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N- Acetyl -L-cysteine is a well known conpound which is routinely used as a
t herapeutic agent against chronic obstructive di seases and chronic
bronchitis. Al though the first patent was fifed in 1964 (G8 954268) the
mechani sm of action of the conpound has not been established. It has
recently been discovered that the correspondi ng disulfide of

N- Acetyl -L-cysteine. i.e. L-DiNAc. acts as a potent inmunosti nui ator
(Swedi sh pat ent Digd2ietti on no SE 9002067-6), showing an activity 92-10-28
conparabl e to contenporary i mrunostinul ants such as sodi um di et hyl

di t hi ocarbamate or 2,2- dithiobisethanol. Routes for the preparation of

D NAc have been g@&ﬂg% 'gofmﬂr_awwiws Pat ent Nos 4, 827, 016.
: , 965. t

4.724.239 and 4 uropean Pate 300100 and Gernan Patent No
2326444). Di NAc is, however, anorphous and hygroscopic, so that it is

difficult tq isqla d formul ate i nto pharmaceutical conpositions and its
admi ni st rat in ﬁ'l'defde of the Invention

The present invention relates to organic salts of N,N'-diacetyl cystine, in the
following referred to as DiNAc, with immunomodulating activity as well as
¢ pharmaceutical compositions based on these salts and methods for their
pharmacological use. The invention specifically concerns methods to obtain
10  crystalline, non-hygroscopic and chemically stable salts containing non-toxic
organic cations, which are useful for therapy of diseases where a defect in
the immune system is indicated.

Background Art
15  N-Acetyl-L-cysteine is a well known compound which is routinely used as a

therapeutic agent against chronic obstructive diseases and chronic
bronchitis. Although the first patent was filed in 1964 (GB 954268) the
mechanism of action of the compound has not been established. it has
recently been discovered that the corresponding disulfide of N-Acetyl-L-

( 20 cysteine, i.e. L-DiNAc, acts as a potent immunostimulator (Swedish patent
application no SE 9002067-8), showing an activity comparable to
contemporary immunostimulants such as sodium diethyl dithiocarbamate or

i 2,2'-dithiobisethanol.

25 Routes for the preparation of DiNAc have been reported in several patents
(US Patent Nos 4,827,016, 4,724,239 and 4,708,965, European Patent No
300100 and German Patent No 2326444). DiNAc is, however, amorphous
and hygroscopic, so that it is difficult to isolate and formulate into
pharmaceutical compositions and its administration is normally only in the

30 form of aqueous solutions. Most salts of DiNAc with inorganic or organic
cations share the same unfavourable physical properties with the free
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normally only in the formof aqueous solutions. Mst salts of DINAC with
I norgani c or organic cations share the sane_unfavourabl e physical
properties with the free diacid. Exanples of salts of ot her,
sul'fur-containing, amno acids have appeared in the patent literature (US
patent No 3.647,834. JP patent No 56155298 and FR patent No 8106592)

Di scl osure of the |nvention W have now surprisingly found that a few salts
of Di NAc with odigeid Examples ofsalts of athpa.vstd&moetawne; aminmacigs have

For mil ot on_of - ¢pHedrefi S patert ket (05 Bitefit 5.3 BR7 008, 30 el o 1 oo
by inhal ation |i56t88298 &ad FR patent No' 8106582y f or mul ations, should this be
clinically desirable. The present invention provides organic salts of

Di NAc. having the fornula la or 1b: [err]
5§ Disclosure of the invention

We have now surprisingly found that a few salts of DiNAc with organic bases
exhibit a favourable combination of non-hygroscopicity and crystallinity which
permits the isolation and formulation of these salts in solid form and allows
them to be administered by inhalation in solid form, or in other dry

10 formulations, should this be clinically desirabie.

The present invention provides organic salts of DiNA¢, having the formuia la
or Ib:

15

TN e

NHCOCH, NHCOCHS la

{ 20 or

“00C coo-
Y s 2
‘ NHCOCHg5 NHCOCHg
ib

25
where R* and R2* is a mono- or diprotonated organic amine respectively.
The organic amine is selected from lysinium, ethylenediaminium, N,N'-
dibenzylethylenediaminium, N-benzyl-2-phenylethylaminium, piperazinium
and 1-adamantanaminium.

30
Lysinium can be in its D- or L-form. Most preferred is the L-form.
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or _
24J [err'] where [err] and [err] is a nmono- or diprotonated organic am ne
respectively. The organic amne is sel ected Froml ysini um

et hyl enedi am ni um N. N-di benzyl et hyl enedi am ni um

N- benzyl - 2- phenyl et hyl am ni um_pi perazi nium and 1 -adaman- tanam ni um
Lysiniumcan be in its Do or L-form WMst preferred is the L-form The

i nventi on i ncl uThe ihyenticremhcludésshydrateddanchésleated. saltsselgy sobvated withl lower
al kanois. The inyentjon.includes salt

in i yal isoners.
i.e. D. L- andai@beis Jihgsinyentign |n qsrﬁqh&o'}w&m ) 'W&V'Mﬂs%ﬁ'fsel' Ped
are the L- formg. of . h§hesd tdrins as well as in its racemic form. Most preferred are the
L-forms of these salts.

5
We have found that the new salts of the invention fulfil the requirements of
ease of crystallization, non-hygroscopicity and chemical stability while still
¢ retaining the immunomodulating activity of DiINAc, and are thus medically
useful.
10

This invention thus provides compounds with advantageous properties for
the treatment of diseases where an anergy of the immune response or an
aberrant immune response or an ineffective host defence can be suspected.
Such diseases include chronic bronchitis, where a reduction of the rate of

15 exacerbations has previously been reported with immune response modifiers
such as Biostim (Radermecker, M. et al. Int. J. Immunopharmac. 10, 913-
917, 1988; Scheffer, J. et al. Arzneim. Forsch/Drug Res. 41, 815820, 1991),
Ribomunyl and BronchoVaxom (Paupe, J. Respiration 58, 150-154, 1991) as
well as with N-Acetylcysteine (See Bergstrand, H. et al J. Free Radic. Biol.

¢ 20 Med. 2, 119-127, 1986).

Such diseasss also include certain forms of malignant diseases. Thus,
{ numerous research institutes round the worid aim at finding ways of

stimulating the immune response of patients with various forms of malignant

25 diseases and numerous reviews in the literature deal with this approach
(Stevenson, F.K. FASEB J 5: 2250-2257, 1991). To mention one example
patients with intracranial tumours (gliomas) exhibit a profound decrease in
immunity possibly due to a defect in the secretion of IL-2 as well as the
expression of IL-2 receptors in T cells from such patients (Roszman, T. et al.

30 Immunology Today 12, 370 374, 1991). Moreover, a significant adjuvant
effect in immunotherapy of melanoma and colon carcinoma has been
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W have .found that the new salts of the invention fulfil the requirenents
of €eéase of crystallization. non-hygroscopic- ity and chem cal stability
while still retaining the i munonodul ating aivity of DiNAc. and are thus
nmedi cal Iy useful. This invention thus provides compounds with advantageous
‘properties for the treatment of diseases where an anergy of the immune
response or an aberrant imrune response or an ineffective host defence can

be suspected. Sudocutnertasicor lfr}mimmnobﬂmugatorgtm'sbbs(?lay'@[a?ﬁﬁ, Jedagt i on
of the rate of exacerbatjons has previous een reported with inmune
response nodi fi %"Qﬁ?@h%afg-JB'"Bsf-i' yn k3, 39, 1881)and immunptherapy

e e, o3t Ry 5SS tore e SEA B

58, 150-154, 199i)2#x vieo hascaused the fegregsionufcancef ifessl@etodpatiomts H. et

al J. Free %di C(R(?sie%lb'erg'\fbéj.k %&arnluln%_lolgzy7Today 9, 58-, 1988). The malignant diseases
at which the compounds | can be expected to have advantageous effects
include tumours of mesenchymal origin such as sarcomas like fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma or
chordosarcoma, sarcomas like angiosarcoma, endotheliosarcoma,

10  lymphangiosarcoma, synoviosarcoma or mesotheliosarcoma, leukemias and
lymphomas like granulocytic leukemia, monocytic leukemia, lymphocytic
leukemia, malignant lymphoma, plasmocytoma, reticulum cell sarcoma or
Hodkins disease, sarcomas like leiomyosarcoma or rhabdomysarcoma,
tumours of epithelial origin {Carcinomas) like squamous cell carcinoma,

15  Dbasal cell carcinoma, sweat gland carcinoma, sebaceous gland carcinoma,
adenocarcinoma, papillary carcinoma, papillary adenocarcinoma,
cystadenocarcinoma, medullary carcinoma, undifferentiated carcinoma,
bronchogenic carcinoma, melanoma, renal cell carcinoma, hepatoma-liver
cell carcinoma, bile duct carcinoma-cholangiocarcinoma, papillary carcinoma,

i 20 transitional cell carcinoma, squamous cell carcinoma, choriocarcinoma,

| semonoma or embryonal carcinoma, tumours of the central nervous system

like glioma, meningoma, medulloblastoma, schwannoma or ependymoma.

——

Moreovgr, the compounds also have advantageous properties for treatment
25  of chronic infections such as herpes, aphtous stomatitis and minimal change
syndrome where clinical improvement has previously been reported by
treatment with an immunostimulator such as Levamisole as well as other
chronic inflammatory diseases in the uiinary tract or in ear, nose or throut,
which benefit from treatment with immunostimulators such as Biostim,
30  Broncho-Vaxom and Ribomunyl, or at HIV infection or AIDS.
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-2- 1966). Such diseases also include certain forns of nalignant diseases.
Thus. nunerous research institutes round th%WI world aimat finding ways of
stinmulating the i mmune response of patients th various fornms of malignant
di seases and nunerous reviews in the literature deal with this approach
(Stevenson. F. K FASEB J 5. 2250-2257. 1 991). To nention one exanple
patients with intracranial tunours (gliomas) exhibit a profound decrease in
| nmruni ty possi tMpramrertm anpai’rmt,la]dam:t ocandmbalance o¢fthe immuns responsee
e e on of IL-2 t
Xpressi has alrsce: noﬁgsthpated? exlst a{ apapic (élse gteé %ﬂéﬁ a(sRa gé{éan T et
dermatitis, rhinitis and asthma (Katz, D.H. Transplantation Rewiews 41, 77-
108, 1977). Since theoretical considerations suggest that stimulation of an
5 immune response would possibly be the best way of restoring imbalances
and autoimmunity (Varela, F.J. and Coutinho, A. Immunology Today 12,
159-166, 1991), the compounds can also be expected to have advantageous
( properties for treatment of asthma, rhinitis, atopic dermatitis and autoimmune
diseases like non-obese diabstes, systemic lupus erythematosus,
10  sclerodermia, Sjégren’s syndrome, dermatomyositis or multiple sclerosis,

rheumatoid arthritis and possibly psoriasis.

Morsover, the compounds, due to their inmune stimulating properties, can
be expected to have advantageous properties as adjuvants in various forms
15  of vaccine preparations.

Finally, the compounds can be expected to have advantageous properties

for treatment of atherosclerosis whether or not it will influence a putative

inflammatory process in this condition (Hansson. G.K. et al. Proc. Nat. Acad.
20 - Sci. USA 88,10530, 1991). |

The importance of immunostimulatory drugs on tumour outgrowth is
; illustrated in our relevant tumour outgrowth test systems. The experimental

rat tumour models described below reflect very well the tumourostatic

25 potency of the compounds of this invention in comparison with the well
established immunostimulatory drug Levamisole, and they reflect clinically
very well a fastly growing tumour, the mammary carcinoma, and a slowly
progressively growing tumour, the glioma, and in both systems the drug has
an excellent static effect on tumour outgrowth.

30
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al . I munol ogy Today 12. 370 374, 1991). Mdreover. a significant adjuvant
effect in imunot herapy of nelanoma and col gn carci nonma has been docunent ed
for the i munostinul ator Levam sole (Van WaBwe. J. and Janssen, P.A J. Int
J. I'mmunopharmac. 13. 3-9. 1991) and inmunotherapy with IL-2 in vivo or
treatnment of patients |ynphokine activated killer calls with IL-2 ex vivo
has caused the regression of cancer in selected patients (Rosenberg. S. A

| munol ogy TodRarliculady suitaisle)for traatment with the compauads of thisinventios are:

conpounds of t formula la.and 1b can be ex V. vani.ageous

G Tocts T nol ubRlGRAARES FUbCaE mefgridifa, e a5, Bfrcirnil ashialmps i
fibrosarcoma. EHXIREMGO mFl Em&am&:ha%ﬂ&&gm&q&w&ém%ﬁﬁécom
or chordosarcoma, sarcofms |i ke angi osarcoma, endotheliosar- coma;

.| ynphangi osar cosek anghhedad sagienia or nesot hel i osarcoma, | eukeni as and

| ynphomas Li ke granul ocytic | eukem a. nonocytic | eukem a, |ynphocytic
| eukem a. | i gnant | ynphoma, plasnocytoma, reticulumcell sarcoma or

Infections such as chronic bronchitis, hepatitis, post-infectious anergy and
aquired immune deficiencies such as AIDS;

Posttraumatic immunological anergy, and

10
Purported autoimmune diseases such as rheumatoid arthritis, multiple
sclerosis and psoriasis.

Effective doses for treatment of the diseases above are in the range of 0.1 -
15 100 mg, preferably 1.0 - 60 mg daily.

Methods of Preparation
The organic salts of formula la and Ib are generally prepared by mixing

DiNAc and the organic base, as defined above, each dissolved or dispersed
( 20 in a solvent or solvent mixture. Solvents such as water, alcohols, glycols,

ketones, amides, sulphoxides or other polar solvents or solvent mixtures
may be used. The salt either precipitates directly from the reaction mixture,
or is obtained by the addition of a less polar solvent or by evaporation or
lyophilisation. The reaction is performed at elevated temperature or room

25 temperature, depending on the solubility in the medium. Alternatively, the
salt can be prepared by oxidation of the appropriate N-acety! cysteine salt in
aqueous or alcoholic solution, followed by precipitation as above. The
oxidation may be effected either chemically, using e.g. hydrogen peroxide or
halogen, or electrochemically.

30
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Hodgki n' s di sease, sarcomas |ike |eionmyosarcoma or rhabdonyosarcona.
tumours of epithelial origin (Carcinomas) |ike squanous cell carcinona.
basal cell carcinoma, sweat gl and carcinona,7 sebaceous gl and carci nona.
adenocar- cinonma. papillary carcinoma, papillary adenocarcinonma,

cyst adenocar ci noma. nedul | ary carci noma. undifferentiated carci nona.
bronchogeni ¢ carcinonma. nel anoma. renal cell carcinoma. hepatoma-liver cel

carci noma, bil ePHamhacgutival Formailatieasangi ocar ci nona, papillary carC|nona
transitional cell [ci noma. squanpus cell carcinoma. choriocarcin

seni noma or e ZI"Q:H# EhenBWge"i investien the compourds ofthe, farmwia ‘% ?B@ébn
like glioma. ne

Mor eover, the cgapoun s al'so have agﬁﬁﬂ¥ﬁbé§ﬁs pro@er | es %%pﬂ{agg?

chroni c i nf ectie@igs osaliynortopicallyowith ap Witheut atphanmatestically avceptable d!ﬂi@@.e
syndr one mhgre clinical inprovenent has previously been reported by treat-
The substance can be inhaled from a pressurized metered dose inhaler,
from a dry powder inhaler, e.g. Turbuhaler® or from a dry powder inhaler
utilizing gelatine, piastic or other capsules. Non-toxic and chemically inert
substances e.g. lactose, trehalose, mannitol or glucose, can be added to the
10  powdered substance.

The substance can also be administered orally in the form of capsules or
tablets where the capsule, the tablet or the active substance itself can be
coated or non-coated. This coating may consist of for example

1§  hydroxypropyl cellulose and aerosil in isopropanol or other suitable solvents.
A non-toxic and chemically inert substance can be added to the powdered
substance in order to obtain desirable physical or pharmaceutical properties.

Parenteral administration of the new compounds is also possible.

Pharmacological Experiments
The ability of the compound di-L-lysinium-N,N’-diacetyl-L-cystinate (la; R =
; lysine) to modulate immune responses is illustrated by its efficacy in the

animal delayed type hypersensitivity (DTH) test in the mouse.

25
Both male and female Balb/c mice, obtained from Bomholitsgaard
(Denmark), were used at the weight of 18-20 gram. 4-Ethoxymethylene-2-
phenyloxazolin-5-one (OXA) was purchased from BDH (England) and served
as the antigen in this test.

30 .
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ment with an i mmunostinul ator such as Levam sole as well as other chronic
inflammatory diseases in the urinary tract or in ear, nose or throut, which
benefit fromtreatnment with i nmunostirnul atoBs such as Biostim
BronchoVaxom and Ri bonunyl, or at H V infection or AIDS. Moreover, an

I mpai rment, a defect or an inbalance of the innmune response has al so been
postul ated to exist at atopic di seases such as atopic dermatitis, rhinitis

and ast hma ( Kat ZThdmiite Were s@insitized Day Bs bycepicutanedUs apglication of .156i picf

t heoretical considerations suggest tinu]ation of ne response
woul d possi bl y &n ah @H&?*r\ﬁ%%?é@tpégﬁari lmmamwmaﬁ"é Pty

(Varela. F.J. ang, Ggldtéﬁﬁ&?n?@ dTﬂtegﬂﬂaﬁi] Wi tHE B0 eﬁrﬁuge Laf oé@témecﬂegf&g% Naer

conmpounds can al S vEe expec ave advantag
treatment of astwaRinitidtediby oral déeding udafredatelyl aftembmmzalmnmnd ctntinaeds

lsjl Fgr P]O Sr Sﬁese s efy unt\lll%g;n Gcslee days%b t S'elﬁhe Ss'gtlas?t{tfa t%rnmboth ears
of all mice were challenged on both sides by topical application of 20 ul 1%
OXA dissolved in peanut oil. Ear thickness was measured prior to and 24 or
48 hours after challenge using an Oditest spring calliper. Challenges and
measurements were performed under light pentobarbital anaesthesia.
10
The intensity of the DTH reactions was expressed according to the formula:
Tio 4/48'Tt0 pum units, where t0, t24 and t48 represent the ear thickness
before and 24 or 48 hours after challenge respectively, in individual tests (T).
The results were expressed as the mean + S.E.M. The level of significance
15  between means of the groups was obtained by Student’s two-tailed t-test.
Tables 1 and 2 show the results from 24 and 48 hours measurements
respectively, from a representative experiment. The immunostimulating
potency of the compound is reflected in a significant difference in the
increase in ear thickness as compared to the control. Thus, in treated
( 20 animals, after 24 h the response was about twice that of the control animals

(15 um compared to 8 um, Table 1).

25

i
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dermat onyositis or nultiple sclerosis. rheumatoid arthritis and possibly
psoriasis. Moreover, the conpounds, due to their immune stinulating
properties, can be expected to have advantageous properties as adjuvants in
various forms of vaccine preparations. Finally, the conpounds can be
expected to have advant ageous properties for treatnent of atherosclerosis
whet her or not it will influence a putative inflammtory process in this
condi tion (HansEable i1G K et al. Proc. Nat. Acad. Sci. USA 88,10530. 1991).
The i nportance I munos | atory d s on. r,ou
illustrated in %ﬁr h!@‘ﬂ@%%ﬁrﬁj @%56'5"3 eRge,ot @%‘maj?ypﬁwgw%u&%m%ﬁgnt al
rat tunour nodey L, statlc

i b
pot ency of the corrpoun Qggnpﬁhwveénﬁ%n stindfe br%ﬁc W'?

conpari1 son

establ i shed i mmunosti nul atory drug Levam soI e. and they
5 Dose N Diff. S.E.M. Sign.
NaCl 10 8.25 0.56
0.03 10 15.00 0.42 it
10 3.0 10 15.80 0.77 e
*** P<0.001.
18 Table 2.

Ear thickness 48 hours after challenge of animals treated with the indicated
doses of di-L-lysinium-N,N'-diacetyl-L-cystinate or vehicle (NaCl).

Dose N Diff. S.E.M. Sign.
( 20 umolkg Tiag Tio
NaCl 10 8.83 0.31
; 0.03 10 12.55 0.41 e
3.0 10 13.20 0.28 b
25
*** P<0.001.
The ability of the same test compound (la, R = lysine) to prolong or increase
30 the survival of rats suffering from tumours is illustrated by two different

experiments with tumour inoculation in rats. '
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reflect clinically very well a fastly grow ng tunmour. the mamrarycarci nona.
and a slowy progressively grow ng tunour. the glioma. and in both systens
the drug has an excellent static effect on #8r nour outgrow h. Particularly
suitable for treatment with the conpounds of this invention are.

Mal'i gnanci es such as nel anoma. manmary carci noma. gastrointestinal

carci noma. gtionma. bl adder carcinonma and squanous cell carcinoma of the
neck and head r ETwoogroupafeachi consistingrofden catsoof thebWistahFurths straimpwerd i s.

DSt et o Rt DALY LY it Bardhersh sBIS pet HEAN ucr
as rheuratoi d afméir sige Wad Medsaret twicsal wedkldnforY jtpShe rats were
drinking ordinary water and in the other group the test compound dissolved
§ in water so as to result in a dose of 0,03 pmolkg/day of animal weight. After
38 days one animal from the water-drinking group was still alive while from
the group which was given the compound seven animals were alive.

In another experiment three groups each consisting of ten rats of the Lewis
10  strain were inoculated subcutaneously with 108 glioma cells per rat and
tumour size was measured twice a week. In one group the rats were
drinking ordinary water and in the second group the test compound
dissolved in water so as to give a dose of 0,03 umolkg/day of animal
weight, while in the third group the rats were drinking water containing
15 Levamisole, a well-known cancer therapeutic drug also at a dose of 0,03

umol/kg/day of animal weight. After 119 days there was no surviving rat in
the water-drinking group. In the group, which was given the test compound,

six rats were still alive while in the group, which received Levamisole, three
rats were alive after 119 days.

20
‘ In both experiments with tumours there was a lower frequency of tumour
positive animals and in both experiments there was an inhibition of tumour
growth of the developed tumours in the groups receiving the compound
solubilized in water.
25

In another experiment two groups each consisting of eight SCID mice {mice
with the immune defect Severe Combined Immunodeficiency Disease) were
inoculated with 2103 mammary carcinoma cells and outgrowth was
measured twice a week. In one group the mice were drinking ordinary water

30 and in the second group the test compound dissolved in water so as to give
a dose of 0.03 umolkg/day of animal weight. There were no significant
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Ef fective doses for treatnent of the diseases above are in the range of 0.1
- 100 ng. preferably 1.0 - 60 ng daily. 3- Methods of Preparation
The organic salts of formula la and Ib are denerally prepared by m xing

D NAc and the organic base. as defined above, each dissolved or dispersed
In a solvent or solvent mxture. Solvents such as water, alcohols, glycols.

ket ones, -
differences between the groups conceming growth rate and incidence. This

indicates that the compound has no direct effect on the tumour cells but acts
via the immune apparatus.

5 In an animal model of lupus, experimental murine systemic lupus
erythematosus (SLE), MRL Ipt/lpr mice spontaneously develop lymphoid
hyperplasia, dermatitis, arthritis and glomerulonephritis. The effect of di-L-
lysinium-N,N'-diacetyl-L-cystinate on glomerulonephritis as proteinuria and
hematuria and also the survival rate of the animals, has been studied in this

10  murine lupus model. Di-L-lysinium-N,N'-diacetyl-L-cystinate was
administrated in the drinking water and the mean dosage was caiculated to
0.03 umol/kg/day. The control mice received tap water. Both groups had free
access to the drinking water. The treatment started when the animals
reached 8 weeks of age and continued until death or 46 weeks of age, when
15  the study was ended.

The assessment of proteinuria and haematuria was performed by the usage
of reagent strips, Eour-Test*, Boehringer Mannheim.

( 20  Upon administration of di-L-lysinium-N,N'-diacetyl-L-cystinate the survivai

' rate was significantly improved compared to the control mice. The mortality
rate for the untreated group (21 animals) reached 50% around 25 weeks of
age. For the di-L-lysinium-N,N’-diacetyl-L-cystinate treated MRL-ipr/lpr mice
(12 animals) this mortality rate was not reached until week 44.

25 |

This form of treatment also significantly improved the score for both
proteinuria and haematuria measured as arbitrary units of the reagent strips,
compared to the untreated group.

30 These results show the immunomodulating potency of the compounds of this
invention, particularly with regard to SLE.
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am des. sul phoxi des or other polar solvents or solvent m xtures may be
used. The salt either precipitates directly fromthe reaction m xture, or
is obtained by the addition of a | ess pol ar1%ol vent or by evaporation or

| yophilisation. The reaction is perforned at el evated tenperature or room
tenperature. depending on the solubility in the nedium Alter- natively,
the salt can be prepared by oxidation of the appropriate N acetyl cysteine
sal t in aqueousWarkingdEtamplessol ution. followed by precipitation as above.
The oxidation may be effected either chemcally, using e.g. hydrogen

per oxi de or hal ogen. or electrochem cally. Pharnaceutical Formulations

According to th H @@é ' i e conpounds of the fornula la and | b
can be fornul atp it jcal ¥yl ﬂo'wby i nhal ati on as well as by other
routes, e.g. orThé Yoilowihgexaniples ard represenitativeiof phamaceutieal formulations

t abl ler.
ACCEPLabTe g9 interided for different modes of local and systemic administration.

Example 1 Pressurised aerosot for inhalation.
The aerosol system is arranged so that each metered dose contains 0.1 -

1.0 mg.
10
Compound ia or Ib, micronized 1.0 % wiw
Sorbitan trioleate 0.7 % wiw
Trichloromonofluoromethane 24.4 % wiw
Dichlorotetrafluoroethane 24.4 % ww
15  Dichlorodifluoromethane : 49.5 % wiw
Example 2. Powder aersol for inhalation of pure substance.
Pure substance prepared for inhalation from Turbuhaler.
Each single dose contains 0.1 - 1.0 mg.
{ 20 |
Compound la or Ib, processed 0.1-1.0 mg
Example 3. Powder aerosol for inhalation.
Each single dose contains 0.1 - 1.0 mg in a capsule.
25
Compound 1, micronized 01-1.0mg
Lactose 50 mg
30 mms\\\
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The subst.ancecan be inhal edfrom a pressurizednet ereddose inhaler. from
adrypowder inhaler, e.g. Turbuhaler[err] or om a dry powder inhaler
utilizing gelatine, plastic or other capsul es? Non-toxic and chenmically

i nert substances e. g. lactose. trehal ose, mannitol or glucose. can be
added to the powdered substance. The substance can al so be adm ni stered
orally in the form of capsules or tablets where the capsule, the tablet or
the active subst=XaMnPE I HiSH non-coated. This coating may

consi st of for Yulo e sil in isopropanol
or ot her suitable:é'ggﬁ’@gﬂe{ "ﬁﬁ%ﬁqﬁ/m’ﬁ m@@ﬁqgaﬁi mﬁytbgubstance can
be added to the thﬁhggmg@db&_order to obtain des| rabl e physical or
pharmaceutical properties. Parenteral adm nistration of the new conpounds

i s al so possible. Pharnacol ogi cal Experinents
5 Compound | 1.0-10.0 mg

Water for injection to 1.0 mL

Example 5. Tablets.
Each tablet contains:

10
‘. Compound | 0.1 - 100 mg
Maize starch 50 mg
Lactose 150 mg
Polyvidone 7 mg
15  Microcrystalline cellulose 20 mg
Magnesium stearate 2mg
Example 6. Oral solution.
A single dose of 10 mL contains 10 - 100 mg.
{ 20
Compound | 1-10mg
Sorbitol 70 % 150 mg
: Glycerol 100 mg
Sodium benzoate 1 mg
25 Flavour q.s.
Water purified tot.0mL
30
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The ability of the conpound di-L-lysiniumN, N -diacetyl-L-cystinate (la: R
= lysine) to nodul ate i mmune responses is ilJustrated by its efficacy in

t he ani mal del ayed type hypersensitivity (D test in the nouse. Both nale
and femal e Bal b/c mce, obtained from Bonhol tsgaard (Dennmark). were used at
t he wei ght of 18-20 gram 4-Et hoxynet hyl ene- 2- phenyl oxazol i n- 5- one ( OXA)
was purchased from BCOH (Engl and) and served as the an- tlgen in this test.
The nmice were sd&xamplect Tatlet for cogtrolied release us application of 150 [err]

of an absol ute q%ﬁll-acetone (3:1) solution containing 3% OXA on the
shaved abdonen. ment with the disul phide salt or vehicle (0.9% NaCl)
was initiated by oral feeding i mediately after sensitization and conti nued
once daily until_Day 6. Seven days (Day 6) after the sensitization, both
ears of all nic&ampeurddl | enged on both sides by topicall-3@@imgati on of 20

Lerr] 1% O di Hipliia’special 145 mg
Lactose Powder 50 mg
Colloidal Silicon Dioxide 5mg
Ethylcellulose 10 cps 13 mg
Ethanol 99,5 vol% 85 mg
' 10  Magnesium Stearate 25mg
Example 8. Granulate for controlled releass
1 g of granulate:

15§ Compound | 1-100 mg
Ethylcellulose Dispersion 10 mg
Acetyltributylicitrate 0,5 mg
Eudragit L 100-55 55 mg
Triethylcitrate S5mg

{ 20 Tale 30 mg
Water newly distilled 350 mg
Pellets, neutral _ to 1000 mg
{
Example 9. Solution for injection.

25 1 mlLin a single dose contains 1.0 - 10.0 mg
Compound la or Ib 1.0 - 10.0 mg
Sodium chloride 89- 7.7 mg
Water for injection to1.0mL

30
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In peanut oil. Ear thickness was neasured prior to and 24 or 48 hours after
chal l.enge using an Qditest spring calliper. C@sllenges and neasurenents
were perfornmed under |ight pentobarbital anaesThesia. The intensity of the
DTH reacti ons was expressed according to the formula: [err] units, where
t0, t24 and t48 represent the ear thickness before and 24 or 48 hours after
chal | enge respectively, in individual tests The results were expressed
as the mean [err]Exampi@ 16,CréamJdor topical @il e bet ween neans of the
groups was obtain %% ; Mmo-tailed t-test. Tables 1 and 2 show the
results from 24 aﬁ cﬁ%ﬁﬁgahggg%renents respectively, froma
representative experinent. The imunostinmul ati ng potency of the conpound is
reflected in a significant difference in the increase in ear thickness as
conmpared to the ceAMPAUNdThus, in treated animals, after 24 h the r@dpohdng
was about twige tfaafaa0 trol animals (15 [err] conpared to 8 [e#g]
Tabl o 1), £€. Wiiite°dott pardifin 751mg

Liquid paraffin 10 mg

Cetostearyl alcohol 75 mg

Cetomacrogol 1000 20 mg

Metagin 0.8 mg

10  Propagin 0.2 mg

Water, purified to 1.0g

Example 11. Ointment for topical ication
1 g of ointment contains:

15
Compound | 0.1-1mg
Liquid paraffin 150 mg
White soft paraffin to 10g
( 20  Example 12. Ophthaimic solution
One dose of 2 drops contains 0.01-0.1 mg of compound |
Compound | 0.1-1mg
Benzalkonium chloride 0.1 mg
25  Sodium chiloride 9.0 mg
Water, sterile to 1.0mL
—_
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Table 1. Ear thickness 24 hours after chall enge of animals treated with the
I ndi cat ed doses of di-L-lysiniumN. N-di aceL}/é)| - cystinate or vehicle
ff

(NaCl). Dose [err]/kg N SSEM J[err]
Si gn. NaCl 10 8.25 0.58 0.03
10 15. 00 0.42 3.0 10
15. 80 . 0,77 ... REPLACEMENT SHEET 24 JUN
1997 Chemistry :

Example 13

Dl-L-lyslnlum-N,N’-diacetyl-l.-cystlnate (la;R =
5  HoN(COOH)CH(CH,)4NHJ):

N-Acetyl-L-cysteine (22 mol, 3.59 kg) was dissolved in 2.6 L of deionized
water. Sodium hydroxide 456% in water (22 mol, 1.92 kg) was added with
stirring and temperature kept below 20°C. After adjusting the temperature to
10 5°C, hydrogen peroxide {11.0 mol, 0.95L) was carefully added dropwise
during 90 min. The temperature was not allowed to exceed 10°C during this
addition. To the resulting solution solution was added 9 L of activated
strongly acidic cation exchanger.After stirring for 10 minutes the pH was 2.0
and the ion exchanger was filtered off. The filtrate contained 9.65 mol of
15  N,N'-diacetyl-L-cystine, as determined by HPLC using a standard prepared
from the pure substance. To this crude solution was added L-lysine (19.3
mol, 3.17 kg). The thick solution formed, was slowly added to 50 L of
refluxing ethanol containing 0.23 kg of crystalline di-L-lysinium-N,N'-diacetyl-
L-cystinate. After the addition, the slurry was allowed to cool and the crystals
( 20  were filtered off. Washing with ethanol (8 L) and drying {(vacuum, 40°C) for
12 hours afforded 5.36 kg {90%) of the title substance as a white crystalline
solid.

Physical data: Mp: 210°C (dec); [a]y2° = -70° {c=0.54, H,0) ; *H-NMR

25  (D,0) &: 1.36-1.60 [4H, m, Lys y CHy], 1.73 [4H, p, Lys 5 CH,], 1.84-1.96
{4H, m, Lys B CH,}, 2.05 [6H, s, CH,}, 2.95 [2H, dd, CH,S], 3.02 {4H, t, Lys
e CH,], 3.25 [2H, dd, CH,S], 3.76 [2H, 1, Lys o CH], 4.50 [2H, dd, CHN]
13¢c-NMR (D,0 3: 24.27; 24.80; 29.24; 32.72; 41.89; 42.78; 62.96; 57.30;
176.53; 177.41; 179.74; Analysis: Calcd for CooH 4404oNgS,, C:42.8 H:7.2

30 N: 13.6 Found, C: 42.6 H: 7.4 N: 13.7; MS m/z = 325 (MH*"), m/z = 471
(MLysH™), m/z = 617 (MLys,H*).

This Sheet Has Been RT

AW




Table 2. 'Ear thickness 48 hours after challenge of animals treated with the
i ndi cated doses of di-L-lysiniumN Nerr] -di a&et -L- cystinate or vehicle

(NaCl). Dose [err]/kg N SSEM J[err]
Si gn. NaCl 10 8. 83 0.31 0.03
10 12. 55 0.41 .

Example 14

Ethylenediaminium-N,N’-diacetyl-L-cystinate (Ib; R = H3NCH2CH2NH3):
To N,N’-Diacetyl-L-cystine (30.9 mmol, 10 g) dissoived in 20 mL of water
was added ethylenediamine (61.8 mmol, 3.73 g) and ethanol (30 mL). The
5  solution was concentrated to a thick paste which was redissolved in 80 mL
of ethanol. Crystallisation occurred after 2 hours stirring at 10°C. Filtration
and drying gave 6.2 g (45%} of the title compound.
Physical data: Mp 185.2-192.4°C. TH-NMR (D,0) &; 2.06 [6H, s, CHy],
2.96{2H, dd, CH,S], 3.26[2H, dd, Cst], 3.28 [4H, s, H3N+CH20H2N Hal,
10  4.50 [2H, dd, CHN].

" 13¢-NMR (D,0) 5: 24.78; 39.99; 42.74; 56.96; 176.55; 179.82; Analysis:
Calcd C: 37.5, H: 6.3, N: 14.6, S: 16.7. Found, C: 37.3, H: 6.8, N: 15.3, S:
15.2; MS m/z = 385 [M(H,NCH,CH,NH,)H*]

15 Example 15
N,N’-dibenzylethylenediaminium-N,N’-diacetyl-L-cystinate (Ib; R =
PhCHoyNH,CH,yCHyNH,CH,Ph)
To a 63% solution of N,N'-diacetyl-L-cystine in water (67 mmole, 21.8 g) was
added N,N’-dibenzylethylenediamine (67 mmole, 16.0 g). The exothermic

i 20 reaction gave a slightly oily product which could be recrystallised from water

to give 12.0 g {32%) of the title substance as white crystalline needies.
Physical data: Mp 163.8-165.3°C. TH-NMR (D50) 8: 2.04 [6H,5,CH,], 2.93
[2H,dd,CH, 8], 3.22 {2H,dd,CH,S}, 3.44 [4H,s,CH,NBn], 4.27
[4H,5,PhCH,N], 4.47 [2H,dd,CHN], 7.44-7.54 [10H,m,Ph]. 13C-NMR (D,0)

25  0:24.82, 42.82, 45.71, 54.47, 56.99, 132.22, 132.58, 132.67, 133.52,
176.56, 179.80. Analysis {monohydrate): Calcd, C: 53.6, H: 6.6, N: 9.6, S:

11.0. Found, C: 54.5, H: 6.6, N: 9.6, S: 11.2.

Example 16
30 Di-(1-adamantanaminium)-N,N’-diacetyl-L-cystinate

(la; R=[C(1) CH(3,5,7) CH(2,4,6,8,9,10) NH,]
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3.0 10 13. 20 0.28

The ‘ability of the same test conmpound (Ja, A = lysine) to prolong or
i ncrease the survival of rats suffering frofftunmours is illustrated by two
different experinments with tunmour inoculation in rats. Two groups each
consisting of ten ratsof the Wstar Furth strain were inocul ated
subcut aneously with 104 mamary carcinoma cells per rat and tunour size was

neasur ed twi ce BoheNidiacetyddecystived5:3fmmale, meg)cﬂlsﬂve@llemh&f yvater er

R Tt S SN S

from the wat er -@gropdd 8dgéd 60 MﬁSodedekdnealmée:esGmhg dryaNlinG Salt' wad fitbred)
ound seven aninmals were alive. anot her exper| ment

was given the ;;gf

three groups e gdediin vaggo.oyielding 23 g (87%) ﬂieﬂ\_eellil% cempaunduer e

' nocul at ed gUbCHHARGA e Mp 162°C, TH-NMR (D,0)5: 1.71 [12H, broad dd,
CH,(4,6,10)], 1.87 [12H,8,CH,(2,8,9)], 2.05 [6H,5,CHg), 2.17 [6H, broad s,
CH(3,5,7)], 2.96 [2H,dd,CH,S], 3.26 [2H,dd,CH,S], 4.50 [2H,dd,CHN]

Example 17
10  Di-{N-benzyl-2-phenylethylaminium)-N,N’-L-cystinate

To N,N'-diacetyl-L-cystine {28.7 mmole, 9.3 g) dissolved in 20 mL of water
was added N-benzyl-2-phenylethylamine {67.4 mmole, 12.1 g). The solution
15  was concentrated to a thick paste, from which the salt siowly crystallized.
The crystalline title compound was isolated and dried.
Physical data: Mp 87°C. TH-NMR (D50) &: 2.05 [6H,5,CHg), 2.95
[2H,dd,CH,S], 3.04 [4H.1,PhCH,C], 3.24 [2H,dd,CH,S], 3.33 [4H,t,CH,NBn],
4.25 [4H,s,PhCH,N], 4.49 [2H,dd,CHN], 7.30-7.52 [20H,m,Ph]
20
Example 18
Piperazinium-N,N’-diacetyl-L-cystinate
[ib; R=NH,(1,4) CH,(2,3,5,6)]

25 To N,N'-diacetyl-L-cystine (4.60 mmole, 1.49 g) dissolved in 5 mL of water
was added piperazine (4.60 mmole, 0.90 g). To the solution was added
enough isopropanole to cause formation of an oil, which slowly solidifies.
The salt was isolated and dried.

Physical data: Mp >170°C (dec.) TH-NMR (D50)6: 2.05 [6H,5,CH,), 2.96

30  [2H,dd,CH,S], 8.26 {2H,dd,CH,S], 3.42 [8H,s,CH,(2,3,5,6)], 4.49
[2H,dd,CHN] ——
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with 106 glioma cells per rat and tunour size was neasured twice a week. In
one group the rats were drinking ordinary mqger and in the second group the
test compound dissolved in water so as to giVe a dose of 0.03 [err]/kg/day
of animal weight, while in the third group the rats were drinking water
cont ai ning Levam sole. a well-known cancer therapeutic drug also at a dose

of 0,03 [err]/kgfdaé of animal weight. After 119 days there was no
surviving rat i&X ! r-drinking group. In the group. which was given

t he test corrpoym_.t__ﬁjsmmm_ﬂ ne_apacatll_ié_léygémg' "rg.e in the group. which
: v

recei ved Levanmi sole ree rats wer | 11 9 days. In both

experiments witR m@mcﬂ(eﬂwua).ower frequency of tunour positive
animals and in botH experinments There was an inhibition of tumour growth of
t he devel oped tunmours in the groups receiving the conpound solubilized in

wat er . 5  N-acetyl-L-cysteine (37 mmol, 6.0 g) and L-lysine (37 mmol, 5.4 g) were
dissolved in 10 mL of deionized water. Hydrogen peroxide (18 mmol, 1.5
mL) was added dropwise while stirring, and the temperature was kept below
25°C. The solution was stirred for an additional 4 h. The viscous solution
was slowly added to 150 mL of refluxing ethanol containing 0.50 g of

10  crystalline di-L-lysinium-N,N’-diacetyl-L-cystinate. After addition the solution
4 was allowed to cool, and the crystals were filtered off. Washing with ethanol

(20 mL), and drying (vacuum, 45°C) for 24 h afforded 10.0 g (84%) of the
title substance as a white crystalline solid.

15  Physical data: Mp: 208°C; [a]?°y=-73° (c=0.54, H,0)
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| n anot her experinment two groups each consisting of eight SCID mce (mce
with .the i nmune defect Severe Com bined | nodefi ci ency Di sease) were
i noculated with 2[err]10[err] mammary carcinoma cells and outgrowth was

nmeasured twice a week. In one group the mce were dri m u/“

wat erand in the second group the test conpound di ssoli} mwﬂ mmwl“ls to
give a dose of Q.03 [err]/kg/day of animal weight Ther€& wérelno”"signi*fi cant
di fferences bet St he groups concer ni ng growh rate and incidence. This

i ndi cates that the conmpound has no direct effect on the tunmour cells but

acts via the i mune apparatus. In an aninmal nodel of |upus, experinental

murine systeni cl.lAisalt of @ organicobase ant iY,N'-Higicetyl rogstinerircits imdivitleal neousl y
arthritis and gl onerul onephritis.

devel op | hoi.d hyperpl asia, dermatitis. ; )

The ef 1? ec%/m(;f d§9@¥%’§1penﬁ"ﬁ[ @F‘a]meﬁ?‘msy?s welhas it saceris forms [DiNAc]

gl oner ul onephr i dyarad8riréd by the 'generdidofngal Uri @ and al so the survival ratio
as

of the aninals. h

| 'oocY\s_s/\rcod -

NHCOCH NHCOCH
10 3 3

“O0C cCoOO"
NHCOCH3 NHCOCHa |
i5

wherein R* and R2* is the cation of the organic base lysine, ethylenedi-
amine, N,N’-dibenzylethylenediamine, adamantanamine, N-benzyl-2-
{ 20  phenylethylamine or piperazine.

2. A salt according to Claim 1 of N,N'-diacetyl-L-cystine.

3. A process for preparing a salt of a compound as defined in Claim 1 or 2

25 Dby treating DiNAc with the organic base or a salt containing these cations of
the organic base, reactants being dissolved or dispersed in a solvent or a
solvent mixture and isolating the salt which may optionally be in hydrated or
solvated form.

30 4. A process for preparing a salt as defined in Claim 1 or 2 by oxidizing a
salt of N-acetyicysteine and the organic base and isolating the DiNAc salt
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been studied in this nmurine |upus nodel. D

Di -L-lysinium[err]-diacetyl-L-cystinate wag, adm nistrated in the drinkjng
wat er and the mean dosage was cal cul at ed t2b. 03 [err]/?m“mwu (ﬂ! ﬂ@ol
m ce received tap water. Both groups had free access t(! Ll er
The treatment started when the aninmals reached 8 weeks of dge *and conti nued
until death or 46 weeks of age. when the study was ended. The assessnent of
prot ei nuri a andvhisbrmay optionally bein bydrated pr isolvated fermuf reagent strips.
Eour-Test[err]. Boe- hringer Mannheim Upon admi nistration of
di-L-lysinium[err]-diacetyl-L-cystinate the survival ratio was
significantly i

ey 1 : s &s ] £&iven It ' atio
for the untreat é(f\ 3’@&85 21n%zic§§]d$ltwacﬁegﬁ§g@)éa§rgﬁﬁg lB@fdﬁr{}? %%lyaoge.
For the di-L-I|yRiNAcae¢arding to Gtaimyl ot 2cystinate treated MRL-1pr/lpr mice
(12 ani malsg this nortality rate was not
6. A pharmaceutical composition as claimed in Claim 5§ for administration
from a pressurized metered dose inhaler or from a dry powder inhaler or

from a dry powder utilizing gelatine, plastic or other capsules.

10 7. A pharmaceutical composition as claimed in Claim 5 or 6 including a
phannacemically acceptable carrier is added to the composition.

8. A pharmaceutical composition as claimed in Claim 5 in the form of
capsules or tablets.

15
9. A pharmaceutical composition as claimed in Claim 8 including a phar-
maceutically acceptable carrier.

10. A pharmaceutical composition as claimed in claim 5 for administration in
20  a solution by nebulization. '

11. A salt according to Claim 1 or 2 for use as a therapeutically active
substance.

25 12, A salt according to Claim 1 or 2 for use in the treatment of malignant
diseases.

13. Use of a salt according to Claim 1 or 2 for the preparation of a
medicament with immunomodulating activity. ‘
30
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reached until week 44. This formof treatnent also significantly inproved

the score for both proteinuria and haematurl a nmeasured as arbit S
of the reagent strips. conpared to the untr %2at ed group “ll! mm‘ mtyw
t he i munonodul ati ng potency of the compounds of this i

particularly with regard to SLE. Wrking Exanpl es Phar meCeuti cal

Formul ati ons The foll owi ng exanpl es are representative of pharnaceutical

formul ati ons i nt4ridsal of arsatti ddoerding toClain dfor 2 forl theprep@atiehdf aHEET
medicament for use in the treatment of malignant diseases.

15. A method for the treatment of diseases which are due to defects in the

5 immune system in mammals including man, characterized by the
administration to a host in need of such treatment of an effective amount of
a salt of DiNAc according to Claim 1 or 2.

16. A method for the treatment of malignant diseases in mammals including
10  man, characterized by the administration to a host in need of such treatment
‘. of an effective amount of a salt of DiNAc according to Claim 1 or 2.

T —
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24 JUN 1997 and system c adm nistration. Exanple 1 Pressurised aerosol
for i,nhal ati on. The aerosol systemis arra% d so that each netered dose

contains 0.1 - 1.0 ny. Conpound |la or 1Ib, roni zed 1. 0% w/ w Sor bi tan
trioleate 0.7 %wWw
Abstract

New crystalline organic salts of N,N’-diacetyl cystine with immunomodulating
effect, processes for their preparation, pharmaceutical compositions
5  containing them and methods of their pharmacological use.
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Tri chl or ononof | uor onet hane 24.4 % Ww Dichl orotetrafl uoroet haneﬂ"gs 24. 4%
w/ w Di chl orodi fl uor onet hane 49.5 % w w Exanple 2. Powder aersol for
i'nhal ati on of oure substance. Pure substance prepared for inhalation from
Tur buhater. Each single dose contains 0.1 - 1.0 ng. Conpound |la or Ib,
processed 0.1 - 1.0 ng Exanple 3. Powder aerosol for inhalation. Each

singl e dose copktiebsiagetiAstrd. O 0" T NREPCAPEW SHEETS SG
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Compound l1la or 1b, mcronized 0.1-1.0 ng Lactose
50.ng Exanole 4. Solution for nebulising. The solution contains 1.0 - 10.0
ng/mL and 1 - 3 nL may be administered in a single dose. Conpound la or Ib
1.0- 10.0ng Water for injection to 1.0 nL Exanpl e S. Tabl ets. Each
tabl et contains: Conpound la or Ib 0.1 - 100 ngy

Organic salts of N,N'-dlacety! cystine

Field of the Invention

The present invention relates to organic salts of N,N'-diacety! cystine, in the
following referred to as DiNAc, with immunomodulating activity as well as
pharmaceutical compositions based on these salts and methods for their '
pharmacological use. The invention specifically concemns methods to obtain
crystalline, non-hygroscopic and chemically stable salts containing non-toxic
organic cations, which are useful for therapy of diseases where a defect in
the immune system is indicated.

Background Art
N-Acetyl-L-cysteine is a well known compound which is routinely used as a

therapeutic agent against chronic obstructive diseases and chronic
bronchitis. Although the first patent was filed in 1964 (GB 954268) the
mechanism of action of the compound has not been estabﬁshed; It has
recently been discovered that the corresponding disulfide of N-Acetyl-L-
cysteine, i.e. L-DiNAc, acts as a potent immunostimulator (Swedish patent
application no SE 9002067-8), showing an activity comparable to

- contemporary immunostimulants such as sodium diethyi dithiocarbamate or
2,2'-dithiobisethanol.

Routes for the preparation of DiNAc have been reported in several patents
(US Patent Nos 4,827,016, 4,724,239 and 4,708,965, European Patent No
300100 and German Patent No 2326444). DiNAc is, however, amorphous
and hygroscopic, so that it is difficult to isolate and formulate into
pharmacsutical compositions and its administration is normally only in the
form of aqueous solutions. Most salts of DiNAc with inorganic or organic
cations share the same unfavourable physical properties with the free

LR g
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Mai ze starch 50 mg Lactose RtDLACfé/& rrg”'kf"

eyt p————- * -

Pol yvi done 7 nmg Mcrocrystalline cellJl ﬁse 20 ngy
Magnesi um st ear at e 2 ng Exanole 6. Oral sol utijor]. REPOETHHSET
SHEET A single dose of 10 nicontains 10 - 2100 mg. Conpourdd|la or I'b

1 - 10ng 2 4 JUN 1997 '

diacid. Examples of saits of other, sulfur-containing, amino acids have
appeared in the patent literature (US patent No 3,647,834, JP patent No
56155298 and FR patent No 8106592)

Disclosure of the invention

We have now surprisingly found that a few salts of DiNAc with organic bases
exhibit a favourable combination of non-hygroscopicity and crystallinity which
permits the isolation and formulation of these salts in solid form and allows
them to be administered by inhalation in solid form, or in other dry

formulations, should this be clinically desirable.

The present invention provides organic salts of DiNAc, having the formula la
or Ib:

PN e

NHCOCH, NHCOCH, la

or

c ololoN
NHCOCH; NHCOCH,
b

where R* and R2*

is a mono- or diprotonated organic ami_ne respectively.
The organic amine is selected from lysinium, ethylenediaminium, N,N'-
dibenzylethylenediaminium, N-benzyl-2-phenylethylaminium, piperazinium

and 1-adamantanaminium.

Lysinium can.be in its D- or L-form. Most preferred is the L-form.
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The invention includes hydrated and solvated salts, e.g. soivated with lower
alkanois. The invention includes salts of DiNAc in its individual isomers, i.e.
D-, L- and meso-forms as well as in its racemic form. Most preferred are the
L-forms of these salts.

We have found that the new salts of the invention fulfil the requirements of
ease of crystallization, non-hygroscopicity and chemical stability while still
retaining the immunomodulating activity of DiNAc, and are thus medically
useful.

This invention thus provides compounds with advantageous properties for
the. treatment of diseases where an anergy of the immune response or an
aberrant immune response or an ineffective host defence can be suspected.
Such diseases include chronic bronchitis, where a reduction of the rate of
exacerbations has previously been reported with immune response modifiers
such as Biostim (Radermecker, M. et al. Int. J. Inmunopharmac. 10, 913-
917, 1988; Scheffer, J. et al. Arzneim. Forsch/Drug Res. 41, 815820, 1991),
Ribomuny! and BronchoVaxom (Paupe, J. Respiration 68, 150-154, 1991) as
well as with N-Acetylcysteine (See Bergstrand, H. et al J. Free Radic. Biol.
Med. 2, 119-127, 1986). '

Such diseases also include certain forms of malignant diseases. Thus,
numerous research institutes round the world aim at finding ways of
stimulating the immune response of patients with various forms of malignant
diseases and numerous reviews in the literature deal with this approach
(Stevenson, F.K. FASEB J 5: 2250-2257, 1991). To mention one example
patients with intracranial tumours (gliomas) exhibit a profound decrease in
immunity possibly due to a defect in the secretion of IL-2 as well as the
expression of IL-2 receptors in T cells from such patients (Roszman, T. et al.
Immunology Today 12, 370 374, 1991). Moreover, a significant adjuvant
effect in immunotherapy of melanoma and colon carcinoma has been
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Water purified to 1.0 mL Exanple 7. Tablet fo t ;I Ekeasel
tabl et: Conmpound la and |b 1-100 ng Paraffin Speci ﬁﬂﬂA‘C@ﬂt@Aﬁ% .
Lact ose Powder 50 ng Colloidal Silicon Di oxi d nag

Et hyl cel | ul ose 10 cps 13 nmg Ethanol 99.5 vol % 52@ CT 1996
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documented for the immunostimulator Levamisole (Van Wauwe, J. and
Janssen, P.A.J. Int J. Immunopharmac. 13, 3-9, 1991) and immunotherapy
with IL-2 in vivo or treatment of patients lymphokine activated killer cells with
IL-2 ex vivo has caused the regression of cancer in selected patients
(Rosenberg, S.A. Immunology Today 9, 58-, 1988). The malignant diseases
at which the compoi‘mds | can be expected to have advantageous effects
include tumours of mesenchymal origin such as sarcomas like fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma or |
chordosarcoma, sarcomas like angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, synoviosarcoma or mesatheliosarcoma, leukemias and
lymphomas like granulocytic leukemia, monocytic leukemia, lymphocytic
Iedkemia, malignant lymphoma, plasmocytoma, reticulum cell sarcoma or
Hodkins disease, sarcomas like leiomyosarcoma or rhabdomysarcoma,
tumours of epithelial origin (Carcinomas) like squamous cslf carcinoma,
basal cell carcinoma, sweat gland carcinoma, sebaceous gland carcinoma,
adenocarcinoma, papillary carcinoma, papillary adenocarcinoma,
cystadenocarcinoma, medullary carcinoma, undifferentiated carcinoma,
bronchogenic carcinoma, melanoma, renal cell carcinoma, hepatoma-liver
cell carcinoma, bile duct carcinoma-cholangiocarcinoma, papillary carcinoma,
transitional cell carcinoma, squamous cell carcinoma, choriocarcinoma,
semonoma or embryonal carcinoma, tumours of the central nervous system
like glioma, meningoma, medulioblastoma, schwannoma or ependymoma.

Moreovgr, the compounds also have advantageous properties for treatment
of chronic infections such as herpes, aphtous stomatitis and minimal change
syndrome where clinical improvement has previously been reported by
treatment with an immunostimulator such as Levamisole as well as other
chronic inflammatory diseases in the uiinary tract or in ear, nose or throut,
which benefit from treatment with immunostimulators such as Biostim,
Broncho-Vaxom and Ribomunyl, or at HIV infection or AIDS.
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Magnesi um St ear at e 2.5 mg Exanpl e 8. G anul at e {for—eentolled rel ease

1 g of granulate: Conpound la or |b 1-1 Oﬂﬁﬁ’ EIEWB\;cieg;,l,ul 0ge
Di sper si on 10 ng Acetyltributylcitrate

100- 55 55 ng Triethylcitrate

30 ng 5

Moreover, an impairment, a defect or an imbalance of the immune response
has also been postulated to exist at atopic diseases such as atopic
dermatitis, rhinitis and asthma (Katz, D.H. Transplantation Rewiews 41, 77-
108, 1977). Since theoretical considerations suggest that stimulation of an
immune response would possibly be the best way of restoring imbalances
and autoimmunity (Varela, F.J. and Coutinho, A. Immunology Today 12,
159-166, 1991), the compounds can also be expected to have advantageous
properties for treatment of asthma, rhinitis, atopic dermatitis and autoimmune
diseases like non-obese diabetes, systemic lupus erythematosus,
sclerodermia, Sjégren’s syndrome, dermatomyositis or multiple sclerosis,
rheumatoid arthritis and possibly psoriasis.

Moreover, the compounds, due to their immune stimulating properties, can
be expected to have advantageous properties as adjuvants in various forms
of vaccine preparations.

Finally, the compounds can be expected to have advantageous properties
for treatment of atherosclerosis whether or not it will influence a putative
inflammatory process in this condition (Hansson. G.K. et al. Proc. Nat. Acad.
Sci. USA 88,10530, 1991).

The importance of immunostimulatory drugs on tumour outgrowth is
illustrated in our relevant tumour outgrowth test systems. The experimental
rat tumour models described below reflect very well the tumourostatic
potency of the compounds of this invention in comparison with the well
established immunostimulatory drug Levamisole, and they reflect clinically
very well a fastly growing tumour, the mammary carcinoma, and a slowly
progressively growing tumour, the glioma, and in both systems the drug has

an excellent static effect on tumour outgrowth.
\
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Water newy distilled 350 ng Pellets, neutralg REPLACEMENT Shfido
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nglgxgrrpl ecg. Sol gt:on for injection. 1 nL in a singlefddse contalns 1.0
- .0 ng npoun aorlb 1.0 - 10.0 ny Sydiju 11996
8.9 - 7.7 ng Water for injection to 1.0n1_Exermr?2hbTCrea for

topi cal application 1 g of cream contains:

Particularly suitable for treatment with the compounds of this invention are:
Malignancies such as melanoma, mammary carcinoma, gastrointestinal
carcinoma, glioma, bladder carcinoma and squamous celi carcinoma of the
neck and head region;

Infections such as chronic bronchitis, hepatitis, post-infectious anergy and
aquired immune deficiencies such as AIDS;

Posttraumatic immunological anergy, and

Purported autoimmune diseases such as rheumatoid arthritis, multiple
sclerosis and psoriasis.

Effective doses for treatment of the diseases above are in the range of 0.1 -
100 mg, preferably 1.0 - 60 mg daily.

Methods of Preparation
The organic salts of formula la and Ib are generally prepared by mixing

DiNAc and the organic base, as defined above, each dissolved or dispersed
in a solvent or solvent mixture. Solvents such as water, alcohols, glycols,
ketones, amides, sulphoxides or other polar solvents or solvent mixtures
may be used. The salt either precipitates directly from the reaction mixture,
or is obtained by the addition of a less polar solvent or by evaporation or
lyophilisation. The reaction is performed at elevated temperature or room
temperature, depending on the solubility in the medium. Alternatively, the
salt can be prepared by oxidation of the appropriate N-acetyl cysteine salt in
aqueous or alcoholic solution, followed by precipitation as above. The
oxidation may be effected either chemically, using e.g. hydrogen peroxide or
halogen, or electrochemically.

\
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Conpound la or Ib 0.1 - 1 ng Wiite soft paraffin .75 i-gui d
paraffin 10 ng Cetostearyl al cohol 7 tggﬂprmﬁol 1000

20 .ng Met agin 0.8 ngy Propagin i ter.
purified to 1. 0g REPLACEMENT SHEE anpl e % t frent
for topical application 7 22 0C 199

Pharmacsutical Formulations

According to the present invention the compounds of the formula la and Ib
can be formulated for administration by inhalation as well as by other routes,
e.g. orally or topically with or without a pharmaceutically acceptable carmier.

The substance can be inhaled from a pressurized metered dose inhaler,
from a dry powder inhaler, e.g. Turbuhaler® or from a dry powder inhaler
utilizing gelatine, plastic or other capsules. Non-toxic and chemically inert |
substances e.g. lactose, trehalose, mannitol or glucose, can be added to the
powdered substance.

The substance can also be administered orally in the form of capsules or
tablets where the capsule, the tablet or the active substance itself can be
coated or non-coated. This coating may consist of for example
hydroxypropy! cellulose and aerosil in isopropanol of other suitable solvents.
A non-toxic and chemically inert substance can be added to the powdered
substance in order to obtain desirable physical or pharmaceutical properties.

Parenteral administration of the new compounds is also possible.

Pharmacological Experiments

The ability of the compound di-L-lysinium-N,N'-diacetyl-L-cystinate (la; R =
lysine) to modulate immune responses is illustrated by its efficacy in the
animal delayed type hypersensitivity (DTH) test in the mouse.

Both male and female Balb/c mice, obtained from Bomholtsgaard
(Denmark), were used at the weight of 18-20 gram. 4-Ethoxymethylene-2-
phenyloxazolin-5-one (OXA) was purchased from BDH (England) and served
as the antigen in this test.
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| g of ointnment contains: Compound la or Ib 0.1 1 ng Liquid

paraffin

150 ng White soft paraffin to 1. 0,g.Exanple 12.
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The mice were sensitized, Day 0, by epicutaneous application of 150 pl of
an absolute ethanol-acetone (3:1) solution containing 3% OXA on the
shaved abdomen. Treatment with the disulphide salt or vehicle (0.9% NaCt)
was initiated by oral feeding immediately after sensitization and continued
once daily until Day 6. Seven days (Day 6) after the sensitization, both ears
of all mice were challenged on both sides by topical application of 20 ut 1%
OXA dissolved in peanut oil. Ear thickness was measured prior to and 24 or
48 hours after challenge using an Oditest spring calliper. Challenges and |
measurements were performed under light pentobarbital anaesthesia.

The intensity of the DTH reactions was expressed according to the formula:
Tté 4/48'Tt0 um units, where 10, t24 and t48 represent the ear thickness
before and 24 or 48 hours after challenge respectively, in individual tests (T).
The results were expressed as the mean + S.E.M. The level of significance
between means of the groups was obtained by Student’s two-tailed t-test.
Tables 1 and 2 show the results from 24 and 48 hours measurements
respectively, from a representative experiment. The immunostimulating
potency of the compound is reflected in a significant difference in the
increase in ear thickness as compared to the control. Thus, in treated
animals, after 24 h the response was about twice that of the control animals
(15 um compared to 8 um, Table 1).
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One dose of 2 drops contains 0.01 -0.1 ng of conpound la or |b Conpound |a

or.lb

9.0 ng Water.
D -L-lysinium[err]

N Acet yl
wat er .

-L-cysteine (22 nol.
Sodi um hydr oxi de 45%-+ n wat er

0.1-1 ng Benzal koni um chl ori de
sterile to

-di acetyl -L-cystinate (Ila;

Table 1.

1.0-nL Chemi stry Exanple 13._

3.59 kg) was cgssol ved in 2.{6 ¢

0.1 ng Sodi um chl ori de
CREEIMENT] BHEET

UI T.TC] ont-zZe1q

22 OCT 996 E

R=[err](

Ear thickness 24 hours after challenge of animals treated with the indicated
doses of di-L-lysinium-N,N"-diacetyl-L-cystinate or vehicle (NaCl).

Dose N Diff. S.E.M. Sign.
NaCl 10 8.25 0.56

0.03 10 15.00 0.42 e
3.0 10 15.80 0.77 e
*** P<0.001.

Table 2.

Ear thickness 48 hours after challenge of animals treated with the indicated
doses of di-L-lysinium-N,N'-diacetyl-L-cystinate or vehicie (NaCl).

Dose N Diff. S.E.M. Sign.
pmolikg TiagTi0

NaCl 10 8.83 0.31

0.03 10 12.55 0.41 e
3.0 10 13.20 0.28 i
*** P<0.001.

The ability of the same test compound (la, R = lysine) to prolong or increase
the survival of rats suffering from tumours is illustrated by two different
experiments with tumour inoculation in rats. -
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(22 mol, 1.92 par—
After adjustiny TH .
0.95L) was caréfdl 1y added dro

stirring and tenperature kept below [err].
o [err]. hydrogen peroxide (11.0 nol,
se during 90 mn. The t%¥ a3 Beenbaslada@t

all owed to exc ec! [BErjoi is addition. To the resu was
added 9 L of adtiivated stro cidic cath&n ex- changerl ng
for 10 m nutes the ion changer was filtered off. The

N-di.acetyl -L-cystine, as determ ned by
am t he pure substance. To this crude

filtrate contaiped 9.6

HPLC using a standard prepared fr
solution was added L-lysine (19.3 nol, 3.17 kg). The thick solution forned,
was sl ow y addEwotgrosps eash consisting@f ten malsof theWistan fFusttosteainiwersr
crystalline di-

| vsipi ] 4 i . ition,
tho st urry  wasnaruiaied Slibbdabaogsid Wi 10" Rl inanE bhiroria bold BaP il dnc”
Washing wi t h efupses sizé was medsdred tWice daveeknin (oo’ group dhe tatsiweres af f or ded
5.35 kg (90% of the title substance as a white crystalline solid.

drinking ordinary water and in the other group the test compound dissolved

in water so as to result in a dose of 0,03 umoVkg/day of animal weight. After

38 days one animal from the water-drinking group was still alive while from

the group which was given the compound seven animals were alive.

in another experiment three groups each consisting of ten rats of the Lewis
strain were inoculated subcutaneously with 108 glioma cells per rat and
tumour size was measured twice a week. In one group the rats were
drinking ordinary water and in the second group the test compound
dissolved in water so as fo give a dose of 0,03 nmong/day of animal
weight, while in the third group the rats were drinking water containing
Levamisole, a well-known cancer therapeutic drug also at a dose of 0,03

pumolkg/day of animal weight. After 119 days there was no surviving rat in
the water-drinking group. In the group, which was given the test compound,

six rats were still alive while in the group, which received Levamisole, three
rats were alive after 119 days.

In both experiments with tumours there was a lower frequency of tumour
positive animals and in both experimetits there was an inhibition of tumour
‘growth of the developed tumours in the groups receiving the compound
solubilized in water.

in another experiment two groups each consisting of eight SCID mice (mice
with the immune defect Severe Combined Immunodeficiency Disease) were
inoculated with 2*10° mammary carcinoma cells and outgrowth was
measured twice a week. In one group the mice were drinking ordinary water
and in the second group the test compound dissolved in water so as to give
a dose of 0.03 umol/kg/day of animal weight. There were no significant



Physi cal data: Mp: 210 C (dec); [[err]= -[err] (c=0.54_Jlerr]): [err]
([err]) [err]:1.36-1.60 [4H, m Lysy [err]], 1.73 (4H. pﬁgpy;q;gbﬁww]sﬂmr]],
1.84-1.96 [4H. m Lys [err] [err]], 2.05 [6H, s. [err]], 285 [h”
CH2S], 3.02 [4H, t, Lys [err] [err]]. 3.25 (2H, dd, [e r] 56 é Lys
[err] CH . 4.50 [2H, dd. CHN] [err]-NWVR ([yqrr] : 24.27: 44%: "%
32.72: 41.89: 42.78: 52.96:-57.30: 176.53: 177.41; 179474. Analysis: Cal ¢d
for [err], C. 42. 8 H7.2 N 13.6 Found- C 42.6 H 7.4
(MHerr]), mz 471 (MeysH err]), mz 617 ([err]).

S 1y nedl am v ifaloReek A s s g oo binclnge. T,
added et hyl en&ﬁdl@mmhéﬁﬁimun& hés r) disel effebtionithd Bimol cellSbutsadtst | on

was concentrated to,a thick paste which was redissolved in 80 nL of
et hanol . via the immune apparatus.

uru:ml Sedd]

In an animal model of lupus, experimental murine systemic lupus
erythematosus (SLE), MRL Ipr/lpr mice spontaneously develop lymphoid
hyperplasia, dermatitis, arthritis and glomerulonephritis. The effect of di-L-
lysinium-N,N'-diacetyl-L-cystinate on glomerulonephritis as proteinuria and
hematuria and also the survival rate of the animals, has been studied in this
murine lupus model. Di-L-lysinium-N,N'-diacetyl-L-cystinate was
administrated in the drinking water and the mean dosage was calculated to
0.03 umol/kg/day. The control mice received tap water. Both groups had free
access to the drinking water. The treatment started when the animals
reached 8 weeks of age and continued until death or 46 weeks of ége, when
the study was ended. '

The assessment of proteinuria and haematuria was performed by the usage
of reagent strips, Eour-Test*, Boehringer Mannheim.

Upon administration of di-L-lysinium-N,N'-diacetyl-L-cystinate the survival
rate was significantly improved compared to the control mice. The mortality
rate for the untreated group (21 animals) reached 50% around 25 weeks of
age. For the di-L-lysinium-N,N'-diacetyl-L-cystinate treated MRL-Ipr/lpr mice
(12 animals) this mortality rate was not reached until week 44.

This form of treatment also significantly improved the score for both
proteinuria and haematuria measured as arbitrary units of the reagent strips,
compared to the untreated group.

These results show the immunomodulating potency of the oompounds of this

invention, particularly with regard to SLE.
i
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Crystallisation occurred after 2 hours stirring at [err]. Filtration and
drying gave 6.2 g (45% of the title conpound. Physical data: M
185.2-192.[err]. [err] ([err]) [err]: 2.06 [6H s. [err], 2.96[2H. dd.

[err]]. 3.26[2H. dd. [err]]. 3.28 [4H s. [err]] 4. 2H dd. CHN]
[err]-NVR ([err]) [err]: 24.78: 39.99: 42. 74 56. 985 éﬁ;ﬁ;@-

Analysis: Calcd C 37.5. H -6.3. N 14.6. 16. 7.

N. 15.3. S 15.2: Ms mZ = 385 [M([err])[err] Exa 1

N, N[ err] - di benzyl et hyl enedi am ni um N, N[ err] -di acet 3?500731996(|b; R =
[err]) To a 63% solution of N, N -diacetyl-L- cystln iin wat er (67 olie,
21.8 9) was aMﬂmﬁmszl et hyl enedi ani ne (67 ol e —~ The
exot herm c reaction gave a slightly oily product | be___“

recrystallised fromwater to
Pharmaceutical Formulations

The following examples are representative of pharmaceutical formulations
intended for different modes of local and systemic administration.

Example 1 Pressurised aerosol for inhalation.
The aerosol system is arranged so that each metered dose contains 0.1 -

1.0 mg.

Compound Ia or Ib, micronized 1.0 % wiw
Sorbitan trioleate 0.7 % wiw
Trichloromonofluoromethane 24.4 % wiw
Dichlorotetrafluoroethane 24.4 % wiw
Dichlorodifluoromethane 49.5 % wiw

Example 2. Powder aersol for inhalation of pure substance.
Pure substance prepared for inhalation from Turbuhaler.

Each single dose contains 0.1 - 1.0 mg.
Compound la or |b, processed 0.1-1.0mg

Example 3. Powder aerosol for inhalation.
Each single dose contains 0.1 - 1.0 mg in a capsule.

Compound |, micronized 0.1-1.0mg
Lactose 50 mg
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give 12.0 g (32% of the title substance as white crystalline needl es.
Physi cal dat a:

2.93 [2H.dd.[err]],
[err] [err]

[err]

Mo 163.8-165.[err]. [err]-NVR ([err]) 8:2.0

13 22 ocr 1996 ]

_S. CH3],

3.22 [[err]], 3.44 REPLACEMENT SHEE] SREPMCEMEBF SHEET

|

—r

Example 4. Solution for nebulising.
The solution contains 1.0 - 10.0 mg/mL and 1 - 3 mL may be

administered in a single dose.

Compound | 1.0-10.0 mg
Water for injection to 1.0 mL

Example 5. Tablets.
Each tablet contains:

Compound | 0.1 - 100 mg
Maize starch 50 mg
Lactose 150 mg
Polyvidone 7 mg
Microcrystaliine cellulose 20 mg
Magnesium stearate 2mg

Example 6. Oral solution.
A single dose of 10 mL contains 10 - 100 mg.

Compound | 1-10mg
Sorbitol 70 % 150 mg
Glycerol . 100 mg
Sodium benzoate 1img
Flavour q.s.
Water purified to 1.0 mL
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[err] DATE OF RECEIPT [err] [4H.s.[err], 4.47 [2H dd. CHN,
(10H.mPh [err] NVR ([err]) [err]: 24.82, 42.82, 45.71. 54.47 56. 39.

7 44-7. 54

132.22. 132.58. 132.67. 133.52. 176.56. 179.80. Analysis (m)nohydrat e)

Calcd, C 53.6. H 6.6. N 9.6, S 1l

0. Found. C 54 66~

11.2. Exanple 16 D (1-adanmantanani nium-N, N -di acetyl - --8r§ﬁbﬁﬁfw(3fﬁﬂ

R=(C(l) CH(3,5,7) [err](2,4:6,8,9,10 [err]l4To N, N - di
(5.35 mMmole. 1.73 g) dissolved in 5 nL of water was adpe

(10.7 mol e.

1.61 g). To the solution was dropw se addgd GgrrL of
The resulting crystalline salt was filtered and

Example 7. Tablet for controlled release
1 tablet:

cetyl-L-cystin

nam'

Compound | 1-100 mg
Paraffin Special 145 mg
Lactose Powder 50 mg
Colloidal Silicon Dioxide 5mg
Ethylcellulose 10 cps 13 mg
Ethanol 99,5 vol% 85 mg
Magnesium Stearate 25mg
Example 8. Granulate for controlied release
1 g of granulate:
Compound | $-100 mg
Ethylcellulose Dispersion 10 mg
Acetyltributyicitrate 0,5 mg
Eudragit L 100-55 55 mg
Triethylcitrate 5mg
Talc 30 mg
Water newly distilled 350 mg
Pellets, neutral to 1000 mg
Example 9. Solution for injection.
1 mL in a single dose contains 1.0 - 10.0 mg
Compound la or Ib 1.0 - 10.0 mg
Sodium chioride 89- 7.7mg
Water for injection to1.0mL
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dried in vacuo. yieldin
Mo 162-C. [err]-NWMR ([e
[12H.d.[err](2.8.9)], 2.
2.96 [2H,dd.[err]], 3.26

g 2349
rr]) [er
0S (6H, s.[err], 2.17 [6H, broad s,
[2

( CH(3.5.7)],
H dd.[err]], 4.50 [2H. dd. CHN] Exanple 17

(679 of the title conmpound. Physi cal
r] 1.71 [12H, broad dd. [err])],

1.37

Dl - (N-benzyl - 2- phenyl ethyl am nium-N, N -L-cystinate (la: R=[err]) To

N, N - di acetyl -L-cystine(29.7 mol e. 9. 3g)di ssol ved i

added N benzyl - 2- phenyl at hyl ani ne (57:4 nfble 12.1 g)| RERCAGEMENT SHEE/VaM

' C?%ﬁmr]

concentrated to a thick paste. fromwhich the salt sllo
crystalline title conmpound was isolated and dried. P
87[err]. [err]-NMR ([err]) [err] 2.05 [6H. s.[err]], 2
3.04[[err]], EkaMiplieH 6lcCream for topical application

el

1 g of cream contains:

Compound |

White soft paraffin
Liquid paraffin
Cetostearyl alcohol
Cetomacrogol 1000
Metagin

Propagin

Water, purified to

Example 11. Ointment for topical application
1 g of ointment contains:

Compound |
Liquid paraffin

White soft paraffin to

Example 12. Ophthalmic solution
One dose of 2 drops contains 0.01-0.1 mg of compound |

Compound |
Benzalkonium chloride
Sodium chloride

Water, sterile to

0.1-1mg

75 mg
10 mg
75 mg
20 mg

0.8 mg
0.2 mg

109

01-1mg

150 mg

10g

0.1-1 mg

0.1 mg
9.0 mg
1.0mL
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[err]], -3.33 [[err]], 4.25 [4H.s.[err]]. 4.49 [2H. dd. CHN], 7.30-7.52

[ 20H, m Ph] Exanol e 18 Pl perazinium N, N -di acetyl -L-cystinate [1b:
R=[err](1,4) [err](2,3,5,6)] To N, N -diacetyl-L-cystine (4.60 mmole. 1.49
g) dissolved in S nL of water was added piperazine (4.60 mple. 0.90 g).To
t he sol ution was added enough i scpropanol {){ cause formati gn ,gf, e
which slowy solidifies. The salt was isolated and dried. Bhy MEAHT as - Mp
>[err] (dec.) "H-NWR ([err]) [err]: 2.05 (6H.s.[err]], 2.9 2H. dd.[erri],
3.26 [2H.dd.[err]], 3.42 8H.s.[err](2,3.5.6)], 4.49 [2H.dd C-lN]Zpg@pl'ﬁsw

Chemistry 1 \\J

Example 13
Di-L-lysinlum-N,N’-dlacetyl-L-cystinate (la; R =
H,oN(COOH)CH(CH,p)4NH,):

N-Acetyl-L-cysteine (22 mol, 3.59 kg) was dissolved in 2.6 L of deionized
water. Sodium hydroxide 45% in water (22 mol, 1.92 kg) was added with
stirring and temperature kept below 20°C. After adjusting the temperature to
59C, hydrogen peroxide (11.0 mol, 0.95L) was carefully added dropwise
during 90 min. The temperature was not allowed to exceed 10°C during this
addition. To the resulting solution solution was added 9 L of activated
strongly acidic cation exchanger.After stirring for 10 minutes the pH was 2.0
and the ion exchanger was filtered off. The filtrate contained 9.65 mol of
N,N'-diacetyl-L-cystine, as determined by HPLC using a standard prepared
from the pure substance. To this crude solution was added L-lysine (19.3
mol, 3.17 kg). The thick solution formed, was slowly added to 50 L of
refluxing ethanol containing 0.23 kg of crystalline di-L-lysinium-N,N'-diacetyl-
L-cystinate. After the addition, the slurry was aliowed to cool and the crystals
were filtered off. Washing with ethanol (8 L) and drying (vacuum, 40°C) for
12 hours afforded 5.36 kg (90%) of the title substance as a white crystalline
solid.

Physical data: Mp: 210°C (dec); [aJ2> = -70° (c=0.54, H,0) ; H-NMR
(D,0) &: 1.36-1.60 [4H, m, Lys 7 CHy}, 1.73 [4H, p, Lys § CHy)], 1.84-1.96
[4H, m, Lys B CHy), 2.05 [6H, 5, CHy], 2.95 [2H, dd, CH,S], 3.02 [4H, 1, Lys
e CH,], 3.25 [2H, dd, CH,S}, 3.76 [2H, t, Lys & CH], 4.50 [2H, dd, CHN]
13C-NMR (D,0 5: 24.27; 24.80; 29.24; 32.72; 41.89; 42.78; 52.96; 57.30;
176.53; 177.41; 179.74; Analysis: Calcd for CooH 4401 ONGSZ' C:428 H:7.2
N: 13.6 Found, C: 42.6 H: 7.4 N: 13.7; MS m/z = 325 (MH*), m/z = 471
(MLysH*), m/z = 617 (MLys,H*).

This Sheet Has Been

LTI



D-L-lysiniumN, N -di acetyl -L-cystinate (la; R=[err](
N-acetyl-L-cysteine (37 nml. 6.0 g) and L-lysine (37
dissolved in 10 nL at deionized water. Hydrogen per oxi;
was added dropw se while stirring, and thS t enper at ur ¢
[err]. The solution was stirred for an ad Ytlonal 4 h
was slowy added to 150 ni -of refl uxing ethanol cont
crystalline di-L-lysiniumN, N -di acetyl -L-cystinate.
solution was allowed to cool. and the crystals were filte
with ethanol EXample 14nd drying (vacuum [err]) for 24 h afforded 10

g

Vo Yol s o Ethyfensdiandhii AN didtehCloystiRbte (16; HPL HINCRLBH NHGR'

To N,N'-Diacetyl-L-cystine (30.9 mmol, 10 g) dissoived in 20 mL of water

was added ethylenediamine (61.8 mmol, 3.73 g) and ethanol (30 mL). The

solution was concentrated to a thick paste which was redissolved in 80 mL

of ethanol. Crystallisation occurred after 2 hours stirring at 10°C. Fittration

and drying gave 6.2 g (45%) of the title compound.

Physical data: Mp 185.2-192.4°C. TH-NMR (D50) &; 2.06 [6H, s, CHy],

2.96[2H, dd, CH,S], 3.26[2H, dd, CHZS], 3.28 [4H, s, H3N+CH20H2N Hal,

4.50 [2H, dd, CHN].

13C.NMR (D,0) 5: 24.78; 39.99; 42.74; 56.98; 176.55; 179.82; Analysis:

Calcd C: 37.5, H: 6.3, N: 14.6, S: 16.7. Found, C: 37.3, H: 6.8, N: 15.3, §:

15.2; MS m/z = 385 [M(Ho;NCH,CH,NH,)H"]

Example 15

N,N’-dibenzylethylenediaminium-N,N’-diacetyl-L-cystinate {Ib; R =
PhCHoNH,CH,CHoNH,CH,Ph)

To a 63% solution of N,N'-diacetyl-L-cystine in water (67 mmole, 21.8 g) was
added N,N’-dibenzylethylenediamine {67 mmole, 16.0 g). The exothermic
reaction gave a slightly oily product which could be recrystallised from water
to give 12.0 g (32%) of the title substance as white crystalline needles.
Physical data: Mp 163.8-165.3°C. TH-NMR (D50} &: 2.04 [6H,5,CHy], 2.93
[2H,dd,CH,S}, 3.22 [2H,dd,CH,S], 3.44 [4H,s,CH,NBn], 4.27
[4H,5,PhCH,N], 4.47 [2H,dd,CHN], 7.44-7.54 [10H,m,Ph]. 13C-NMR (D,0)

5:24.82, 42.82, 45.71, 54.47, 56.99, 132.22, 132.58, 132.67, 133.52,
176.56, 179.80. Analysis (monohydrate): Caicd, C: 53.6, H: 6.6, N: 9.6, S:

11.0. Found, C: 54.5, H: 6.6, N: 8.6, S: 11.2.

Example 16
Di-(1-adamantanaminlum)-N,N’-dlacetyl-L-cystinate

(ia; R=[C(1) CH(35,7) CHp(24689,10) NHy] _  ————
Re(laced
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[err] Caims Clains for the follow ng Contracting Statesf sl
DK, FR, GB, GA IT, LI, LU M NL, PT, SE, IE 1. AstREﬁL_
base and N. N -diacetyl cystl ne in its individual scrers,f if
meso-fornms as well as its racamc forns (%err]) charactgriz
general forrmula [err] Wierein [err] and [¥8rr] is the

base |ysine, ethyleneciam ne. N, N -di benzyl et hyenedi am

To N,N'-diacetyl-L-cystine (5.35 mmole, 1.73 g) dissolved in 5§ mL of wi
was added 1-adamantanamine (10.7 mmole, 1.61 g). To the solution was
dropwise added 60 mL of acetone. The resulting crystalline salt was filtered
and dried in vacuo, yielding 2.3 g (67%) of the title compound.

Physical data: Mp 162°C, TH-NMR (D50)8: 1.71 [12H, broad dd,
CH,(4,6,10)}, 1.87 [12H,d,CH,(2,8,9)}, 2.05 [6H,s,CHg], 2.17 [6H, broad s,
CH(3.5,7)], 2.96 [2H,dd,CH,S], 3.26 [2H,dd,CH,S], 4.50 [2H,dd,CHN]

Example 17
Di-{N-benzyi-2-phenylethylaminium)-N,N’-L-cystinate

To N,N'-diacetyl-L-cystine (28.7 mmole, 9.3 g) dissolved in 20 mL of water
was added N-benzyl-2-phenylethylamine (57.4 mmole, 12.1 g). The solution
was concentrated to a thick paste, from which the salt slowly crystallized.
The crystalline title compound was isolated and dried.

Physical data: Mp 87°C. TH-NMR (D,0) 8: 2.05 [6H,5,CHy), 2.95
[2H,dd,CH,S], 3.04 [4H,t,PhCHLC], 3.24 [2H,dd,CH,S], 3.33 [4H,t,CH,NBN],
4.25 [4H,s5,PhCH,N], 4.49 [2H,dd,CHN], 7.30-7.52 [20H,m,Ph]

Example 18
Piperazinium-N,N’-diacetyl-L-cystinate
[ib; R=NH,(1,4) CH,(2,3,5,6)]

To N,N’-diacetyl-L-cystine (4.60 mmole, 1.49 g) dissolved in 5 mL of water
was added piperazine (4.60 mmole, 0.90 g). To the solution was added
enough isopropanole to cause formation of an oil, which slowly solidifies.
The salt was isolated and dried.

Physical data: Mp >170°C (dec.) TH-NMR (020)8: 2.05 [6H,s,CH3], 2.96
[2H,dd,CH,S], 3.26 [2H,dd,CH,S], 3.42 [8H,5,CH,(2,3,5,6)], 4.49

—

[2H,dd,CHN] . S

i



amant anam ne. N-benzyl - 2- phenyl et hyl am ne or piperazine. 2. A salt
according to Caiml at N, N -diacetyl-L-cystine. 3. A process for preparing
a salt at a conpound as defined in aim1 or 2 by treating DiNAc with the
organi c base or a salt containing these cations of the organic base.
reactants bei ng dissolved or dispersed iq a solvent or a solvent m xture
and isolating the salt which may optionaIPy be in hydrated or solvated forn
4. A process for preparing a salt as-defined in daiml or 2 by axidizing a
salt of N-acetylcysteine and the organic base and isolating the D NAc salt
whi ch may optionallx be in hydrated or solvated form S. A pharnmaceuti cal
conposition Eﬂ@ﬂﬂﬂ%Lﬁg as active ingredient a salt of D NAc according to

Caiml or 2 . e LAt i | ol .as clainmed in aim5 for
adm ni strati PA%‘W%%%E@S‘QH%%E%@%ggé i nhal er
R=H2N(COOH)CH(CH2)4NH3).

N-acetyl-L-cysteine (37 mmol, 6.0 g) and L-lysine (37 mmol, 5.4 g) were
dissolved in 10 mL of deionized water. Hydrogen peroxide (18 mmol, 1.5
mL) was added dropwise while stirring, and the temperature was kept below
25°C. The solution was stirred for an additional 4 h. The viscous solution
was slowly added to 150 mL of refluxing ethanol containing 0.50 g of
crystalline di-L-lysinium-N,N’-diacetyl-L-cystinate. After addition the solution
was allowed to cool, and the crystals were filtered off. Washing with ethanol
(20' mL), and drying (vacuum, 45°C) for 24 h afforded 10.0 g (84%) of the
title substance as a white crystalline solid.

Physical data: Mp: 208°C; [0]2°=-73° (c=0.54, H,0)
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or froma dry powder inhaler or froma dry powder inhaler utilizing

gal atine, plastic or other capsules. 7. A pharmaceutical conposition as
claimed in aim5 or 6 including a pharnmaceutically acceptable carrier is
added to the conpositon. 8. A pharnaceutical conposition as clainmed in
Caim5 in the formof capsules or tablet® 9. A pharnaceutical conposi ti on
as claimed in Claima including a pharnmaceutically a carrier 10 A
pharmaceutical conposition as claimed in claim5 for m;/i ﬂl

sol ution by nebulization. 11. A salt according to Cal mcl !f e as a
t her apeut i calQlgimsti ve substance. 12. A salt according to Clarmf o~r 2 for
use in the treatnent of malignant diseases. 13. Use at a salt according to
Claiml or 2 for the preparation of a nedicramt w th i munonodul ati ng

activity. 1, A salt of an organic base and N,N"-diacety! cystine in its individual
isomers, i.e. D-, L- and meso-forms as well as its racemic forms [DiNAc]
characterized by the general formula

C\/\s_s/\rCOO' - .

NHCOCHy NHCOCH,

REPLACEMENT SHEET

22 OCT 1995 l

c COO~ -
T T L —
NHCOCH5 NHCOCHg -

or

wherein R* and R2* is the cation of the organic base lysine, ethylenedi-

amine, N,N’-dibenzylethylenediamine, adamantanamine, N-benzyl-2-

‘phenylethylamine or piperazine. _ —_— .
This Sheet Has Béen R
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3. A process for preparing a salt of a compound as defined in Claim 1 or 2
by treating DiNAc with the organic base or a salt containing these cations of
the organic base, reactants being dissolved or dispersed in a solvent or a
solvent mixture and isolating the salt which may optionally be in hydrated or
solvated form.

4. A process for preparing a salt as defined in Claim 1 or 2 by oxidizing a
salt of N-acetylcysteine and the organic base and isolating the DINAc salt



14. Use of
npdi canent f#ofr. =

Claim1 or 2 for the preparation at a
%EWWhﬁf&Eﬁe tment of malignant di seases. 26 JUL 1999

[err] or [e ”[2200 i
o o IO

which may optionally be in hydrated or solvated form.

5. A pharmaceutical composition comprising as active ingredient a salt of
DiNAc according to Claim 1 or 2. |

6. A pharmaceutical composition as claimed in Claim 5 for administration
from a pressurized metered dose inhaler or from a dry powder inhaler or
from a dry powder utilizing gelatine, plastic or other capsules.

7. A pharmaceutical composition as claimed in Claim 5§ or 6 including a
pharmaceutically acceptable carrier is added to the composition.

8. A pharmaceutical composition as claimed in Claim 5 in the form of
capsules or tablets. '

9. A pharmaceutical composition as claimed in Claim 8 including a phar-
maceutically acceptable carrier.

10. A pharmacsutical composition as claimed in claim 5 for administration in
a solution by nebulization.

11. A salt according to Claim 1 or 2 for use as a therapeutically active
substance.

12. A salt according to Claim 1 or 2 for use in the treatment of malignant
diseases.

13. Use of a salt according to Claim 1 or 2 for the preparation of a
medicament with immunomodulating activity.

This Sheet Has Been Re{ilac

TR




L4

wherein [err] and [err] is the cation of the organic base |ysine,

et hyl enedi am ne. N, N -di benzyl et hyl enedi am ne, ad- amantanam ne,
N-benzyl - 2- phenyl et hyl am ne or piperazine. 2. A salt according to daim!l

of N, N -diacetyl-L-cystine. 3. A process for preparing a salt of a conpound

as defined in CQaiml or 2 by treating D|NACW|th r a
salt containing these cations of the orgargx base. "ﬁm"ﬂmmﬂwrg !lo

di ssol ved or dispersed in a solvent -or a solvent m Xtufe andt | S0 ing the
salt which may optionally be in hydrated or solvated form 4. A process for

preparing a salt as defined in Claim1 or 2 by oxidizing a salt of
N-acetyl cyst ei nig 13¢lof H%aﬁrwrdiﬁ‘!é@lém1 62 fﬁr'tﬁﬁ Mot @al t whi ch

may optionally be in hydrated or solvated form S phar maceut i cal
conposi tion canpdicament far usa intbei theatmant of malignant disease®c according to
Claim1l or 2.

15. A method for the treatment of diseases which are due to defects in the
immune system in mammals including man, characterized by the
administration to a host in need of such treatment of an effective amount of
a salt of DiNAc according to Claim 1 or 2.

16. A method for the treatment of malignant diseases in mammals including
man, characterized by the administration to a host in need of such treatment
of an effective amount of a salt of DiNAc according to Claim 1 or 2.
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6. A pharmaceutical conposition as clained in Claim5 for adm nistration
froma pressurized netered dose inhaler or froma dry powder inhaler or
froma dry powder inhaler utilizing gelatine, plastic or other capsules.
A pharnmaceutical conposition as claimed in Claim5 or 6 including a
pharmaceutically acceptable carrier is added to the conposition. 8. A
phar maceuti cal conposition as clained in4daim5 in the formof capsul es
tablets. 9. A pharmaceutical conposition as clained in Caim8 including
phar maceutical | y accepionag [ ]?0 A pharnmaceutical conposition as

claimed in claim5 for ad 2 YSEENE zation. 11.
salt according to Claim1l or 2 for

substance. 12. A salt according to Claiml or 2 for use in the treatnent
mal i gnant di seases.

r

Abstract

New crystalline organic salts of N,N’-diacstyl cystine with immunomodutating
effect, processes for their preparation, pharmaceutical compositions
containing them and methods of their pharmacological use.
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Fiald of the Invention

The present invention ralates to organic salts of N.N'-diacaty! cystine. in the following referred lo as DiNAc, with
immunomodulating activity as well as pharmaceutical compaositions based on these salts and methods for their phar-
macological use. The invention specifically concerns mathads to abtain crystalline. non-hygroscopic and chemically
stable salts containing non-toxic organic cations. which are useful tor therapy of diseases where a defect in the immune

system is indicated.

Background Art

N-Acetyl-L-cysteine is a well known compound which is routinely used as a therapeutic agent against chronic
abstructive diseases and chronic bronchitis. Although the first patent was filed in 1964 (GB $54268) the mechanism
of action of the compound has not been established. It has recently been discovered that the corresponding disulfide
of N-Acetyl-L-cysteine, i.e. L-DiNAc. acts as a potent immunostimulator (Swedish patent application no SE 9002067-8),
showing an activity comparable to contemporary immunostimulants such as scdium diethyl dithiocarbamate or 2,2'-
dithicbisethanol.

Routes for the preparation of DiNAc have been reported in several patents (US Patent Nos 4,827,016. 4.724,239
and 4,708,965, European Patent No 300100 and German Patent No 2326444). DiNAc is, however, amorphous and
hygroscapic, so that it is difficutt to isolate and formulate into pharmaceutical compositions and its administration is
normally only in the form of aqueous solutions. Most salts of DiNAc with inorganic or organic cations share the same
unfavourable physical properties with the free diacid. Examples of salts of other, sulfur-containing, amino acids have
appeared in the patent literature (US patent No 3.647,834. JP patent No 56155298 and FR patent No §106582)

Disclosure of the Inventicn

We have now surprisingly found that a few saits of DiNAc with organic bases exhibit a favourable combination of
non-hygroscopicity and crystallinity which permits the isolation and formulation of these salts in solid form and allows
them to be administered by inhalation in solid form. or in other dry formulations, should this be clinically desirable.

The present invention provides organic saits of DiNA¢. having the formula la or Ib:

Hh

‘00 S—s coo"
NHCOCH,  NHCOCH, i
o 24 JuN %97

‘Lﬂd O
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"00 s—s coo 2+ .

NHCOCH,  NHCOCH,

where R- and R2- is a mono- or digrotonated organic amine respectively. The organic amine is selected from lysinium.
ethylenediaminiumn. N.N'-dibenzylethylenediaminium. N-benzyl-2-phenylethylaminium. piperazinium and 1-adaman-
tanaminium.
" Lysinium can be in its D- or L-form. Most preferred is the L-form.

The invention includes hydrated and solvated salts. e.g. soivated with lower alkancis. The invention includes salts
of DiNAc in its individual isomers. i.e. D-. L- and meso-forms as welf as in its racemic form. Most preferred are the L-
forms of these salts.

We have found that the new salts of the invention fuifil the requirements of ease of crystallization. non-hygroscopic-
ity and chemical stability while still retaining the immunomoduiating activity of DiNAc. and are thus medically useful,

This invention thus provides compounds with advantageous properties for the treatment of diseases where an
anergy of the immune response or an aberrant immune response or an ineffective host defence can be suspected.
Such diseases include chronic bronchitis, where a reduction of the rate of exacerbations has previously been reparted
with immune response modifiers such as Biostim {Radermacker, M. et al. Int. J. Immunopharmac. 10, 913-917, 1988;
Scheffar, J. etal. Arzneim. Farsch/Drug Res. 41, 815820. 1991), Ribomunyf and Broncho Vaxom (Paupe, J. Respiration
58, 150-154, 1991) as well as with N-Acetylcysteine {See Bergstrand, H. et al J. Free Radic. Biol. Med. 2 119-127,

”



[err] - 10 - [err] wherein [err] and [err] is the cation of the organic
base |ysine, ethylenediam ne, N, N -di benzyl et hyl enedi ani ne, ad-

ar nant anam ne, N-benzyl -2-phenyl et hyl am ne or piperazine. 2. A salt
according to Caim1 of N, N -diacetyl-L-cystine.

-2 -
1966).
Such diseases also include cartain forms of malignant diseases. Thus. numerous research institutes round the
werld aim at finding ways of stimulating the immunae response of patients with various forms of malignant diseases and
numercus reviews in tha literature deal with this approach (Stevenson. F.K. FASEB J 5. 2250-2257. 1991). To mantion
one example patients with intracranial tumours (gliomas) exhibit a profound decrease in immunity possibly due lo a
defect in the secretion of IL-2 as well as the expression of IL-2 receptors in T cells from such patients {Roszman, T. at
al. Immunology Today 12, 370 374, 1991). Moreaver. a significant adjuvant effect in immunotherapy of melanoma and
cofon carcinoma has been documented for the immunostimulator Levamisole (Van Wauwe, J. and Janssen, P.A.J. Int
J. tmmuncpharmac. 13. 3-9. 1991) and immunatherapy with IL.-2 in vive or treatment of patients lymphokine activated
killer calis with IL-2 ex vivo has causad the regression of cancer in selected patients {(Rosenberg, S.A. Immunoclogy
Today 9. 58-. 1988). The malignant diseases at which the compounds of the formula {a and Ib can be expected to have
advantageous effects include tumours of mesenchymal origin.such as sarcomas like fibrosarcoma. myxosarcoma,
liposarcoma. chondrosarcoma, ostecgenic sarcoma or chardosarcoma, sarcomas like angiosarcoma, endotheliosar-
coma, iymphangiosarcoma, synoviosarcoma or mesothelicsarcoma, leukemias and lymphomas like granulocytic
leukemia, monocytic leukemia, lymphocytic leukemia, malignant lymphoma, plasmocytema, reticulum cell sarcoma or
Hodgkin's disease, sarcomas like leiomyosarcoma or rhabdomyosarcema, tumours of epithelial origin (Carcinomas)
like squamous cell carcinoma. basal cell carcinoma. sweat gland carcinoma, sebaceous gland carcinoma, adenocar-
cinoma. papillary carcinoma, papillary adenocarcinoma, cystadenccarcinoma. medullary carcinoma. undifferentiated
carcinoma. bronchogenic carcinoma. melanoma. renal ceif carcinoma. hepatoma-liver cell carcinoma, bile duct carei-
noma-cholangiocarcinoma, papillary carcinoma, transitional cell carcinoma. squamous cell carcinoma, choriocarcino-
ma, seminoma or embryonal carcinoma. tumours of the central nervous system like glioma. meningoma. medullob-
lastoma. schwannoma or ependymoma.

Moreover, the compounds alsc have advantageous properties for treatment of chronic infections such as herpes,
aphtous stomatitis and minimal change syndrome where ciinical improvement has previously been reported by treat-
ment with an immunostimulator such as Levamisole as well as other chronic inflammatory diseases in the urinary tract
or in ear, nose or throut, which benefit from treatment with immunostimulators such as Biostim, BronchoVaxom and
Ribomunyi, or at HIV infection or AIDS.

Mocrecver, an impairment, a defect or an imbalance of the immune response has aiso been postulated to exist at
atopic diseases such as atopic dermalitis, rhinitis and asthma (Katz, 0.H. Transplantation Rewiews 41. 77-108. 1977).
Since thaoratical considerations suggest that stimulation of an immune response would possibly be the best way of
restoring imbalances and autoimmunity (Marela. F.J. and Coutinho, A. immunclogy Today 12. 159-166. 1891}, the
compounds can also be expected to have advantageous properties for treatment of asthma, rhinitis, atopic dermatitis
and autoimmune diseases like non-cbase diabetes. systemic lupus erythematosus. sclerodermia. Sjégren's syndrome,
dermatomyositis or multiple sclerosis. rheumatoid arthritis and possibly psoriasis.

Moreover, the compounds, due to their immune stimulating properties. can be expected to have advantagecus
properties as adjuvants in various forms of vaccine preparations. ’

Finally, the compounds can be expected to have advantageous properties for treatment of atherosclerosis whether
or not it will influence a putative inflammatory process in this condition (Hansson. G K. et al. Proc, Nat. Acad. Sci. USA
88,10530, 1991).

The importance of immunostimuiatory drugs on. tumour outgrowth is Hllustrated in our relevant tumour outgrowth
test systems. The experimental rat tumour models described below reflect very well the tumourostatic potency of the
compeunds of this invention in comparison with the well established immunostimulatory drug Levamisole. and they
reflect clinically very well a fastly growing tumour. the mammary carcinoma. and a slowly progressively growing tumour.
the glioma. and in both systems the drug has an excallent static effect on tumour outgrowth.

Particularly suitable for treatment with the compounds of this invention are.

Malignancies such as melanoma. mammary carcinoma. gaslrointestinal carcnoma. gtioma. bladder carcinoma
and squamous celf carcinoma of the neck and head region:

Infections such as chronic bronchitis. hepatitis. post-infectious anergy and acquired mmmune deficiencies such as
AlDS: '

Postiraumatic immunological anergy. and
Purported autcimmune diseases such as rheumatoid arthritis. muitipte sclerosis and psoriasis.

Effective doses for treatment of the diseases above are in the range of 0.1 - 100 mg. preferably 1.0 - 60 mg daily.

[ "REPLACEMENT SHEET

24 JUN'997




3. A process for preparing a salt of an organic base and NN-di acetyl
¢ystine in its individual isoners, i.e. D-, L- and neso-forns as well as
its racemc forns [Di NAc] of the general fornula [err] [err] wherein [err]
and [err] is the cation of the organic base |ysine, ethylenedi am ne,

NN - di benzyl et hyl enedi am ne, ad- amant anam ne, N-benzyl-2-phenyl et hyl ar ni ne
or piperazine by treating DiNAc with the organic base or a salt con-

taini ng tp,gtﬁgdsgpmggfg@nof the organi c base, reactants being dissolved or
sorven

di sper sed or a solvent mxture and isolating the salt which

may opt i onalthyorgic kdks BifsHhats RANDIB ars GbnéalEsledaRb B) miding BN 436 BS SrgdnRIbadal |piainsd g

a salt of amve enrpasshivhdasdigerbadirerhovem @ kavem nixtldy. Seidnd isdch Bgwater, aiddhbis, @fycols. ketones,

N- acet yl| cysitesi agiehonipas ot d¥wer polar soivents or solvent mixtures may be used. The salt either precipitates directly from
the reaction mixture, or is obtained by the addition of a less polar solvent or by evaporation or lycphilisation. The
reaction is performed at elevated temperature or room temperature. depending on tha salubility in the medium. Alter-
natively, the salt can be prepared by oxidation of the appropriate N-acetyl cysteine salt in aqueous or alcoholic solution.
followed by precipitation as above. The oxidation may be effected aither chemically, using e.g. hydrogen peroxide or

halogen. or electrechemicaily.

Pharmacsutical Formulations

According to the present invention the compounds of the formuia la and [b can be formulated for administration
by inhalation as well as by other rautes, e.g. orally or topically with or without a pharmaceuticaily acceptable carrier.

The substance can be inhaled from a pressurized metered dose inhaler. from a dry powder inhaler, e.g. Turbuhaler®
or from a dry powder inhaler utilizing gelatine, plastic or other capsules. Non-toxic and chemically inent substances e.
g. lactose. trehalose, mannitol or glucose. can be added to the powdered substance.

The substance can also be administered orally in the form of capsuies or tablets where the capsule, the tablet or
the active substance itse!f can be coated or non-coated. This coating may consist of for example hydroxypropyi cellulose
and aerosil in isopropanol or other suitable solvents. A non-toxic and chemically inert substance can be added to the
powdered substance in order to obtain desirable physical or pharmaceutical properties. Parenteral administration of
the new compounds is also possible.

Pharmacological Experiments

The ability of the compound di-L-lysinium-N,N'-diacetyl-L-cystinate {la: B = lysine) to modulate immune responses
is illustrated by its efficacy in the animal delayed type hypersensitivity (DTH) test in the mouse,

Beth male and female Balb/c mice, oblained from Bomholtsgaard {Denmark). were used at the weight of 18-20
gram. 4-Ethoxymethylene-2-phenyloxazalin-5-one (OXA)} was purchased from BOH (England) and served as the an-
tigen in this test.

The mice were sensitized, Day 0, by epicutaneous application of 150 ul of an absolute ethanol-acetone (3:1)
solution containing 3% OXA on the shaved abdomen. Treatment with the disuiphide salt or vehicle {0.8% NaCl) was
initiated by oral feeding immaediately after sensitization and continued once daily until Day 6. Seven days (Day 6} after
the sensitization, both ears of all mice'were challenged on both sides by topical application of 20 ui 1% OXA dissolved
in peanut oil. Ear thickness was measured prior to and 24 or 48 hours after challenge using an Oditest spring calliper.
Challenges and measurements were performed under light pentobarbital anaesthesia. )

The intensity of the DTH reactions was expressed according to the formula; Tipassa-Tio UM units, where 10, 124 and
148 represent the ear thickness before and 24 or 48 hours after challenge respectively, in individual tests (T). The
results were expressed as the mean + S.E.M. The level of significance between means of the groups was obtained
by Student's two-tailed t-test. Tables 1 and 2 show the results {rom 24 and 48 hours measurements respectively, from
a representative experiment. The immunostimulating potency of the compound is reflected in a significant difference
in the increase in ear thickness as compared to the control. Thus, in treated animals. after 24 h the response was about
twice that of the control animals (15 um compared to & um. Tabile 1).

Table 1.

Ear thickness 24 hours after chalfenge of animals treated with the indicated doses of di-L-lysinium-N.N"-diacetyi-L-
cystinate or vehicle {NaCl).

DOSe Hmcykg N D'" S.E.M. TQ"T'O S'gn.
NaCl 10 §.25 0.58
0.03 10 15.00 0.42
3.0 10 15.80 0.77

e P0.001.
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organi c base and isolating the DINAc salt which may optionally be in
hydrat ed or solvated form 5. A pharnmaceutical conposition conprising as
active ingredient a salt of DiNAc according to Claiml1l or 2. 6. A
pharmaceutical conposition as claimed in Claim5 for admnistration froma
pressurized netered dose inhaler or froma dry powder inhaler or froma dry
powder inhaler utilizing gelatine. pI astic or other capsules. 7. A
phar maceuti cal conposition as clained in Qaim5 or 6 including a
pharmaceytically acceptable carrier js™¥ded to the conposition 8 A
phar mace tERctitknee nﬁp@srs tfteoehalimagec animmisdreatad Wih s IMiatdcniodelne! dFLAYSITUBHN. apswi-ed or
t abl et s. [GystimaghahidaNBGY-i cal conposition as clainmed in Claim8 includind a
phar maceybegaimopkgacceptnabl e car Di&rssﬂaOrmAmphar maceut i cal dogigmosi tion ag

claimed mcragrs f AAMEMT STy att O gy & sgt utT org Jy- nepyrTzatr om.
0.03 10 12.55 0.41 hat
3.0 - 10 13.20 0.26
“** P<0.001.

The ability of the same test compound {la, R = lysine) to prolong or increase the survival of rats suffering from
tumours is illustrated by two ditferent experiments with tumour inoculation in rats.

Two groups each cansisting of ten rats of the Wistar Furth strain ware inoculated subcutaneously with 10* mammary
carcinoma cells per rat and tumour size was measured twice a week. In one group the rats were drinking ordinary
water and in the other group the test compound dissolved in water so as to result in a dose of 0.03 umol/kg/day of
animal weight. After 36 days one animal from the water-drinking group was stiil alive white from the group which was
given the compound seven animals were alive,

It another experiment three groups each consisting of ten rats of the Lewis strain were inacuiated subcutaneously
with 108 giioma cells per rat and tumour size was measured twice a week. In one group the rats were drinking ordinary
water and in the second group the test compound dissoived in water so as 1o give a dose of 0.03 umol/kg/day of animal
waeight, while in the third group the rats were drinking water containing Levamisote. a well-known cancer therapeutic
drug also ata dose of 0,03 umolkg/day of animal weight. After 119 days there was no surviving rat in the water-drinking
group. In the group. which was given the test compound. six rats were still alive while in the group. which received
{eovamisole. three rats were alive after 119 days.

. In both experiments with tumours there was a lower frequency of tumour positive animals and in both experiments
there was an inhibition of tumour growth of the developed tumours in the groups receiving the compound solubilized
in water.

In another experiment two groups each consisting of eight SCID mice (mice with the immune defect Severe Com-
bined Immunodeficiency Disease) wera inoculated with 27103 mammary carcinoma calls and cutgrowth was measured
twice a week. in one group the mice were drinking ordinary water and in the second group the test compound disscived
in water sc as to give a dose of 0.03 umolkg/day of animal weight There were no significant differences between the
groups concerning growth rate and incidence. This indicates that the compound has no direct effect on the tumour
cells but acts via the immune apparatus.

In an animal model of lupus, experimental murine systemic lupus erythematosus (SLE), MRL lprflpr mice sponta-
neously develop lymphoid hyperplasia. dermatitis, arthritis and glomerulcnephritis. The effect of di-L-lysinium-N,N'-
diacetyi-L-cystinate on glomerulonephritis as proteinuria and hematuria and aiso the survival ratio of the animals. has
been studied in this murine lupus model. Di-L-lysinium-N,N*-diacetyl-L-cystinate was administrated in the drinking water
and the mean dosage was calculated to 0.03 umol/kg/day. The control mice received tap water. Both groups had free
access lo the drinking water. The treatment started when the animals reached 8 weeks of age and continued unti
death or 46 weeks of age. when the study was ended.

The assassment of proteinuria and haematuria was performed by the usage of reagent strips. Eour-Test”. Boe-
hringer Mannheim.

Upon admunistration of di-L-lysinium-N.N'"-diacetyt-L-cystinate the survival ratio was significantly imgroved com-
pared to the control mice. The mortality ratio for the untreated group (21 animals) reached 50% around 25 weeks of
age. For the di-L-lysinium-N.N'-diacetyl-L-cystinate treated MAL-Ipr/lpr mice (12 antmals) this mortality rate was not
teached until week 44,

This form of treatment also significantly improved the score for bath proteinuria and haemaluria measured as

. arbitrary units of the reagent stnps. compared i the untreated group
S These results show the immunemodulating potency of the compounds of thts invention. particularly with regard to

LE.

Working Examples

Pharmaceutical Formulations

The following examples are representative of pharmacsutical formuiations mntended for different modes of local
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11. A salt according to Claim1 or 2 for use as a therapeutically active
‘subst ance. REPLACEMENT SHEET Thi s Sheet

Has Been Repl aced [err] [err] 12. A salt
according to Caim1 or 2 for use in the treatnent of nalignant diseases.

13. Use of a salt according to Claiml or 2 for the preparation of a
medi cament- wi th i munonodul ating actiyvigy. 14. Use of a salt according to
Claim1 or 2 for the preparation of a nedicanent for use in the treatnent

of mal i gnandnd systemic administration.

Example 1 Pressurised aerosol for inhalation,

The aerosol systam is arranged so that each metered dosa contains 0.1 - 1.0 mg.

Compound la or (b, micronized 1.0 % wiw
Sorbitan tricleate 0.7 % wiw
Trichioromonofiuoromethane 24.4 % wiw
Dichiarotetratluoroethane 24.4 % wiw
Dichlorodifluoromethane 48.5 % wiw

Example 2. Powder aersol for inhalation of pure substanca.

Pure substance prepared for inhalation from Turbuhaler.
Each single dose contains 0.1 - 1.0 mg.

rCompound la ar ib, processed [ 0.1-1.0mg

Example 3. Powder aerosol for inhalation.

Each single dose contains 0.1 - 1.0 mg in a capsule.

Compound ia or tb, micronized | 0.1 - 1.0 mg
Lactose 50 mg

Example 4. Solution for nebulising.

The solution contains 1.0 - 10.0 mg/mL and 1 - 3 mL may be administered in a single dose.

Compound ta or Ib 1.0-10.0mg
Water for injection o 1.0mL

Example 5. Tablets.

Each tablet contains:
Compound la orib 0.1-100mg
Maize starch S0 mg
Lactose 150 mg
Polyvidone 7 mg
Microcrystalline cellulose 20 mg
Magnesium stearate 2mg

Example 6. Oral solution. :
REPLACEMENT SHEET

A single dose of 10 mt. contains 10 - 100 mg.
Comgound la or Ib 1-10mg 24 JUN 1997
Sorbitol 70 % 150 mg
Glycerol 100 mg
Sodium benzoate 1mg
Flavour qQ.s.




di seases. 15. A process for the preparation of a pharnmaceutical conposition
‘conprising as active ingredient a salt of DiNAc as defined in claim3
optionally with a pharmaceutically acceptable carrier for adm nistration
froma pressurized ne- tered dose inhaler or froma dry powder inhaler or
froma gelatin, plastic or other capsule characterized in that a dry powder

of DINAc is filled on a netered dose Jnhalerror on a dry powder inhaler or
ss for the preparation

into a gelatin. plastic or other capsule. cg'rgihueé) proce
of a pharmaceutical conpositi E_n_m_[m_u_ub_a_; | L0 dient a salt of
Di NAc as defined in claim3 apd Wapipsifisdceut ilcll | vy 1868ept abl e carrier for

formul ation as a tablet characterized in that a salt of DINAc is mxed with

t he carri er Examdile 7 Oabiellloy tenttolled refpasen bl et ..

1 tablet:
Compound ia and Ib 1-100 mg
Paraffin Special 145mg
Lactose Powder S0 mg
Callcidat Siticon Dioxide §mg
Ethylceliulose 10 ¢ps 13 mg
Ethanot 99.5 vol% 85 mg
Magnesium Stearate 25mg

Example 8. Granulate for controlled release

1 g of granuiate: .

Compound la or lb 1-100 mg
Ethyiceliulose Dispersion 10 mg
Acetyltributylcitrate 0.5mg
Eudragit L 100-55 55 mg
Triethylcitrate Smg
Talc 30 mg
Water newly distilled 350mg
Pellets, neutral to 1000 mg
Example 9. Solution for injection.
1 mL in a single dose contains 1.0-10.0mg
Compound laor Ib 1.0-100mg
Sodium chioride 8.8-77mg
Water for injection to 1.0mb

Example 10. Cream for topical application

1 g of cream contains:

et 0 G St 85
Example 11. Qintment for topical application . ’
24 JUK 1997

1 g of cintment contains:

Compound la or lb g1-1mg

While soft paraffin 75mg

Liquid paraffin 10 mg

Celostearyl alcohol 75 mg

Cetomacrogol 1000 20 mg

Metagin 0.8mg

Propagin 0.2 mg i

Water. purified to 10g REPLACEMENT SEEET
2 ]

2




17. A process for the preparation of a pharnmaceutical conposition
conprising as active ingredient a salt of DiNAc as defined in claim3 and a
pharmaceutically acceptable carrier for formulati on as granul es
characterized in that a salt of DONAc is mixed with the carrier and

formul ated to granules. 18. A process for the preparation of a

phar maceuti cal conposition conprising .as act ive ingredient a salt of Di NAc
as defined in claim3 optiona ith a pharmaceutj.cally acceptable carrier
for adm nistration in a sol utf complydnewl || - zatiog }:haract erized in that

D NAc and the carrier is dissloliguggadatin watier andomgl | ed on a contai ner for
nebul i zation. 19. A process f{owhiteladt garatipalr & | ont.0§ p phar naceuti cal
conposition conprising as active 1ngrearent a salt of Di Nf& as defined in
cl ai m 3 Epaniofer1a|Jdobthalnit bokiophar naceuti cal |y acceptabl e carfi T '
admi ni stration as an ophtal mic solution or an oral sol uti onﬁgpllrépgﬂﬂﬂ SHEET
in that Di NP©9%RQf 397es exmiaing P19 smepfsemroyeda ¢fP wat er and ffiI§ ed on a

cont ai ner.
Compound la or [b 0.1-1mg 24 JU“ 1997
Benzalkenium chiaride 0.1mg [
Sadium chloride 8.0mg L
Water, sterile o 1.0'mL
Chemistry
Example 13

Di-L-lysinium-N,N'-diacetyi-L-cystinate (la; R = H;N(COOH)CH(CH,) NHg):

N-Acetyl-L-cysteine {22 mol. 3.59 kg) was dissolved in 2.6 L of deionized water. Sodium hydroxide 45% in water
(22 mol, 1.92 kg) was added with stirring and temgerature kept below 20°C. After adjusting the temperature to 5°C.
hydrogen peroxide (11.0 mol, 0.95L) was carefully added dropwise during S0 min. The temperature was not aillowed
to exceed 10°C during this addition. To the resulting solution was added S L of activated strongly acidic cation ex-
changer. After stirring for 10 minutes the pH was 2.0 and the ion exchanger was filtered off. The filtrate contained 9.85

" mol of N-N'-diacetyl-L-cystine, as determined by HPLC using a standard prepared from the pure substance. To this
crude soiution was added L-lysine (19.3 mol, 3.17 kg). The thick solution formed, was slowly added to 50 L of refluxing
ethanol containing 0.23 kg of crystalline di-L-lysinium-N.N'-diacetyi-L-cystinate. After the addition, the slurry was al-
lowed to cool and the crystals ware filtered off. Washing with ethancl (§ L} and drying (vacuum, 40°C) for 12 hours
afforded 5.38 kg (90%; of the title substance as a white crystalline solid.

Physical data: Mp: 210°C (dec); [ap25= -70° (c=0.54. H,0) : TH-NMA {D,0) §: 1.36-1.60 [4H, m. Lys yCHyj, 1.73
{4H, p. Lys 5 CHpl, 1.84-1.96 [4H, m, Lys B CH,], 2.05 [6H, s. CH3}. 2.95 [2H, dd, CH,S], 3.02 [4H, t, Lys e CH,]. 3.25
[2H, dd, CH,S], 3.76 (2H, t, Lys & CH], 4.50 (2H, dd. CHN] 13C-NMR (0,0 & 24.27: 24.80: 29.24: 32.72; 41.89: 42.78:
52.96: 57.30; 176.53; 177.41; 179.74; Analysis: Caled for CpyHeyOgNgS,, C:42.8 H:7.2N: 13.6 Found. C: 426 H: 7.4
N: 13.7; MS m/z = 325 (MH*), mVz = 471 {MLysH*}, m/2 =617 (MLys H*).

Example 14
Ethylenediaminium-N,N'-diacetyl-L-cystinate (Ib; R = HyNCH,CH NH,):

To N.N'-Diacetyl-L-cystine {30.2 mmol. 10 g) disscived in 20 mL of water was added sthylenediamine (61.8 mmol.
3.73 g) and ethanol {30 mL). The solution was concentrated to a thick paste which was redissoived in 80 mL of ethanol.
Crystallisation occurred after 2 hours stirring at 10°C. Filtration and drying gave 6.2 g (45%] of the title compound.

. Physical data: Mp 185.2-192.4°C. TH-NMR (D,0) & 2.06 [6H. s. CH4]. 2.96[2H. dd. CH,S]. 3.26{2H. dd. CH,S].
3.28 (4H. 5. HaN*CH,CH,N“H,]. 4.50 [2H. dd. CHN]. 13C-NMR (D,0) 5: 24.76: 39.99: 42.74: 56.98: 176.55. 179.82:
Analysis: Caled C: 37.5. H: 6.3. N: 14.8. S: 16.7. Found. C: 37.3. H: 6.8. N. 1§.3. & 15.2; MS m/z = 385 {M
(HaNCH,CHaNH H*]

Example 15
N,N'-dibenzylethylenediaminium-N,N‘-diacetyl-L-cystinate (Ib; R = PhCH,NH,-CH,CHaNH,CH,Ph)

_ To a 63% solution of N.N'-diacetyl-L-cystine in water (67 mmole, 21.8 g) was added N,N'-dibenzylethylenediamine
{67 mmole, 16.0 g). The excthermic reaction gave a stightly oily product which could be recrystallised from water to
give 12.0 g (32%) of the litle substance as white crystalline needles.

Physical data: Mp 163.8-165.3°C. TH-NMR (0,0} §: 2.04 (6H,5.CHj}, 2.93 {2H.dd.CH,8}, 3.22 {2H,dd,CH,S]. 3.44
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20. A process for the preparation of a pharmaceutical conposition
conprising as active ingredient a salt of DiNAc as defined in claim,
optionally with a pharmaceutically acceptable carrier W'SﬁEETO by
i njection characterized in that DiNAc and the carrier { '
for injection and filled on a container. 21. A process} fpr the preparatijon
of a pharmaceutical conposition conprisi,ng as active ihgl eBidedUNa | t
Di NAc as defined in claim3 and a pharr‘rﬁceutlcally accgpl abl e carrier
topical admnistration characterized in that a salt of{DNAC as descri be
in any of clains 1 or 2 is mxed with the carrier and {ornulate
0i Nt ment .{4HRECH,ABTH K.AT{sid.s PHGYLNIE 41T (Jde (SHNAT HOTISAFOHan. P TR (DLD) 62K, aa;ema@wml on
conpri si rig-4a58. %192 1937§r '98F % Ml3 53 136:5S. 1THS0DIpygs (manohsfate) &dicd. /: BBt RPN &Rd a
phar macedt 1'cafuge S¢St 851 " 9€at M-2r for topical adninistration

character: zeql 1|$n that a salt of Di NAc as described in any of clainms 1 or 2
I's m xed he carrier and fornmul ated as a cream

Di-{1-adamantanaminium})-N,N'-diacetyl-L-cystinate (la; R={C(1) CH(3,5,7) CH4(2,4,6,8,9,10) NH,]

To N.N'-diacetyl-L-cystine (5.35 mmaie, 1.73 g} dissolved in 5 mL of water was added 1-adamantanamine (10.7
mmole. 1.61 g). To the solution was dropwise added 80 mL of acetone. The rasulting crystalline salt was filtered and
dried in vacuo, yielding 2.3 g (67%) of the title compound.

Physical data: Mp 162°C. TH-NMR {D,0) & 1.71 {12H, broad dd, CH,{4.6.10)}, 1.87 [12H.d.CH,(2,8.9)], 2.05 [6H,
8,CHgj, 2.17 [6H, broad s, CH(3,5,7}], 2.96 [2H,dd,CH,S], 3.26 [2H,dd,CH,S], 4.50 [2H,dd,CHN]

Examole 17
Di<{N-benzyi-2-phenyiethylaminium)-N,N'-L-cystinate (la: R=PhCH,CH,NH,CH,Ph)

To N.N'-diacetyl-L.-cystine (28.7 mmole, 9.3 g) dissoived in 20 mL of water was added N-benzyl-2-phenylethylamine
(57.4 mmole, 12.1 g). The solution was concentrated to a thick paste. from which the salt siowly crystailized. The
crystailine title compound was isolated and dried.

Physical data: Mp 87°C. 'H-NMR (D,0) & 2.05 [6H,s.CHj], 2.95 {2H.dd.CH,S}, 3.04 [4H.t,PhCH,C], 3.24 {2H,dd.
CH,S}. 3.33 [4H,1,CH,NBn], 4.25 [4H.s,PhCH,N], 4.48 [2H,dd,CHN]}, 7.30-7.52 [20H,m,Ph]

Examole 18
Plperazinium-N,N*-diacetyl-L-cystinate [lb; R=NH,(1,4) CHZ(2,3,5,6)]

To N,N'-diacetyl-L-cystine (4.60 mmole, 1.49 g) dissoived in S mL of water was added piperazine (4.60 mmole.
0.90 g). To the solution was added enough isopropanocl to cause formation of an oil, which slowly solidifies. The salt
was isolated and dried.

Physical data: Mp >170°C (dec.) TH-NMR {D;0) 5: 2.05 [GH 5.CHy), 2.96 {2H.dd,CH,S], 3.26 [2H.dd.CH,S], 3.42
{8H.s,CH5(2.3,5.6)], 4.49 (2H.dd,CHN]

Example 19
Dl-L~lysin ium-N,N'-diacetyl-L-cystinate (la; R=H,N(COOH)CH({CH;)4NH,).

N-acetyr-L-cysteane (37 mmol, 8.0 g) and L-lysine (37 mmol, 5.4 g) were dissolved in 10 mL of deionized water.
Hydrogen peroxide {18 mmeof, 1.5 mL) was added dropwise while stirring, and the temperature was kapt below 25°C.
The solution was stirred for an additional 4 h. The viscous solution was slowly added to 150 mL of refluxing ethanol
containing 0.50 g of crystalline di-L.lysinium-N.N'-diacetyl-L-cystinate. After addition the solution was allowed to cool.

" and the crystals were filtered off. Washing with ethanol (20 mL), and drying (vacuum. 45°C} for 24 h alforded 10.0 g
{84%) of the title substance as a white crystalline solid,
Physical data: Mp: 208°C: [«]255=-73° (¢=0.54. H,0)

Claims

Claims for the following Contracting States : AT, BE, CH, DE, DK, FA, GB, GR, IT, LI, LU, MC, NL, PT, SE, IE

1. Asalt of an organic base and N,N'-diacetyl cystine in its individual isomers, i.e. D-, L- and maeso-forms as well as

its racemic forms (DiNAc] characterized by the general formula - el L

|
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Pat ent anspruche Pat entan fi% fol gende Vertragsstaaten: AT, BE. CH,
DE, DK, FR, GB, ' l ~N\L, PT, SE, IE 1. Salz von_einer-

or gani schen Base ufd™K %)' stin in seinen einzelnen Isonmeren. d.h.
D-. L- und neso- Fdrren. sow e sei heh raceni schen ﬂl““ﬁﬂll“\“‘
gekennzei chnet dur dh {di 242JUN¥99®T n¢ Fornel c00 C lemn‘H

COO NHCOCH  NH ddt er _a . x ¢ Lomos
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. N

[4H,5.CH,NBN}, 4.27 [4H,5,PhCH,N], 4.47 [2H,dd,CHN], 7.44-7.54 [10H,m,Ph]. 13C-NMR (D,0) 5: 24.82, 42.82, 45.71,
54.47, 56.99. 132.22, 132.58. 132.67, 133.52, 176.56, 179.80. Analysis (monohydrate): Calcd, C: 53.6, H: 6.6, N: 9.6,
S: 11.0. Found. C: 54.5, H: 6.6, N: 9.6, S: 11.2.

Example 16

Di-(1-adamantanaminium})-N,N'-diacetyl-L-cystinate (la; R=[C(1) CH(3,5,7} CH,(2,4,6,8,9,10) NH,]

To N.N'-diacetyl-L-cystine (5.35 mmole, 1.73 g) dissolved in S mL of water was added 1-adamantanamine {10.7
mmoie. 1.61 g). To the solution was dropwise added 60 mL of acetone. The resulting crystaliline sat was filtered and

dried in vacuo, yielding 2.3 g (67%) of the litte compound.
Physical data: Mp 162°C. TH-NMR (D,0) 8: 1.71 [12H, broad dd, CH,(4.8,10}], 1.87 [12H.d.CH,(2,8,9)], 2.05 [6H,

8,CHgl, 2.17 [6H, broad s, CH(3,5.7)], 2.96 {2H.dd,CH,S], 3.26 [2H,dd,CH,S}, 4.50 {2H,dd,CHN]

Example 17
Di-(N-benzyl-2-phenylethylaminium)-N,N'-L-cystinate (la; RsPhCH,CH;NH,CH,Ph)

To N, N'-diacetyl-L-cystine (28.7 mmole, 9.3 g) dissoived in 20 mL of water was added N-benzyl-2-phenylethylamine
{57.4 mmole, 12.1 g). The solution was concentrated o a thick paste. from which the salt slowly crystallized. The

crystalline title compound was isolated and dried.
Physical data: Mp 87°C. 1H-NMR {D,0} & 2.05 [6H.s.CHyj], 2.95 {2H.dd.CH,S]. 3.04 [4H.1,PhCH,C}, 3.24 [2H.dd.

CH,S}, 3.33 {4H,t,CH,NBn), 4.25 [4H.5.PhCH,N], 4.49 [2H,dd,CHN], 7.30-7.52 [20H,m,Ph]

Examole 18

Piperazinium-N,N'-dlacetyi-L-cystinate {Ib; R=NH,(1,4) CH,(2,3,5,6)]

To N,N'-diacetyl-L-cystine {4.60 mmole, 1.49 g) dissoived in § mL of water was added piperazine {4.60 mmcle.
0.50 g). To the sclution was added encugh isopraopanocl to cause farmation of an oil, which slowly solidifies. The salt

was isolated and dried.
Physical data: Mp >170°C {dec.) TH-NMR (D,0) 3: 2.05 {6H 8.CHy], 2.96 [2H,dd,CH,S], 3.26 [2H,dd,CH,S], 3.42

[BH,5,CHy(2.3,5.6)], 4.49 [2H.dd,CHN]

Example 19
Dl-L-iysinium-N N'-diacetyl-L-cystinate (la; R=H,N(COOH)CH(CH,),NH,).

N-acstyl—L-cysteme (37 mmol, 6.0 g) and L-lysine (37 mmol, 5.4 g) were dissolved in 10 mL of deionized water.
Hydrogen peroxide (18 mmol, 1.5 mL) was added dropwise while stirring, and the temperature was kept below 25°C.
The solution was stirred for an additional 4 h. The viscous solution was slowly added to 150 mL of refluxing ethanol
containing 0.50 g of crystalline di-L-lysinium-N.N'-diacetyl-L-cystinate. After addition the solution was ailowed to cocl.
" and the crystals wers filtered off. Washing with ethanol {20 mL). and drying (vacuum. 45°C) for 24 h afforded 10.0 g
(84%) of the title substance as a white crystalline solid.

Physical data: Mp: 208°C: [«]?55=-73° (¢=0.54. H,0)

Claims

Claims for the lollowing Contracting States : AT, BE, CH, DE, DK, FR, GB, GR, IT, LI, LU, MC, NL, PT, SE, |IE

f\ salt of an organic base and N.N*-diacetyl cystine in its individual isomaers, i.e. D-, L- and meso-forms as well as
its racemic forms [DiNAc] characterized by the general formula
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00 COO”
S-S +
/\r . 2R I
NHCOCH,  NHCOCH,
or
"00 g5~~~ OO0 a2+ .

NHCOCH, NHCOCH,

whaerein R* and R2* is the cation of the organic base lysine, ethylenediamine, N N'-dlbsnzylemylenedlarmne. ad-
amantanamine, N-benzyi-2-phenylethylamine or piperazina.

A salt according to Claim 1 of N,N'-diacetyl-L-cystine.

A process for preparing a salt of a compound as defined in Claim 1 or 2 by treating DINAc with the organic base
or a salt containing these cations of the organic basa. reactants being dissolved or dispersed in a solvent or a
solvent mixture and isolating the sait which may optionally be in hydrated or solvated form.

A process for preparing a salt as defined in Claim 1 or 2 by oxidizing a salt of N-acetylcysteine and the organic
base and isolating the DiNAc salt which may optionally be in hydrated or solvated form.

A pharmaceutical composition comprising as active ingredient a salt of DiNAc according to Claim 1 or 2.

A pharmaceutical composition as claimed in Claim 5 for administration from a prassurized metered dose inhaler
or from a dry powder inhaler or from a dry powder inhaler utilizing gelatine, plastic or other capsules.

A pharmaceutical composition as claimed in Claim 5 or 6 including a pharmaceutically acceptabte carrier is added
to the composition.

A pharmaceutical composition as claimed in Claim 5 in the form of capsules or tablets.

A pharmaceutical composition as claimed in Claim 8 including a pharmaceutically acceptable carrier.

A pharmaceutical composition as ¢laimed in claim 5 for administétion in a solution by nebutization.

A salt according to Claim 1 or 2 for use as a therapéutically active substance.

A sait according to Claim 1 or 2 for use in the treatment of malignant diseasss.

Use of a sait according to Claim 1 or 2 for the preparation of a medicament with immunomodulating aclivity.

Use of a salt according to Claim 1 or 2 for the preparation of a medlcament for use in the treatment of malignant
diseases.

Claims tor the following Cantracting State ; ES

1.

A salt of an organic base and N .N'-diacatyl cystine in its individual isomers, i.e. D-, L- and meso-forms as well as
its racemic forms [DINAc| characterized by the generaf formula
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NHCOCH,  NHCOCH,
o0 S-S Coo RZ+

NHCOCH,  NHCOCH,

wherein R* and R2* is the cation of the organic base lysine, ethylenediamine, N,N'-dibenzylethylanediamine, ad-
amantanamine, N-benzyl-2-phenyisthylamine or piperazine.

2, Asaltaccording to Claim 1 of N,N'-diacetyl-L-cystine.

3. Aprocess for preparing a salt of an organic base and N,N'-diacetyl cystine in its individual isomers, i.e. D-, L- and
meso-forms as well as its racemic forms [DiNAc] of the general formuia

‘00 COO"

s-s7Y 2R*
NHCOCH,  NHCOCH,

S- S COO. H2+
NHCOCH, = NHCOCH,

wherein R+ and R2+ is the cation of the organic base lysine, ethylenediamine, N,N'-dibenzylethylenediamine, ad-
amantanamine, N-benzyl-2-phenylethylamine or piperazine by treating DiNAc with the organic base or a salt con-
taining these cations of the organic base, reactants being dissolved or dispersed in a solvent or a solvent mixture
and isolating the sait which may optionally be in hydrated or solvated form.

4. A process lor preparing a salt of a compound as defined in claim 3 by oxidizing a salt of N-acetyicysteine and the
organic base and isolating the DiNAc salt which may optionally be in hydrated or solvated form.

5. A pharmaceutical composition comprising as active ingredient a salt of DiNAc according 1o Claim 1 or 2.

- 6. A pharmaceutical composition as claimed in Claim 5 for administration from a pressurized metered dose inhaler
or trom a dry powder inhaler or from a dry powder inhaler utilizing gelatine. piastic or other capsules.

7. Apharmaceutical composition as claimedin Claim 5 or 6 including a pharmaceutically acceptable carrier is added
to the composition.

8. A pharmaceutical composition as claimed in Claim 5 in the form of capsules or tablets.
9. . A pharmacsutical composition as claimed in Claim 8 including & pharmaceutically acceptable carrier.
10. A pharmaceutical composition as claimed in claim 5 for administration in a solution by nebulization.

11. A salt according to Claim 1 or 2 for use as a therapeutically active substance.
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12. A salt according to Claim 1 or 2 for use in the treatment of malignant diseasas.
13. Use of a salt according to Claim 1 or 2 for the preparation of a medicament with immunomoduiating activity.

14, Use of a salt according to Claim 1 or 2 for the preparation of a medicament for use in the treatment of malignant
diseases.

15. A process for the preparation of a pharmaceutical compaosition comprising as active ingredient a salt of DiINAc as
defined in claim 3 optionally with a pharmaceutically acceptable carrier for administration from a pressurized me-
tered dose inhaler or from a dry powder inhaler or from a gelatin, plastic or other capsule characterized in that a
dry powder of DiNAc Is filled on a metered dose inhaler or on a dry powder inhaler or into a gelatin. plastic or other

capstuie.

16. A process for the preparation of a pharmaceutical composition comprising as active ingredient a salt of DiNAc as
defined in claim 3 and a pharmaceutically acceptable carrier for formulation as a tablet characterized in that a salt
of DiNAc is mixed with the carrier and formulated to a tablet.

17. A process for the preparation of a pharmaceutical composition comprising as active ingredient a sait of DiNAc as
defined in claim 3 and a pharmaceutically acceptable carrier for formulation as granules characterized in that a
salt of DiNAc is mixed with the carrier and formulated to granules.

18. A process for the preparation of a pharmaceutical composition comprising as active ingredient a salt of OiNAc as
defined in ciaim 3 optionally with a pharmaceutically acceptable carrier for administration in a sclution by nebuli-
- zation characterized in that DiNAc and the carrier is dissolved in water and filled on a container for nebulization.

18. A process for the preparation of a pharmaceutical composition comprising as active ingredient a salt of DiNAc as
defined in claim 3 optionally with a pharmaceuticaily acceptable carrier for administration as an ophtaimic solution
or an oral solution characterized in that DiNAc and the carrier is dissolved in water and filled on a container.

20. A process for the preparation of a pharmaceutical composition comprising as active ingredient a salt of DiNAc as
defined in claim 3 optionally with a pharmacsutically acceptable carrier for administration by injection characterized
in that DiNAc and the carrier is dissolved in water for injection and filled on a container,

A process for the preparation of a pharmaceutical composition comprising as active ingredient a salt of DiNAc as
defined in claim 3 and a pharmaceutically acceptable carrier for topical administration characterized in that a sait
of DiNAc as described in any of claims 1 or 2 is mixed with the carrier and formulated as an cintment,

21

.

22. A process for the preparation of a pharmaceutical composition comprising as active ingredient a salt of DiNAc as
defined in claim 3 and a pharmacsutically acceptable carrier for topical administration characterized in that a sait
of DiNAc as described in any of claims 1 or 2 is mixed with the carrier and formulated as a cream.

Patentanspriiche

Patentanspriche fiir folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, GR, IT, L, LU, MC, NL, PT, SE, IE

1. Salz von einer organischen Base und N,N'-Diacetyicystin in seinen einzelnen Isomeren. d.h. D-. L- und meso-
Formen. sowie seinen racemischen Formen (DiNAc]. gekennzeichnet durch die allqemeine Formel
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NHCOCH; NHCOCHS I
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ORGANIC SALTS OF N, N’-DIACETYL CYSTINE

Abstract
| New crystalline organic salts of N,N'-diacsty! cystine with immunomodulating

effect, processes for their preparation, pharmaceutical compositions
containing them and methods of their pharmacological use.
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[4H,5.CHLNBN|, 4.27 [4H,5.PRCHAN], 4.47 [2H.dd.CHN], 7 4d-7.54 (10H.m.Ph]. 1°C-NMR (0,0} 4: 24.82, 42.32,45.71,
54,47, 56.39. 132.22. 112,58, 132.57. 133.52. 176.56. 179.90. Analysis {maonahydrate): Caled, C: 53.6. H: 6.6, N: 9.8,
S: 110.Found, C: 54 5. H: 5.8, N 9.8, S. 11.2,

Examole 18
Qi-( 1-adamantanaminium)-N,N'-diacetyl-L -cystinate (la: A={C(1) CH(3.5.7) CH,(2.4,6,8.9,10) NH,4]

To N.N'-ciacetyl-Lcystine {5.35 mmale. 1.73 g) dissolved in 5 mi of water was added !-acamantanamine (10.7
mmoie. 1.51 g). To the solution was dropwise acded 0 mL of acatona. Tha rasuiting crystailine salt was fiterad and

driect in vacuo, yieiding 2.3 g (67%) of tha title compound.
Physical data: Mp 162°C. TH-NMR (0,0} & 1.71 [12H, broad det, CH,(4.5.10)], 7.97 {12H.d.CH,(2.5.9}, 2.05(6H,

$,CHgj, 2.17 [6H. broad s, CH(3,5.7)}, 2.96 [2H,da.CH,S|, 3.26 (2H.da,CiH,S], 4.50 [2H.dd,CHN]
Examole 17 '
Di~{N-benzyl-2-phenylethylaminium)-N,N"-L-cystinate (la: R=PhCH,CH,NH,CH,Ph)

To N.N'-&iacatyl-l.-cysﬁne {28.7 mmole, 9.3 g) dissolved in 20 mi. of water was added N-penzy!{-2-phanylathylamine
(57.4 mmola, 12.1 g). The sclution was concentrated o a thick paste. fram which the sait siowly crystailized. The

crystailine litle compound was isalated anc driad.
Physical data: Mp §7°C. *H-NMR (D,0) & 2.05 [6H.s.CHyj, 2.95 {2M.0,CH, S, 3.04 [4H.LPhCH,C], 3.24 [2H.cd.

CH,S]. 3.33 [4H,L,CH,NBn]. 4.25 [4H.5,PhCH,N], 4.4 [2H,dd.CHNJ, 7.30-7.52 {20H.m,Ph]

Examuole 18
Plporazinium—N.N‘-diacety&-L-c'ystlnate {lb: AaNH,(1,4) CHL(2,3,5,6)]

To N.N'-diacatyl-L-cysting (4.0 mmole. 1.49 g) dissolved in § mL of water was added piperazine (4.60 mmoia.
0.90 g). To the sclution was added enough iscpropancl 1o cause formation of an ail, which slowly solidiflas. The sait

was isolated and driad. .
Physical cata; Mp >170°C {dec.) TH-NMR (0,0} 5: 2.0 (6H.5.CH,], 2.96 {2H.dd,CH,S], 3.26 [2H,dd,CH,S]. 3.42

[8H,8.CH2(2.3.5.8)], 4.49 {2H,dd, CHN] :

Example 19
Di-L-lysinium-N,N"-dlacetyl-L-cystinate (la; RaH,N(COQH)CH(CH,) NHy).

N-acstyi-L-cysteina {37 mmol, 8.0 g) and L-ysine (37 mmol, §.4 g} were dissoived in 10 mL ot deionizad water.
Hydrogen paroxica (18 mmal, 1.5 mL.) was addaed dropwise while stirring, and the temparature was kept below 25°C,
The solution was stirrad for an additional 4 h. The viseous solution was siowly added to 150 mb of refluxing athanai
containing 0.50 g of crystalline di-L-ysinium-N.N'-diacetyl-_cystinate. Alter addition the soiution was allowad to cool.
" and the crystais were filtared off. Washing with ethano! {20 mL), and drying (vacuum. 45°C) for 24 h afforded 10.0 g
{84%) of the litle substance as a white crystalline solid.

Physical data; Mp: 208°C: {«}?S5=-73" (c=0.54. H;O)
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Claims

Claims tar the lallawing Cantracting States : AT, 38, CH, Q€. 0K, R, G, GR, IT, LI, LU, MC, NL, AT, SE, IE

T Asail of an arganic 2asa ang N.N-gIEcatyl cysina i 3 ndvicual iscmars. L3, D-. L- and masa-farms as wail ag
s racamuc larms {DiNAG] charactenzac by (Ne ganaral lormula

Q S-S/\,/CGc 2R* i
NHCOCH,  NHCOCH, -
aQr
! N Iololoy .
s-s7Y a2 "

NHCOCH,  NHCOCH,

wharain A~ anc S2+ ig e cation of the crganic Sase lysine, athyleneciarmine, N,\'-disenzylethylanediamine, ac-
amantanamineg, N-genzyl-2-ghenylethylamina or giperazine. ’

2. A salt accorcting to Clam 1 of N,N'-diacetyl-i.-cystine.

3. A proesss for pragaring 3 sait of 2 compound as 2efined in Claim 1 or 2 by traating OiNAc with the crganic base
or a salt containing thase caticns of tha organic tase. reactants 2aeing disscived or disparsed in a scivent or a
saivent mixture and isclating the sait which may cpticnaily oe in ycrated ar soivated form.

4. A grocass {or gragaring a salt as defined in Claim 1 or 2 8y axidizing a sait of N-acatylcysteine and the arganic
base anc isclaring the OiNAc sait which may apticnally be in fydratac cr soivated form.

. A gharmacautical comgpasition camprising as active ingracient a salt of JiNAc accarding to Claim 1 or 2

8. A pharmmacsutical ccmpasition as claimed in Claim S for administraticn frem a prassurized metarad dose inhaler
or frem ady powder inhaler or from a dry pawdar inhaler utilizing gelatine, glastic or other capsules.

7. Apharmacautical cemposiﬁon as claimaed in Claim 3 or § including a gharmaceutically accaptable carrier is acded
1e the campasition. '

8. A pharmacsutical compasition as claimed in Claim 5 in the form of capsules or lablets.

9. A pharmaceutical compasition as claimad in Claim § including a pharmacautically accaptable carrier.

10. A pharmacautical compasition as caimed in ctaim 3 for administration in a solution By nebulization.

11. A sait accarding to Claim 1 or 2 for use as a therapeutically active substance.

12, A salt accarcing to Claim 1 or 2 for use in the treatment of malignant diseasas.

13. Useof a salt acearding ta Claim 1 or 2 for the gragaraticn of 2 mecicamant with immunomodulating activity.

14. Use of a satt accarding to Claim 1 or 2 far the greparation of a medicamaent for use in the treatment of malignant
diseasas.
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ORGANIC SALTS OF N,N’-DIACETYL CYSTINE

Abstract

New crystalline organic saits of N,N'-diacsty! cystine with immunomodulating
effact, processaes for their preparation, pharmacsutical compositions
containing them and methods of their pharmacological use.




