ring is optionally fused to 
an Argroup; 

0177 Z is an aromatic amine or a tertiary amine 
oxidized to a corresponding N-oxide, 

0.178 wherein said aromatic amine is pyridyl, 
pyrimidyl, quinolinyl, or isoquinolinyl, which is 
either unsubstituted or Substituted with one or 
more Substituent(s) independently selected from 
the group consisting of halo, hydroxy, nitro, trif 
luoromethyl, C-C Straight or branched chain 
alkyl, C-C Straight or branched chain alkenyl, 
C-C, alkoxy, C-C, alkenyloxy, phenoxy, benzy 
loxy, and amino, wherein Said tertiary amine is 
NRRR, wherein R, Rs, and R are indepen 
dently Selected from the group consisting of C-C, 
Straight or branched chain alkyl and C-C Straight 
or branched chain alkenyl, 

0179 wherein said alkyl or alkenyl is option 
ally substituted with one or more substituent(s) 
independently Selected from the group consist 
ing of C-C Straight or branched chain alkyl, 
C-C straight or branched chain alkenyl, Ca-Cs 
cycloalkyl, Cs-C7 cycloalkenyl, hydroxy, car 
bonyl oxygen, and Ar, 

0180 wherein said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
Substituted with C-C alkyl, C-C alkenyl, 
hydroxy, or carbonyl oxygen, 

0181 wherein any carbon atom of said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar is 
optionally replaced with O, NH, NR, S, SO, 
or SO; 

0182 Ar is selected from the group consisting of 
pyrrolidinyl, pyridyl, pyrimidyl, pyrazyl, pyridaZyl, 
quinolinyl, and isoquinolinyl; and 

0183 RandR are independently hydrogen, C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl or alkynyl, or Y-Z; 
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0184 (ii) a second hair revitalizing agent; and 
0185 (iii) a pharmaceutically acceptable carrier. 

0186 All the compounds of Formulas I-V possess asym 
metric centers and thus can be produced as mixtures of 
Stereoisomers or as individual R- and S-Stereoisomers. The 
individual Stereoisomers may be obtained by using an opti 
cally active Starting material, by resolving a racemic or 
non-racemic mixture of an intermediate at Some appropriate 
Stage of the Synthesis, or by resolving the compounds of 
Formulas I-V. It is understood that the compounds of For 
mulas I-V encompass individual Stereoisomers as well as 
mixtures (racemic and non-racemic) of Stereoisomers. Pref 
erably, S-Stereoisomers are used in the pharmaceutical com 
positions and methods of the present invention. 

Synthesis of Compounds of the Invention 

0187. The compounds of formulas I to V may be prepared 
by a variety of Synthetic Sequences that utilize established 
chemical transformations. 

Affinity for FKBP12 

0188 The compounds used in the inventive methods and 
pharmaceutical compositions have an affinity for the FK506 
binding protein, particularly FKBP12. The inhibition of the 
prolyl peptidyl cis-trans isomerase activity of FKBP may be 
measured as an indicator of this affinity. 

K Test Procedure 

0189 Inhibition of the peptidyl-prolyl isomerase (rota 
mase) activity of the compounds used in the inventive 
methods and pharmaceutical compositions can be evaluated 
by known methods described in the literature (Harding et al., 
Nature, 1989, 341:758-760; Holt et al. J. Am. Chem. Soc., 
115:9923-9938). These values are obtained as apparent K's 
and are presented for representative compounds in TABLE 
II. 

0190. The cis-trans isomerization of an alanine-proline 
bond in a model substrate, N-succinyl-Ala-Ala-Pro-Phe-p- 
nitroanilide, is monitored Spectrophotometrically in a chy 
motrypsin-coupled assay, which releases paranitroanilide 
from the trans form of the Substrate. The inhibition of this 
reaction caused by the addition of different concentrations of 
inhibitor is determined, and the data is analyzed as a change 
in first-order rate constant as a function of inhibitor concen 
tration to yield the apparent Ki values. 

0191 In a plastic cuvette are added 950 mL of ice cold 
assay buffer (25 mM HEPES, pH 7.8, 100 mM NaCl), 10 mL 
of FKBP (2.5 mM in 10 mM Tris-Cl pH 7.5, 100 mM NaCl, 
1 mM dithiothreitol), 25 mL of chymotrypsin (50 mg/ml in 
1 mM HCl) and 10 mL of test compound at various 
concentrations in dimethyl Sulfoxide. The reaction is initi 
ated by the addition of 5 mL of substrate (succinyl-Ala-Phe 
Pro-Phe-para-nitroanilide, 5 mg/mL in 2.35 mM LiCl in 
trifluoroethanol). 
0.192 The absorbance at 390 nm versus time is monitored 
for 90 Seconds using a spectrophotometer and the rate 
constants are determined from the absorbance versus time 
data files. 
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TABLE II 

In Vitro Test Results - Formulas I to V 

Compound K (nM) 

Parent 7.5 
1. 225 

Route of Administration 

0193 To effectively treat alopecia or promote hair 
growth, the compounds used in the inventive methods and 
pharmaceutical compositions must readily affect the targeted 
areas. For these purposes, the compounds are preferably 
administered topically to the skin. 

0194 For topical application to the skin, the compounds 
can be formulated into Suitable ointments containing the 
compounds Suspended or dissolved in, for example, mix 
tures with one or more of the following: mineral oil, liquid 
petrolatum, white petrolatum, propylene glycol, polyoxy 
ethylene polyoxypropylene compound, emulsifying wax 
and water. Alternatively, the compounds can be formulated 
into Suitable lotions or creams containing the active com 
pound Suspended or dissolved in, for example, a mixture of 
one or more of the following: mineral oil, Sorbitan 
monoStearate, polySorbate 60, cetyl ester wax, cetearyl alco 
hol, 2-octyldodecanol, benzyl alcohol and water. 

0.195 Other routes of administration known in the phar 
maceutical art are also contemplated by this invention. 

Dosage 

0196) Dosage levels on the order of about 0.1 mg to about 
10,000 mg of the active ingredient compound are useful in 
the treatment of the above conditions, with preferred levels 
of about 0.1 mg to about 1,000 mg. The specific dose level 
for any particular patient will vary depending upon a variety 
of factors, including the activity of the Specific compound 
employed; the age, body weight, general health, Sex and diet 
of the patient; the time of administration; the rate of excre 
tion; drug combination; the Severity of the particular disease 
being treated; and the form of administration. Typically, in 
Vitro dosage-effect results provide useful guidance on the 
proper doses for patient administration. Studies in animal 
models are also helpful. The considerations for determining 
the proper dose levels are well known in the art. 

0197) The compounds can be administered with other 
hair revitalizing agents. Specific dose levels for the other 
hair revitalizing agents will depend upon the factors previ 
ously Stated and the effectiveness of the drug combination. 

EXAMPLES 

0198 The following examples are illustrative of the 
present invention and are not intended to be limitations 
thereon. Unless otherwise indicated, all percentages are 
based upon 100% by weight of the final composition. 

10 
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Example 1 

Synthesis of (2S)-2-(1-oxo-5-phenyl-pentyl-1-(3, 
3-dimethyl-1,2-dioxopentyl)pyrrolidine 

0199 (2S)-2-(1-oxo-4-phenyl)butyl-N-benzylpyrrolidine 

0200 1-chloro-4-phenylbutane (1.78 g; 10.5 mmol) in 20 
mL of THF was added to 0.24 g (10 mmol) of magnesium 
turnings in 50 mL of refluxing THF. After the addition was 
complete, the mixture was refluxed for an additional 5 hours, 
and then added slowly to a refluxing solution of N-benzyl 
L-proline ethyl ester (2.30 g (10 mmol) in 100 mL of THF. 
After 2 hours of further reflux, the mixture was cooled and 
treated with 5 mL of 2 NHCl. The reaction mixture was 
diluted with ether (100 mL) and washed with saturated 
NaHCO, water and brine. The organic phase was dried, 
concentrated and chromatographed, eluting with 5:1 
CHCl2:EtOAc to obtain 2.05 g (64%) of the ketone as an 
oil. "H NMR (CDC1; 300 MHz): 1.49-2.18 (m, 8H); 
2.32-2.46 (m, 1H); 2.56-2.65 (m, 2H); 2.97-3.06 (m, 1H); 
3.17-3.34 (m, 1H); 3.44-3.62 (m, 1H); 4.02-4.23 (m, 2H); 
7.01-744 (m, 10H). 
0201 (2S)-2-(1-oxo-4-phenyl)butylpyrrolidine 

0202) The ketone compound (500 mg) and palladium 
hydroxide (20% on carbon, 50 mg) was hydrogenated at 40 
psi in a Paar Shaker overnight. The catalyst was removed by 
filtration and the Solvent was removed in vacuo. The free 
amine was obtained as a yellow oil (230 mg, 100%). "H 
NMR (CDC1; 300 MHz): 1.75-2.34 (m, 10H); 2.55 (m, 
2H); 2.95 (dm, 1H); 3.45-3.95 (m, 1H); 4.05 (m, 1H); 7.37 
(m, 5H). 
0203 (2S)-2-(1-oxo-4-phenyl)butyl-1-(1,2-dioxo-2- 
methoxyethyl)pyrrolidine 

0204) To a solution of (2S)-2-(1-oxo-4-phenyl)butylpyr 
rolidine (230 mg, 1.0 mmol) in CHCl(20 mL) at 0°C. was 
added dropwise methyloxalyl chloride (135 mg, 1.1 mmol). 
After stirring at 0°C. for 3 hours, the reaction was quenched 
with Saturated NHCl and the organic phase was washed 
with water and brine and dried and concentrated. The crude 
residue was purified on a Silica gel column, eluting with 20:1 
CHCl2: EtOAc to obtain 300 mg of the oxamate as a clear 
oil (98%). H NMR (CDC1; 300 MHz): 1.68 (m, 4H); 
1.91-2.38 (m, 4H); 2.64 (t, 2H); 3.66-3.80 (m, 2H); 3.77, 
3.85 (s, 3H total); 4.16 (m, 2H); 4.90 (m, 1H); 7.16 (m,3H); 
7.27 (m, 2H). 
0205 (2S)-2-({1-oxo-5-phenyl-pentyl-1-(3,3-dimethyl 
1,2-dioxopentyl)pyrrolidine 

0206 To a solution of the oxamate above (250 mg; 0.79 
mmol) in anhydrous ether (15 mL), cooled to -78 C., was 
added 1,1-dimethylpropyl-magnesium chloride (0.8 mL of a 
1.0 M solution in ether, 0.8 mmol). After stirring the 
resulting mixture at -78 C. for 2 hours, the reaction was 
quenched by the addition of 2 mL of Saturated NHCl, 
followed by 100 mL of EtOAc. The organic phase was 
washed with brine, dried, concentrated, and purified on a 
silica gel column, eluting with 50:1 CH.Cle:EtOAc. The 
compound was obtained as a clear oil, 120 mg. "H NMR 
(CDC1,300 MHz): 8 0.87 (t,3H, J=7.5); 1.22 (s.3H); 1.25 
(s.3H); 1.67 (m, 4H); 1.70-2.33 (m, 6H); 2.61 (t, 2H, J=7.1); 
3.52 (m, 2H); 4.17 (t, 2H, J=6.2); 4.52 (m, 1H); 7.16-7.49 
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(m, 5H). Analysis calculated for CHNO-H2O: C, 70.37; 
H, 8.86; N, 3.73. Found: 70.48; H, 8.35; N, 3.69. 

Example 2 

Synthesis of 2-phenyl-1-ethyl 1-(3,3-dimethyl-1,2- 
dioxopentyl)-2-piperidinecarbothioate 

0207 Methyl(2S)-1-(1,2-dioxo-2-methoxyethyl)-2-pyr 
rolidinecarboxylate p A Solution of L-proline methyl ester 
hydrochloride (3.08 g; 18.60 mmol) in dry methylene chlo 
ride was cooled to 0°C. and treated with triethylamine (3.92 
g; 38.74 mmol; 2.1 eq). After stirring the formed slurry 
under a nitrogen atmosphere for 15 min, a Solution of methyl 
oxalyl chloride (3.20 g; 26.12 mmol) in methylene chloride 
(45 mL) was added dropwise. The resulting mixture was 
stirred at 0°C. for 1.5 hour. After filtering to remove solids, 
the organic phase was washed with water, dried over MgSO 
and concentrated. The crude residue was purified on a Silica 
gel column, eluting with 50% ethyl acetate in hexane, to 
obtain 3.52 g (88%) of the product as a reddish oil. Mixture 
of cis-trans amide rotamers; data for trans rotamer given. "H 
NMR (CDC1): 8 1.93 (dim, 2H); 2.17 (m, 2H); 3.62 (m, 2H); 
3.71 (s, 3H); 3.79, 3.84 (s, 3H total); 4.86 (dd. 1H, J=8.4, 
3.3). 
0208 Methyl(2S)-1-(1,2-dioxo-3,3-dimethylpentyl)-2- 
pyrrolidinecarboxylate 

0209. A solution of methyl (2S)-1-(1,2-dioxo-2-meth 
oxyethyl)-2-pyrrolidinecarboxylate (2.35 g; 10.90 mmol) in 
30 mL of tetrahydrofuran (THF) was cooled to -78° C. and 
treated with 14.2 mL of a 1.0 M solution of 1,1-dimethyl 
propylmagnesium chloride in THF. After Stirring the result 
ing homogeneous mixture at -78 C. for three hours, the 
mixture was poured into Saturated ammonium chloride (100 
mL) and extracted into ethyl acetate. The organic phase was 
washed with water, dried, and concentrated, and the crude 
material obtained upon removal of the Solvent was purified 
on a Silica gel column, eluting with 25% ethyl acetate in 
hexane, to obtain 2.10 g (75%) of the oxamate as a colorless 
oil. H NMR (CDC1): 8 0.88 (t, 3H); 1.22, 1.26 (s, 3H 
each); 1.75(dm, 2H); 1.87-2.10 (m, 3H); 2.23 (m, 1H); 3.54 
(m, 2H); 3.76 (s, 3H); 4.52 (dm, 4H, J=8.4, 3.4). 
0210 (2S)-1-(1,2-dioxo-3,3-dimethylpentyl)-2-pyrroli 
dine-carboxylic Acid 

0211) A mixture of methyl (2S)-1-(1,2-dioxo-3,3-dimeth 
ylpentyl)-2-pyrrolidinecarboxylate (2.10 g; 8.23 mmol), 1 N 
LiOH (15 mL), and methanol (50 mL) was stirred at 0° C. 
for 30 minutes and at room temperature overnight. The 
mixture was acidified to pH 1 with 1 NHCl, diluted with 
water, and extracted into 100 mL of methylene chloride. The 
organic extract was washed with brine and concentrated to 
deliver 1.73 g (87%) of snow-white solid which did not 
require further purification. H NMR (CDC1): 8 0.87 (t, 
3H); 1.22, 1.25 (s, 3H each); 1.77 (dm, 2H); 2.02 (m, 2H); 
2.17 (m, 1H); 2.25 (m, 1H); 3.53 (dd, 2H, J=10.4, 7.3); 4.55 
(dd, 1H, J=8.6, 4.1). 
0212 2-phenyl-1-ethyl 
tyl)-2-piperidinecarbothioate 
0213 To a solution of (2S)-1-(1,2-dioxo-3,3-dimethyl 
pentyl)-2-pyrrolidinecarboxylic acid (241 mg, 1.0 mmol) in 
CHCl (10 mL) was added dicyclohexylcarbo-diimide (226 
mg, 1.1 mmol). After stirring the resulting mixture for 5 

1-(3,3-dimethyl-1,2-dioxopen 
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minutes, the Solution was cooled to 0° C. and treated with a 
Solution of phenyl mercaptain (138 mg, 1.0 m=ol) and 
4-dimethylaminopyridine (6 mg) in 5 ml of CHCl2. The 
mixture was allowed to warm to room temperature with 
stirring overnight. The solids were removed by filtration and 
the filtrate was concentrated in vacuo; the crude residue was 
purified by flash chromatography (10:1 hexane:EtOAc) to 
obtain 302 mg (84%) of the compound as an oil. H NMR 
(CDC1,300 MHz): 8 0.85 (t,3H, J=7.5); 1.29 (s.3H); 1.31 
(s, 3H); 1.70-2.32 (m, 6H); 2.92 (t, 2H, J=7.4); 3.22(t, 2H, 
J=74); 3.58 (m, 2H); 4.72 (m, 1H); 7.23-7.34 (m, 5H). 
Analysis calculated for CH7NOS-0.4H2O: C, 65.15; H, 
7.60; N, 3.80. Found: C, 65.41; H, 7.49; N, 3.72. 

Example 3 

Synthesis of 2-phenyl-1-ethyl (2S)-1-(3,3-dimethyl 
1,2-dioxopentyl)-2-pyrrolidinecarbothioate 

0214) Methyl 
dine-carboxylate 

1-(1,2-dioxo-2-methoxyethyl)-2-piperi 

0215. A solution of methyl pipecolate hydrochloride 
(8.50 g; 47.31 mmol) in dry methylene chloride (100 mL) 
was cooled to 0°C. and treated with triethylamine (10.5 g; 
103 mmol; 2.1 eq). After stirring the formed slurry under a 
nitrogen atmosphere for 15 minutes, a Solution of methyl 
oxalyl chloride (8.50 g; 69.4 mmol) in methylene chloride 
(75 mL) was added dropwise. The resulting mixture was 
stirred at 0°C. for 1.5 hours. After filtering to remove solids, 
the organic phase was washed with water, dried over MgSO 
and concentrated. The crude residue was purified on a Silica 
gel column, eluting with 50% ethyl acetate in hexane, to 
obtain 9.34 g (86%) of the product as a reddish oil. Mixture 
of cis-trans amide rotamers; data for trans rotamer given. "H 
NMR (CDC1): 8 1.22-145 (m, 2H); 1.67-1.78 (m, 3H); 
2.29 (m, 1H); 3.33 (m, 1H); 3.55 (m, 1H); 3.76 (s, 3H); 3.85, 
3.87 (s, 3H total); 4.52 (dd, 1H). 
0216 Methyl 1-(1,2-dioxo-3,3-dimethylpentyl)-2-piperi 
dine-carboxylate 

0217. A solution of methyl 1-(1,2-dioxo-2-methoxy 
ethyl)-2-piperidinecarboxylate (3.80 g; 16.57 mmol) in 75 
mL of tetrahydrofuran (THF) was cooled to -78° C. and 
treated with 20.7 mL of a 1.0 M solution of 1,1-dimethyl 
propylmagnesium chloride in THF. After Stirring the result 
ing homogeneous mixture at -78 C. for three hours, the 
mixture was poured into Saturated ammonium chloride (100 
mL) and extracted into ethyl acetate. The organic phase was 
washed with water, dried, and concentrated, and the crude 
material obtained upon removal of the Solvent was purified 
on a Silica gel column, eluting with 25% ethyl acetate in 
hexane, to obtain 3.32 g (74%) of the oxamate as a colorless 
oil. H NMR (CDC1): 8 0.88 (t, 3H); 1.21, 1.25 (s, 3H 
each); 1.35-1.80 (m, 7H); 2.35 (m, 1H); 3.24 (m, 1H); 3.41 
(m, 1H); 3.76 (s, 3H); 5.32 (d. 1H). 
0218 1-(1,2-dioxo-3,3-dimethylpentyl)-2-piperidine 
carboxylic Acid 
0219. A mixture of methyl 1-(1,2-dioxo-3,3-dimethyl 
pentyl)-2-piperidinecarboxylate (3.30 g; 12.25 mmol), 1 N 
LiOH (15 mL), and methanol (60 mL) was stirred at 0° C. 
for 30 minutes and at room temperature overnight. The 
mixture was acidified to pH 1 with 1 NHCl, diluted with 
water, and extracted into 100 mL of methylene chloride. The 
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organic extract was washed with brine and concentrated to 
deliver 2.80 g (87%) of snow-white solid which did not 
require further purification. H NMR (CDC1): 8 0.89 (t, 
3H); 1.21, 1.24 (s, 3H each); 1.42-1.85 (m, 7H); 2.35 (m, 
1H); 3.22 (d. 1H); 3.42(m, 1H); 5.31 (d. 1H). 
0220 2-phenyl-1-ethyl (2S)-1-(3,3-dimethyl-1,2-dioxo 
pentyl)-2-pyrrolidinecarbothioate 
0221) To a solution of 1-(1,2-dioxo-3,3-dimethylpentyl)- 
2-piperidine-carboxylic acid (255 mg, 1.0 mmol) in CHCl 
(10 mL) was added dicyclohexylcarbodiimide (226 mg, 1.1 
mmol). After Stirring the resulting mixture for 5 minutes, the 
Solution was cooled to 0° C. and treated with a solution of 
phenyl mercaptain (138 mg, 1.0 mmol) and 4-dimethylami 
nopyridine (6 mg) in 5 ml of CHCl2. The mixture was 
allowed to warm to room temperature with Stirring over 
night. The solids were removed by filtration and the filtrate 
was concentrated in vacuo; the crude residue was purified by 
flash chromatography (10:1 hexane:EtOAc) to obtain 300 
mg (80%) of the compound as an oil. H NMR (CDC1,300 
MHz): d 0.94 (t, 3H, J=75); 1.27 (s, 3H); 1.30 (s, 3H); 
1.34-1.88 (m, 7H); 2.45 (m, 1H); 2.90 (t, 2H, J=7.7); 3.26 (t, 
2H, J=7.7); 3.27 (m, 1H); 3.38 (m, 1H); 5.34 (m, 1H); 
7.24-7.36 (m, 5H). Analysis calculated for CHNOS: C, 
67.17; H, 7.78; N, 3.73. Found: C, 67.02; H, 7.83; N, 3.78. 

Example 4 

Synthesis of 3-phenyl-1-propyl(2S)-1-(3,3-dim 
ethyl-1,2-dioxopentyl)-2-(4-thiazolidine)carboxylate 

0222 1-(1,2-dioxo-2-methoxyethyl)2-(4-thiazolidine)- 
carboxylate 

0223) A solution of L-thioproline (1.51 g; 11.34 mmol)in 
40 mL of dry methylene chloride was cooled to 0° C. and 
treated with 3.3 mL (2.41 g; 23.81 mmol) of triethylamine. 
After stirring this mixture for 30 minutes, a solution of 
methyl oxalyl chloride (1.81 g; 14.74 mmol) was added 
dropwise. The resulting mixture was stirred at 0° C. for 1.5 
hours, filtered through Celite to remove solids, dried and 
concentrated. The crude material was purified on a Silic gel 
column, eluting with 10% MeOH in methylene chloride, to 
obtain 2.0 g of the oXamate as an orange-yellow Solid. 
0224) 3-phenyl-1-propyl (2S)-1-(1,2-dioxo-2-methoxy 
ethyl) 2-(4-thiazolidine)carboxylate 
0225 1-(1,2-dioxo-2-methoxyethyl) 2-(4-thiazolidine)- 
carboxylate (500 mg, 2.25 mmol), 3-phenyl-1-propanol 
(465 mg; 3.42 mmol), dicyclohexylcarbodiimide (750 mg; 
3.65 mmol), 4-dimethylaminopyridine (95 mg; 0.75 mmol) 
and camphorsulfonic acid (175 mg; 0.75 mmol) in 30 mL of 
methylene chloride were stirred together overnight. The 
mixture was filtered through Celite to remove solids and 
chromatographed (25% ethyl acetate/hexane) to obtain 690 
mg of material. "H NMR (CDC1,300 MHz): 81.92-2.01 (m, 
2H); 2.61-2.69 (m, 2H); 3.34 (m, 1H); 4.11-4.25 (m, 2H); 
4.73 (m, 1H); 5.34 (m, 1H); 7.12 (m, 3H); 7.23 (m, 2H). 
0226) 3-phenyl-1-propyl(2S)-1-(3,3-dimethyl-1,2-dioxo 
pentyl)-2-(4-thiazolidine)carboxylate 
0227) A solution of 3-phenyl-1-propyl(2S)-1-(1,2-dioxo 
2-methoxyethyl)2-(4-thiazolidine)carboxylate (670 mg; 
1.98 mmol) in tetrahydrofuran (10 mL) was cooled to -78 
C. and treated with 2.3 mL of a 1.0 M Solution of 1,1- 
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dimethylpropylmagnesium chloride in ether. After Stirring 
the mixture for 3 hours, it was poured into Saturated ammo 
nium chloride, extracted into ethyl acetate, and the organic 
phase was washed with water, dried and concentrated. The 
crude material was purified on a Silica gel column, eluting 
with 25% ethyl acetate in hexane, to obtain 380 mg of the 
compound as a yellow oil. "H NMR (CDC1, 300 MHz): d 
0.86 (t, 3H); 1.21 (s, 3H); 1.26 (s, 3H); 1.62-1.91 (m, 3H); 
2.01 (m, 2H); 2.71 (m, 2H); 3.26-3.33 (m, 2H); 4.19 (m, 
2H); 4.58 (m, 1H); 7.19 (m, 3H); 7.30 (m, 2H). Analysis 
calculated for CHNOS: C, 63.63; H, 7.23; N, 3.71. 
Found: C, 64.29; H, 7.39; N, 3.46. 

Example 5 

Synthesis of 3-(3-pyridyl)-1-propyl(2S)-1-(3,3-dim 
ethyl-1,2-dioxopentyl)-2-(4-thiazolidine) Carboxy 

late 

0228. The compound of Example 5 was prepared accord 
ing to the procedure of Example 4, using 3-(3-pyridyl)-1- 
propanol in the final step, to yield 3-(3-pyridyl)-1- 
propyl(2S)-1-(3,3-dimethyl-1,2-dioxopentyl)-2-(4- 
thiazolidine)carboxylate. "H NMR (CDC1, 300 MHz): 8 
0.89 (t, 3H, J=7.3); 1.25 (s, 3H); 1.28 (s, 3H); 1.77 (q, 2H, 
J-73); 2.03 (tt, 2H, J=6.4, 7.5); 2.72 (t, 2H, J 7.5); 3.20 (dd, 
1H, J=4.0, 11.8); 3.23 (dd, 1H, J=7.0, 11.8); 4.23 (t, 2H, 
J=6.4); 4.55 (d. 2H, J=8.9); 5.08 (dd, 1H, J=4.0, 7.0); 7.24 
(m, 1H); 8.48 (m, 2H). Analysis calculated for 
CHNOS-0.5H2O: C, 58.89; H, 7.02; N, 7.23. Found: 
C, 58.83; H, 7.05; N, 7.19. 

Example 6 

Synthesis of 3-(3-pyridyl)-1-propyl (2S)-1-(3,3- 
Dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate. 

N-oxide (1) 
0229 Methyl (2S)-1-(1,2-dioxo-2-methoxyethyl)-2-pyr 
rolidinecarboxylate 
0230. A solution of L-proline methyl ester hydrochloride 
(3.08 g; 18.60 mmol) in dry methylene chloride was cooled 
to 0°C. and treated with triethylamine (3.92 g; 38.74 mmol; 
2.1 eq). After Stirring the formed slurry under a nitrogen 
atmosphere for 15 minutes, a Solution of methyl oxalyl 
chloride (3.20 g; 26.12 mmol) in methylene chloride (45 
mL) was added dropwise. The resulting mixture was stirred 
at 0° C. for 1.5 hour. After filtering to remove solids, the 
organic phase was washed with water, dried over MgSO 
and concentrated. The crude residue was purified on a Silica 
gel column, eluting with 50% ethyl acetate in hexane, to 
obtain 3.52 g (88%) of the product as a reddish oil. Mixture 
of cis-trans amide rotamers; data for trans rotamer given. "H 
NMR (CDC1): 8 1.93 (dim, 2H); 2.17 (m, 2H); 3.62 (m, 2H); 
3.71 (s, 3H); 3.79, 3.84 (s, 3H total); 4.86 (dd, 1H, J=8.4, 
3.3). 
0231 Methyl(2S)-1-(1,2-dioxo-3,3-dimethylpentyl)-2- 
pyrrolidinecarboxylate 

0232 A solution of methyl (2S)-1-(1,2-dioxo-2-meth 
oxyethyl)-2-pyrrolidinecarboxylate (2.35 g; 10.90 mmol) in 
30 mL of tetrahydrofuran (THF) was cooled to -78° C. and 
treated with 14.2 mL of a 1.0 M solution of 1,1-dimethyl 
propylmagnesium chloride in THF. After Stirring the result 
ing homogeneous mixture at -78 C. for three hours, the 
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mixture was poured into Saturated ammonium chloride (100 
mL) and extracted into ethyl acetate. The organic phase was 
washed with water, dried, and concentrated, and the crude 
material obtained upon removal of the Solvent was purified 
on a Silica gel column, eluting with 25% ethyl acetate in 
hexane, to obtain 2.10 g (75%) of the oxamate as a colorless 
oil. H NMR (CDC1): 8 0.88 (t, 3H); 1.22, 1.26 (s, 3H 
each); 1.75 (dm, 2H); 1.87-2.10 (m,3H); 2.23 (m, 1H); 3.54 
(m, 2H); 3.76 (s, 3H); 4.52 (dm, 1H, J=8.4, 3.4). 
0233 (2S)-1-(1,2-dioxo-3,3-dimethylpentyl)-2-pyrro 
lidinecarboxylic Acid 
0234. A mixture of methyl (2S)-1-(1,2-dioxo-3,3-dimeth 
ylpentyl-2-pyrrolidine-carboxylate (2.10 g; 8.23 mmol), 1 N 
LiOH (15 mL), and methanol (50 mL) was stirred at 0° C. 
for 30 minutes and at room temperature overnight. The 
mixture was acidified to pH 1 with 1 NHCl, diluted with 
water, and extracted into 100 mL of methylene chloride. The 
organic extract was washed with brine and concentrated to 
deliver 1.73 g (87%) of snow-white solid which did not 
require further purification. H NMR (CDC1): d 0.87 (t, 
3H); 1.22, 1.25 (s, 3H each); 1.77 (dm, 2H); 2.02 (m, 2H); 
2.17 (m, 1H); 2.25 (m, 1H); 3.53 (dd, 2H, J=10.4, 7.3); 4.55 
(dd, 1H, J=8.6, 4.1). 
0235 3-(3-Pyridyl)-1-propyl(2S)-1-(3,3-dimethyl-1,2- 
dioxopentyl)-2-pyrrolidinecarboxylate 
0236 A mixture of (2S)-1-(1,2-dioxo-3,3-dimethylpen 
tyl)-2-pyrrolidinecarboxylic acid (4.58 g; 19 mmol), 3-py 
ridinepropanol (3.91 g; 28.5 mmol), dicyclohexylcarbodi 
imide (6.27 g; 30.4 mmol), camphorSulfonic acid (1.47 g; 
6.33 mmol) and 4-dimethyl aminopyridine (773 mg; 6.33 
mmol) in methylene chloride (100 mL) was stirred overnight 
under a nitrogen atmosphere. The reaction mixture was 
filtered through Celite to remove Solids and concentrated in 
vacuo. The crude material was triturated with Several por 
tions of ether, and the ether portions were filtered through 
Celite to remove Solids and concentrated in vacuo. The 
concentrated filtrate was purified on a flash column (gradient 
elution, 25% ethyl acetate in hexane to pure ethyl acetate) to 
obtain 5.47 g (80%) of GPI 1046 as a colorless oil (partial 
hydrate). H NMR (CDC1,300 MHz): 8 0.85 (t,3H); 1.23, 
1.26 (s, 3H each); 1.63-1.89 (m, 2H); 1.90-2.30 (m, 4H); 
2.30-2.50 (m, 1H); 2.72 (t, 2H); 3.53 (m, 2H); 4.19 (m, 2H); 
4.53 (m, 1H); 7.22 (m, 1H); 7.53 (dd, 1H); 8.45. Analysis 
calculated for CH-NO-0.25H2O: C, 65.82; H, 7.87; N, 
7.68. Found: C, 66.01; H, 7.85; N, 7.64. 
0237 3-(3-Pyridyl)-1-propyl (2S)-1-(3,3-dimethyl-1,2- 
dioxopentyl)-2-pyrrolidinecarboxylate, N-oxide (1) 
0238 A solution of 3-(3-pyridyl)-1-propyl (2S)-1-(3,3- 
dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate (190 
mg 0.52 mmol) and m-chloroperbenzoic acid (160 mg of 
57%-86% material, 0.53 mmol) was stirred in methylene 
chloride (20 mL) at room temperature for 3 hours. The 
reaction mixture was diluted with methylene chloride and 
washed twice with 1 N NaOH. The organic extract was dried 
and concentrated, and the crude material was chromato 
graphed, eluting with 10% methanol in ethyl acetate, to 
obtain 130 mg of the Compound of Example 6 (compound 
1). H NMR (CDC1,300 MHz): 8 0.83 (t,3H); 1.21 (s.3H); 
1.25 (s, 3H); 1.75-2.23 (m, 8H); 2.69 (t, 2H, J=7.5); 3.52 (t, 
2H, J=6.3); 4.17 (dd, 2H, J=6.3); 4.51 (m, 1H); 7.16-7.22 
(m, 2H); 8.06-8.11 (m, 2H). Analysis calculated for 
CH-NO-0.75H2O: C, 61.60; H, 7.63; N, 7.18. Found: 
C, 61.79; H, 7.58; N, 7.23. 
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Example 7 

Synthesis of 3-(3-Pyridyl)-1-propylmercaptyl 2S-1- 
(2-methylbutyl)carbamoylpyrrolidine-2-carboxy 

late 

0239) 3-(3-Pyridyl)-1-propylchloride 
0240 To a solution of 3-(3-pyridyl)-1-propanol (10 g; 
72.4 mmol) in chloroform (100 mL) was added dropwise a 
solution of thionyl chloride (12.9 g, 108.6 mmol) in chlo 
roform (50 mL). The resulting mixture was refluxed for 1 
hour, then poured into ice-cold 50% aqueous potassium 
hydroxide (150 mL). The layers were separated, and the 
organic phase was dried, concentrated, and purified on a 
Silica gel column, eluting with 40% ethylacetate in hexane, 
to obtain 10 g (65%) of the chloride as a clear oil. H NMR 
(300 MHz, CDC1): 8 2.02-2.11 (m, 2H); 2.77 (m, 2H);3.51 
(m, 2H); 7.20 (m, 1H); 7.49 (m, 1H); 8.45 (m, 2H). 
0241 3-(3-Pyridyl)-1-propylmercaptain 

0242 A mixture of 3-(3-pyridyl)-1-propylchloride (3 g; 
19.4 mmol) and thiourea (1.48 g; 19.4 mmol) in ethanol (10 
mL) was refluxed for 24 hours. Aqueous Sodium hydroxide, 
15 mL of a 0.75 NSolution, was added, and the mixture was 
refluxed for an additional 2 hours. After cooling to room 
temperature, the Solvent was removed in vacuo. Chromato 
graphic purification of the crude thiol on a Silica gel column 
eluting with 50% ethyl acetate in hexane delivered 1.2 g of 
3-(3-Pyridyl)-1-propylmercaptan as a clear liquid. "H NMR 
(300 MHz, CDC1): 81.34 (m, 1H); 1.90 (m, 2H); 2.52 (m, 
2H); 2.71 (m, 2H); 7.81 (m, 1H); 7.47 (m, 1H); 8.42 (m,2H). 
0243 3-(3-Pyridyl)-1-propylmercaptyl N-(tert-butyloxy 
carbonyl)pyrrolidine-2-carboxylate 

0244. A mixture of N-(tert-butyloxycarbonyl)-(S)-pro 
line (3.0 g; 13.9 mmol); 3-(3-Pyridyl)-1-propylmercaptain 
(3.20 g; 20.9 mmol), dicyclohexylcarbodiimide (4.59 g; 
22.24 mmol), camphorsulfonic acid (1.08 g; 4.63 mmol), 
and 4-dimethylaminopyridine (0.60 g; 4.63 mmol) in dry 
methylene chloride (100 mL) was stirred overnight. The 
reaction mixture was diluted with methylene chloride (50 
mL) and water (100 mL), and the layers were separated. The 
organic phase was washed with water (3x100 mL), dried 
over magnesium Sulfate, and concentrated, and the crude 
residue was purified on a Silica gel column eluting with ethyl 
acetate to obtain 4.60 g (95%) of the thioester as a thick oil. 
"H NMR (300 MHz, CDC1): & 145 (s, 9H); 1.70-2.05 (m, 
5H); 2.32 (m, 1H); 2.71 (t, 2H); 2.85 (m, 2H); 3.50 (m, 2H); 
4.18 (m, 1H); 7.24 (m, 1H); 7.51 (m, 1H); 8.48 (m, 2H). 
0245 3-(3-Pyridyl)-1-propylmercaptyl 
carboxylate 

pyrrolidine-2- 

0246 A solution of 3-(3-Pyridyl)-1-mercaptyl N-(tert 
butyloxycarbonyl)pyrrolidine-2-carboxylate (4.60 g; 13.1 
mmol) in methylene chloride (60 mL) and trifluoroacetic 
acid (6 mL) was stirred at room temperature for three hours. 
Saturated potassium carbonate was added until the pH was 
basic, and the reaction mixture was extracted with methyl 
ene chloride (3x). The combined organic extracts were dried 
and concentrated to yield 2.36 g (75%) of the free amine as 
a thick oil. "H NMR (300 MHz, CDC1): 8 1.87-2.20 (m, 
6H); 2.79 (m, 2H); 3.03-3.15 (m, 4H total); 3.84 (m, 1H); 
7.32 (m, 1H); 7.60 (m, 1H); 8.57 (m, 2H). 
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0247 3-(3-Pyridyl)-1-propylmercaptyl 2S-1-(2-methyl 
butyl)carbamoylpyrrolidine-2-carboxylate 
0248. A solution of 2-methylbutylamine (113 mg, 1.3 
mmol) and triethylamine (132 mg, 1.3 mmol) in methylene 
chloride (5 mL) was added to a solution of triphosgene (128 
mg; 0.43 mmol) in methylene chloride (5 mL). The resulting 
mixture was refluxed for 1 hour and then cooled to room 
temperature. 3-(3-Pyridyl)-1-propylmercaptyl pyrrolidine 
2-carboxylate (300 mg, 1.3 mmol) in 5 mL of methylene 
chloride was added and the resulting mixture was Stirred for 
1 hour and then partitioned between water and a 1:1 mixture 
of ethyl acetate and hexane. The organic phase was dried, 
concentrated and purified by column chromatography (50% 
ethyl acetate/hexane) to obtain 250 mg (55%) of the com 
pound of Example 7 as an oil. H NMR (300 MHz, CDC1): 
d H NMR (CDC1, 300 MHz): 8 0.89-0.93 (m, 6H); 
1.10-1.20 (m, 1H); 1.27 (s, 1H); 1.36-1.60 (m, 2H); 1.72 (s, 
2H); 1.97-2.28 (m, 6H); 2.70-2.75 (m, 2H); 2.92-3.54 (m, 
6H); 445-4.47 (m, 1H); 7.21-7.29 (m, 1H); 7.53-7.56 (dd, 
1H); 8.46-8.48 (s, 2H). 

Example 8 

Synthesis of 3-(3-Pyridyl)-1-propyl 2S-1-(1,1'- 
Dimethylpropyl)carbamoylpyrrolidine-2-carboxy 

late 

0249 Reaction of 3-(3-pyridyl)-1-propylmercaptyl pyr 
rolidine-2-carboxylate with the isocyanate generated from 
tert-amylamine and triphosgene, as described for Example 7, 
provided the compound of Example 8 in 62% yield. H 
NMR (CDC1, 300 MHz): 8 0.83 (t, 3H); 1.27 (s, 6H); 
1.64-1.71 (m, 2H); 1.91-2.02 (m, 7H); 2.66-2.71 (t, 2H); 
2.85 (m, 2H); 3.29-3.42 (m, 2H); 4.11 (br, 1H); 4.37-4.41 
(m, 1H). 

Example 9 

Synthesis of 3-(3-pyridyl)-1-propylmercaptyl 2S-1- 
(cyclohexyl)thiocarbamoyl-pyrrolidine-2-carboxy 

late 

0250) A mixture of cyclohexylisothiocyanate (120 mg; 
0.9 mmol), 3-(3-pyridyl)-1-propylmercaptyl pyrrolidine-2- 
carboxylate (200 mg 0.9 mmol) and triethylamine (90 mg; 
0.9 mmol) in 20 mL of methylene chloride was stirred for 1 
hour and then partitioned between water and a 1:1 mixture 
of ethyl acetate and hexane. The organic phase was dried, 
concentrated and purified by column chromatography (50% 
ethyl acetate/hexane) to obtain 160 mg (47%) of the com 
pound of Example 9. H NMR (CDC1, 300 MHz): 8 
1.16-1.40 (m, 6H); 1.50-1.71 (m, 4H); 1.95-2.08 (m, 7H); 
2.70-2.75 (t, 2H); 3.03 (m, 2H); 3.40-3.60 (m, 2H); 4.95 
4.98 (d. 1H); 5.26-5.29 (d. 1H); 7.17-7.25 (m, 1H). 

Example 10 

Synthesis of 3-(para-Methoxyphenyl)-1- 
propylmercaptyl(2S)-N-(benzenesulfonyl)-pyrroli 

dine-2-carboxylate 

0251 3-(p-Methoxyphenyl)-1-propylbromide 
0252) To a solution of 3-(p-methoxyphenyl)-1-propanol 
(16.6 g; 0.1 mol) in 250 mL of toluene, cooled to 0°C., was 
added dropwise 26 mL of phosphorus tribromide (0.27 mol). 
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Following completion of the addition, the reaction was 
Stirred at room temperature for 1 hour, then refluxed for an 
additional hour. The reaction was cooled and poured onto 
ice, the layers were separated, and the organic phase washed 
with saturated sodium bicarbonate (3x) and brine (3x). The 
crude material obtained upon drying and evaporation of the 
solvent was chromatographed, eluting with 10% EtOAc/ 
hexane, to obtain 14 g (61%) of 3-(p-methoxyphenyl)-1- 
propylbromide. 
0253) 3-(p-Methoxyphenyl)-1-propylmercaptan 
0254. A mixture of 3-(p-methoxyphenyl)-1-propylbro 
mide (14 g; 61 mmol) and thiourea (5.1 g; 67 mmol) in 
ethanol (150 mL) was refluxed for 48 hours. Evaporation of 
the Solvent provided a clear glassy compound, which was 
dissolved in 50 mL of water and treated with 100 mL of 40% 
aqueous Sodium hydroxide. After Stirring the resulting mix 
ture for two hours, the product was extracted into ether (3x), 
and the combined organic extracts were washed with Sodium 
bicarbonate and brine, dried, and concentrated. Chromato 
graphic purification of the crude thiol on a Silica gel column 
eluting with 2% either in hexane delivered 10.2 g of 3-(p- 
methoxyphenyl)-1-propylmercaptan as a clear liquid. "H 
NMR (300 MHz, CDC1): & 1.34 (t, 1H); 1.88-192 (m, 2H); 
2.49-2.53 (m, 2H); 2.64-2.69 (m, 2H); 3.77 (s, 3H); 6.80 
6.84 (m, 2H); 7.06-7.24 (m, 2H). 
0255 3-(p-Methoxyphenyl)-1-mercaptyl 
loxycarbonyl)pyrrolidine-2-carboxylate 

N-(tert-buty 

0256 A mixture of N-(tert-butyloxycarbonyl)-(S)-pro 
line (2.0 g; 9.29 mmol), 3-(p-methoxyphenyl)-1-propylm 
ercaptain (1.86 g; 10.22 mmol), 1-(3-dimethylaminopropyl)- 
3-ethylcarbodiimide hydrochloride (1.96 g; 10.22 mmol), 
and 4-dimethylaminopyridine (catalytic) in dry methylene 
chloride (50 mL) was stirred overnight. The reaction mixture 
was diluted with methylene chloride (50 mL) and water 100 
(mL), and the layers were separated. The organic phase was 
washed with water (3x100 mL), dried over magnesium 
Sulfate, and concentrated to provide 3.05 g of the product 
(100%) as a thick oil. H NMR (300 MHz, CDC1): 8 1.15 
(s, 9H); 1.84-2.31 (m, 6H); 2.61 (m, 2H); 2.83 (m, 2H);3.51 
(m, 2H); 3.75 (s, 3H); 6.79 (d. 2H, J=8.04); 7.05 (m, 2H) 
0257 3-(p-Methoxyphenyl)-1-mercaptyl pyrrolidine-2- 
carboxylate 

0258) A solution of 3-(p-methoxyphenyl)-mercaptyl 
N-(tert-butyloxycarbonyl)pyrrolidine-2-carboxylate (3.0 g; 
8.94 mmol) in methylene chloride (60 mL) and trifluoro 
acetic acid (6 mL) was stirred at room temperature for three 
hours. Saturated potassium carbonate was added until the 
pH was basic, and the reaction mixture was extracted with 
methylene chloride (3x). The combined organic extracts 
were dried and concentrated to yield 1.73 g (69%) of the free 
amine as a thick oil. "H NMR (300 MHz, CDC1): 8 
1.80-2.23 (m, 6H); 2.62 (m, 2H); 2.81 (m, 2H); 3.01 (m, 
2H); 3.75 (s, 3H); 3.89(m, 1H); 6.81 (m, 2H); 7.06 (m, 2H). 
0259) 3-(para-Methoxyphenyl)-1-propylmercaptyl (2S)- 
N-(benzenesulfonyl)pyrrolidine-2-carboxylate 
0260 A solution of 3-(p-methoxyphenyl)-1-mercaptyl 
pyrrolidine-2-carboxylate (567 mg, 2.03 mmol) and benze 
nesulfonyl chloride (358 mg, 2.03 mmol) in methylene 
chloride (5 mL) was treated with diisopropylethylamine 
(290 mg, 2.23 mmol) and stirred overnight at room tem 
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perature. The reaction mixture was filtered to remove Solids 
and applied directly to a Silica gel column, eluting with 25% 
ethyl acetate in hexane, to obtain 540 mg of the compound 
as a clear oil. "H NMR (300 MHz, CDC1) & 1.65-1.89 (m, 
6H); 2.61 (t, 2H, J=7.3); 2.87 (t, 2H, J=7.6); 3.26 (m, 1H); 
3.54 (m, 1H); 3.76 (s, 3H); 4.34 (dd, 1H, J=2.7, 8.6); 6.79 
(d. 2H, J=8.7); 7.06 (d, 2H, J=8.6); 7.49-7.59 (m, 3H); 7.86 
(dd, 2H, J=1.5, 6.8). 

Example 11 

Synthesis of 3-(para-Methoxyphenyl)-1-propylmer 
captyl (2S)-N-(o-toluenesulfonyl)pyrrolidine-2- 

carboxylate 

0261) A solution of 3-(p-Methoxyphenyl)-1-mercaptyl 
pyrrolidine-2-carboxylate (645 mg, 2.30 mmol) and C-tolu 
enesulfonyl chloride (440 mg, 2.30 mmol) in methylene 
chloride (5 mL) was treated with diisopropylethylamine 
(330 mg, 2.53 mmol) and stirred overnight at room tem 
perature. Purification as described for Example 10 provided 
the compound of Example 11 as a clear oil. "H NMR (300 
MHz, CDC1): & 1.65-2.25 (m, 8H); 2.65 (t, 2H); 2.89-2.96 
(m, 2H); 3.55-3.73 (m, 2H); 3.80 (s, 3H); 4.32 (s, 2H); 
4.70-4.81 (m, 1H); 6.83 (d. 2H); 7.09 (d. 2H); 7.14 (m, 3H); 
7.26 (m, 2H) 

Example 12 

Synthesis of 3-(para-Methoxyphenyl)-1-propylmer 
captyl (2S)-N-(o-toluenesulfonyl)pyrrolidine-2- 

carboxylate 

0262. A solution of 3-(p-methoxyphenyl)-1-mercaptyl 
pyrrolidine-2-carboxylate (567 mg, 2.30 mmol) and p-tolu 
enesulfonyl chloride (425 mg, 2.23 mmol) in methylene 
chloride (5 mL) was stirred overnight at room temperature. 
Purification as described for Example 10 provided the 
compound of Example 12 as a clear oil. "H NMR (300 MHz, 
CDC1): & 1.67-194 (m, 6H); 2.40 (s, 3H); 2.61 (t, 2H, 
J=7.3); 2.84 (m, 2H, J=7.2); 3.22 (m, 1H); 3.52 (m, 1H); 
3.76 (s, 3H); 4.32 (dd, 1H, J=2.9, 8.5); 6.79 (d. 2H, J=6.5); 
7.07 (d. 2H, J=6.5); 7.29 (d. 2H, J=6.5); 7.74 (d. 2H, J=6.5). 

Example 13 

Synthesis of 1,5-Diphenyl-3-pentylmercaptyl 
N-(para-toluenesulfonyl)pipecolate 

0263 3-Phenyl-1-propanal 

0264 Oxalyl chloride (2.90 g; 2.29 mmol) in methylene 
chloride (50 mL), cooled to -78 C., was treated with 
dimethylsulfoxide (3.4 mL) in 10 mL of methylene chloride. 
After stirring for 5 min, 3-phenyl-1-propanol (2.72 g; 20 
mmol) in 20 mL of methylene chloride was added, and the 
resulting mixture was stirred at -78 C. for 15 min, treated 
with 14 mL of triethylamine, stirred an additional 15 min, 
and poured into 100 mL of water. The layers were separated, 
the organic phase was dried and concentrated, and the crude 
residue was purified on a Silica gel column, eluting with 10% 
ethyl acetate in hexane, to obtain 1.27 g (47%) of the 
aldehyde as a clear oil. "H NMR (300 MHz, CDC1): 8 2.80 
(m, 2H); 2.98 (m, 2H); 7.27 (m, 5H); 9.81 (2, 1H). 
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0265 1,5-Diphenyl-3-pentanol 
0266. A solution of 2-(bromoethyl)benzene (1.73 g; 9.33 
mmol) in diethylether (10 mL) was added to a stirred slurry 
of magnesium turnings (250 mg, 10.18 mmol) in 5 mL of 
ether. The reaction was initiated with a heat gun, and after 
the addition was complete the mixture was heated on an oil 
bath for 30 min. 3-Phenyl-1-propanal (1.25 g; 9.33 mmol) 
was added in 10 mL of ether, and reflux was continued for 
1 hour. The reaction was cooled and quenched with Saturated 
ammonium chloride, extracted into 2x ethyl acetate, and the 
combined organic portions were dried and concentrated. 
Chromatographic purification on a silica gel column (10% 
ethyl acetate in hexane) delivered 1.42 g(63%) of the 
diphenyl alcohol. H NMR (300 MHz, CDC1): 8 1.84 (m, 
4H); 2.61-2.76(m, 4H); 3.65 (m, 1H); 7.19-7.29 (m, 10H). 
0267 1,5-Diphenyl-3-bromopentane 
0268 To a solution of 1,5-diphenyl-3-pentanol (1.20 g (5 
mmol) and carbon tetrabromide (1.67 g; 5 mmol) in meth 
ylene chloride (20 mL) was added triphenylphosphine (1.31 
g; 5 mmol) portionwise, at 0° C. After stirring at room 
temperature for 18 hours, the mixture was concentrated, 
triturated with ether, and the solids removed by filtration. 
The filtrate was passed through a plug of Silica gel, eluting 
with hexane:methylene chloride, 10:1, to give 1.35 g (90%) 
of the bromide as an oil which was used without further 
purification. H NMR (300 MHz, CDC1): 8 2.11-2.18 (m, 
4H); 2.73 (m, 2H); 2.86 (m, 2H); 3.95 (m, 1H); 7.16-7.30 
(m, 10H). 
0269 1,5-Diphenyl-3-pentylmercaptain 
0270. Using the procedure described in Example 10 for 
the conversion of bromides to thiols, 1,5-diphenyl-3-bro 
mopentane was converted to 1,5-diphenyl-3-pentylmercap 
tan in 35% overall yield. "H NMR (300 MHz, CDC1): 8 
1.79 (m, 2H); 1.98 (m, 2H); 2.71 (m, 3H); 2.80 (m, 2H); 
7.16-7.28 (m, 10H). 
0271) 1,5-Diphenyl-3-pentylmercaptyl N-(tert-butyloxy 
carbonyl)pyrrolidine-2-carboxylate 
0272 A mixture of N-(tert-butyloxycarbonyl)-(S)-pipe 
colic acid (2.11 g; 9.29 mmol), 1,5-diphenyl-3-pentylmer 
captain (2.58 g; 10.22 mmol), 1-(3-dimethylaminopropyl)- 
3-ethylcarbodiimide hydrochloride (1.96 g; 10.22 mmol) 
and 4-dimethylaminopyridine (catalytic) in dry methylene 
chloride (50 mL) was stirred overnight. the reaction mixture 
was diluted with methylene chloride (50 mL) and water (100 
mL), and the layers were separated. The organic phase was 
washed with water (3x100 mL), dried over magnesium 
sulfate, and concentrated to provide 870 mg (20%) of the 
product as a thick oil, which was used without further 
purification. 
0273 1,5-Diphenyl-3-pentylmercaptyl pyrrolidine-2-car 
boxylate 
0274. A solution of 1,5-diphenyl-3-pentylmercaptyl 
N-(tert-butyloxycarbonyl)pyrrolidine-2-carboxylate (850 
mg, 1.8 mmol) in methylene chloride (10 mL) and trifluo 
roacetic acid (1 mL) was stirred at room temperature for 
three hours. Saturated potassium carbonate was added until 
the pH was basic, and the reaction mixture was extracted 
with methylene chloride. The combined organic extracts 
were dried and concentrated to yield 480 mg (72%) of the 
free amine as a thick oil, which was used without further 
purification. 
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0275) 1.5-Diphenyl-3-pentylmercaptyl N-(para-toluene 
Sulfonyl)pipecolate 
0276) 1.5-Diphenyl-3-pentylmercaptyl N-(para-toluene 
Sulfonyl)pipecolate(18) was prepared from 1,5-diphenyl-3- 
pentylmercaptyl pyrrolidine-2-carboxylate and para-tolu 
enesulfonyl chloride as described for Example 12, in 65% 
yield. "H NMR (CDC1, 300 MHz): 8 0.80 (m, 4H); 1.23 
1.97 (m, 5H); 2.15 (d. 1H); 2.61-2.69 (m, 4H); 3.23 (m, 1H); 
3.44 (dm, 1H); 4.27 (s, 2H); 4.53 (d. 1H, J=4.5); 5.06 (m, 
1H); 7.16-7.34 (m, 15H). 

Example 14 

Synthesis of 3-phenyl-1-propyl (2S)-1-(3,3-dim 
ethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate 

0277 Methyl (2S)-1-(1,2-dioxo-2-methoxyethyl)-2-pyr 
rolidinecarboxylate 
0278 A Solution of L-proline methyl ester hydrochloride 
(3.08 g; 18.60 mmol) in dry methylene chloride was cooled 
to 0°C. and treated with triethylamine (3.92 g; 38.74 mmol; 
2.1 eq). After Stirring the formed slurry under a nitrogen 
atmosphere for 15 min, a solution of methyl oxalyl chloride 
(3.20 g; 26.12 mmol) in methylene chloride (45 mL) was 
added dropwise. The resulting mixture was stirred at 0° C. 
for 1.5 hour. After filtering to remove Solids, the organic 
phase was washed with water, dried over MgSO and 
concentrated. The crude residue was purified on a Silica gel 
column, eluting with 50% ethyl acetate in hexane, to obtain 
3.52 g (88%) of the product as a reddish oil. Mixture of 
cis-trans amide rotamers; data for trans rotamer given. "H 
NMR (CDC1): d 1.93 (dim, 2H); 2.17 (m, 2H); 3.62 (m, 2H); 
3.71 (s, 3H); 3.79, 3.84 (s, 3H total); 4.86 (dd. 1H, J=8.4, 
3.3). 
0279 Methyl (2S)-1-(1,2-dioxo-3,3-dimethylpentyl)-2- 
pyrrolidinecarboxylate 

0280 A solution of methyl (2S)-1-(1,2-dioxo-2-meth 
oxyethyl)-2-pyrrolidinecarboxylate (2.35 g; 10.90 mmol) in 
30 mL of tetrahydrofuran (THF) was cooled to -78° C. and 
treated with 14.2 mL of a 1.0 M solution of 1,1-dimethyl 
propylmagnesium chloride in THF. After Stirring the result 
ing homogeneous mixture at -78 C. for three hours, the 
mixture was poured into Saturated ammonium chloride (100 
mL) and extracted into ethyl acetate. The organic phase was 
washed with water, dried, and concentrated, and the crude 
material obtained upon removal of the Solvent was purified 
on a Silica gel column, eluting with 25% ethyl acetate in 
hexane, to obtain 2.10 g (75%) of the oxamate as a colorless 
oil. H NMR (CDC1): d 0.88 (t, 3H); 1.22, 1.26 (s, 3H 
each); 1.75 (dm, 2H); 1.87-2.10 (m,3H); 2.23 (m, 1H); 3.54 
(m, 2H); 3.76 (s, 3H); 4.52 (dm, 1H, J=8.4, 3.4). 
0281 Synthesis of (2S)-1-(1.2-dioxo-3,3-dimethylpen 
tyl)-2-pyrrolidinecarboxylic Acid 
0282. A mixture of methyl (2S)-1-(1,2-dioxo-3,3-dimeth 
ylpentyl)-2-pyrrolidinecarboxylate (2.10 g; 8.23 mmol), 1 N 
LiOH (15 mL), and methanol (50 mL) was stirred at 0° C. 
for 30 minutes and at room temperature overnight. The 
mixture was acidified to pH 1 with 1 NHCl, diluted with 
water, and extracted into 100 mL of methylene chloride. The 
organic extract was washed with brine and concentrated to 
deliver 1.73 g (87%) of snow-white solid which did not 
require further purification. H NMR (CDC1): d 0.87 (t, 
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3H); 1.22, 1.25 (s, 3H each); 1.77 (dm, 2H); 2.02 (m, 2H); 
2.17 (m, 1H); 2.25 (m, 1H); 3.53 (dd, 2H, J=10.4, 7.3); 4.55 
(dd, 1H, J=8.6, 4.1). 
0283 3-Phenyl-1-propyl (2S)-1-(3,3-dimethyl-1,2-di 
oXopentyl)-2-pyrrolidinecarboxylate 
0284. A mixture of (2S)-1-(1,2-dioxo-3,3-dimethylpen 
tyl)-2-pyrrolidine-carboxylic acid (600 mg, 2.49 mmol), 
3-phenyl-1-propanol (508 mg; 3.73 mmol), dicyclohexyl 
carbodiimide (822 mg; 3.98 mmol), camphorsulfonic acid 
(190 mg; 0.8 mmol) and 4-dimethylaminopyridine (100 mg; 
0.8 mmol) in methylene chloride (20 mL) was stirred 
overnight under a nitrogen atmosphere. The reaction mix 
ture was filtered through Celite to remove Solids and con 
centrated in vacuo, and the crude material was purified on a 
flash column (25% ethyl acetate in hexane) to obtain 720 mg 
(80%) of the compound of Example 14 as a colorless oil. H 
NMR (CDC1): d 0.84 (t, 3H); 1.19 (s.3H); 1.23 (s, 3H); 
1.70 (dm, 2H); 1.98 (m, 5H); 2.22 (m, 1H); 2.64 (m, 2H); 
3.47 (m, 2H); 4.14 (m, 2H); 4.51 (d. 1H); 7.16 (m,3H); 7.26 
(m, 2H). 

Example 15 

0285) The method of Example 14 was utilized to prepare 
the following illustrative compounds. 
0286 3-phenyl-1-prop-2-(E)-enyl (2S)-1-(3,3-dimethyl 
1,2-dioxopentyl)-2-pyrrolidinecarboxylate, 80%. H NMR 
(360 Mhz, CDC1) d 0.86 (t, 3H); 1.21 (s, 3H); 1.25 (s.3H); 
1.54-2.10 (m, 5H); 2.10-2.37 (m, 1H); 3.52-3.55 (m, 2H); 
4.56 (dd. 1H, J-3.8, 8.9); 478-4.83 (m, 2H); 6.27 (m, 1H); 
6.67 (dd, 1H, J=15.9); 713-7.50 (m, 5H). 
0287 3-(3,4,5-trimethoxyphenyl)-1-propyl (2S)-1-(3,3- 
dimethyl-1,2-dioxopentyl)-2-pyrrolidine-carboxylate, 61%. 
"H NMR (CDC1): d 0.84 (t,3H); 1.15 (s.3H); 1.24 (s.3H); 
1.71 (dm, 2H); 1.98 (m, 5H); 2.24 (m, 1H); 2.63 (m, 2H); 
3.51 (t, 2H); 3.79 (s, 3H); 3.83 (s, 3H); 4.14 (m, 2H); 4.52 
(m, 1H); 6.36 (s, 2H). 
0288 3-(3,4,5-trimethoxyphenyl)-1-prop-2-(E)-enyl 
(2S)-1-(3,3-dimethyl-1,2-dioxopentyl)-2-pyrrolidine car 
boxylate, 66%. H NMR (CDC1): d 0.85 (t, 3H); 1.22 (s, 
3H); 1.25 (s, 3H); 1.50-2.11 (m, 5H); 2.11-2.40 (m, 1H); 
3.55 (m, 2H); 3.85 (s, 3H); 3.88 (s, 6H); 4.56 (dd, 1H); 4.81 
(m, 2H); 6.22 (m, 1H); 6.58 (d. 1H, J=16); 6.63 (s, 2H). 
0289 3-(4.5-methylenedioxyphenyl)-1-propyl (2S)-1-(3, 
3-dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate, 
82%. H NMR (360 MHz, CDC1): d 0.86 (t, 3H); 1.22 (s, 
3H); 1.25 (s, 3H); 1.60-2.10 (m, 5H); 3.36-3.79 (m, 2H); 
4.53 (dd, 1H, J=3.8, 8.6); 4.61-4.89 (m, 2H); 5.96 (s, 2H); 
6.10 (m, 1H); 6.57 (dd, 1H, J=6.2, 15.8); 6.75 (d. 1 H, 
J=8.0); 6.83 (dd, 1H, J=1.3, 8.0); 6.93 (s, 1H) 
0290 3-(4.5-methylenedioxyphenyl)-1-prop-2-(E)-enyl 
(2S)-1-(3,3-dimethyl-1,2-dioxopentyl)-2-pyrrolidinecar 
boxylate, 82%. "H NMR (360 MHz, CDC1) d 0.86 (t,3H); 
1.22 (s, 3H); 1.25 (s, 3H); 1.60-2.10 (m, 5H); 2.10-2.39 (m, 
1H); 3.36-3.79 (m, 2H); 4.53 (dd, 1H, J=3.8, 8.6); 4.61-4.89 
(m, 2H); 5.96 (s, 2H); 6.10 (m, 1H); 6.57 (dd, 1H, J=6.2, 
15.8); 6.75 (d. 1H, J=8.0); 6.83 (dd, 1H, J=1.3, 8.0); 6.93 (s, 
1H). 
0291 3-cyclohexyl-1-prop-2-(E)-enyl (2S)-1-(3,3-dim 
ethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate, 92%. H 
NMR (360 MHz, CDC1): d 0.86 (t, 3H); 1.13-140 (m+2 
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Example 16 
0315 General procedure for the synthesis of acrylic 
esters, exemplified for methyl (3,3,5-trimethoxy)-trans-cin 
namate. 

0316 A solution of 3,4,5-trimethoxybenzaldehyde (5.0 g; 
25.48 mmol) and methyl (triphenylphosphoranylidene)ac 
etate (10.0 g; 29.91 mmol) in tetrahydrofuran (250 mL) was 
refluxed overnight. After cooling, the reaction mixture was 
diluted with 200 mL of ethyl acetate and washed with 2x200 
mL of water, dried, and concentrated in vacuo. The crude 
residue was chromatographed on a Silica gel column, eluting 
with 25% ethyl acetate in hexane, to obtain 5.63 g (88%) of 
the cinnamate as a white crystalline solid. "H NMR (300 
Mhz; CDC1): d 3.78 (s, 3H); 3.85 (s, 6H); 6.32 (d. 1H, 
J=16); 6.72 (s, 2H); 7.59 (d. 1H, J=16). 

Example 17 

0317 General procedure for the synthesis of saturated 
alcohols from acrylic esters, exemplified for (3,4,5-tri 
methoxy) phenylpropanol. 
0318) A solution of methyl (3,3,5-trimethoxy)-trans-cin 
namate (1.81 g; 7.17 mmol) in tetrahydrofuran (30 mL) was 
added in a dropwise manner to a Solution of lithium alumi 
num hydride (14 mmol) in THF (35 mL), with stirring and 
under an argon atmosphere. After the addition was complete, 
the mixture was heated to 75 C. for 4 hours. After cooling, 
it was quenched by the careful addition of 15 mL of 2 N 
NaOH followed by 50 mL of water. The resulting mixture 
was filtered through Celite to remove solids, and the filter 
cake was washed with ethyl acetate. The combined organic 
fractions were washed with water, dried, concentrated in 
vacuo, and purified on a Silica gel column, eluting with ethyl 
acetate to obtain 0.86 g (53%) of the alcohol as a clear oil. 
H NMR (300 Mhz; CDC1) d 1.23 (br, 1H); 1.87 (n,2H); 
2.61 (t, 2H, J=7.1); 3.66 (t, 2H); 3.80 (s, 3H); 3.83 (s, 6H); 
6.40 (s, 2H). 

Example 18 
03.19 General procedure for the synthesis of trans-allylic 
alcohols from acrylic esters, exemplified for (3,4,5-tri 
methoxy)phenylprop-2-(E)-enol. 
0320 A solution of methyl (3,3,5-trimethoxy)-trans-cin 
namate (1.35 g; 5.35 mmol) in toluene (25 mL) was cooled 
to -10°C. and treated with a solution of diisobutylaluminum 
hydride in toluene (11.25 mL of a 1.0 M solution; 11.25 
mmol). The reaction mixture was stirred for 3 hours at 0°C. 
and then quenched with 3 mL of methanol followed by 1 N 
HCl until the pH was 1. The reaction mixture was extracted 
into ethyl acetate and the organic phase was washed with 
water, dried and concentrated. Purification on a Silica gel 
column eluting with 25% ethyl acetate in hexane furnished 
0.96 g (80%) of a thick oil. "H NMR (360 Mhz; CDC1): d 
3.85 (s, 3H); 3.87 (s, 6H); 4.32 (d. 2H, J=5.6); 6.29 (dt, 1H, 
J=15.8, 5.7), 6.54 (d. 1H, J=15.8); 6.61 (s, 2H). 

Example 19 

In vivo Hair Generation Tests with C57 Black 6 
Mice 

0321 Experiment A: C57 black 6 mice were used to 
demonstrate the hair revitalizing properties of a related 
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compound, GPI 1046. Referring now to FIGS. 1 and 2 of 
the drawings, C57 black 6 mice, approximately 7 weeks old, 
had an area of about 2 inches by 2 inches on their hind 
quarters Shaved to remove all existing hair. Care was taken 
not to nick or cause abrasion to the underlaying dermal 
layers. The animals were in anagen growth phase, as indi 
cated by the pinkish color of the skin. Referring now to 
FIGS. 2, 3 and 4, four animals per group were treated by 
topical administration with 20% propylene glycol Vehicle 
(FIG. 2), 10 uM GPI 1046 (FIG. 3) or 30 uM GPI 1046 
(FIG. 4) dissolved in the vehicle. The animals were treated 
with vehicle or GPI 1046 every 48 hours (3 applications total 
over the course of 5 days) and the hair growth was allowed 
to proceed for 6 weeks. Hair growth was quantitated by the 
percent of shaved area covered by new hair growth during 
this time period. 
0322 FIG. 2 shows that animals treated with vehicle 
exhibited only a Small amount of hair growth in patches or 
tufts, with less than 3% of the shaved area covered with new 
growth. In contrast, FIG. 3 shows that animals treated with 
10 uM GPI 1046 exhibited dramatic hair growth, covering 
greater than 90% of the shaved area in all animals. Further, 
FIG. 4 shows that mice treated with 30 uM GPI 1046 
exhibited essentially complete hair regrowth and their 
shaved areas were indistinguishable from unshaven C57 
black 6 mice. 

0323 Experiment B: C57 Black 6 mice were used to 
demonstrate the hair revitalizing properties of various com 
pounds of the present invention and other related low 
molecular weight, small molecule compounds. C57 Black 6 
mice, 55 to 75 days old, had an area of about 2 inches by 2 
inches on their hindquarters shaved to remove all existing 
hair. Care was taken not to nick or cause abrasion to the 
underlying dermal layers. The animals were in anagen 
growth phase when Shaved. Five animals per group were 
treated by topical administration with a vehicle, FK506, or 
a low molecular weight, Small molecule compound (GPI 
1046, GPI 1605, GPI 1312, GPI 1572, GPI 1389, GPI 1511, 
or GPI 1234) to the shaved area. The animals were treated 
three times per week, and hair growth was evaluated 14 days 
after initiation of treatment. Hair growth was quantitated by 
the percent of Shaved area covered by new hair growth, as 
scored by a blinded observer, on a scale of 0 (no growth) to 
5 (complete hair regrowth in shaved area). 
0324 FIG. 5 shows that after 14 days, the animals treated 
with vehicle exhibited the beginning of hair growth in small 
tufts. By contrast, most of the animals treated with the low 
molecular weight, Small molecule compounds of the present 
invention and other related compounds exhibited dramatic 
hair growth. 

Example 20 
0325 A lotion comprising the following composition 
may be prepared. 

(%) 
95%. Ethanol 8O.O 
an N-oxide of a heterocyclic ester, amide, 1.O.O 
thioester, or ketone 
C-Tocopherol acetate O.O1 
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-continued 

(%) 

Ethylene oxide (40 mole) adducts of hardened 0.5 
castor oil 
purified water 9.O 
perfume and dye C.S. 

0326 Into 95% ethanol are added an N-oxide of a het 
erocyclic ester, amide, thioester, or ketone, C-tocopherol 
acetate, ethylene oxide (40 mole) adducts of hardened castor 
oil, perfume and a dye. The resulting mixture is Stirred and 
dissolved, and purified water is added to the mixture to 
obtain a transparent liquid lotion. 

0327 5 ml of the lotion may be applied once or twice per 
day to a site having marked baldneSS or alopecia. 

Example 21 

0328. A lotion comprising the following composition 
shown may be prepared. 

(%) 
95%. Ethanol 8O.O 
an N-oxide of a heterocyclic ester, amide, O.OOS 
thioester, or ketone 
Hinokitol O.O1 
Ethylene oxide (40 mole) adducts of hardened 0.5 
castor oil 
Purified water 19.0 
Perfume and dye C.S. 

0329 Into 95% ethanol are added an N-oxide of a het 
erocyclic ester, amide, thioester, or ketone, hinokitol, eth 
ylene oxide (40 mole) adducts of hardened castor oil, 
perfume, and a dye. The resulting mixture is Stirred, and 
purified water is added to the mixture to obtain a transparent 
liquid lotion. 

0330. The lotion may be applied by spraying once to 4 
times per day to a site having marked baldneSS or alopecia. 

Example 22 

0331. An emulsion may be prepared from A phase and B 
phase having the following compositions. 

(%) 

(A phase) 

Whale wax 0.5 
Cetanol 2.O 
Petrolatum 5.0 
Squalane 1.O.O 
Polyoxyethylene (10 mole) monostearate 2.O 
Sorbitan monooleate 1.O 
an N-oxide of a heterocyclic ester, amide, O.O1 
thioester, or ketone 
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-continued 

(%) 

(B phase) 

Glycerine 1.O.O 
Purified water 69.0 
Perfume, dye, and preservative C.S. 

0332 The A phase and the B phase are respectively 
heated and melted and maintained at 80 C. Both phases are 
then mixed and cooled under Stirring to normal temperature 
to obtain an emulsion. 

0333. The emulsion may be applied by spraying once to 
four times per day to a Site having marked baldness or 
alopecia. 

Example 23 
0334. A cream may be prepared from A phase and B 
phase having the following compositions. 

(%) 

(A Phase) 

Fluid paraffin 5.0 
Cetostearyl alcohol 5.5 
Petrolatum 5.5 
Glycerine monostearate 33.O 
Polyoxyethylene (20 mole) 2-octyldodecyl 3.0 
ether 
Propylparaben O.3 
(B Phase) 

an N-oxide of a heterocyclic ester, amide, O.8 
thioester, or ketone 
Glycerine 7.0 
Dipropylene glycol 2O.O 
Polyethylene glycol 4000 5.0 
Sodium Hexametaphosphate O.OOS 
Purified water 44.895 

0335 The A phase is heated and melted, and maintained 
at 70° C. The B phase is added into the A phase and the 
mixture is stirred to obtain an emulsion. The emulsion is 
then cooled to obtain a cream. 

0336. The cream may be applied once to 4 times per day 
to a Site having marked baldness or alopecia. 

Example 24 
0337. A liquid comprising the following composition 
may be prepared. 

(%) 
Polyoxyethylene butyl ether 2O.O 
Ethanol SO.O 
an N-oxide of a heterocyclic ester, amide, O.OO1 
thioester, or ketone 
Propylene glycol 5.0 
Polyoxyethylene hardened castor oil 0.4 
derivative (ethylene oxide 80 mole adducts) 
Perfume C.S. 
Purified water C.S. 
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0338 Into ethanol are added polyoxypropylene butyl 
ether, propylene glycol, polyoxyethylene hardened castor 
oil, an N-oxide of a heterocyclic ester, amide, thioester, or 
ketone, and perfume. The resulting mixture is stirred, and 
purified water is added to the mixture to obtain a liquid. 
0339. The liquid may be applied once to 4 times per day 
to a Site having marked baldness or alopecia. 

Example 25 
0340 Ashampoo comprising the following composition 
may be prepared. 

(%) 

Sodium laurylsulfate 5.0 
Triethanolamine laurylsulfate 5.0 
Betaine lauryldimethylaminoacetate 6.O 
Ethylene glycol distearate 2.0 
Polyethylene glycol 5.0 
an N-oxide of a heterocyclic ester, amide, 5.0 
thioester, or ketone 
Ethanol 2.0 
Perfume O.3 
Purified water 69.7 

0341 Into 69.7 of purified water are added 5.0 g of 
Sodium laurylsulfate, 5.0 g of triethanolamine laurylsulfate, 
6.0 g of betaine lauryldimethyl-aminoacetate. Then a mix 
ture obtained by adding 5.0 g of an N-oxide of a heterocyclic 
ester, amide, thioester, or ketone, 5.0 g of polyethylene 
glycol, and 2.0 g of ethylene glycol distearate to 2.0 g of 
ethanol, followed by Stirring, and 0.3 g of perfume are 
Successively added. The resulting mixture is heated and 
Subsequently cooled to obtain a shampoo. 
0342. The shampoo may be used on the scalp once or 
twice per day. 

Example 26 
0343 A patient is suffering from alopecia senilis. An 
N-oxide of a heterocyclic ester, amide, thioester, or ketone 
or a pharmaceutical composition comprising the same may 
be administered to the patient. Increased hair growth is 
expected to occur following treatment. 

Example 27 
0344) A patient is Suffering from male pattern alopecia. 
An N-oxide of a heterocyclic ester, amide, thioester, or 
ketone or a pharmaceutical composition comprising the 
Same may be administered to the patient. Increased hair 
growth is expected to occur following treatment. 

Example 28 
0345) A patient is suffering from alopecia areata. An 
N-oxide of a heterocyclic ester, amide, thioester, or ketone 
or a pharmaceutical composition comprising the same may 
be administered to the patient. Increased hair growth is 
expected to occur following treatment. 

Example 29 
0346 A patient is suffering from hair loss caused by skin 
lesions. An N-oxide of a heterocyclic ester, amide, thioester, 
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or ketone or a pharmaceutical composition comprising the 
Same may be administered to the patient. Increased hair 
growth is expected to occur following treatment. 

Example 30 
0347 A patient is suffering from hair loss caused by 
tumors. An N-oxide of a heterocyclic ester, amide, thioester, 
or ketone or a pharmaceutical composition comprising the 
Same may be administered to the patient. Increased hair 
growth is expected to occur following treatment. 

Example 31 
0348. A patient is suffering from hair loss caused by a 
Systematic disorder, Such as a nutritional disorder or an 
internal Secretion disorder. An N-oxide of a heterocyclic 
ester, amide, thioester, or ketone or a pharmaceutical com 
position comprising the same may be administered to the 
patient. Increased hair growth is expected to occur following 
treatment. 

Example 32 
0349. A patient is suffering from hair loss caused by 
chemotherapy. An N-oxide of a heterocyclic ester, amide, 
thioester, or ketone or a pharmaceutical composition com 
prising the same may be administered to the patient. 
Increased hair growth is expected to occur following treat 
ment. 

Example 33 
0350 A patient is suffering from hair loss caused by 
radiation. An N-oxide of a heterocyclic ester, amide, 
thioester, or ketone or a pharmaceutical composition com 
prising the same may be administered to the patient. 
Increased hair growth is expected to occur following treat 
ment. 

0351. The invention being thus described, it will be 
obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
Spirit and Scope of the invention and all Such modifications 
are intended to be included within the scope of the following 
claims. 

We claim: 
1. A pharmaceutical composition which comprises: 

(i) an effective amount of a nitrogen-containing hetero 
cyclic compound which has an N-linked ketone, diketo, 
or thioketo Substituent, and which is additionally sub 
Stituted with an N-oxide of an ester, amide, thioester, or 
ketone Substituent attached to the heterocyclic ring, for 
treating alopecia or promoting hair growth in an animal 
in need thereof; 

(ii) a Second hair revitalizing agent; and 
(iii) a pharmaceutically acceptable carrier. 
2. The pharmaceutical composition of claim 1, wherein 

the compound is non-immunosuppressive. 
3. The pharmaceutical composition of claim 1, wherein 

the compound has an affinity for an FKBP-type immuno 
philin. 

4. The pharmaceutical composition of claim 3, wherein 
the FKBP-type immunophilin is FKBP-12. 
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5. The pharmaceutical composition of claim 1, wherein 
the compound is of formula I 

A. X-Y- 

or a pharmaceutically acceptable Salt, ester, or Solvate 
thereof, wherein: 
A and B are taken together, with the nitrogen and carbon 

atoms to which they are respectively attached, to form 
a 5-7 membered Saturated or unsaturated heterocyclic 
ring which has any combination of CH, CH, O, S, So, 
SO, N, NH and NR; 

W is O, S, CH, or two hydrogen atoms; 
R is C-C Straight or branched chain alkyl, C-C Straight 

or branched chain alkenyl, C-C cycloalkyl, C-C, 
cycloalkenyl, or Art, 
wherein said R is optionally substituted with one or 
more Substituent(s) independently Selected from the 
group consisting of C-C alkyl, C-C alkenyl, 
hydroxy, C-C cycloalkyl, Cs-C7 cycloalkenyl, and 
Ar2. 

Ar and Ara are independently selected from the group 
consisting of 1-napthyl, 2-napthyl, 1-indolyl, 2-indolyl, 
2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-py 
ridyl, 4-pyridyl, and phenyl, 
wherein said Ar or Ara has one or more Substituent(s) 

independently Selected from the group consisting of 
hydrogen, halo, hydroxy, nitro, trifluoromethyl, 
C-C straight or branched chain alkyl, C-C straight 
or branched chain alkenyl, C-C alkenyloxy, phe 
noxy, benzyloxy, and amino; 

X is O, NH, NR, S, CH, CHR, or CRR, 
Y is a direct bond, C-C Straight or branched chain alkyl, 

or C-C Straight or branched chain alkenyl, 
wherein Said alkyl or alkenyl is optionally Substituted 

with one or more Substituent(s) independently 
Selected from the group consisting of C-C Straight 
or branched chain alkyl, C-C Straight or branched 
chain alkenyl, C-C cycloalkyl, Cs-C7 cycloalkenyl, 
hydroxy, carbonyl oxygen, and Ar, 
wherein Said alkyl, alkenyl, cycloalkyl, cycloalk 

enyl, or Ar is optionally Substituted with C-C, 
alkyl, C-C alkenyl, hydroxy, or carbonyl oxy 
gen, 

wherein any carbon atom of Said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
replaced with O, NH, NR, S, SO, or SO; 

R is Selected from the group consisting of hydrogen, 
C-C straight or branched chain alkyl, C-C straight or 
branched chain alkenyl or alkynyl, and C-C bridging 
alkyl, 
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wherein a bridge is formed between the nitrogen and a 
carbon atom of Said alkyl or alkenyl to form a ring, 
wherein Said ring is optionally fused to an Argroup; 

Z is an aromatic amine or a tertiary amine oxidized to a 
corresponding N-oxide, 
wherein Said aromatic amine is pyridyl, pyrimidyl, 

quinolinyl, or isoquinolinyl, which is either unsub 
stituted or Substituted with one or more Substitu 
ent(s) independently selected from the group con 
sisting of halo, hydroxy, nitro, trifluoromethyl, C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl, C-C alkoxy, C-C alkeny 
loxy, phenoxy, benzyloxy, and amino, wherein Said 
tertiary amine is NRRR, wherein R, Rs, and R. 
are independently Selected from the group consisting 
of C-C Straight or branched chain alkyl and C-C, 
Straight or branched chain alkenyl, 
wherein Said alkyl or alkenyl is optionally Substi 

tuted with one or more Substituent(s) indepen 
dently Selected from the group consisting of C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl, C-C cycloalkyl, Cs-C, 
cycloalkenyl, hydroxy, carbonyl oxygen, and Ar, 
wherein Said alkyl, alkenyl, cycloalkyl, cycloalk 

enyl, or Ar is optionally Substituted with C-C, 
alkyl, C-C alkenyl, hydroxy, or carbonyl oxy 
gen, 

wherein any carbon atom of Said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
replaced with O, NH, NR, S, SO, or SO; 

Ar is Selected from the group consisting of pyrrolidinyl, 
pyridyl, pyrimidyl, pyrazyl, pyridaZyl, quinolinyl, and 
isoquinolinyl; and 

R and R are independently hydrogen, C-C Straight or 
branched chain alkyl, C-C Straight or branched chain 
alkenyl or alkynyl, or Y-Z. 

6. The pharmaceutical composition of claim 1, wherein 
the compound is of formula II 

I 

s 
E X-Y- n 

N 

O 
W 

R 

or a pharmaceutically acceptable Salt, ester, or Solvate 
thereof, wherein: 

E, F, G, and J are independently CH, O, S, SO, SO, NH 
or NR; 

W is O, S, CH, or two hydrogen atoms; 
R is C-C straight or branched chain alkyl, C-C Straight 

or branched chain alkenyl, C-C cycloalkyl, C-C, 
cycloalkenyl, or Art, 



US 2002/0065297 A1 

wherein said R is optionally substituted with one or 
more Substituent(s) independently Selected from the 
group consisting of C-C alkyl, C-C alkenyl, 
hydroxy, C-C cycloalkyl, C-C, cycloalkenyl, and 
Ar; 

Ar is selected from the group consisting of 1-napthyl, 
2-napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2-thie 
nyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl and phe 
nyl, 

wherein said Ari has one or more Substituent(s) inde 
pendently Selected from the group consisting of 
hydrogen, halo, hydroxy, nitro, trifluoromethyl, 
C-C straight or branched chain alkyl, C-C straight 
or branched chain alkenyl, C-C alkenyloxy, phe 
noxy, benzyloxy, and amino; 

X is O, NH, NR, S, CH, CHR, or CRR, 
Y is a direct bond, C-C Straight or branched chain alkyl, 

or C-C Straight or branched chain alkenyl, 
wherein Said alkyl or alkenyl is optionally Substituted 

with one or more Substituent(s) independently 
Selected from the group consisting of C-C Straight 
or branched chain alkyl, C-C Straight or branched 
chain alkenyl, C-C cycloalkyl, Cs-C7 cycloalkenyl, 
hydroxy, carbonyl oxygen, and Ar, 
wherein Said alkyl, alkenyl, cycloalkyl, cycloalk 

enyl, or Ar is optionally Substituted with C-C, 
alkyl, C-C alkenyl, hydroxy, or carbonyl oxy 
gen, 

wherein any carbon atom of Said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
replaced with O, NH, NR, S, SO, or SO; 

R is Selected from the group consisting of hydrogen, 
C-C straight or branched chain alkyl, C-C straight or 
branched chain alkenyl or alkynyl, and C-C bridging 
alkyl, 

wherein a bridge is formed between the nitrogen and a 
carbon atom of Said alkyl or alkenyl to form a ring, 
wherein Said ring is optionally fused to an Argroup; 

Z is an aromatic amine or a tertiary amine oxidized to a 
corresponding N-oxide, 
wherein Said aromatic amine is pyridyl, pyrimidyl, 

quinolinyl, or isoquinolinyl, which is either unsub 
stituted or Substituted with one or more Substitu 
ent(s) independently Selected from the group con 
sisting of halo, hydroxy, nitro, trifluoromethyl, C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl, C-C alkoxy, C-C alkeny 
loxy, phenoxy, benzyloxy, and amino, wherein Said 
tertiary amine is NRRR, wherein R, Rs, and R. 
are independently Selected from the group consisting 
of C-C Straight or branched chain alkyl and C-C, 
Straight or branched chain alkenyl, 
wherein Said alkyl or alkenyl is optionally Substi 

tuted with one or more Substituent(s) indepen 
dently Selected from the group consisting of C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl, C-C cycloalkyl, Cs-C, 
cycloalkenyl, hydroxy, carbonyl oxygen, and Ar, 
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wherein Said alkyl, alkenyl, cycloalkyl, cycloalk 
enyl, or Ar is optionally Substituted with C-C, 
alkyl, C-C alkenyl, hydroxy, or carbonyl oxy 
gen, 

wherein any carbon atom of Said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
replaced with O, NH, NR, S, SO, or SO; 

Ar is Selected from the group consisting of pyrrolidinyl, 
pyridyl, pyrimidyl, pyrazyl, pyridaZyl, quinolinyl, and 
isoquinolinyl; and 

R and R are independently hydrogen, C-C Straight or 
branched chain alkyl, C-C Straight or branched chain 
alkenyl or alkynyl, or Y-Z. 

7. The pharmaceutical composition of claim 1, wherein 
the compound is of formula III 

III 

E X-Y- 

or a pharmaceutically acceptable Salt, ester, or Solvate 
thereof, wherein: 

E, F, and G are independently CH, O, S, SO, SO, NH or 
NR; 

W is O, S, CH, or two hydrogen atoms; 

R is C-C Straight or branched chain alkyl, C-C Straight 
or branched chain alkenyl, C-C cycloalkyl, C-C, 
cycloalkenyl, or Art, 

wherein said R is optionally substituted with one or 
more Substituent(s) independently Selected from the 
group consisting of C-C alkyl, C-C alkenyl, 
hydroxy, C-C cycloalkyl, Cs-C7 cycloalkenyl, and 
Ar; 

Ar is Selected from the group consisting of 1-napthyl, 
2-napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2-thie 
nyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl and phe 
nyl, 

wherein said Ari has one or more Substituent(s) inde 
pendently Selected from the group consisting of 
hydrogen, halo, hydroxy, nitro, trifluoromethyl, 
C-C straight or branched chain alkyl, C-C straight 
or branched chain alkenyl, C-C alkenyloxy, phe 
noxy, benzyloxy, and amino; 

X is O, NH, NR, S, CH, CHR, or CRR, 

Y is a direct bond, C-C Straight or branched chain alkyl, 
or C-C Straight or branched chain alkenyl, 

wherein Said alkyl or alkenyl is optionally Substituted 
with one or more Substituent(s) independently 
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Selected from the group consisting of C-C Straight 
or branched chain alkyl, C-C straight or branched 
chain alkenyl, C-C cycloalkyl, Cs-C7 cycloalkenyl, 
hydroxy, carbonyl oxygen, and Ar, 

wherein Said alkyl, alkenyl, cycloalkyl, cycloalk 
enyl, or Ar is optionally Substituted with C-C, 
alkyl, C-C alkenyl, hydroxy, or carbonyl oxy 
gen, 

wherein any carbon atom of Said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
replaced with O, NH, NR, S, SO, or SO; 

R is Selected from the group consisting of hydrogen, 
C-C straight or branched chain alkyl, Ca-Castraight or 
branched chain alkenyl or alkynyl, and C-C bridging 
alkyl, 

wherein a bridge is formed between the nitrogen and a 
carbon atom of Said alkyl or alkenyl to form a ring, 

wherein Said ring is optionally fused to an Argroup; 

Z is an aromatic amine or a tertiary amine oxidized to a 
corresponding N-oxide, 

wherein Said aromatic amine is pyridyl, pyrimidyl, 
quinolinyl, or isoquinolinyl, which is either unsub 
stituted or Substituted with one or more Substitu 
ent(s) independently Selected from the group con 
sisting of halo, hydroxy, nitro, trifluoromethyl, C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl, C-C alkoxy, C-C alkeny 
loxy, phenoxy, benzyloxy, and amino, wherein Said 
tertiary amine is NRRR, wherein R, Rs, and R. 
are independently Selected from the group consisting 
of C-C straight or branched chain alkyl and C-C, 
Straight or branched chain alkenyl, 

wherein Said alkyl or alkenyl is optionally Substi 
tuted with one or more Substituent(s) indepen 
dently selected from the group consisting of C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl, C-C cycloalkyl, Cs-C, 
cycloalkenyl, hydroxy, carbonyl oxygen, and Ar, 

wherein Said alkyl, alkenyl, cycloalkyl, cycloalk 
enyl, or Ar is optionally Substituted with C-C, 
alkyl, C-C alkenyl, hydroxy, or carbonyl oxy 
gen, 

wherein any carbon atom of Said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
replaced with O, NH, NR, S, SO, or SO; 

Ar is Selected from the group consisting of pyrrolidinyl, 
pyridyl, pyrimidyl, pyrazyl, pyridaZyl, quinolinyl, and 
isoquinolinyl; and 

R and R are independently hydrogen, C-C Straight or 
branched chain alkyl, C-C Straight or branched chain 
alkenyl or alkynyl, or Y-Z. 
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8. The pharmaceutical composition of claim 1, wherein 
the compound is of formula IV 

IV 

(CH2) 

C X-Y- 
N 

O 

W 

or a pharmaceutically acceptable Salt, ester, or Solvate 
thereof, wherein: 

n is 1, 2 or 3 forming a 5-7 member heterocyclic ring; 
W is O, S, CH, or two hydrogen atoms; 
R is C-C straight or branched chain alkyl, C-C Straight 

or branched chain alkenyl, C-C cycloalkyl, C-C, 
cycloalkenyl, or Art, 
wherein said R is optionally substituted with one or 

more Substituent(s) independently Selected from the 
group consisting of C-C alkyl, C-C alkenyl, 
hydroxy, C-C cycloalkyl, C-C, cycloalkenyl, and 
Ar; 

Ar is selected from the group consisting of 1-napthyl, 
2-napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2-thie 
nyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl and phe 
nyl, 

wherein said Ari has one or more Substituent(s) inde 
pendently Selected from the group consisting of 
hydrogen, halo, hydroxy, nitro, trifluoromethyl, 
C-C straight or branched chain alkyl, C-C straight 
or branched chain alkenyl, C-C alkenyloxy, phe 
noxy, benzyloxy, and amino; 

X is O, NH, NR, S, CH, CHR, or CRR, 
Y is a direct bond, C-C Straight or branched chain alkyl, 

or C-C Straight or branched chain alkenyl, 
wherein Said alkyl or alkenyl is optionally Substituted 

with one or more Substituent(s) independently 
Selected from the group consisting of C-C Straight 
or branched chain alkyl, C-C Straight or branched 
chain alkenyl, C-C cycloalkyl, Cs-C7 cycloalkenyl, 
hydroxy, carbonyl oxygen, and Ar, 
wherein Said alkyl, alkenyl, cycloalkyl, cycloalk 

enyl, or Ar is optionally Substituted with C-C, 
alkyl, C-C alkenyl, hydroxy, or carbonyl oxy 
gen, 

wherein any carbon atom of Said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
replaced with O, NH, NR, S, SO, or SO; 

R is Selected from the group consisting of hydrogen, 
C-C straight or branched chain alkyl, C-C straight or 
branched chain alkenyl or alkynyl, and C-C bridging 
alkyl, 
wherein a bridge is formed between the nitrogen and a 

carbon atom of Said alkyl or alkenyl to form a ring, 
wherein Said ring is optionally fused to an Argroup; 
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Z is an aromatic amine or a tertiary amine oxidized to a 
corresponding N-oxide, 

wherein Said aromatic amine is pyridyl, pyrimidyl, 
quinolinyl, or isoquinolinyl, which is either unsub 
stituted or Substituted with one or more Substitu 
ent(s) independently Selected from the group con 
sisting of halo, hydroxy, nitro, trifluoromethyl, C-C, 
Straight or branched chain alkyl, C-C straight or 
branched chain alkenyl, C-C alkoxy, C-C alkeny 
loxy, phenoxy, benzyloxy, and amino, wherein Said 
tertiary amine is NRRR, wherein R, Rs, and R. 
are independently Selected from the group consisting 
of C-C Straight or branched chain alkyl and C-C, 
Straight or branched chain alkenyl, 

wherein Said alkyl or alkenyl is optionally Substi 
tuted with one or more Substituent(s) indepen 
dently selected from the group consisting of C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl, C-C cycloalkyl, Cs-C, 
cycloalkenyl, hydroxy, carbonyl oxygen, and Ar, 

wherein Said alkyl, alkenyl, cycloalkyl, cycloalk 
enyl, or Ar is optionally Substituted with C-C, 
alkyl, C-C alkenyl, hydroxy, or carbonyl oxy 
gen, 

wherein any carbon atom of Said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
replaced with O, NH, NR, S, SO, or SO; 

Ar is Selected from the group consisting of pyrrolidinyl, 
pyridyl, pyrimidyl, pyrazyl, pyridaZyl, quinolinyl, and 
isoquinolinyl; and 

R and R are independently hydrogen, C-C Straight or 
branched chain alkyl, C-C straight or branched chain 
alkenyl or alkynyl, or Y-Z. 

9. The pharmaceutical composition of claim 8, wherein 
the compound is Selected from the group consisting of: 

3-(2-Pyridyl)-1-propyl(2S)-1-(1,1-Dimethyl-1,2-dioxo 
pentyl)-2-pyrrolidinecarboxylate, N-oxide; 

3-(3-Pyridyl)-1-propyl(2S)-1-(1,1-Dimethyl-1,2-dioxo 
pentyl)-2-pyrrolidinecarboxylate, N-oxide; 

3-(4-Pyridyl)-1-propyl(2S)-1-(1,1-Dimethyl-1,2-dioxo 
pentyl)-2-pyrrolidinecarboxylate, N-oxide; 

3-(2-Quinolyl)-1-propyl(2S)-1-(1,1-Dimethyl-1,2-dioxo 
pentyl)-2-pyrrolidinecarboxylate, N-oxide; 

3-(3-Quinolyl)-1-propyl(2S)-1-(1,1-Dimethyl-1,2-dioxo 
pentyl)-2-pyrrolidinecarboxylate, N-oxide; and 

3-(4-Quinolyl)-1-propyl(2S)-1-(1,1-Dimethyl-1,2-dioxo 
pentyl)-2-pyrrolidinecarboxylate, N-oxide; 

or a pharmaceutically acceptable Salt, ester, or Solvate 
thereof. 

10. A pharmaceutical composition which comprises: 

(i) an effective amount of an N-oxide of a heterocyclic 
ester, amide, thioester, or ketone of formula V 
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V 
B 

^ny 1. X-Y- 

O 
W 

or a pharmaceutically acceptable Salt, ester, or Solvate 
thereof, wherein: 

V is CH or N; 

A and B, taken together with V and the carbon atom to 
which they are respectively attached, form a 5-7 mem 
bered Saturated or unsaturated heterocyclic ring which 
has one or more heteroatom(s) Selected from the group 
consisting of O, S, SO, SO, N, NH, and NR7; 

R7 is either C-C Straight or branched chain alkyl, C-Co 
Straight or branched chain alkenyl, C-C cycloalkyl, 
C-C, cycloalkenyl, or Ars, 
wherein said R, is either unsubstituted or substituted 

with one or more Substituent(s) independently 
Selected from the group consisting of halo, haloalkyl, 
carbonyl, carboxy, hydroxy, nitro, trifluoromethyl, 
C-C straight or branched chain alkyl, C-C straight 
or branched chain alkenyl, C-C alkoxy, C-C, 
alkenyloxy, phenoxy, benzyloxy, thioalkyl, alky 
lthio, Sulfhydryl, amino, alkylamino, aminoalkyl, 
aminocarboxyl, and Ar; 

Ara and Art are independently an alicyclic or aromatic, 
mono-, bi- or tricyclic, carbo- or heterocyclic ring, 
wherein the individual ring size is 5-8 members, 
wherein Said heterocyclic ring has 1-6 heteroatom(s) 
independently Selected from the group consisting of O, 
N, and S; 

W is O, S, CH, or two hydrogen atoms; 
R is C-C straight or branched chain alkyl, C-C Straight 

or branched chain alkenyl, C-C cycloalkyl, C-C, 
cycloalkenyl, or Art, 

wherein said R is optionally substituted with one or 
more Substituent(s) independently Selected from the 
group consisting of C-C alkyl, C-C alkenyl, 
hydroxy, C-C cycloalkyl, Cs-C7 cycloalkenyl, and 
Ara, 

Ar and Ara are independently Selected from the group 
consisting of 1-napthyl, 2-napthyl, 1-indolyl, 2-indolyl, 
2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-py 
ridyl, 4-pyridyl, and phenyl, 

wherein said Ar or Ara has one or more Substituent(s) 
independently Selected from the group consisting of 
hydrogen, halo, hydroxy, nitro, trifluoromethyl, 
C-C straight or branched chain alkyl, C-C straight 
or branched chain alkenyl, C-C alkenyloxy, phe 
noxy, benzyloxy, and amino; 

X is O, NH, NR, S, CH, CHR, or CRR, 



US 2002/0065297 A1 

Y is a direct bond, C-C Straight or branched chain alkyl, 
or C-C Straight or branched chain alkenyl, 
wherein Said alkyl or alkenyl is optionally Substituted 

with one or more Substituent(s) independently 
Selected from the group consisting of C-C Straight 
or branched chain alkyl, C-C straight or branched 
chain alkenyl, C-C cycloalkyl, Cs-C7 cycloalkenyl, 
hydroxy, carbonyl oxygen, and Ar, 
wherein Said alkyl, alkenyl, cycloalkyl, cycloalk 

enyl, or Ar is optionally Substituted with C-C, 
alkyl, C-C alkenyl, hydroxy, or carbonyl oxy 
gen, 

wherein any carbon atom of Said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
replaced with O, NH, NR, S, SO, or SO; 

R is selected from the group consisting of hydrogen, 
C-C straight or branched chain alkyl, Ca-Castraight or 
branched chain alkenyl or alkynyl, and C-C bridging 
alkyl, 
wherein a bridge is formed between the nitrogen and a 

carbon atom of Said alkyl or alkenyl to form a ring, 
wherein Said ring is optionally fused to an Argroup; 

Z is an aromatic amine or a tertiary amine oxidized to a 
corresponding N-oxide, 
wherein Said aromatic amine is pyridyl, pyrimidyl, 

quinolinyl, or isoquinolinyl, which is either unsub 
stituted or substituted with one or more substitu 
ent(s) independently Selected from the group con 
sisting of halo, hydroxy, nitro, trifluoromethyl, C-C, 
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Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl, C-C alkoxy, C-C alkeny 
loxy, phenoxy, benzyloxy, and amino, wherein Said 
tertiary amine is NRRR, wherein R, Rs, and R. 
are independently Selected from the group consisting 
of C-C straight or branched chain alkyl and C-C, 
Straight or branched chain alkenyl, 
wherein Said alkyl or alkenyl is optionally Substi 

tuted with one or more Substituent(s) indepen 
dently selected from the group consisting of C-C, 
Straight or branched chain alkyl, C-C Straight or 
branched chain alkenyl, C-C cycloalkyl, Cs-C, 
cycloalkenyl, hydroxy, carbonyl oxygen, and Ar, 
wherein Said alkyl, alkenyl, cycloalkyl, cycloalk 

enyl, or Ar is optionally Substituted with C-C, 
alkyl, C-C alkenyl, hydroxy, or carbonyl oxy 
gen, 

wherein any carbon atom of Said alkyl, alkenyl, 
cycloalkyl, cycloalkenyl, or Ar is optionally 
replaced with O, NH, NR, S, SO, or SO; 

Ar is Selected from the group consisting of pyrrolidinyl, 
pyridyl, pyrimidyl, pyrazyl, pyridaZyl, quinolinyl, and 
isoquinolinyl; and 

R and R are independently hydrogen, C-C Straight or 
branched chain alkyl, C-C Straight or branched chain 
alkenyl or alkynyl, or Y-Z; 

(ii) a Second hair revitalizing agent; and 
(iii) a pharmaceutically acceptable carrier. 
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