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(57) ABSTRACT 

Immunoregulatory compounds are disclosed of the formula: 

as Well as the pharmaceutically acceptable salts and hydrates 
thereof, are disclosed. The compounds are useful for treating 
immune mediated diseases and conditions, such as bone 
marroW, organ and tissue transplant rejection. 

Pharmaceutical compositions and methods of use are 
included. 
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PHOSPHATE DERIVATIVES AS 
IMMUNOREGULATORY AGENTS 

BACKGROUND OF THE INVENTION 

[0001] The present invention is related to chemical com 
pounds that have immunoregulatory activity, pharmaceuti 
cal compositions containing such compounds and methods 
of treatment or prevention. 

[0002] Immunoregulatory abnormalities have been shoWn 
to eXist in a Wide variety of autoimmune and chronic 
in?ammatory diseases, including systemic lupus erythema 
tosis, chronic rheumatoid arthritis, type I and II diabetes 
mellitus, in?ammatory boWel disease, biliary cirrhosis, uvei 
tis, multiple sclerosis and other disorders such as Crohn’s 
disease, ulcerative colitis, bullous pemphigoid, sarcoidosis, 
psoriasis, autoimmune myositis, Wegener’s granulomatosis, 
ichthyosis, Graves ophthalmopathy and asthma. 

[0003] Although the underlying pathogenesis of each of 
these conditions may be quite different, they have in com 
mon the appearance of a variety of autoantibodies and 
self-reactive lymphocytes. Such self-reactivity may be due, 
in part, to a loss of the homeostatic controls under Which the 
normal immune system operates. Similarly, folloWing a 
bone-marroW or an organ transplantation, the host lympho 
cytes recogniZe the foreign tissue antigens and begin to 
produce both cellular and humoral responses including 
antibodies, cytokines and cytotoxic lymphocytes Which lead 
to graft rejection. 

[0004] One end result of an autoimmune or a rejection 
process is tissue destruction caused by in?ammatory cells 
and the mediators they release. Anti-in?ammatory agents 
such as NSAID’s act principally by blocking the effect or 
secretion of these mediators but do nothing to modify the 
immunologic basis of the disease. On the other hand, 
cytotoxic agents, such as cyclophosphamide, act in such a 
nonspeci?c fashion that both the normal and autoimmune 
responses are shut off. Indeed, patients treated With such 
nonspeci?c immunosuppressive agents are as likely to suc 
cumb to infection as they are to their autoimmune disease. 

[0005] Cyclosporin Ais a drug used to prevent rejection of 
transplanted organs. FK-506 is another drug approved for 
the prevention of transplant organ rejection, and in particu 
lar, liver transplantation. Cyclosporin A and FK-506 act by 
inhibiting the body’s immune system from mobiliZing its 
vast arsenal of natural protecting agents to reject the trans 
plant’s foreign protein. Cyclosporin AWas approved for the 
treatment of severe psoriasis and has been approved by 
European regulatory agencies for the treatment of atopic 
dermatitis. 

[0006] Though they are effective in delaying or suppress 
ing transplant rejection, Cyclosporin A and FK-506 are 
knoWn to cause several undesirable side effects including 
nephrotoXicity, neurotoXicity, and gastrointestinal discom 
fort. Therefore, an immunosuppressant Without these side 
effects still remains to be developed and Would be highly 
desirable. 

[0007] While the main use for immunosuppressants is in 
treating bone marroW, organ and transplant rejection, other 
uses for such compounds include the treatment of arthritis, 
in particular, rheumatoid arthritis, insulin and non-insulin 
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dependent diabetes, multiple sclerosis, psoriasis, in?amma 
tory boWel disease, Crohn’s disease, lupus erythematosis 
and the like. 

[0008] Thus, the present invention is focused on providing 
immunosuppressant compounds that are safer and more 
effective than prior compounds, having a better safety pro 
?le. These and other objects Will be apparent to those of 
ordinary skill in the art from the description contained 
herein. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to a compound rep 
resented by formula 1: 

[0010] as Well as the pharmaceutically acceptable salts and 
hydrates thereof, Wherein: 

[0011] X is O, S, NR1 or (CH2)1_2, optionally substi 
tuted With 1-4 halo groups; 

[0012] R1 is H, C1_4 alkyl or haloC1_4 alkyl; 

[0013] R1'‘) is H, OH, CL4 alkyl, or OC1_4 alkyl, the 
alkyl and alkyl portions being optionally substituted 
With 1-3 halo groups; 

[0014] R1b represents H, OH, CL4 alkyl or haloC1_4 
alkyl; 

[0015] each R2 is H, CL4 alkyl or haloC1_4 alkyl; and 

[0016] R3 is H, OH, halo, OC1_4 alkyl or O-haloC1_4 
alkyl. 

[0017] The invention also relates to compounds repre 
sented by formula A: 

[0018] or a pharmaceutically acceptable salt or hydrate 
thereof, Wherein: 

[0019] X is O, S, NR1 or (CH2)1_2, optionally sub 
stituted With 1-4 halo groups; 

[0020] R1 is H, C1_4 alkyl or haloC1_4 alkyl; 

[0021] R1'‘) is H, OH, CL4 alkyl, or OC1_4 alkyl, the 
alkyl and alkyl portions being optionally substituted 
With 1-3 halo groups; 
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[0022] R1b represents H, OH, C1_4 alkyl or haloC1_4 
alkyl; 

[0023] R2 is H, C1_4 alkyl or haloC1_4 alkyl, 

[0024] R3 is H, OH, halo, C1_4alkyl, OC1_4alkyl, 
O-haloC1_4alkyl or hydroXyC1_4alkyl, 

[0025] Y is selected from the group consisting of: 
—CH2—, —C(O)—, —CH(OH)—, 
—C(=NOH)—, O and S, and 

[0026] R4 is selected from the group consisting of: 
C4_14alkyl and C4_14alkenyl. 

[0027] Pharmaceutical compositions and methods of treat 
ment are also included. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] As used herein the folloWing terms are de?ned as 
set forth beloW unless otherWise indicated. 

[0029] Alkyl includes straight as Well as branched alkyl 
groups containing the indicated number of carbon atoms. 

[0030] Halo includes F, Cl, I and Br. 

[0031] Haloalkyl represents a straight or branched alkyl 
group substituted With at least one halo group, and being 
optionally substituted With up to the maximum number of 
halo groups. 

[0032] The present invention relates to a compound rep 
resented by formula 1: 

[0033] as Well as the pharmaceutically acceptable salts and 
hydrates thereof, Wherein: 

[0034] X is O, S, NR1 or (CH2)1_2, optionally sub 
stituted With 1-4 halo groups; 

[0035] R1 is H, CL4 alkyl or haloC1_4 alkyl; 

[0036] R13 is H, OH, C1_4 alkyl, or OC1-4 alkyl, the 
alkyl and alkyl portions being optionally substituted 
With 1-3 halo groups; 

[0037] R1b represents H, OH, C1_4 alkyl or haloC1_4 
alkyl; 

[0038] each R2 is H, C1_4 alkyl or haloC1_4 alkyl; and 

[0039] R3 is H, OH, halo, OC1_4 alkyl or O-haloC1_4 
alkyl. 

[0040] In one aspect of the invention that is of particular 
interest, a compound of formula 1 is provided Wherein X is 
O or (CH2)1_2, optionally substituted With 1-4 halo groups. 
Within this subset, all other variables are as originally 
de?ned. 
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[0041] More particularly, an aspect of the invention that is 
of particular interest relates to compounds of formula 1 
Wherein X is O or CH2. Within this subset, all other variables 
are as originally de?ned. 

[0042] Even more particularly, an aspect of the invention 
that is interest relates to compounds of formula 1 Wherein X 
is O. Within this subset, all other variables are as originally 
de?ned. 

[0043] In another aspect of the invention that is of par 
ticular interest, a compound of formula 1 is provided 
wherein R13 is H or OH. Within this subset, all other 
variables are as originally de?ned. 

[0044] In another aspect of the invention that is of par 
ticular interest, a compound of formula 1 is provided 
Wherein R1b represents H or OH. Within this subset, all other 
variables are as originally de?ned. 

[0045] In another aspect of the invention that is of par 
ticular interest, a compound of formula 1 is provided 
Wherein R3 is H, OH, halo, OC1_4 alkyl or O-haloC1_4 alkyl. 
Within this subset, all other variables are as originally 
de?ned. 

[0046] In another aspect of the invention that is of par 
ticular interest, a compound of formula 1 is provided 
Wherein R2 is H or CL4 alkyl. Within this subset, all other 
variables are as originally de?ned. 

[0047] A group of compounds that is of particular interest 
is described in connection With formula 1 Wherein: 

[0048] X is O or (CH2)1_2, optionally substituted With 
1-4 halo groups; 

[0050] R1b represents H or OH; 

[0051] R2 is H, CL4 alkyl or haloC1_4 alkyl, and 

[0052] R3 is H, OH, halo, OC1_4 alkyl or O-haloC1_4 
alkyl. 

[0053] Preferred compounds of the present invention 
include the folloWing: 

TABLE I 

la 

OH CH2R3 

Cpd X R2/R2 R3 

1 o H/H OH 
2 cH2 H/H OH 
3 CHZCHZ H/H OH 
4 o H/cH3 OH 
5 cH2 H/cH3 OH 
6 CHZCHZ H/cH3 OH 
7 o CH3/CH3 OH 
s CH2 CH3/CH3 OH 
9 CHZCHZ CH3/CH3 OH 

10 o H/H H 
11 cH2 H/H H 
12 CHZCHZ H/H H 
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TABLE I-continued 

1a 

OH CH2R3 

OH N(R2)2 

(CH2)7CH3 

Cpd X R2/R2 R3 

13 o H/cH3 H 
14 cH2 H/cH3 H 
15 CHZCHZ H/cH3 H 
16 o CH3/CH3 H 
17 cH2 CH3/CH3 H 
18 CHZCHZ CH3/CH3 H 

[0054] The invention described herein includes pharma 
ceutically acceptable salts and hydrates. Pharmaceutically 
acceptable salts include both the metallic (inorganic) salts 
and organic salts; a list of Which is given in Remington’s 
Pharmaceutical Sciences, 17th Edition, pg. 1418 (1985). It 
is Well knoWn to one skilled in the art that an appropriate salt 
form is chosen based on physical and chemical stability, 
?oWability, hydroscopicity and solubility. As Will be under 
stood by those skilled in the art, pharmaceutically acceptable 
salts include, but are not limited to salts of inorganic acids 
such as hydrochloride, sulfate, phosphate, diphosphate, 
hydrobromide, and nitrate or salts of an organic acid such as 
malate, maleate, fumarate, tartrate, succinate, citrate, 
acetate, lactate, methanesulfonate, p-toluenesulfonate or 
pamoate, salicylate and stearate. Similarly pharmaceutically 
acceptable cations include, but are not limited to sodium, 
potassium, calcium, aluminum, lithium and ammonium 
(especially ammonium salts With secondary amines). Pre 
ferred salts of this invention for the reasons cited above 
include potassium, sodium, calcium and ammonium salts. 
Also included Within the scope of this invention are crystal 
forms, hydrates and solvates of the compounds of Formula 
I. 

[0055] The invention also includes the compounds falling 
Within formula 1 in the form of one or more stereoisomers, 
in substantially pure form or in the form of a mixture of 
stereoisomers. All such isomers are encompassed Within the 
present invention. 

[0056] Immunoregulatory agents as used herein include 
compounds that act to suppress the immune system in 
instances Where immunosuppression is in order, such as in 
bone marroW, organ or transplant rejection, autoimmune and 
chronic in?ammatory diseases, including systemic lupus 
erythematosis, chronic rheumatoid arthritis, type I and II 
diabetes mellitus, in?ammatory boWel disease, biliary cir 
rhosis, uveitis, multiple sclerosis and other disorders such as 
Crohn’s disease, ulcerative colitis, bullous pemphigoid, sar 
coidosis, psoriasis, ichthyosis, Graves ophthalmopathy and 
asthma. 

[0057] More particularly, the compounds of the present 
invention are useful to treat or prevent a disease or disorder 

selected from the group consisting of: transplantation of 
organs or tissue, graft-versus-host diseases brought about by 
transplantation, autoimmune syndromes including rheuma 
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toid arthritis, systemic lupus erythematosus, Hashimoto’s 
thyroiditis, multiple sclerosis, myasthenia gravis, type I 
diabetes uveitis, juvenile-onset or recent-onset diabetes mel 
litus, posterior uveitis, allergic encephalomyelitis, glomeru 
lonephritis, post-infectious autoimmune diseases including 
rheumatic fever and post-infectious glomerulonephritis, 
in?ammatory and hyperproliferative skin diseases, psoriasis, 
atopic dermatitis, contact dermatitis, ecZematous derma 
toses, seborrheic dermatitis, Lichen planus, Pemphigus, 
bullous pemphigoid, Epidermolysis bullosa, urticaria, 
angioedemas, vasculitis, erythema, cutaneous eosinophilia, 
Lupus erythematosus, acne, Alopecia areata, keratoconjunc 
tivitis, vernal conjunctivitis, uveitis associated With Behcet’s 
disease, keratitis, herpetic keratitis, conical cornea, dystro 
phia epithelialis corneae, corneal leukoma, ocular pemphi 
gus, Mooren’s ulcer, Scleritis, Graves’ opthalmopathy, Vogt 
Koyanagi-Harada syndrome, sarcoidosis, pollen allergies, 
reversible obstructive airWay disease, bronchial asthma, 
allergic asthma, intrinsic asthma, extrinsic asthma, dust 
asthma, chronic or inveterate asthma, late asthma and airWay 
hyper-responsiveness, bronchitis, gastric ulcers, vascular 
damage caused by ischemic diseases and thrombosis, 
ischemic boWel diseases, in?ammatory boWel diseases, 
necrotiZing enterocolitis, intestinal lesions associated With 
thermal burns, Coeliac diseases, proctitis, eosinophilic gas 
troenteritis, mastocytosis, Crohn’s disease, ulcerative colitis, 
migraine, rhinitis, ecZema, interstitial nephritis, Good-pas 
ture’s syndrome, hemolytic-uremic syndrome, diabetic 
nephropathy, multiple myositis, Guillain-Barre syndrome, 
Meniere’s disease, polyneuritis, multiple neuritis, monon 
euritis, radiculopathy, hyperthyroidism, BasedoW’s disease, 
pure red cell aplasia, aplastic anemia, hypoplastic anemia, 
idiopathic thrombocytopenic purpura, autoimmune 
hemolytic anemia, agranulocytosis, pernicious anemia, 
megaloblastic anemia, anerythroplasia, osteoporosis, sarcoi 
dosis, ?broid lung, idiopathic interstitial pneumonia, der 
matomyositis, leukoderma vulgaris, ichthyosis vulgaris, 
photoallergic sensitivity, cutaneous T cell lymphoma, arte 
riosclerosis, atherosclerosis, aortitis syndrome, polyarteritis 
nodosa, myocardosis, scleroderma, Wegener’s granuloma, 
Sjogren’s syndrome, adiposis, eosinophilic fascitis, lesions 
of gingiva, periodontium, alveolar bone, substantia ossea 
dentis, glomerulonephritis, male pattern alopecia or alopecia 
senilis by preventing epilation or providing hair germination 
and/or promoting hair generation and hair groWth, muscular 
dystrophy; Pyoderma and SeZary’s syndrome, Addison’s 
disease, ischemia-reperfusion injury of organs Which occurs 
upon preservation, transplantation or ischemic disease, 
endotoXin-shock, pseudomembranous colitis, colitis caused 
by drug or radiation, ischemic acute renal insu?iciency, 
chronic renal insu?iciency, toXinosis caused by lung-oxygen 
or drugs, lung cancer, pulmonary emphysema, cataracta, 
siderosis, retinitis, pigentosa, senile macular degeneration, 
vitreal scarring, corneal alkali burn, dermatitis erythema 
multiforme, linear IgA ballous dermatitis and cement der 
matitis, gingivitis, periodontitis, sepsis, pancreatitis, dis 
eases caused by environmental pollution, aging, carcinogen 
esis, metastasis of carcinoma and hypobaropathy, disease 
caused by histamine or leukotriene-C4 release, Behcet’s 
disease, autoimmune hepatitis, primary biliary cirrhosis, 
sclerosing cholangitis, partial liver resection, acute liver 
necrosis, necrosis caused by toXin, viral hepatitis, shock, or 
anoXia, B-virus hepatitis, non-A/non-B hepatitis, cirrhosis, 
alcoholic cirrhosis, hepatic failure, fulminant hepatic failure, 
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late-onset hepatic failure, “acute-on-chronic” liver failure, 
augmentation of chemotherapeutic effect, cytomegalovirus 
infection, HCMV infection, AIDS, cancer, senile dementia, 
trauma, and chronic bacterial infection. 

[0058] Also embodied Within the present invention is a 
method of preventing or treating resistance to transplanta 
tion or transplantation rejection of organs or tissues in a 
mammalian patient in need thereof, Which comprises admin 
istering a therapeutically effective amount of the compound 
of Formula 1. 

[0059] A method of suppressing the immune system in a 
mammalian patient in need thereof, Which comprises admin 
istering to the patient an immune system suppressing 
amount of the compound of Formula 1 is yet another 
embodiment. 

[0060] Most particularly, the method described herein 
encompasses a method of treating or preventing bone mar 
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pharmaceutically acceptable salt or hydrate thereof, in an 
amount that is effective for treating or preventing bone 
marroW or organ transplant rejection. 

[0061] The present invention also includes a pharmaceu 
tical formulation comprising a pharmaceutically acceptable 
carrier and the compound of Formula 1 or a pharmaceuti 
cally acceptable salt or hydrate thereof. Apreferred embodi 
ment of the formulation is one Where a second immunosup 
pressive agent is also included. Examples of such second 
immunosuppressive agents are, but are not limited to aZa 
thioprine, brequinar sodium, deoXyspergualin, miZaribine, 
mycophenolic acid morpholino ester, cyclosporin, FK-506 
and rapamycin. 

[0062] Methods for preparing the compounds of this 
invention are illustrated in the folloWing schemes and 
examples. Alternative routes Will be easily discernible to 
practitioners in the ?eld. 

Reaction Scheme 1 

EtOZC 

tBuOZCH 
NHCOZBZ NaH, DMF EtOZC 

1 tBuOZC 3 
' NHCOZBZ ' 

1. HCl/THF 
Br 2. B2H6,THF 

2. 3. NaH, THF, C6H5CH2Br 

HO 1. NaOH, EtOH EtOZC 

BZOCHZ 2- B2H6> THF BZOCHZ 
NHCOZBZ NHCOZBZ 

5. 4. 

(BzO)2P(O)OH 
DEAD, Ph3P, THF 

(BzO)2P(O)O H2, Pd/C, THF 
—> 

BZOCHZ 
NHCOZBZ 

6. 

HO2P(O)O 

HOCHZ 
NH2 

7. 

roW or organ transplant rejection Which is comprised of [0063] In Reaction Scheme 1, the differentially protected 
admininstering to a mammalian patient in need of such 
treatment or prevention a compound of formula 1, or a 

amino malonate 1 is reacted With bromide 2 and sodium 
hydride in DMF as described by Kiuche et. al. [J . Medicinal 
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Chemistry 43, 2946-2961 (2000) and references cited 
therein] to provide compound 3. The t-butyl ester of com 
pound 3 can be removed With HCl in a solvent such as TBF 
to give the corresponding carboxylic acid. The acid is then 
reduced to the alcohol With diborane in THF (see March, J. 
“Advanced Organic Chemistry”, 4th ed., John Wiley & Sons, 
NeW York pp. 1208, 1214-1215). The alcohol can be con 
verted to its benZyl ether 4 by several commonly used 
methods. One method is to react the alcohol With benZyl 
bromide and sodium hydride in a solvent such as THF. The 
ethyl ester of compound 4 is hydrolyZed to acid 5 by reaction 
With sodium hydroxide in a solvent mixture of ethanol and 
Water. Compound 5 is converted to dibenZyl phosphonate 6 
by a Mitsunobu reaction. A mixture of compound 5, diben 
Zylphosphate, triphenylphosphine and diethylaZodicarboxy 
late (DEAD) in THF leads to compound 6. (see March, J. 
“Advanced Organic Chemistry”, 4th ed., John Wiley & Sons, 
NeW York pp. 395-396). Removal of the benZyl protecting 
groups by hydrogenolysis gives the phosphate ester 7. 
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[0065] The present compounds, including salts and 
hydrates thereof, are useful in the treatment of autoimmune 
diseases, including the prevention of rejection of bone 
marroW transplant, foreign organ transplants and/or related 
afflictions, diseases and illnesses. 

[0066] The compounds of this invention can be adminis 
tered by any means that effects contact of the active ingre 
dient compound With the site of action in the body of a 
Warm-blooded animal. For example, administration, can be 
oral, topical, including transdermal, ocular, buccal, intrana 
sal, inhalation, intravaginal, rectal, intracisternal and 
parenteral. The term “parenteral” as used herein refers to 
modes of administration Which include subcutaneous, intra 
venous, intramuscular, intraarticular injection or infusion, 
intrasternal and intraperitoneal. 

[0067] The compounds can be administered by any con 
ventional means available for use in conjunction With phar 
maceuticals, either as individual therapeutic agents or in a 

Reaction Scheme 2 

HO TfO 

THF Et N 
BZOCHZ NHCO B , 3 BZOCHZ 

2 Z 5 NHCOZBZ 
' s. 

(EtO)2P(O)CH3 
NaH,THF 

(HO)2P(O) (EtO)2P(O) 
1. HCl. H2O, EtOH B OCH 

HOCH <* Z 2 

2 NH2 2. H2, Pd/C, THF NHCOZBZ 
10. 9. 

[0064] In Reaction Scheme 2, a method is provided for the 
synthesis of phosphonate analogs. The hydroxy group of 
compound 5 (Reaction Scheme 1) is converted to a leaving 
group. In his scheme, compound 5 is reacted With tri?ic 
anhydride and triethylamine in a solvent such as THF to give 
the tri?ate ester 8. Other leaving groups such as a methane 

sulfonate, or p-toluene sulfonate esters or a halide can also 

be prepared by commonly knoWn methods. Tri?ate 8 is then 
reacted With diethylmethylphosphonate anion in THF to 
give the protected phosphonate derivative 9. In this reaction, 
diethylmethylphosphonate in THF at reduced temperature is 
deprotonated With a base such as sodium hydride or lithium 
diisopropylamine in a solvent such as THF and this mixture 
is then reacted With compound 8 to give compound 9. 
Deprotection of compound 9 to give phosphonate derivative 
10 is completed in tWo steps. One ?rst hydrolyZes the diethyl 
ester under acidic or basic conditions. In this scheme, 
compound 9 is stirred With HCl in a mixture of ethanol and 
Water, heating if necessary. Alternatively, one can stir com 
pound 9 With sodium hydroxide in the same solvent mixture. 
Finally, the benZyl groups are removed by hydrogenation as 
described in Reaction Scheme 1. 

combination of therapeutic agents. They can be adminis 
tered alone, but are generally administered With a pharma 
ceutical carrier selected on the basis of the chosen route of 
administration and standard pharmaceutical practice. 
[0068] The dosage administered Will be dependent on the 
age, health and Weight of the recipient, the extent of disease, 
kind of concurrent treatment, if any, frequency of treatment 
and the nature of the effect desired. Usually, a daily dosage 
of active ingredient compound Will be from about 01-500 
milligrams per day. Ordinarily, from 10 to 100 milligrams 
per day in one or more applications is effective to obtain 
desired results. These dosages are the effective amounts for 
the treatment of autoimmune diseases, the prevention of 
rejection of foreign organ transplants and/or related af?ic 
tions, diseases and illnesses. 

[0069] The active ingredient can be administered orally in 
solid dosage forms, such as capsules, tablets, troches, dra 
gees, granules and poWders, or in liquid dosage forms, such 
as elixirs, syrups, emulsions, dispersions, and suspensions. 
The active ingredient can also be administered parenterally, 
in sterile liquid dosage forms, such as dispersions, suspen 
sions or solutions. Other dosages forms that can also be used 
to administer the active ingredient as an ointment, cream, 
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drops, transdermal patch or powder for topical administra 
tion, as an ophthalmic solution or suspension formation, i.e., 
eye drops, for ocular administration, as an aerosol spray or 
poWder composition for inhalation or intranasal administra 
tion, or as a cream, ointment, spray or suppository for rectal 
or vaginal administration. 

[0070] Gelatin capsules contain the active ingredient and 
poWdered carriers, such as lactose, starch, cellulose deriva 
tives, magnesium stearate, stearic acid, and the like. Similar 
diluents can be used to make compressed tablets. Both 
tablets and capsules can be manufactured as sustained 
release products to provide for continuous release of medi 
cation over a period of hours. Compressed tablets can be 
sugar coated or ?lm coated to mask any unpleasant taste and 
protect the tablet from the atmosphere, or enteric coated for 
selective disintegration in the gastrointestinal tract. 

[0071] Liquid dosage forms for oral administration can 
contain coloring and ?avoring to increase patient accep 
tance. 

[0072] In general, Water, a suitable oil, saline, aqueous 
deXtrose (glucose), and related sugar solutions and glycols 
such as propylene glycol or polyethylene gycols are suitable 
carriers for parenteral solutions. Solutions for parenteral 
administration preferably contain a Water soluble salt of the 
active ingredient, suitable stabiliZing agents, and if neces 
sary, buffer substances. AntioXidiZing agents such as sodium 
bisul?te, sodium sul?te, or ascorbic acid, either alone or 
combined, are suitable stabiliZing agents. Also used are 
citric acid and its salts and sodium EDTA. In addition, 
parenteral solutions can contain preservatives, such as ben 
Zalkonium chloride, methyl- or propylparaben, and chlo 
robutanol. 

[0073] Suitable pharmaceutical carriers are described in 
Remington’s Pharmaceutical Sciences, A. Osol, a standard 
reference teXt in this ?eld. 

[0074] For administration by inhalation, the compounds of 
the present invention may be conveniently delivered in the 
form of an aerosol spray presentation from pressuriZed 
packs or nebulisers. The compounds may also be delivered 
as poWders Which may be formulated and the poWder 
composition may be inhaled With the aid of an insuf?ation 
poWder inhaler device. The preferred delivery system for 
inhalation is a metered dose inhalation (MDI) aerosol, Which 
may be formulated as a suspension or solution of a com 
pound of Formula I in suitable propellants, such as ?uoro 
carbons or hydrocarbons. 

[0075] For ocular administration, an ophthalmic prepara 
tion may be formulated With an appropriate Weight percent 
solution or suspension of the compounds of Formula I in an 
appropriate ophthalmic vehicle, such that the compound is 
maintained in contact With the ocular surface for a suf?cient 
time period to alloW the compound to penetrate the corneal 
and internal regions of the eye. 

[0076] Useful pharmaceutical dosage-forms for adminis 
tration of the compounds of this invention can be illustrated 
as folloWs: 

Capsules 

[0077] A large number of unit capsules are prepared by 
?lling standard tWo-piece hard gelatin capsules each With 
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100 milligrams of poWdered active ingredient, 150 milli 
grams of lactose, 50 milligrams of cellulose, and 6 milli 
grams magnesium stearate. 

Soft Gelatin Capsules 

[0078] A mixture of active ingredient in a digestible oil 
such as soybean oil, cottonseed oil or olive oil is prepared 
and injected by means of a positive displacement pump into 
gelatin to form soft gelatin capsules containing 100 milli 
grams of the active ingredient. The capsules are Washed and 
dried. 

Tablets 

[0079] A large number of tablets are prepared by conven 
tional procedures so that the dosage unit is 100 milligrams 
of active ingredient, 0.2 milligrams of colloidal silicon 
dioXide, 5 milligrams of magnesium stearate, 275 milli 
grams of microcrystalline cellulose, 11 milligrams of starch 
and 98.8 milligrams of lactose. Appropriate coatings may be 
applied to increase palatability or delay absorption. 

Inj ectable 

[0080] A parenteral composition suitable for administra 
tion by injection is prepared by stirring 1.5% by Weight of 
active ingredient in 10% by volume propylene glycol. The 
solution is made to volume With Water for injection and 
steriliZed. 

Suspension 

[0081] An aqueous suspension is prepared for oral admin 
istration so that each 5 milliliters contain 100 milligrams of 
?nely divided active ingredient, 100 milligrams of sodium 
carboXymethyl cellulose, 5 milligrams of sodium benZoate, 
1.0 grams of sorbitol solution, U.S.P., and 0.025 milliliters 
of vanillin. 

[0082] The same dosage forms can generally be used 
When the compounds of this invention are administered 
stepWise or in conjunction With another therapeutic agent. 
When drugs are administered in physical combination, the 
dosage form and administration route should be selected 
depending on the compatibility of the combined drugs. Thus 
the term coadministration is understood to include the 
administration of the tWo agents concomitantly or sequen 
tially, or alternatively as a ?Xed dose combination of the tWo 
active components. 

EXAMPLE ONE 

[0083] The compound 2-amino-2-[-(4-octylphenyl)ethyl] 
propane-1,3-diol hydrochloride is combined With Whole 
blood from laboratory mice. Compound 1 of Table 1 is 
produced. This compound has immunosuppressant activity 
as measured using the procedures set forth in J. Immunology 
2000, 164: 5761-5770, incorporated herein by reference. 

[0084] The present invention also relates to compounds 
represented by Formula A: 
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[0085] or a pharmaceutically acceptable salt or hydrate 
thereof, Wherein: 

[0086] X is O, S, NR1 or (CH2)1_2, optionally sub 
stituted With 1-4 halo groups; 

[0087] R1 is H, C1_4 alkyl or haloC1_4 alkyl; 

[0088] R13 is H, OH, C1_4 alkyl, or OC1_4 alkyl, the 
alkyl and alkyl portions being optionally substituted 
With 1-3 halo groups; 

[0089] R1b represents H, OH, C1_4 alkyl or haloC1_4 
alkyl; 

[0090] each R2 is independently selected from the 
group consisting of: H, CL4 alkyl and haloC1_4 alkyl, 

[0091] R3 is H, OH, halo, C1_4alkyl, OC1_4alkyl, 
O-haloC1_4alkyl or hydroXyC1_4alkyl, 

[0092] Y is selected from the group consisting of: 
—CH2—, _c(o)_, —CH(OH)—, 
—C(=NOH)—, O and S, and 

[0093] R4 is selected from the group consisting of: 
C4_14alkyl and C4_14alkenyl. 

[0094] In one aspect of the invention that is of particular 
interest, a compound of formula A is provided Wherein X is 
O or (CH2)1_2, optionally substituted With 1-4 halo groups. 
Within this subset, all other variables are as originally 
de?ned. 

[0095] More particularly, an aspect of the invention that is 
of particular interest relates to compounds of formula A 
Wherein X is O or CH2. Within this subset, all other variables 
are as originally de?ned. 

[0096] Even more particularly, an aspect of the invention 
that is interest relates to compounds of formula AWherein X 
is O. Within this subset, all other variables are as originally 
de?ned. 

[0097] In another aspect of the invention that is of par 
ticular interest, a compound of formula A is provided 
wherein R13 is H or OH. Within this subset, all other 
variables are as originally de?ned. 

[0098] In another aspect of the invention that is of par 
ticular interest, a compound of formula A is provided 
Wherein R1b represents H or OH. Within this subset, all other 
variables are as originally de?ned. 

[0099] In another aspect of the invention that is of par 
ticular interest, a compound of formula A is provided 
Wherein R3 is H, OH, halo, OC1_4 alkyl or O-haloC1_4 alkyl. 
Within this subset, all other variables are as originally 
de?ned. 
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[0100] In another aspect of the invention that is of par 
ticular interest, a compound of formula A is provided 
Wherein R2 is H or CL4 alkyl. Within this subset, all other 
variables are as originally de?ned. 

[0101] Another embodiment of the invention encompasses 
compounds of Formula A Wherein: 

[0102] X is O or (CH2)1_2, optionally substituted With 
1-4 halo groups; 

[0103] R1'‘) is H or OH; 

[0104] 
[0105] each R2 is independently selected from the 

group consisting of: H, CL4 alkyl and haloC1_4 alkyl, 
and 

[0106] R3 is H, OH, halo, C1_4alkyl, OC1_4alkyl, 
O-haloC1_4alkyl or hydroXyC1_4alkyl. 

R1b represents H or OH; 

[0107] Another embodiment of the invention encompasses 
compounds of Formula A Wherein Y is —CH2— and R4 is 
heptyl. Within this embodiment is encompassed a compound 
of Formula A Wherein: 

[0108] X is O or CH2, optionally substituted With 1-2 
halo groups; 

[0109] R1'‘) is OH; 

[0110] R1b is OH; 

[0111] each R2 is H, and 

[0112] R3 is H or OH. 

[0113] The invention also encompasses a compound 
selected from the group consisting of: 

[0114] (a) 3-Amino-3-hydroXymethyl-5—(4-octylphe 
nyl)pentylphosphonic acid; 

[0115] (b) 3-Amino—3-methyl-5-(4-(octyl)phenyl)pen 
tylphosphonic acid; and 

[0116] (c) 1,1—Di?uoro—3-amino-3-hydroXymethyl-5 
(4-octylphenyl)pentylphosphonic acid. 

[0117] In another embodiment, the invention encompasses 
a compound Which is 2-Amino-2-phosphoryloXymethyl-4 
(4-(octyl)phenyl)butanol. 
[0118] In another embodiment, the invention encompasses 
a compound Which is (R)—2-Amino—2-phosphoryloxym 
ethyl-4-(4-(octyl)phenyl)butanol. 
[0119] In another embodiment, the invention encompasses 
a compound Which is (S)—2-Amino—2-phosphoryloxym 
ethyl-4-(4-(octyl)phenyl)butanol. 
[0120] Preferred salts of this invention for the reasons 
cited above include potassium, sodium, calcium and ammo 
nium salts. Also included Within the scope of this invention 
are crystal forms, hydrates and solvates of the compounds of 
Formula A. 

[0121] The invention also includes the compounds falling 
Within formula A in the form of one or more stereoisomers, 
in substantially pure form or in the form of a miXture of 
stereoisomers. All such isomers are encompassed Within the 
present invention. 



US 2002/0091105 A1 

[0122] The invention also includes a method of treating or 
preventing an immunoregulatory abnormality in a mamma 
lian patient in need of such treatment or prevention, com 
prising administering to said patient a compound of formula 
A in an amount that is effective for treating or preventing 
said immunoregulatory abnormality. 

[0123] More particularly, the invention encompasses the 
above method Wherein the immunoregulatory abnormality is 
an autoimmune or chronic in?ammatory disease selected 
from the group consisting of: systemic lupus erythematosis, 
chronic rheumatoid arthritis, type I and II diabetes mellitus, 
in?ammatory boWel disease, biliary cirrhosis, uveitis, mul 
tiple sclerosis, Crohn’s disease, ulcerative colitis, bullous 
pemphigoid, sarcoidosis, psoriasis, autoimmune myositis, 
Wegener’s granulomatosis, ichthyosis, Graves ophthalm 
opathy and asthma. 

[0124] Another embodiment encompasses the above 
method Wherein the immunoregulatory abnormality is bone 
marroW or organ transplant rejection. 

[0125] Another embodiment encompasses the above 
method Wherein the immunoregulatory abnormality is 
selected from the group consisting of: transplantation of 
organs or tissue, graft-versus-host diseases brought about by 
transplantation, autoimmune syndromes including rheuma 
toid arthritis, systemic lupus erythematosus, Hashimoto’s 
thyroiditis, multiple sclerosis, myasthenia gravis, type I 
diabetes uveitis, juvenile-onset or recent-onset diabetes mel 
litus, posterior uveitis, allergic encephalomyelitis, glomeru 
lonephritis, post-infectious autoimmune diseases including 
rheumatic fever and post-infectious glomerulonephritis, 
in?ammatory and hyperproliferative skin diseases, psoriasis, 
atopic dermatitis, contact dermatitis, ecZematous dermatitis, 
seborrhoeic dermatitis, Lichen planus, Pemphigus, bullous 
pemphigoid, Epidermolysis bullosa, urticaria, angioedemas, 
vasculitis, erythema, cutaneous eosinophilia, Lupus erythe 
matosus, acne, Alopecia areata, keratoconjunctivitis, vernal 
conjunctivitis, uveitis associated With Behcet’s disease, 
keratitis, herpetic keratitis, conical cornea, dystrophia epi 
thelialis corneae, corneal leukoma, ocular pemphigus, 
Mooren’s ulcer, Scleritis, Graves’ opthalmopathy, Vogt 
Koyanagi-Harada syndrome, sarcoidosis, pollen allergies, 
reversible obstructive airWay disease, bronchial asthma, 
allergic asthma, intrinsic asthma, extrinsic asthma, dust 
asthma, chronic or inveterate asthma, late asthma and airWay 
hyper-responsiveness, bronchitis, gastric ulcers, vascular 
damage caused by ischemic diseases and thrombosis, 
ischemic boWel diseases, in?ammatory boWel diseases, 
necrotiZing enterocolitis, intestinal lesions associated With 
thermal bums, Coeliac diseases, proctitis, eosinophilic gas 
troenteritis, mastocytosis, Crohn’s disease, ulcerative colitis, 
migraine, rhinitis, ecZema, interstitial nephritis, Good-pas 
ture’s syndrome, hemolytic-uremic syndrome, diabetic 
nephropathy, multiple myositis, Guillain-Barre syndrome, 
Meniere’s disease, polyneuritis, multiple neuritis, monon 
euritis, radiculopathy, hyperthyroidism, BasedoW’s disease, 
pure red cell aplasia, aplastic anemia, hypoplastic anemia, 
idiopathic thrombocytopenic purpura, autoimmune 
hemolytic anemia, agranulocytosis, pernicious anemia, 
megaloblastic anemia, anerythroplasia, osteoporosis, sarcoi 
dosis, ?broid lung, idiopathic interstitial pneumonia, der 
matomyositis, leukoderma vulgaris, ichthyosis vulgaris, 
photoallergic sensitivity, cutaneous T cell lymphoma, arte 
riosclerosis, atherosclerosis, aortitis syndrome, polyarteritis 
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nodosa, myocardosis, scleroderma, Wegener’s granuloma, 
Sjogren’s syndrome, adiposis, eosinophilic fascitis, lesions 
of gingiva, periodontium, alveolar bone, substantia ossea 
dentis, glomerulonephritis, male pattern alopecia or alopecia 
senilis by preventing epilation or providing hair germination 
and/or promoting hair generation and hair groWth, muscular 
dystrophy; Pyoderma and SeZary’s syndrome, Addison’s 
disease, ischemia-reperfusion injury of organs Which occurs 
upon preservation, transplantation or ischemic disease, 
endotoxin-shock, pseudomembranous colitis, colitis caused 
by drug or radiation, ischemic acute renal insu?iciency, 
chronic renal insu?iciency, toxinosis caused by lung-oxygen 
or drugs, lung cancer, pulmonary emphysema, cataracta, 
siderosis, retinitis, pigentosa, senile macular degeneration, 
vitreal scarring, corneal alkali burn, dermatitis erythema 
multiforme, linear IgA ballous dermatitis and cement der 
matitis, gingivitis, periodontitis, sepsis, pancreatitis, dis 
eases caused by environmental pollution, aging, carcinogen 
esis, metastasis of carcinoma and hypobaropathy, disease 
caused by histamine or leukotriene-C4 release, Behcet’s 
disease, autoimmune hepatitis, primary biliary cirrhosis, 
sclerosing cholangitis, partial liver resection, acute liver 
necrosis, necrosis caused by toxin, viral hepatitis, shock, or 
anoxia, B-virus hepatitis, non-A/non-B hepatitis, cirrhosis, 
alcoholic cirrhosis, hepatic failure, fulminant hepatic failure, 
late-onset hepatic failure, “acute-on-chronic” liver failure, 
augmentation of chemotherapeutic effect, cytomegalovirus 
infection, HCMV infection, AIDS, cancer, senile dementia, 
trauma, and chronic bacterial infection. 

[0126] The invention also encompasses a method of sup 
pressing the immune system in a mammalian patient in need 
of immunosuppression comprising administering to said 
patient an immunosuppressing effective amount of a com 
pound of formula A. 

[0127] The present invention also includes a pharmaceu 
tical formulation comprising a pharmaceutically acceptable 
carrier and the compound of Formula A or a pharmaceuti 
cally acceptable salt or hydrate thereof. Apreferred embodi 
ment of the formulation is one Where a second immunosup 
pressive agent is also included. Examples of such second 
immunosuppressive agents are, but are not limited to aZa 
thioprine, brequinar sodium, deoxyspergualin, miZaribine, 
mycophenolic acid morpholino ester, cyclosporin, FK-506 
and rapamycin. 

[0128] Additional methods for preparing the compounds 
of this invention are illustrated in the folloWing schemes and 
examples. Alternative routes Will be easily discernible to 
practitioners in the ?eld. 

[0129] Compounds in the present invention in Which R1a= 
R1b=OH, R2=H, R3=H and X=—CH2— can be prepared as 
shoWn in Scheme 3. Triethyl 4-phosphonobutyrate can be 
treated With a strong, hindered base (e.g., lithium diisopro 
pylamide (LDA), sodium bis(trimethylsilyl)amide (NaH 
MDS), potassium bis(trimethylsilyl)amide (KHMDS) in an 
ethereal solvent (e.g., diethyl ether, dimethoxyethane 
(DME), tetrahydrofuran (THF) under anhydrous conditions 
at or beloW 0° C. folloWed by treatment With an arylethyl 
bromide, iodide or tri?uoromethanesulfonate ester. After a 
second alkylation carried out similarly, but employing 
iodomethane as the alkylating agent, compound A is 
obtained. Saponi?cation of the ethyl ester of A can afford 
carboxylic acid B. Hydrolysis of A under acidic conditions 
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can also afford B. The carboXy group of B can be converted 
to an isocyanate (Curtius rearrangement) by ?rst treating B 
With an alkyl chloroformate and tertiary amine base in THF 
to afford a mixed anhydride followed by treatment With 
sodium aZide in aqueous acetone or aqueous THF folloWed 
by heating at or above 60° C. in an inert solvent (e.g. 
benZene or toluene) to give the isocyanate. Alternatively, B 
could ?rst be activated as an acid chloride (e.g., by treating 
it With oXalyl chloride and catalytic N,N-dimethylforma 
mide (DMF) in methylene chloride (CH2Cl2) or by treating 
it With thionyl chloride in CH2Cl2). The isocyanate is 
reacted With an alcohol (RaOH) to afford carbamate C. After 
treating C With trimethylsilyl bromide (TMS-Br) or trim 
ethylsilyl iodide (TMS-I) in a suitable solvent (CH2Cl2, 
chloroform (CHCl3), acetonitrile (CH3CN), D is obtained. 

Scheme 3 
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[0130] Compounds in the present invention in Which R1a= 
R1b=OH, R2=H, R3=—OH and X=O can be prepared as 
shoWn in Scheme 4. The amino group of E (Which can be 
prepared using the methods analogous to those described in 
Kiuchi, et.al. Journal of Medicinal Chemistry, 2000, 43, 
2946-2961) can be protected by treating it With an alkyl 
chloroformate or a dialkyl dicarbonate in an appropriate 
solvent to afford carbamate F. BenZylidene acetal G is 
obtained by Warming F and benZaldehyde in the presence of 
an acid catalyst (e.g., p-toluenesulfonic acid, methane 
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sulfonic acid) in a solvent that Would alloW for the aZeotro 
pic removal of Water (e.g., benZene, toluene). Treating G 
With a reducing agent such as borane, dimethylamine com 
pleX/boron tri?uoride etherate or diisobutylaluminum 
hydride in an appropriate solvent (CH2Cl2, toluene) can 
afford benZyl ether H. Phosphorylation can be carried out by 
treating H With a N,N-dialkylamino dialkylphosphite (e.g., 
diethylamino dibenZylphosphite, diisopropylamino diben 
Zylphosphite) and catalytic 1H-tetraZole in an appropriate 
solvent (e.g., CH2Cl2, acetonitrile) folloWed by an oXidiZing 
agent (e.g., 3-chloro peroXybenZoic acid, peracetic acid, 
4-methylmorpholine N-oXide) to give phosphate ester I. 
Removal of the protecting groups of I can afford phosphate 
J. In cases Where Ra=Rb=—CH2Ph, this can be done by 
treating I With sodium in liquid ammonia. Alternatively, this 
can be done by stirring I in a solution of Water and alcohol 
(e.g., methanol, ethanol) in the presence of palladium or 
platinum catalyst under an atmosphere of hydrogen gas. 

Scheme 4 
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-continued 
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[0131] Compounds in the present invention in Which R1a= 
R1b=OH, R2=H, R3=OH and X=—CH2— can be prepared 
as shown in Scheme 5. The amino group of amino diethyl 
malonate can be protected by treating it With an alkyl 
chlorofoimate or a dialkyl dicarbonate in an appropriate 
solvent to afford carbamate K. Alkylation of K With diethyl 
2-bromoethylphosphonate in DMF in the presence of base 
(e.g., cesium carbonate, potassium carbonate, sodium 
hydride) can afford L. Treatment of L With a reducing agent 
in an appropriate solvent (lithium borohydride in THEF or 
DME; diisobutyl aluminum hydride in CHZCl2 or toluene) 
can afford diol M. BenZylidene acetal N is obtained by 
Warming M and benZaldehyde in the presence of an acid 
catalyst (e.g., p-toluenesulfonic acid, methanesulfonic acid) 
in a solvent that Would alloW for the aZeotropic removal of 
Water (e.g., benZene, toluene). Treating N With a reducing 
agent such as borane, dimethylamine complex/boron trif 
luoride etherate or diisobutylaluminum hydride in an appro 
priate solvent (CH2Cl2, toluene) can afford benZyl ether 0. 
Oxidation under SWern conditions (oxalyl chloride/DMSO 
in CHZCl2 at loW temperature (<—40° C.) folloWed by a 
trialkylamine base and Warming to ambient temperature) 
affords aldehyde P. Reacting aldeyde P With a Wittig reagent 
affords alkene Q. Reduction of the double bond of Q can be 
carried by stirring a solution of Q in a alcohol (e.g., 
methanol, ethanol) in the presence of palladium or platinum 
catalyst under an atmosphere of hydrogen gas. Treating the 
resulting saturated compound With TMS-I or TMS-Br in and 
appropriate solvent (CH2Cl2, CHCl3, acetonitrile) affords R. 

Scheme 5 
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-continued 
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[0132] Compounds in the present invention in Which R1a= 
R1b=OH, R2=H, R3=OH and X=—CH2— or —CF2— can 
be prepared as shoWn in Scheme 6. Compound E can be 
treated With triethylorthoformate in the presence of a tri 
alkylamine base (such as triethylamine or diisopropylethy 
lamine) in N,N-dimethylformamide to afford oxaZoline S. 
Oxidation under SWern conditions (oxalyl chloride/DMSO 
in CHZCl2 at loW temperature (<—40° C.) folloWed by a 
trialkylamine base and Warming to ambient temperature) 
affords aldehyde T. Treating T With a dialkyl methylphos 
phonate in the presence of a strong base (n-butyllithium, 
lithium diisopropylamide) in an ethereal solvent (THF, 
diethylether, DME) at loW temperature folloWed by quench 
ing the resulting mixture With an aryl chlorothionoformate 
affords thiocarbonate U. Reduction of U With a hydride 
reducing agent (e.g., tributyltin hydride, tris(trimethylsilyl 
)silane) in the presence of a radical initiator (e.g., AIBN, 
benZoyl peroxide) in an inert solvent (e.g., benZene, toluene) 
at elevated temperature can give V. Concomitant hydrolysis 
of the oxaZoline ring and the phosphonate esters of V can be 
carried out by Warming in a mixture of alcohol and concen 
trated hydrochloric acid to give W. 
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[0133] The invention is further illustrated by the following 
examples: 
[0134] Method of Preparation 

General Methods 

[0135] Concentration of solutions was carried out on a 
rotary evaporator under reduced pressure. Conventional 
?ash chromatography was carried out on silica gel (230-400 
mesh). Flash chromatography was also carried out using a 
Biotage Flash Chromatography apparatus (Dyax Corp.) on 
silica gel (32-63 mM, 60 A pore siZe) in pre-packed car 
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tridges of the siZe noted. NMR spectra were obtained in 
CDCl3 solution unless otherwise noted. Coupling constants 
(J) are in hertz Abbreviations: diethyl ether (ether), 
triethylamine (TEA), N,N-diisopropylethylamine (DIEA) 
saturated aqueous (sat’d), room temperature (rt), hour(s) (h), 
minute(s) (min). 

HPLC Methods 

[0136] HPLC A: Analytical Sales and Service Armor C8, 
5g, 4.6 mm><50 mm column, gradient 10:90Q90:10 v/v 
CH3CN:H2O+0.05% TFA over 4 min, then hold at 90: 10 v/v 
CH3CN:H2O+0.05% TFA for 4 min; 2.5 mL/min, 210 nm. 

[0137] HPLC B: YMC ODS A, 5p, 4.6><50 mm column, 
gradient 10:90—>95:5 v/v CH3CN:H2O+0.05% TFAover 4.5 
min, then hold at 95:5 v/v CH3CN:H2O+0.05% TFA for 1.5 
min; 2.5 mL/min, 210 nm. 

[0138] HPLC C: Chiral Technologies ChiralcelTM OD 4.6 
mm><250 mm column, 65:35 v/v iPrOH/hexanes, 0.5 
mL/min, 210 nm. 

EXAMPLE 2 

3—Amino—3-hydroxymethyl-5-(4-octylphenyl)pen 
tylphosphonic acid 

Step A: (+/—)-2-Methyl-4—hydroxymethyl-4-(2-(4 
octylphenyl)ethyl)oxaZoline 

[0139] A solution of 450 mg (1.5 mmol) of 2-amino-2 
hydroxymethyl—4—(4-(octyl)phenyl)butanol, 0.32 mL (1.75 
mmol) of triethylorthoacetate and 0.56 mL (3.2 mmol) of 
DIEA in 6 mL of DMF was stirred at 75° C. for 2 h. The 
mixture was cooled, partitioned between 40 mL of 3:1 v/v 
ether/EtOAc and water and the layers were separated. The 
organic layer was washed with water and dried. Flash 
chromatography on silica gel using 4:1 v/v CH2Cl2/EtOAc 
as the eluant afforded 440 mg (91%) of the title compound: 
Mass spectrum (NH3—CI) 332 (M+H). 

Step B: (+/—)-2-Methyl-4-formyl-4-(2-(4-octylphe 
nyl)ethyl)oxaZoline 

[0140] A solution of 0.059 mL (0.8 mmol) of oxalyl 
chloride in 1.5 mL of CHZCl2 at —78° C. was treated with 
0.12 mL (1.6 mmol) of DMSO. The resulting mixture was 
stirred cold for 10 min, 118 mg of (+/—)-2-methyl-4-hy 
droxymethyl-4-(2-(4-octylphenyl)ethyl)oxaZoline (from 
EXAMPLE 2, Step A) was added and resulting mixture was 
stirred cold for 30 min. TEA (0.28 mL, 2.0 mmol) was added 
and the resulting mixture was warmed to rt. The mixture was 
partitioned between 30 mL of ether and 10 mL of water. The 
organic layer was separated, dried and concentrated to afford 
118 mg (100%) of the title compound. 

Step C: Dimethyl 2-phenoxythiocarbonyloxy-(2 
methyl-4-(2-(4-octylphenyl)ethyl)oxaZolin-4-yl)eth 

ylphosphonate 

[0141] A solution of 0.46 mL of 2 M n-butyllithium in 
hexanes in 4 mL of THF at —78° C. was treated with 0.10 mL 
(0.92 mmol) dimethyl methylphosphonate and strirred cold 
for 50 min. (+/—)-2-Methyl-4-formyl-4-(2-(4-octylphenyl 
)ethyl)oxaZoline (252 mg, 0.76 mmol, from EXAMPLE 2, 
Step B) was added and the resulting solution was stirred cold 
for 5 h. The mixture was treated with 0.32 mL (2.3 mmol) 
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of phenyl chlorothionoformate and stirred cold for 1 h. The 
reaction Was quenched With 2 mL of sat’d NH4Cl, then 
extracted With 30 mL of CH2Cl2. The organic layer Was 
separated, Washed With sat’d NaHCO3, dried and concen 
trated. Flash chromatography on silica gel using hexanes/ 
EtOAc/CH3CN as the eluant afforded 75 mg (17%) of the 
title compound as a mixture of isomers: Mass spectrum 

(NH3—CI) 590 (M+H). 

Step D: (+/—)-Dimethyl (2-methyl-4-(2-(4-octylphe 
nyl)ethyl)oxaZolin-4-yl)ethyl phosphonate 

[0142] A solution of 67 mg (0.07 mmol) of dimethyl 
2-phenoxythiocarbonyloxy-(2-methyl-4-(2-(4-octylphenyl 
)ethyl)oxaZolin-4-yl)ethylphosphonate (from EXAMPLE 2, 
Step C), 0.07 mL (0.27 mmol) of tributyltin hydride and 10 
mg (0.06 mmol) of AIBN in 4 mL of toluene Was heated at 
re?ux for 2 h. The solution Was cooled and concentrated. 
Flash chromatography on silica gel using CH2Cl2/EtOAc as 
the eluant afforded 13 mg (26%) of the title compound: Mass 
spectrum (NH3—CI) 438 (M+H). 

Step E: 3-Amino-3-hydroxymethyl-5-(4-octylphe 
nyl)pentylphosphonic acid 

[0143] A solution of 10.5 mg (0.024 mmol) of (+/—) 
dimethyl (2-methyl-4-(2-(4-octylphenyl)ethyl)oxaZolin-4 
yl)ethyl phosphonate (from EXAMPLE 2, Step D) in 2 mL 
of 1:1 v/v MeOH/conc. HCL Was heated at re?ux for 2 h. 
HPLC puri?cation afforded 6.9 mg (75%) of the title com 
pound: Mass spectrum (NH3—CI) 386 (M+H). 

EXAMPLE 11 

(:)-3-Amino-3-methyl-5 -(4-(octyl)phenyl)pen 
tylphosphonic acid 

Step A: (:)-Diethyl 3-ethoxycarbonyl-5-(4-(oc 
tyl)phenyl)pentyl phosphonate 

[0144] To a solution of triethyl 4-phosphonobutyrate (0.91 
g, 3.59 mmol) in tetrahydrofuran (10 ml) at —78° C. Was 
added a potassium bis(trimethylsilyl)amide (0.5 M in THF, 
7.60 ml, 3.79 mmol). After stirring for 1 h at —78° C., a 
solution of tri?uorormethansulfonic acid-4-ocylphenylethyl 
ester (prepared from 4-octylphenylethyl alcohol (1.00 g, 
3.99 mmol) and tri?uoromethanesulfonyl anhydride (0.74 g, 
4.79 mmol) in methylene chloride in the presence of 2,6 
lutidine (0.56 ml, 4.79 mmol) at 0° C.). The reaction Was 
transferred to an ice bath and stirred for 1 h. The reaction 
Was diluted With ethyl acetate (40 ml), Washed With 2N aq 
HCl (40 ml), saturated aqueous sodium chloride (40 ml) and 
dried over magnesium sulfate. Concentration in vacuo fol 
loWed by silica gel chromatography eluting With hexane/ 
acetone (75:25) yield a colorless oil (0.74 g): 1HMR (500 
MHZ , CDCl3): 67.07 (m, 4H), 4.05-4.17 (m, 6H), 2.54-2.60 
(m, 4H), 2.43 (m, 1H), 1.57-2.04 (m, 10H), 1.24-1.34 (m, 
17H), 0.87 (t, J=7.0 HZ, 3H); MS m/e 469.2 (M’'). 

Step B: (:)-Diethyl 3-ethoxycarbonyl-3-methyl-5 
(4-(octyl)phenyl)pentylphosphonate 

[0145] To a solution potassium bis(trimethylsilyl)amide 
(0.213 g, 1.068 mmol) in tetrahydrofuran (1 ml) at —78° C. 
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Was added (:)-diethyl 3-ethoxycarbonyl-5-(4-(octyl)phenyl 
)pentylphosphonate (0.250 g, 0.533 mmol) as a solution in 
1 ml of tetrahydrofuran. After stirring for 40 minutes at —78° 
C., iodomethane (0.083 ml, 1.33 mmol) Was added. The 
reaction Was stirred for 1 h at —78° C. then alloWed to Warm 

to room temperature. The solution Was diluted With ethyl 

acetate (25 ml) and Washed With 2N HCl (10 ml) 5% 
aqueous sodium thiosulfate (10 ml), saturated aqueous 
sodium chloride (10 ml), dried over magnesium sulfate and 
concentrated to give a colorless oil (0.211 g): MS m/e 483.4 

(1W) 

Step C: (:)-Diethyl 3-carboxy-3-methyl-5-(4-(oc 
tyl)phenyl)pentylphosphonate 

[0146] To a solution of (:)-diethyl 3-ethoxycarbonyl-3 
methyl-5-(4-(octyl)phenyl)pentylphosphonate (0.211 g, 
0.437 mmol) in methanol (2 ml) Was added 1N aqueous 
sodium hydroxide (1.3 ml, 1.3 mol). Tetrahydrofuran Was 
added as necessary to keep the substrate in solution. The 
reaction Was heated to 50° C. for 16 h then Warmed to 70° 
and stirred at this temperature for 20 h. The reaction Was 
diluted With ethyl acetate (30 ml) and Washed With 2N aq 
HCl (20 ml), saturated aqueous sodium chloride (20 ml), 
dried over magnesium sulfate and concentrated to give a 
colorless oil (0.164 g): MS m/e 455.2 (M’'). 

Step D: (:)-Diethyl 3-benZyloxycarbonylamino-3 
methyl-5—(4-(octyl)phenyl)pentylphosphonic acid 

[0147] To a solution of (:)-diethyl 3-carboxy-3-methyl-5 
(4-(octyl)phenyl)pentylphosphonate (0.165 g, 0.362 mmol) 
in tetrahydrofuran (1 ml) at 0° C. Was added triethylamine 
(0.061 ml, 0.434 mmol) folloWed by methyl chloroformate 
(0.053 ml, 0.699 mmol). After stirring for 15 min, sodium 
aZide (0.071 g, 1.08 mmol) in Water (1 ml) Was added. The 
ice bath Was removed and the reaction stirred for 1 h. The 
reaction Was diluted With ethyl acetate (25 ml) and Washed 
With 2N aq HCl (25 ml), saturated aqueous sodium chloride 
(25 ml), dried over magnesium sulfate and concentrated to 
give a colorless oil. This oil Was dissolved in toluene (1 ml), 
benZyl alcohol (0.056 ml, 0.543 mmol) Was added and the 
solution heated to 90° C. for 4 h. The reaction Was cooled, 
placed onto silica gel and eluted With hexane/acetone 
(70:30) to give a colorless oil (0.097 g): MS m/e 560.4 (M’'). 

Step E: (1)-3-Amino-3-methyl-5-(4-(octyl)phenyl 
)pentylphosphonic acid 

[0148] To a solution of (:)-diethyl 3-benZyloxycarbony 
lamino-3-methyl-5-(4-(octyl)phenyl)pentylphosphonic acid 
(0.097 g, 0.173 mmol) in methylene chloride (1 ml) Was 
added iodotrimethylsilane (0.100 ml, 0.690 mmol). After 
stirring for 1 h, methanol Was added (1 ml) and the reaction 
Was concentrated. HPLC puri?cation (YMC-Pack pro C18, 
150><20 mm, acetonitrile/Water+0.1% TFA 10/90 to 0/100 
over 15 minutes, 20 ml/min, 254 nM) yielded a Waxy solid 
(0.051 g): 1H NMR (500 MHZ, CDCl3): 67.09-7.14 (m, 4H), 
2.64 (t, J=8.7 HZ, 2H), 2.56 (t, J=7.7 HZ, 3H), 1.98-2.02 (m, 
2H), 1.88-1.92 (m, 2H), 1.75-1.82 (m, 2H), 1.56-1.59 (m, 
2H), 1.39 (s, 3H), 1.24-1.34 (m, 12H), 0.89 (t, J=6.89 HZ, 
3H); MS m/e 370.3 (M’'). 
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EXAMPLE 19 

(1)-2-Amino-2-phosphoryloxymethyl-4-(4-(octyl) 
phenyl)butanol 

Step A: 
2-BenZyloxycarbonylamino-2-hydroxymethyl-4 

(4-(octyl)phenyl)butanol 
[0149] A mixture of 3.07 g (10.0 mmol) of 2-amino-2 
hydroxymethyl-4-(4-(octyl)phenyl)butanol and 3.00 g (30.0 
mmol) of KHCO3 in 200 mL of EtOAc and 150 mL of H20 
Was treated With 1.50 mL (10.0 mmol) of benZyl chlorofor 
mate, then stirred at rt for 2 h. The organic layer of the 
reaction mixture Was separated, dried over MgSO4 and 
concentrated to afford 5.29 g of the title compound: 1H 
NMR (500 MhZ) 60.88 (t, J=6.5, 3H), 1.22-1.34 (12H), 
1.55-1.60 (m, 2H), 1.87-1.91 (m, 2H), 2.53-2.59 (4H), 3.23 
(br s, 2H), 3.67 (dd, J=6.5, 11.5, 1H), 3.90 (dd, J=6.5, 11.5, 
1H), 5.08 (s, 2H), 5.30 (s, 1H), 7.05-7.09 (4H), 7.32-7.36 
(5H); HPLC A 5.34 min. 

Step B: 2-Phenyl-4-(benZyloxycarbonylamino)-4-(4 
(octyl)phenyl)-1,3-dioxane 

[0150] A mixture of 5.29 g (10.0 mmol) of 2-benZyloxy 
carbonylamino-2-hydroxymethyl-4-(4-(octyl)phenyl)bu 
tanol (from Example 2, Step A), 1.10 mL (11.0 mmol) of 
benZaldehyde and 95 mg (0.05 mmol) of p-TSA.H2O in 50 
mL of toluene Was stirred at 100° C. for 1 h. The reaction 
mixture Was treated With an additional 2.0 mL of benZalde 
hyde and stirring Was continued at 100° C. for 2 h. The 
mixture cooled to rt, then partitioned betWeen 400 mL of 
ether and 150 mL of 1.0 N NaOH. The organic layer Was 
separated, dried over MgSO4 and concentrated. Chromatog 
raphy on a Biotage Flash 75S cartridge using 20:1 v/v 
heptane/EtOAc (3 L), then 10:1 v/v heptane/EtOAc (3 L) as 
the eluant afforded 3.02 g of the title compound: 1H NMR 
(500 MhZ) 60.88 (t, J=6.5, 3H), 1.22-1.36 (12H), 1.55-1.60 
(m, 2H), 1.94-2.06 (m, 2H), 2.54-2.58 (4H), 3.69 (d, J=11.5, 
2H), 4.31 (d, J=11.5, 2H), 5.13 (s, 2H), 5.41 (br s, 1H), 5.45 
(s, 1H), 7.06-7.10 (4H), 7.29-7.40 (8H), 7.46-7.48 (2H); 
HPLC A 6.08 min. 

Step C: 
((1))-2-BenZyloxycarbonylamino-2-benzyloxymethyl-4-(4-(og 

[0151] A solution of 3.90 g (7.4 mmol) of 2-phenyl-4 
(benZyloxycarbonylamino)-4-(4-(octyl)phenyl)-1,3-dioxane 
(from Example 2, Step B) and 2.18 g (37.0 mmol) of 
BH3.NHMe2 in 150 mL of CH2Cl2 at —78° C. Was treated 
With 4.70 mL (37.0 mmol) of BF3.Et2O. The resulting 
mixture Was alloWed to Warm to —5° C. and Was stirred for 
2 h. The reaction Was poured into 25 mL of 1.0 N NaOH and 
the resulting mixture Was extracted With 100 mL of CH2Cl2. 
The extract Was separated and dried over MgSO4. The 
aqueous layer Was extracted With 200 mL of ether. The ether 
extract Was dried and the tWo organic extracts Were com 
bined and concentrated. Chromatography on a Biotage 75S 
cartridge using 6:1 v/v heptane/acetone as the eluant 
afforded 3.63 g of the title compound. ESI-MS 532 (M+H); 
HPLC A: 5.98 min; HPLC B: 5.32 min. 

Step D: (:)-1-DibenZyloxyphosphoryloxy-2-benZy 
loxycarbonylamino-2-benZyloxymethyl-4-(4-(oc 

tyl)phenyl)butane 
[0152] A solution of 2.90 g (5.4 mmol) of (:)-2-benZy 
loxycarbonylamino-2-benZyloxymethyl-4-(4-(octyl)phe 
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nyl)butanol (from Example 2, Step D) and 2.00 mL (6.0 
mmol) of dibenZyl diisopropylphosphoramidite in 40 mL of 
CH2Cl2 at 0° C. Was treated With 117 mg (8.2 mmol) of 
1H-tetraZole. The resulting mixture Was stirred at rt for 1.25 
h, then cooled to —78° C. MCPBA (2.0 g, ~8.2 mmol) Was 
added, the cooling bath Was removed and the reaction Was 
stirred at ambient temperature for 45 min. The reaction Was 
quenched With 50 mL of sat’d NaHCO3, then extracted With 
200 ML of CH2Cl2. The extract Was separated and dried 
over MgSO4. The aqueous layer Was extracted With 200 mL 
of ether. The ether extract Was dried and the tWo organic 
extracts Were combined and concentrated. Chromatography 
on a Biotage 75S cartridge using 8:1 v/v heptane/acetone 
(4.5 L), then 4:1 v/v heptane/acetone (2 L) as the eluant 
afforded 4.25 g of the title compound: 1H NMR (500 MhZ) 
60.88 (t, J=6.5, 3H), 1.22-1.36 (12H), 1.55-1.61 (m, 2H), 
1.94-2.04 (m, 1H), 2.08-2.18 (m, 1H), 2.47 (app t, J=8.5, 
1H), 2.55 (app t, J=7.5, 1H), 3.54 (AB q, J=26.0, 2H), 
4.18-4.25 (m, 2H), 4.44 (s, 2H), 4.98 (s, 2H), 5.00 (s, 2H), 
5.03 (s, 2H), 5.11 (br s, 1H), 6.96-7.06 (8H), 7.24-7.36 
(36H); HPLC A: 6.31 min. 

Step E: (1)-2-Amino-2-phosphoryloxymethyl-4-(4 
(octyl)phenyl)butanol 

[0153] Sodium metal (200 mg, 8.3 mmol) Was added to 10 
mL of liquid ammonia at —33° C. The resulting dark blue 
mixture Was stirred for 30 min, then treated With a solution 
of 118 mg (0.15 mmol) of (1)-1-dibenZyloxyphosphory 
loxy-2-benZyloxycarbonylamino—2-benzyloxymethyl-4-(4 
(octyl)phenyl)butane (from Example 2, Step D) in 1 mL of 
THF. The cooling bath Was removed and the reaction 
mixture Was stirred at ambient temperature for 18 h. The 
reaction Was quenched With 40 mL of H20, then extracted 
With 40 mL of ether. The aqueous layer Was separated and 
neutraliZed (pH 7) With 1.0 N HCl. The precipitate Was 
?ltered, rinsed With H2O, then MeOH and dried to afford 49 
mg of the title compound: 1H NMR (500 MhZ, CD3OD+ 
NaOD) 60.89 (t, J=7.0, 3H), 1.22-1.36 (12H), 1.43-1.62 (m, 
2H), 1.86-1.94 (m, 2H), 2.55 (app t, J=7.5, 2H), 2.63-2.68 
(m, 2H), 3.66 (app q, J=11.0, 1H), 3.88 (dd, J=, 6.5, 11.5, 
15) 3.96 Sdd, J=6.5, 11.5), 7.06 (d, J=7.5, 2H), 7.13 (d, 

@2113} mm 388 (M+H); HPLC A 3.96 min; HPLC 
B 2.84 min. 

EXAMPLE 20 

(R)-2-Amino-2-phosphoryloxymethyl-4-(4-(oc 
tyl)phenyl)butanol and (S)-2-Amino-2-phosphory 

loxymethyl-4-(4-(octyl)phenyl)butanol 

Step A: Resolution of (:)-1-dibenZyloxyphosphory 
loxy-2-benZyloxycarbonylamino-2-benZyloxym 

ethyl-4-(4-(octyl)phenyl)butane 

[0154] The enantiomers of (1)-1-dibenZyloxyphosphory 
loxy-2-benZyloxycarbonylamino-2-benZyloxymethyl-4-(4 
(octyl)phenyl)butane (from Example 2, Step D) Were 
resolved using preparative chiral HPLC. Conditions: Chiral 
Technologies ChiralcelTM OD 2 cm><25 cm column, 60:40 
v/v hexanes/iPrOH, 9.0 mL/min, 210 nm. For the faster 
eluting enantiomer (Enantiomer 1): HPLC C 16.7 min. For 
the sloWer eluting enantiomer (Enantiomer 2): HPLC C 24.0 
mm. 
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Step B: 2-Amino-2-phosphoryloxymethyl-4-(4-(oc 
tyl)phenyl)butanol (Enantiomer 1 and Enantiomer 

2) 
[0155] The title compound (Enantiomer 1) Was obtained 
from 1-dibenZyloxyphosphoryloxy-2-benZyloxycarbony 
lamino-2-benZyloxymethyl-4-(4-(octyl)phenyl)butane 
(Enantiomer 1 from Example 20, Step A) using a procedure 
analogous to that described in Example 2, Step E: ESI-MS 
388 (M+H); HPLC A 3.96 min; HPLC B 2.84 min. 

[0156] The title compound (Enantiomer 2) Was obtained 
from 1-dibenZyloxyphosphoryloxy-2-benZyloxycarbony 
lamino-2-benZyloxymethyl-4-(4-(octyl)phenyl)butane 
(Enantiomer 2 from Example 20, Step A) using a procedure 
analogous to that described in Example 2, Step E: ESI-MS 
388 (M+H); HPLC A 3.96 min; HPLC B 2.84 min. 

EXAMPLE 21 

1 ,1 —Di?uoro -3-amino-3-hydroxymethyl-5 -(4-oc 
tylphenyl)pentylphosphonic acid 

[0157] The title compound Was prepared from 2-amino 
2-hydroxymethyl-4-(4-(octyl)phenyl)butanol (FTY 720) 
using procedures analogous to those described in 
EXAMPLE 2, except that lithium diisopropylamide Was 
substituted for n-butyllithium in Step C and diethyl di?uo 
romethylphosphonate Was substituted for dimethyl meth 
ylphosphonate in Step C: Mass spectrum (NH3—CI) 422 
(M+H). 
[0158] The compounds of the present invention can also 
be used as a screening tool to identify candidate compounds 
that bind to G-protein-coupled receptors comprising the 
folloWing steps: 

[0159] (1) providing a Whole cell expressing G-pro 
tein-coupled receptors or membranes derived there 
from; 

[0160] (2) contacting said cell or membrane With a 
compound of formula A and the candidate com 
pound; and 

[0161] (3) determining the amount of binding of said 
candidate compound by ascertaining the relative 
activity of the compound of formula A in the pres 
ence of the candidate compound. 

What is claimed is: 
1. A compound represented by formula 1: 

or a pharmaceutically acceptable salt or hydrate thereof, 
Wherein: 

X is O, S, NR1 or (CH2)1_2, optionally substituted With 1-4 
halo groups; 

R1 is H, CL4 alkyl or haloC1_4 alkyl; 
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R13 is H, OH, C1_4 alkyl, or OC1_4 alkyl, the alkyl and 
alkyl portions being optionally substituted With 1-3 
halo groups; 

R1b represents H, OH, C1_4 alkyl or haloC1_4 alkyl; 

R2 is H, CL4 alkyl or haloC1_4 alkyl, and 

R3 is H, OH, halo, OC1_4 alkyl or O-haloC1_4 alkyl. 
2. A compound in accordance With claim 1 Wherein X is 

O or (CH2)1_2, optionally substituted With 1-4 halo groups. 
3. A compound in accordance With claim 2 Wherein X is 

O or CH2. 
4. A compound in accordance With claim 3 Wherein X is 

O. 
5. Acompound in accordance With claim 1 wherein R1'‘) is 

H or OH. 

6. A compound in accordance With claim 1 Wherein R1b 
represents H or OH. 

7. A compound in accordance With claim 1 Wherein R3 is 
H, OH, halo, OC1_4 alkyl or O-haloC1_4 alkyl. 

8. A compound in accordance With claim 1 Wherein R2 is 
H or CL4 alkyl. 

9. A compound in accordance With claim 1 Wherein: 

X is O or (CH2)1_2, optionally substituted With 1-4 halo 
groups; 

R13 is H or OH; 

R1b represents H or OH; 

R2 is H, CL4 alkyl or haloC1_4 alkyl, and 

R3 is H, OH, halo, OC1_4 alkyl or O-haloC1_4 alkyl. 
10. Acompound in accordance With claim 1 in accordance 

With folloWing table: 

TABLE I 

la 

OH CH2R3 

OH N(R2)2 

(CH2)7CH3 

Cpd x R2/R2 R3 

1 o H/H OH 
2 cH2 H/H OH 
3 CHZCHZ H/H OH 
4 o H/cH3 OH 
5 cH2 H/cH3 OH 
6 CHZCHZ H/cH3 OH 
7 o CH3/CH3 OH 
s CH2 CH3/CH3 OH 
9 CHZCHZ CH3/CH3 OH 

10 o H/H H 
11 cH2 H/H H 
12 CHZCHZ H/H H 
13 o H/cH3 H 
14 cH2 H/cH3 H 
15 CHZCHZ H/cH3 H 
16 o CH3/CH3 H 
17 cH2 CH3/CH3 H 
18 CHZCHZ CH3/CH3 H 

or a pharmaceutically acceptable salt or hydrate thereof. 
11. A compound in accordance With claim 10 Wherein X 

represents O, each R2 represents H and R3 represents OH. 
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12. A method of treating or preventing an immunoregu 
latory abnormality in a mammalian patient in need of such 
treatment or prevention, comprising administering to said 
patient a compound in accordance With claim 1 in an amount 
that is effective for treating or preventing said immunoregu 
latory abnormality. 

13. A method in accordance With claim 12 Wherein the 
immunoregulatory abnormality is an autoimmune or chronic 
in?ammatory disease selected from the group consisting of: 
systemic lupus erythematosis, chronic rheumatoid arthritis, 
type I and II diabetes mellitus, in?ammatory boWel disease, 
biliary cirrhosis, uveitis, multiple sclerosis, Crohn’s disease, 
ulcerative colitis, bullous pemphigoid, sarcoidosis, psoria 
sis, autoimmune myositis, Wegener’s granulomatosis, ich 
thyosis, Graves ophthalmopathy and asthma. 

14. A method in accordance With claim 13 Wherein the 
immunoregulatory abnormality is bone marroW or organ 
transplant rejection. 

15. A method in accordance With claim 11 Wherein the 
immunoregulatory abnormality is selected from the group 
consisting of: transplantation of organs or tissue, graft 
versus-host diseases brought about by transplantation, 
autoimmune syndromes including rheumatoid arthritis, sys 
temic lupus erythematosus, Hashimoto’s thyroiditis, mul 
tiple sclerosis, myasthenia gravis, type I diabetes uveitis, 
juvenile-onset or recent-onset diabetes mellitus, posterior 
uveitis, allergic encephalomyelitis, glomerulonephritis, 
post-infectious autoimmune diseases including rheumatic 
fever and post-infectious glomerulonephritis, in?ammatory 
and hyperproliferative skin diseases, psoriasis, atopic der 
matitis, contact dermatitis, ecZematous dermatitis, sebor 
rhoeic dermatitis, Lichen planus, Pemphigus, bullous pem 
phigoid, Epidermolysis bullosa, urticaria, angioedemas, 
vasculitis, erythema, cutaneous eosinophilia, Lupus erythe 
matosus, acne, Alopecia areata, keratoconjunctivitis, vernal 
conjunctivitis, uveitis associated With Behcet’s disease, 
keratitis, herpetic keratitis, conical cornea, dystrophia epi 
thelialis corneae, corneal leukoma, ocular pemphigus, 
Mooren’s ulcer, Scleritis, Graves’ opthalmopathy, Vogt 
Koyanagi-Harada syndrome, sarcoidosis, pollen allergies, 
reversible obstructive airWay disease, bronchial asthma, 
allergic asthma, intrinsic asthma, extrinsic asthma, dust 
asthma, chronic or inveterate asthma, late asthma and airWay 
hyper-responsiveness, bronchitis, gastric ulcers, vascular 
damage caused by ischemic diseases and thrombosis, 
ischemic boWel diseases, in?ammatory boWel diseases, 
necrotiZing enterocolitis, intestinal lesions associated With 
thermal burns, Coeliac diseases, proctitis, eosinophilic gas 
troenteritis, mastocytosis, Crohn’s disease, ulcerative colitis, 
migraine, rhinitis, ecZema, interstitial nephritis, Good-pas 
ture’s syndrome, hemolytic-uremic syndrome, diabetic 
nephropathy, multiple myositis, Guillain-Barre syndrome, 
Meniere’s disease, polyneuritis, multiple neuritis, monon 
euritis, radiculopathy, hyperthyroidism, BasedoW’s disease, 
pure red cell aplasia, aplastic anemia, hypoplastic anemia, 
idiopathic thrombocytopenic purpura, autoimmune 
hemolytic anemia, agranulocytosis, pernicious anemia, 
megaloblastic anemia, anerythroplasia, osteoporosis, sarcoi 
dosis, ?broid lung, idiopathic interstitial pneumonia, der 
matomyositis, leukoderma vulgaris, ichthyosis vulgaris, 
photoallergic sensitivity, cutaneous T cell lymphoma, arte 
riosclerosis, atherosclerosis, aortitis syndrome, polyarteritis 
nodosa, myocardosis, scleroderma, Wegener’s granuloma, 
Sjogren’s syndrome, adiposis, eosinophilic fascitis, lesions 
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of gingiva, periodontium, alveolar bone, substantia ossea 
dentis, glomerulonephritis, male pattern alopecia or alopecia 
senilis by preventing epilation or providing hair germination 
and/or promoting hair generation and hair groWth, muscular 
dystrophy; Pyoderma and SeZary’s syndrome, Addison’s 
disease, ischemia-reperfusion injury of organs Which occurs 
upon preservation, transplantation or ischemic disease, 
endotoXin-shock, pseudomembranous colitis, colitis caused 
by drug or radiation, ischemic acute renal insu?iciency, 
chronic renal insu?iciency, toXinosis caused by lung-oxygen 
or drugs, lung cancer, pulmonary emphysema, cataracta, 
siderosis, retinitis, pigentosa, senile macular degeneration, 
vitreal scarring, corneal alkali burn, dermatitis erythema 
multiforme, linear IgA ballous dermatitis and cement der 
matitis, gingivitis, periodontitis, sepsis, pancreatitis, dis 
eases caused by environmental pollution, aging, carcinogen 
esis, metastasis of carcinoma and hypobaropathy, disease 
caused by histamine or leukotriene-C4 release, Behcet’s 
disease, autoimmune hepatitis, primary biliary cirrhosis, 
sclerosing cholangitis, partial liver resection, acute liver 
necrosis, necrosis caused by toXin, viral hepatitis, shock, or 
anoXia, B-virus hepatitis, non-A/non-B hepatitis, cirrhosis, 
alcoholic cirrhosis, hepatic failure, fulminant hepatic failure, 
late-onset hepatic failure, “acute-on-chronic” liver failure, 
augmentation of chemotherapeutic effect, cytomegalovirus 
infection, HCMV infection, AIDS, cancer, senile dementia, 
trauma, and chronic bacterial infection. 

16. A method of suppressing the immune system in a 
mammalian patient in need of immunosuppression compris 
ing administering to said patient an immunosuppressing 
effective amount of a compound of claim 1. 

17. A pharmaceutical composition comprised of a com 
pound in accordance With claim 1 in combination With a 
pharmaceutically acceptable carrier. 

18. A compound represented by formula A: 

R13 CH2R3 

O=P—X—CH2—C—CH2CH2 

Rlb N(R2)2 

Y—R4 

or a pharmaceutically acceptable salt or hydrate thereof, 
Wherein: 

X is O, S, NR1 or (CH2)1_2, optionally substituted With 1-4 
halo groups; 

R1 is H, C1_4 alkyl or haloC1_4 alkyl; 

R18 is H, OH, C1_4 alkyl, or OC1_4 alkyl, the alkyl and 
alkyl portions being optionally substituted With 1-3 
halo groups; 

R1b represents H, OH, C1_4 alkyl or haloC1_4 alkyl; 

each R2 is independently selected from the group consist 
ing of: H, C1_4 alkyl and haloC1_4 alkyl, 

R3 is H, OH, halo, C1_4alkyl, OC1_4alkyl, O-haloC1_4alkyl 
or hydroXyC1_4alkyl, 

Y is selected from the group consisting of: —CH2—, 
—C(O)—, —CH(OH)—, —C(=NOH)—, O and S, 
and 
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R4 is selected from the group consisting of: C4_14alkyl and 
C4-14alkenyl. 

19. A compound in accordance With claim 18 Wherein X 
is O or (CH2)1_2, optionally substituted With 1-4 halo groups. 

20. A compound in accordance With claim 19 Wherein X 
is O or CH2. 

21. A compound in accordance With claim 20 Wherein X 
is O. 

22. Acompound in accordance With claim 18 wherein R1'‘) 
is H or OH. 

23. A compound in accordance With claim 18 Wherein R1b 
represents H or OH. 

24. A compound in accordance With claim 18 Wherein R3 
is H or OH. 

25. A compound in accordance With claim 18 Wherein R2 
is H or CL4 alkyl. 

26. A compound in accordance With claim 18 Wherein: 

X is O or (CH2)1_2, optionally substituted With 1-4 halo 
groups; 

R13 is H or OH; 

R1b represents H or OH; 

each R2 is independently selected from the group consist 
ing of: H, CL4 alkyl or haloC1_4 alkyl, and 

R3 is H, OH, halo, C1_4alkyl, OC1_4alkyl, O-haloC1_4alkyl 
or hydroXyC1_4alkyl. 

27. A compound according to claim 18 Wherein Y is 
—CH2— and R4 is heptyl. 

28. A compound according to claim 27 Wherein: 

X is O or CH2, optionally substituted With 1-2 halo 
groups; 

R121 is OH; 

R1b is OH; 

each R2 is H, and 

R3 is H or OH. 
29. A compound according to claim 18 selected from the 

group consisting of: 

(a) 3-Amino-3-hydroXymethyl-5 -(4-octylphenyl)pen 
tylphosphonic acid; 

(b) 3-Amino-3-methyl-5-(4-(octyl)phenyl)pentylphos 
phonic acid; and 

(c) 1,1-Di?uoro-3-amino-3-hydroXymethyl-5-(4-oc 
tylphenyl)pentylphosphonic acid. 

30. Acompound according to claim 18 Which is 2-Amino 
2-phosphoryloXymethyl-4-(4-(octyl)phenyl)butanol. 

31. A compound according to claim 18 Which is (R)-2 
Amino-2-phosphoryloXymethyl-4-(4-(0ctyl)phenyl)butanol 

32. A compound Which is (S)-2-Amino-2-phosphory 
loXymethyl-4-(4-(octyl)phenyl)butanol. 

33. A method of treating or preventing an immunoregu 
latory abnormality in a mammalian patient in need of such 
treatment or prevention, comprising administering to said 
patient a compound in accordance With claim 18 in an 
amount that is effective for treating or preventing said 
immunoregulatory abnormality. 

34. A method in accordance With claim 33 Wherein the 
immunoregulatory abnormality is an autoimmune or chronic 
in?ammatory disease selected from the group consisting of: 
systemic lupus erythematosis, chronic rheumatoid arthritis, 
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type I and II diabetes mellitus, in?ammatory boWel disease, 
biliary cirrhosis, uveitis, multiple sclerosis, Crohn’s disease, 
ulcerative colitis, bullous pemphigoid, sarcoidosis, psoria 
sis, autoimmune myositis, Wegener’s granulomatosis, ich 
thyosis, Graves ophthalmopathy and asthma. 

35. A method in accordance With claim 33 Wherein the 
immunoregulatory abnormality is bone marroW or organ 
transplant rejection. 

36. A method in accordance With claim 33 Wherein the 
immunoregulatory abnormality is selected from the group 
consisting of: transplantation of organs or tissue, graft 
versus-host diseases brought about by transplantation, 
autoimmune syndromes including rheumatoid arthritis, sys 
temic lupus erythematosus, Hashimoto’s thyroiditis, mul 
tiple sclerosis, myasthenia gravis, type I diabetes uveitis, 
juvenile-onset or recent-onset diabetes mellitus, posterior 
uveitis, allergic encephalomyelitis, glomerulonephritis, 
post-infectious autoimmune diseases including rheumatic 
fever and post-infectious glomerulonephritis, in?ammatory 
and hyperproliferative skin diseases, psoriasis, atopic der 
matitis, contact dermatitis, ecZematous dermatitis, sebor 
rhoeic dermatitis, Lichen planus, Pemphigus, bullous pem 
phigoid, Epidermolysis bullosa, urticaria, angioedemas, 
vasculitis, erythema, cutaneous eosinophilia, Lupus erythe 
matosus, acne, Alopecia areata, keratoconjunctivitis, vernal 
conjunctivitis, uveitis associated With Behcet’s disease, 
keratitis, herpetic keratitis, conical cornea, dystrophia epi 
thelialis corneae, corneal leukoma, ocular pemphigus, 
Mooren’s ulcer, Scleritis, Graves’ opthalmopathy, Vogt 
Koyanagi-Harada syndrome, sarcoidosis, pollen allergies, 
reversible obstructive airWay disease, bronchial asthma, 
allergic asthma, intrinsic asthma, eXtrinsic asthma, dust 
asthma, chronic or inveterate asthma, late asthma and airWay 
hyper-responsiveness, bronchitis, gastric ulcers, vascular 
damage caused by ischemic diseases and thrombosis, 
ischemic boWel diseases, in?ammatory boWel diseases, 
necrotiZing enterocolitis, intestinal lesions associated With 
thermal burns, Coeliac diseases, proctitis, eosinophilic gas 
troenteritis, mastocytosis, Crohn’s disease, ulcerative colitis, 
migraine, rhinitis, ecZema, interstitial nephritis, Good-pas 
ture’s syndrome, hemolytic-uremic syndrome, diabetic 
nephropathy, multiple myositis, Guillain-Barre syndrome, 
Meniere’s disease, polyneuritis, multiple neuritis, monon 
euritis, radiculopathy, hyperthyroidism, BasedoW’s disease, 
pure red cell aplasia, aplastic anemia, hypoplastic anemia, 
idiopathic thrombocytopenic purpura, autoimmune 
hemolytic anemia, agranulocytosis, pernicious anemia, 
megaloblastic anemia, anerythroplasia, osteoporosis, sarcoi 
dosis, ?broid lung, idiopathic interstitial pneumonia, der 
matomyositis, leukoderma vulgaris, ichthyosis vulgaris, 
photoallergic sensitivity, cutaneous T cell lymphoma, arte 
riosclerosis, atherosclerosis, aortitis syndrome, polyarteritis 
nodosa, myocardosis, scleroderma, Wegener’s granuloma, 
Sjogren’s syndrome, adiposis, eosinophilic fascitis, lesions 
of gingiva, periodontium, alveolar bone, substantia ossea 
dentis, glomerulonephritis, male pattern alopecia or alopecia 
senilis by preventing epilation or providing hair germination 
and/or promoting hair generation and hair groWth, muscular 
dystrophy; Pyoderma and SeZary’s syndrome, Addison’s 
disease, ischemia-reperfusion injury of organs Which occurs 
upon preservation, transplantation or ischemic disease, 
endotoXin-shock, pseudomembranous colitis, colitis caused 
by drug or radiation, ischemic acute renal insu?iciency, 
chronic renal insu?iciency, toXinosis caused by lung-oxygen 
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or drugs, lung cancer, pulmonary emphysema, cataracta, 
siderosis, retinitis, pigentosa, senile macular degeneration, 
vitreal scarring, corneal alkali burn, dermatitis erythema 
multiforme, linear IgA ballous dermatitis and cement der 
matitis, gingivitis, periodontitis, sepsis, pancreatitis, dis 
eases caused by environmental pollution, aging, carcinogen 
esis, metastasis of carcinoma and hypobaropathy, disease 
caused by histamine or leukotriene-C4 release, Behcet’s 
disease, autoimmune hepatitis, primary biliary cirrhosis, 
sclerosing cholangitis, partial liver resection, acute liver 
necrosis, necrosis caused by toXin, viral hepatitis, shock, or 
anoXia, B-virus hepatitis, non-A/non-B hepatitis, cirrhosis, 
alcoholic cirrhosis, hepatic failure, fulminant hepatic failure, 
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late-onset hepatic failure, “acute-on-chronic” liver failure, 
augmentation of chemotherapeutic effect, cytomegalovirus 
infection, HCMV infection, AIDS, cancer, senile dementia, 
trauma, and chronic bacterial infection. 

37. A method of suppressing the immune system in a 
mammalian patient in need of immunosuppression compris 
ing administering to said patient an immunosuppressing 
effective amount of a compound of claim 18. 

38. A pharmaceutical composition comprised of a com 
pound in accordance With claim 18 in combination With a 
pharmaceutically acceptable carrier. 


