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invention relates to the synthesis and use of certain antiliter obtallagentes—
useful in conbating bacteria, 'yeasts, viruses, fungi-and protozoa. Mbre
particularly,-it relates to the use of tetraal kyl ethenylidenebi sphos-
phonat es in pharnmaceutical conpositions and to a novel process for the
manuf acture of these tetraal kyl ethenylidenebi sphosphonate anti m crobi al
agents BACKGROUND OF THE | NVENTI ON Numer ous antim crobi al agents have been
devel oped which are effective in treating a variety of pathogenic bacteria.
General |y, t WEANUEACTURE QF iTBERA-ALKYie RTHENYLIDENE BESZPHOSPHONATES O

t hree groups basedARD Uls® Wmﬂm@m‘gﬁﬁﬁé@éﬁéﬁaﬁéggrugs whi ch

are primarily effective against the gram po Ive C I1i, which
tend to have a relatively narrow spectrum of activity, including

penicillin G the senisyntheti Charles IR |E?éhﬁ@§d§tant penicillins, the
macrol i des, the |inconycins, va%%ig, % bacitracin; (2) drugs which
are prinmarily effec- tive agains rer O EPPRERMegat i.ve bacilli, which
I ncl ude the am nogl ycosi des and pol ynyxins; and (3) relatively broad spec-
trumdrugs whichnekf eaveletbnl hal iy atiye pacilli,

i ncl udi ng t‘t;e r pad- sggctr umgptei%i gtﬁq @&gé’%ﬂ%%gﬁ‘ﬁ%@r%ﬁﬁi ‘Bgl lin),. e
the cephal SSPorTHR, @RREMLEEP iagents ysafl Jpeombating rbactaopai,n and &g
t he sul f onareaktss, \Wknuses ,afungicrand Protddod)l Y Miré ﬁf@gé‘?flai. first i
tested. patster epsi Ly a resi stance are usually deiined:’ -2-
Hawever tﬁe@e ]I.€£a%§/ g%e%b%u&hggaﬁ%s@&ﬁéﬁme’y Q&VW%‘P%@OSU they
fact that RheRAtemnianshazmageytiical esmpositeidns and 6 dbhevengent s,
which all oyfrddieda fo £ UEHEY RahB£adtut e’ V¥ these tetraalkyl _

: ethenylidenebisphosphonate antimicrobial agents. *

_ BACKGROUND OF THE INVENTION
Numerous antimicrobial agents have been developed which are
- effective In treating a variety of pathogenic bacteria. Generally,
the functional. utlility of these agents can be classified into three
groups based on their general antimicrobial actlvity:

(1) drugs which are primarily effective égalnst the gram-
positive cocci and bacilli, which tend to have a relatively narrow
-~ - spectrum of activity, including peniélllln G, the semlsynthetfc
peni-cilllnase-resistant peniciilins, the macrolides, the lincomycins,
vancomycin, and bacltraclri; (2) drugs which are primarily effec-
tive against the aerobic gram-negative bacilli, which include the
aminoglycosides and polymyxins; and (3) relatively broad spec-
trum drugs which affect both the gram-positive and gram-negative
bacilli, including the broad-spectrum penicillins (ampicillin and
carbenicillin), the cephalosporins, the tetracyclines, chloro-

amphenicol, trimethoprin and the sulfonamidés. _
When the antimicrobial activity of a compound is first tested,
patterns of sensitivity and resistance are usually defined.




of these antibiotics. In order to overcone this problem strong.5

| npqt us exi sts for-the devel opment of new antinicrobial agents. It has been
tou.\r;u/j that certain tetraal kyl ethenylidene- bisphosphonates are effective
agalnst a broad spectrum of gram positive and gram negative

m croor gani sns, such’ as bacteria, yeasts, virus&s, fungi and protozoa, many
of which are resistant 10 to the wdely used antim crobials, such as
penicillin. These Howevesi k¢he cefficagy i speastnumpRan psubsaguenthyn varyuswtkedly
control and el i m Ny (43¢ thif T6éd Wt AAAEROBrEEARMRS | dan® dcduird SRaMEne b
as gas gangrene, dental caries, urinary tracl 1nfections, gastroln- _
testinal | nfection®antimigrebis! ageats. M’Fic'hﬁdh“@,(mﬂmitﬁf survivasin the presence

Additional Iy, the gfff tRése/ ARiIBIORES COIPEFIEIS thS oPekcoried thid G#Bblem alstrsrigd

by the presence of ,hu serum _An_obj ect,k of the present .invention is to
provi de phar miceut iiE‘Qg‘él ﬂ€

n
us) exisss; far, the. sieveiapment; ot ew; antimignobial agents.
et h\(ra_PyI i deneb: lsphofsphon&t has cheong fourid) thapcertsioeut | caltétraallyl ethenplidene-
carrfer. Sti a fur ' S IRV ' ' [ L
novel one-pot pr oce@gbgﬁp'?‘%leﬁg e‘?&r éﬁ%ﬂ{'gf gﬁ%'gégferl}'#oggl kéﬁé&um of &gan"i‘
et henyl i denebi s- pipesitivaatans g@npthegative microorganisms, suehCasRbasteri®RT
Mintosh et al Ca,m n 1 (mﬂi /Olmarhy RichPBre Fe8tstant
di scl oses t hevﬁr epar at :t%'n vgf&vﬁyrmpq}os a?‘é&%ﬁ%/mm(ﬁigt Eg?ﬁc?rhg?ret hozﬂl "
met hyl phosphbhat e, topather owldelviebsed, 3HE‘!'HE7RS?‘?"pi Ruch; #s pepicillin, ese
Lol uenesulfoni o act trlcyl ethemlidenebidginsphondtes 8 Bliusssnes sahurd
ethylene-1, 1- dip onl c.,aci,d. i i sclos n Ge aj.n en
1,204, 967,  -3- pﬂ@%éﬂ%dﬂ‘ged?&?z@ﬁ”g,‘gfggb."’Pﬂ“é@éﬁ ol Uidedsds®Blch as
1- Rydr oxyet hane- 1, Igasiigangnenepi dertal dcaries.onudnaeyl tract t infectionsy gastroint n
sondi ng salt ot o erigEriehy SIREAds, " vialdall FERERGnb" Bha ek ! ifctions.

| . 15 andltionally, the efficacy of these compounds is not significantly

affected by the presence of human serum.

‘An object of the present invention is to ;‘r':évide.
pharmaceutical compositions comprising these tetraalkyl
ethenylidenebisphosphonates along with a Pharmaceutically-

2_0 acceptable carrier. Still a further object of the present
- invention it to provide a novel one-pot process for the

preparation of these tetraalkyl ethenylidenebis-
phosphonates.

30 ' | BACKGROUND ART
Mcintosh et al., Canadian Journal of Chemistry, Vol 56
(1981) pp. 226-31, discloses the preparation of vinyl phosphates
from diethyl carbomethoxy methyl phosphonate, paraformaldehyde,
_ methanol, piperdine and toluenesulfonic acid.
35 A two-step process for the manufacture of ethylene~1, 1-
diphosphonic acid Is disclosed In Great Britain Patent 1,204,967,




conpounds are disclosed as being useful as sequestering agents, chel ating

agents, water-treating agents, stabilizers for peroxy conpounds, “additives

|ngI|qU|d soaps, detergents and shanpoo, jﬂﬁﬂﬂs for use in scoutfing cIoth\J
rubber and plastlc com positions,” dairy cleanlng conposi tions,

agents for use i pap essin [of0) bitors, feed
and veget atP%'% %@RF‘? Srb?%es? ggﬁ?zt 'C?G'bg 4 hﬂhaf’Fe |ng
COg})OSI ti OESctﬁﬁHo%ﬁhbﬁlé %?:ld]glg @hvémt ﬂauwwemmimr samonlrf swlnm c,
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organi c pi gnpmalngarwcmerﬁmyeuatum ofafiami Q00RC Pt esno"e:t.or Thesai r

di f I I
Rgent . checSEMBTNIRE arer Blscldded s, baftS IARAIC K’ SehiBrerlty Bt touncenced.
m | k, flame chelatiogntagents .pawatar-tmﬂngidlgems, stabitizers: fottdiperoxy and
dentrif [ | £ t cted w t h,
friethyl o tg‘fm %‘g f“ﬁ’gﬁ%’.{; r&gﬁgﬁk ﬁé%g@?émzfs%ﬁi Ware
U. S. Patent o 1! com- '
di scl oses th ﬁhb?sdﬂrffclﬁﬁﬁlh@ Bof ionS! 36 d‘tﬁ for Mse riﬁrbﬁld ghgaal kyl

vi nyl i denedi ﬁho%‘phonat es.by. the tet raal
1- t t h(ﬁ%%%‘oﬁ . Lo, IS aff f’n vegeiatlenr 1 to
et oyt RO Sl el ety ke e ) ¢
f ect dj hu fect e
;Roﬁﬁt'ﬁ?sa pREERETnt o | FEIgRNe "BliMBare RATHIONR BoRRifes Mhdlortcl! Ve
[err] vxheremnpbotqﬂgnavpthe getengents; d lime yseap cdispersants,: RunTr oup J
consi sti-ng 0?% htd, tasbefgdmst "Brdiays: baalmhgd nibdy, . papgICt Balpgi th a

pharnaceutlc accept ab rier ‘Thi,s i.nVention . further rOV|des a

met hod for nﬁ?ﬂ!’ﬂ&ﬂ%r’ﬂﬁg %?Féaﬂ@m%%eﬂyﬁl gement ﬁﬂﬁgﬁom
potentiators, hair modifiers in shampoos, fertilizers, food and )

beverage acidulants leavening agents,. cheese emulsifiers, modi~-.
fying agents.in evaporated and condensed milk, flame retardants
in paints, oil additives, gasoline additives and dentrifice com-
. positions. 'l'_t is tiught- that- this acid can be reacted with triethyl
orthoformate to produce tétr.aeth‘yl ethéne -1,1-disphosphonate.
U.S. Patent 3,062,792 ‘to McConnell ‘et al., issued. November
1962, - discloses the synthesls of. certain flame. retarding poly-
meric tetraalkyl vinylidenediphosphonates by the pyrolysis of
tetraalkyl 1-acetoxy-ethene-1 1-diphosphonates at temperatures

ranging from 850°C to 500°C. N

This invention relates to pharmaceutical compositions
for treating infectious diseases in hixm’ans or animals,
comprising a safe and effective amount of a tetraalkyl
ethenylidenebisphosphonate ester of the formula:

.- -.."'

Potoa‘ )(0R?)

.
\ P0(0R3) (OR")

2

wherein Rl, Rz, 83 and R? are indiv:tdually
selected from- the group consisting of cl to C
straight or branched alkyl, together with a

pharmaceutically acceptable carrier,

¢ -



(°"a) conbi ning from ‘ 20 to 96 nol e percent of a formal dehyde or
formal dehyde precursor selected fromthe group consisting of formaldehyde,

par af or mal dehyde or trioxane; from 2 to 40 nmol e percent of a
seco dary amine; and from2 to 40 nmol e percent ‘of a tetraal kyl

nmet hyl enebi sphosphonate of the forrrula [err] merel n[err] and [err] are
| ndependently chosen from . [err] to [err] straight
or branched al kyl; In an al cohol solvent selected from- ' nethanol and
et hanol (b) heating said mxture to a tenperature of from[err] to

80C for a period ef from - 0.5 hours to 200 hours; (c) replacing

sai d al cohol solvent with an equival ent amount of a solvent selected from
t ol uene, benzene and xyl ene; and (d) adding a catalytic anount of an acid
selected from- paratol uenesul fonic acid and phos- phoric acid, and

allowing said mxture to react for a period of from 2 hours to 48

hour s. DETAI LED DES Tl EI\FI'I The ¢ [ |ons a

met fidds of this invent FEhFﬁ r‘%?éﬁ?ﬁrg"égvfaﬁ'?f des d%\l'ﬁé}?‘é manu r}“t"”"g

et henyl i denebi sphosphonat es* Itatnaatjculmmoyﬂdbaeb[spho}pmtesrby{ err] and R4

are independently chose r r consi s of [er

stra: ght IOor bran%:/hed ch i Qﬁzﬁpﬁnﬁ %efer:ab%dy%MerEal r?rﬁl\ﬂléﬂe %3 *“%r?& Pa

are [err] to [err] strai ght fqrm&!ﬂahmdoeh&rmmmdq hpsectirsom cselegted: ifeom

sanme alkyl. That is, in onethé -:;redoﬁfmﬂa g"BP forMbldehyde, [ﬁsfdfoﬁhﬂdeayde
rr

all CH or [err] .or [err] or t hough cogpounds re lerr ]
and R are the sanme [err] al R9| 'sMeful ' in). \Mp‘s mol ']CG“t o

L _ secondary amine; and from 2 to . 40 mole percent
of a tetraalkyl methylcn_ebisphosphongte of the formula:

YO
; <P0(OR3)(ORQ).
PO(OR™) (OR")
wherein R! . Rz. 83' and RY are independently chosen
from : T C, to C, straight or
branched alkyl; ln an alcohol solvent selected from
' R * methanol and ethanol;

~ (b) heating said mixture to a temperature. of from
40°C to 80°C, for a period of from : . 0.5
o - ~ hours to © 200 hours; | |

~ (e) replaclng said alcohol solvent with an equlvalent amount
of a solvent selected from T
toluene, benzene and xylene; and

(d) adding a catalytic amount of an acid selected from
' 7 paratoluenesulfonic acid and phos-
phorlc acid, and allowing sald mixture to react for a
period of from -~ ~: 2 hours to - 48 hours.



.15 . Most prefer-red R groups are [err] and [err] strai ghtv chai n al kyl .
Esarrpl es- of tetraal kyl ethenylidenebi sphosphonates useful in th<e pres

vermthon include tetral sopropyl ethenyl
t et r &nN-pentyl ethenylidenebi sphosphonat e,

denebi sphosphonat e,
20 tetra- n- hexyl ¢

et henyl i denebi sphosphonate, tetraheptyl ethesSA4i denebi sphosphonate, d
di butyl ethenylidenebi sphosphonate, dinmethyl di-n-propyl
et henyl i denebi sphosphonatQET&lhﬁDh?lES&RtﬁleQﬂ)\ﬂF THE INVENTION

ethenyl i denebi sphosphg ESmpﬁgltl%n and’| HE{HOYs 9 |nu$rwcfnta orpch

et henyl i denebi sphos hona

p! n- ropyl et e
di et hyl di |soprcmtalrettﬁféﬁ9!kwldeﬂm mm&m

ene

ent

I et hyl

rate
onat e,

oaatqshyavmgréhnyformula

et henyl i denebi sphosphonate, diethyl dibutyl ethenyl|deneb|sphosphonat
~diethyl diisobutyl ethenyl|deneb|sphosphonate t.h n- penty
ne IO (R AR dene

ethenylideﬁebisphosphonate di et hyl
di methyl di -n-hexyl ethenylldenebl hdSp

nebi sphosph

di - n- hept yl
et henyl i denebi sphosphonat e, . di et hyI [(ﬂiﬁg{;{ﬁd)
et henyl.i denebi sphﬁsphgniﬂ lg et l dd !Qu hg'pt ﬁbggﬁg@r\e&éﬁtly chosen from

|deneb|sphosphonﬂ pyI
et henyl i denebi spyosymh ocartsistiagi oﬁ 6 ot:yIC
i denebi sphosphon r&ergﬁg}ylwﬁérﬁﬁhwmﬁ{ h

tri-n- prop eth nyl eblsphos honat e,
et henyl i denebi spsiaaighh or cbrang

g

e, 30
onat e,

w
the

sitrai:ghtt pr bramched chain alkyl,

Y eenedd spipspiongie.c i

trns’opro

chain na'bm y‘lheé!t nehynotu nthﬂ SRes ot

ethyl tri-nethyl Tﬁbhqaylihdeﬁebpmbaﬁém%daimahhm tREN reﬁul R“ are
et henyl i denebi- sphﬁsﬂqonat 2%‘_ %‘Y henéh i denebi sp hon
10 - et hy? hgabm‘a'én a;p‘ﬁ‘ atmpoun &'
- . . and R are the same C -C alkyl are also useful herein).

15 Most preferred R groups are C and C stralght chain alkyl.

Examples ‘of tetraalkyl ethenylideneblsphosphonates useful in

the present invention include

-tetraisopropyl ethenyl|deneb|sphosphonate,
_ tetra-n-pentyl ethenylidenebisphosphonate,
20. -~ tetra-n-hexy! ethe_nYli_d._enebi_sphqsphonate,
- tetraheptyl ethenylidenebisphosphonate,
diethyl dibuty] ethenylidenebisphosphonate,

25

30

35

dimethy! di-n-propyl ethenylidenebisphosphonate,

dimethyl diisopropy! et_henyl__iden_ebisphosphonate ,
dimethy! di-n-butyl ethenylidenebisphosphonate,
diethy! di-n-propy! ethenylidenebisphosphonate,

- diethyl diisopropyl ethenylidenebisphosphonate,

diethy! dimethy! ethenylidenebisphosphonate,
diethy!. dibuty! ethenylidenebisphosphonate,
diethyl diisobutyl eth_enylidenebisphosphonate.
dimethyl di-n-pentyl ethenylidenebisphosphonate,

.diethyl di=n-pentyl ethenylidenebisphosphonate,

.dim'e"thy_l di-n-hexyl ethenylidenebisphosphonate,
dirnethyl -di=n-hepty! ethenylidene,bi_,sphos'phdnate,
diethy! di-n-hexyl ethenylidenebisphosphonate,
diethyl di-n-hepty! ethenylidenebisp':hosphonate;

Y&
py#
at e,

not

e U



met hyl tri-n-pentyl ethenylidenebi sphosphonate, nethyl tri-n-heptyl

et henyl i denebi sphosphonate, ethyl tri-n-pentyl ethenylidenebi sphosphonate,
et hyl, - n-hexyl ethenylidenebi sphosphonate and 15 et hyl

tri-n- tyl et henyl i denebi sphosphonate. The process of the present

I nvention provides surprisingly higher yields agd faster rates of reaction
In the synthesis of tetraal kyl ethenyli denebi sphosphonates than net hods

previously known in thaiantprdpylfdich-butyl ptheradiienebidphogpRoaate,i nventi on

20 i d to a 30% NI i {han the priof _arl pro-
Cessesl.or'(lj';:oi §Z| :15 ?he dgr-rﬁ:éébﬁggf&i[]hggglﬁtéée%%h%&\?@ﬁf‘%gﬁpﬁ%e{‘%%tea 70%to
80% yi el d of the final methyddrigthybtetbenylidenshispbosphonatenate. The
tetraal kyl ethenylidengidgip pl].p._rqugsgl ‘i‘FﬁEﬁ%‘?&‘ﬂ«{?ﬁéﬁﬁ& nate Can be

g e

readily prepared using the'foll own eneral’ synthetic schene:” Step 1:
[err] 35 57- step 2:metbyl|triigopropy et"@!‘é’}!}'dénmﬁph@éﬁb%#m sui tabl e
for_conversion to teﬁéwlkm-relﬂaﬁ?vlemaﬁ'ﬁMéQthe,inC' ude

tetraal kyl = nethyl ene- ,bi sphps n s (m xtures of these conpounds may be
used). As used herein, ﬁtﬁg?ﬁégﬁgﬁﬁéﬁ?'iwd?ﬁﬁbﬁﬂ’m%%phonate refers

15  to conpounds haviethyl itei-hepropyt etMﬁy}liMphosph@h&ieﬁné[err] _ aLe
ooy menen’ ey A Bty SRR lnkte, © 7 Straron
met hyl enebi s@Rosphonat dnetbiyl iei-n-hexyi etheoylidenehisphosphanage, .
met hyl enebi sphosphonat §nethi t#f-n-penty! ethenylidenebisphosphonate,
w - - methyl tri-n-heptyl ethenylidenebisphosphonate,
ethyl tri-n-penty! ethenylidenebisphosphonate,
ethyl tri-n-hexyl ethenylidenebisphosphonate and
15 ' ethyl tri-n-heptyl ethenylidenebisphosphonate. '
' The process of the present invention provides surprisingly
higher yields and faster rates of reaction in the synthesis of
tetraalkyl ethenylidenebisphosphonates than methods previously
known in the art. In fact, the process of the present invention
- 20 provides up to a 30% to 40% higher yield than the prior art pro-
cesses. Typically, the process of the present invention provides
a 70% to 80% yield of the final tetraalky! ethenylidenebisphos-
phonate. '
, The tetraalky! ethenylidénebisphosphonates described herein
U - 25 can be readily prepared using the following general synthetic
scheme:
- Step 1:

P | 2
PO(OR" ) (OR®})
CH.™

30 2\PO(OR:'))[OR") + secondary amine + CH20

© XOH
PO(OR' ) (OR?)
~

XOCH.,CH
27"~ po(or3) (0R*)

35



preferred nethyl enebi sphosphonates suitable for use in the nmethod of the

present invention include tetranethyl nethylenebis- 25 pho_sp'honajt e,
te(rars\opropyl nmet hyl enebi sphosphonate, tetra-n- propyl ) o \J \
_ met hyd-€nebi sphosphonate, tetra-n-butyl methyl enebis- phosphonate,- o
tetra-n-pentyl nethyl enebi sphosphonate and tefta- n-hexyl
nmet hyl enebi sphosphonat e. All  of these tetraalkyl :
~ et hyl enebi sphosgheéemad:es are commerci al I'y avai | abl e conmpounds. 30 | t

s to be understood that r?éi r}n ﬁjr;g may be the same or different alkyl
groups. For exa 'é (Fi yﬁbe [err] and R and R may be CH in
whi ch case the siUita I e‘st (;dﬁig) @%‘bj woul d be-di et hyl -di met hyl

met hyl enebi sphosp ate [err er  exanpl es of such tetraal kyl
'nethyleneblsphosphona ar.e dlethyl di butyl et hyl enebi sphosphonat e,

di met hyl dis- n- propyl - met hyt idpEatyataatdyveat nethyl - di | sopropyl

net hyl enebi sphosphonate, . 5. di met.hyl di-n-butyl . \.)
net hyl enebi sphosphonat e, diethyl di- opyl net hyl enebi sp#@ggnbyl@oﬁz

di et hyl dilsopropyl nethyl enebi sphosphona digghys di+met hyl

met hyl enebi sphosphonate, - di ethyl--di | sobutyl net hy? enebl‘sphpema?\a(eg 30

di met hyl di -n- perwndremat)hyd lospO honate di-et hyl di-n-pentyl

met hyl enebi sphosphonat e, dinet thexyl met hyl eneb| sphosphonat e,

di met hyl ditOn- hept yl MI enebl sphosphonate di et hyl - di - n- hexyl

met hyl enebi sphosphona¢ ds d! &hitdpbred o7 he rW -
nmet hyl enebi sphosphonatlge 1?°mp°g'r"(‘)psy g‘%‘-#guty &L eé‘rsﬁa |sp°ospﬁ%)rr?gp§ayl

dl - n- propyl di - n-eteenyl idmhiyp pEphanates phonglude net ?ﬂraPMYét hymethylene-
met hyl enebi sphos pigpié hdmwylumsctufesorwpmesareé&uém W%@haaeap., A
met hyl triisoprop th eneR| SQ osp onata rn/ tri-n-but IX
met hyl enebi sphos;&é& g?\g e term tetraalkyl met yleneblsphosp onate refers
15 to compounds having the formula: o : - o
o = | c - po(or') (0r?)
H o _
2 —————po(0rR?) (0R*)

- “wherein R’-, :Rz,' R-s' and R-a are individually selected from the

200 - group consisting of C‘I to (Z7 straight or .branched alkyl. A
- particularly preferred tetraalkyl methylenebisphosphonate for use

in this process is tetraethyl methylenebisphosphonate.  Other
preferred methylenebisphosphonates suitable for use in the method |
- of the 'p_rese'ht invention . include = tetramethy! methylenebis-

.25 phosphonate, tetraisopropy! methylenebisphosphonate, tetra-n- \-l/
propyl methylenebisphosphonate, tetra~-n-butyl methylenebis- -
phosphonate, tétra-g—pentyl methylenebisphosphonate' and tetra-
p_-hexyl methylenebisphosphonate; All  of these tetraalkyl
methylenebisphosphonates are comm'er?ciéll'y 'avéilable, compounds.

30 ~ It is to be understood that R R?, Rr3 and R may be the
same or different alkyl groups. For example R and R2 may be .
CH, and RS and R* may be C in which case the suitable

starting es_ter would be diethyl dlmethyl methylenebisphosphonate,

35 oy — POLOCH;) (0CH,)
2 ~ ;
PO(OC,Hy ) (OC,H; )



‘met hyl trl-n-pentyl methyl enebi sphosphonate, nethyl tri-n-hexyl nethyl
enebj sphosphonate. nethyl tri-n-heptyl nethyl enebi sphosphonate, 25

et yﬁ tri-methyl methyl enebi sphosphonate, ethyl tri-n-propyl

“metHyl enebi' sphosphonate, ethyl tri-n-butyl net hall enebi sphosphonat e, et hyl

tri-n-pentyl methyl’ énebi sphosphonate, ethyl t ri=n- hexyl _
met hyl enebi sphosphonat € L,

nmet hyl enebi sphosphonat Qtﬂ%c%gﬁme‘?lfaarﬁy#ﬁarﬂetthg*aeawg’%h!fﬁ?&ﬁéﬁ@oﬁpﬁf‘?hﬁs
mat eri al s. can be racalidiethylndibsdyl oethylenebisphosphionateset forth in Bartlett
et al., J. Og. Chem » LA 4 ramh? by the
procedure set forth in%?trpye?'lél 6”“%'3%%‘%12%%?8&@?%@@% 35

pounds”, Vol. 7, p. 22dimethydrdijsopropydh methylenebisghasphopste.he present
invention, the above- defifiétHiACdi-ALbadyikmethylBhBbisphasphératahionat e is added

-to fornal dehyde, In the form.of=forngl dehyde (neat or In solution).

par af or mal dehyde [err] ﬂ"("t'%)"(ﬂ@@('ﬂ?%?ﬁ tsppasphonate; dehyde), and a
3_650’{1galry am neb suclh anewrdﬂs'to;ﬁrlopy! ﬂiﬁhﬂdﬁ%qﬁﬁsphbﬁb?ﬁ neb o

i met hyl am ne, benzyl - m | i -n-butyl am ne,
di cycl ohexyl am ne, di ﬁ&%g&'/l E’Xyﬁme%w§gﬁgﬁh%ﬁ'?ﬁé8&°di i sopropyl am ne,

di -n- .gpt yl am ne orI phpﬁeﬂ{ml rt#lsomh | evethylenebisphaspbonate]i et hy:c am nebI

pi peridi ne oggpyrrolidi [ eﬁgi g@ﬁg st favorably
with a vari e??/ of the ﬂ?ﬂkﬁ?ﬂrgtxﬁt ene 'Tvs]gﬁggﬁatl' npﬁghat es. The nost
preferred amine is di ecligthylidizn-rentyd methylenghisphosphanate pri ses from

2 to . 40 nole per cimbtiyi ala-hekyRaisthylemebisghosphbastegsphonat e

CQpined i Trom - AphBiy i RaPBb B B 6 g bHbaaRbra 1 O 20,12
20 nol e percent of t et disthy}ldirathexyinmethylenebisphosphonate, '
" 15 diethy! di-n-hepty! methylenebisphosphonate, .
| di-n-propy! di-n-butyl methylenebisphosphonate,
- di-n-propyl di-n-pentyl’ methylenebisphosphonate,
methyl triethy! methylenebisphosphonate, '
methy! tri-n-propyl methylenebisphosphonate,
20 methyi trilsopropyl methylenebisphosphonate,
methyl tri-n-butyl methylenebisphosphonate,
methyl tri-n-pentyl methylenebisphosphonate,
methyl tri-n-hexyl methylenebisphosphonate,
methyl tri-n-heptyl methylenebisphosphonate,
25 _ethyl tri-methyl methylenebisphosphonate,
) ethyl -tri-n-propyl methylenebisphosphonate,
- ethyl tri-n-butyl methylenebisphosphonate,
~ ethyl tri-n-pentyl methylenebisphosphoriate,
ethyl tri-n-hexyl methyleneblsphosphonate and
30 ethyl tri-n-heptyl methylenebisphosphonate.
Such tetraalkyl methylenebisphosphonate starting materials can be
readily synthesized by the procedure set forth In Bartlett et al.,
J. Org. Chem. Vol. 47, 128% - 1291 (1982), and also by the
~ procedure set forth in Worms et al., "Organic Phosphorus Com-
35 pounds", Vol. 7, p. 22-36 (1976), T




bi sphosphonate is conmbined with fromabout 10 to about 20 ol e percent of
the amine and from about 50 to about 80 nole percent of formal dehyde. Mst
%eferabl'y, from about 10 to about 15 nole percent of the tetraalkyl W/

t hyl enebi sphosphonate i s conbi ned 25 W thgfrom about 10 to about 15
nol e percent of- tthe am ne and from about 50 to about 75 rml e percent of the.

bbove renstants i hntaﬁ“‘gfﬂ*éﬁgfi‘ﬁmemﬂ‘sﬂﬁﬁegé VSALERC tHe sBphipéitrice
preferabl y met hantgtraalicyl cmethyign \6 phesph °P€Fﬁ)e'ﬁat39ﬂedo#°f fermaldghyide; cin |

to about [err] Tﬁﬁ@%%ubﬁifoﬁlllﬁlbdlﬁ}w(hﬁéf lordm RlutioR), garafirialdetfyde
conversion as the react|_on woul d be too sl'ow. Tenperatures

of from about [er F{:ﬁlz@’nbo‘lﬁ tf'@?‘?f‘ typigqlly provide optimm conversion.
This reactign is carried.out. for a pe af time sufficient to provide the
desired degree of conversion. _The r-actlon time 5 general |y depends.

- upon the tetraal kyl nethyl enebi sphodphonatje bei ng used, the particul ar \J

am ne and.al cohol solvent selected, as™Ngt1 as the ratio of the starting
material s sel ect e‘ég fel'aﬂﬁs ??1 adgya 1t aﬁda%Cts'ee&?darw Jmiﬁbngsuch as
tetraethyl and trametnyr- ' éne &osgnﬁpate as t rg)?9

material general | PYFreoliding, . qﬁﬁer ngtethy ®hi rFF‘FUPrY& 2yl s

to about 48 bourSmeWraﬁﬁﬁeJ aamenzqaimrm.arul-mwmrd k)dlcwpélbbexylmel as'

SRES I vk v T A

characterized by by lamiherzors plﬁerazlepectl?mfetthy ‘thecamine dspdiethylagiine; he -

starting materi ak’ﬂﬁé"ﬂﬁﬁr% tpﬂgdgﬁ‘?mﬁas ﬁﬁ?ﬂﬁ)mﬁt Sho@RU th NFedtC NSt J

sol vent i s nethan oW n pect roscopi c

characteristics: [fewqahmRv{i&hr]a 4vapiety, 08 1the[ etsqaa!ﬁvl: 'FGEDY'GBQ%PPGE‘ 2

H [err] J 135 4 ?di'ﬂnafhsﬁ Phémost phetérred aminel & dlethylsinibel, 1 H PCHP,
J = 6.0 and 24 O) J'l8 élcélly, E"lls mixture comprises from 2 to 1)
mole percent of the tetraalkyl methyleneblsphosphonate ‘combined

with from . 2to. . 40 mole percent of the amine and from

.20 to -t 96 mole percent of formaldehyde. Preferably,

20 from about 1o to about 20 mole percent of tetraalkyl methylene
blsphosphonate is combined wlth from about 10 to about 20 mole

percent -of the amlne and from about 50 to about 80 mole percent

of formaldehyde.  Most preferably, from about 10 to about 15 mole

percent of :the tetraalkyl methylonebisphosphonate is combined

L4

25 wlth from about 10 to about 15 mole percent of the amine and &

from about 50 to.about 75 mole percent of the formaldehyde.
- An ln_termedlate compound

S /Pown 1) (or?)
30 o _ XOCH2CH\ 3
- o PO(OR)(OR)

is formed by refluxlng the above reactants ln an alcohol solvent :
" such as ethanol or methanol preferably methanol typically at a
'temperature of from about 40°C to about 80°C. Temperatures

35 .
much below 40°C do not provide effective_ conversion as the rate



[err] J-=7.1); ~-[err] NVR [err] 67.8 (t, [err] J =4.4), 62.2 (d, [er-r] J
= 4.4), 58.3 (s, [err] 38.5 (t, PCP, J = 132.4), 16.0 (d, [err]=7.4);
IIPNWRTerr] +21.0; ammonia G nmass spectrumme 350 [err] 25 _
After reflux, the reaction mixture (the internediate) is then diluted wth
an al cohol , preferably nmet hanol or ethanol, to-jgwer the concentration of
t he am ne before It is renoved. It has been found that if the amne is not

first diluted, it pfawactioni wpuld tbectoo Nslbwe fT&ﬁbe?Wré@'dW?rom about 55°hC

ethenlldenebls ho 1 referable to dilute t
react?/on m xturg sﬁ‘g%%t% ﬁgte’ SBEO&é’cguyaﬂf?y'dgoﬂetéﬁ'f’ﬁ'aﬂ’ﬁﬁe'iﬁ'm&bout 0.1 to
about 0.5 nolar. The allddsioteagtignt isccantied out fohen peemuled tln-ue s‘tﬁf;cient to

[ d t
The mrt. Step 2 gsProvidiithe YRSHEL ddired W IRVARHGRSTTRA IreaPOE, sbne
sol vent, such as tSeQrAlly pdepends ovpeny| dhe. tetmasficy!r amethyienebisphusphohate

hydggcarbon sol veBeing useddda paptictld ahith £ zFFﬁﬂ aﬂ{:&bol' %lv@ng%‘f@é}%atéfn

et e E s e
consi sting of parafaundnethatf omeactionsl andiliimg phestraedfyid. afs mtéir‘érnfe'ihyl
ntermedi ate. ae daieeiubAebRbRoifonsie, s’ Thaskayte fatorial. senpyally. form
amount " can Vry dthperiotenmediate Wmﬁ‘nacrfcbmaabdmsto Behogrsizedabéute 48 hours,

tetraal kyl methyl enﬁm.aghog}%gpatétgfé ‘H’”)S%.%&Sjedt Mgrt | cuI ar sﬁg veanst
the reaction conditions duri I m nat e) d
| \ge factors. It ?P&E“GBEFPFMUW*Mé&"%samﬁoﬁa’tsmcabodake) fromo abowt 500

mole 20  percentholirs e sboud mtabwg 12 $6¥n qnetnﬁeﬁma% of the inter-

medi ate typically prov S 0 m nagion of the alco fromthe
i nt er medi gltoe. Typi cal | ﬁ‘?ﬁ h1r8e?'8%‘?'??%nc?'§ §r chapesrized rbé‘f I't'MRt anskrmess e
18 spectroscopy. For example, when the starting material 'is

tetraethyl methylenebisphosphonate, and the alcoho! solvent is
methanol, the intermediate has the following spectroscopic
characteristics: 1H NMR (CDCI') 4,02 (m, 8 H, -OCH CH3, 4 =
7.3), 3.63 {dd, 2 H, CHOCHZ-,J-SlsandISG 3.20 (s, 3 H,
20 CHO)252(tt1H PCHP, J = 6.0 and 24.0), 1.18 (t, 12H,
-CH CH3, d =7.1); C NMR (CDCI ) 67.8 (t, CH OCH e d =
4.4), 62.2 (d, OCH20H3, J = 4,4), 58 3 (s, CH3O-), 38 5 (t,
PCP, J = 132.8), 16.0 (d, -OCH,CH,, J = 7.4); 3'P NMR

_ (CDCI3) +21.0; ammonia CI mass spectrum m/e 350 (M+NH4)+.

-~ 25 - After reflux, the reaction mixture (the intermediate) is then
diluted with an alcohol, preferably methanol or ethanol, to lower
the concentration of the amine before it is removed. It has been
found that if the amine is not first diluted, it produces impurities
in the final tetraaikyl 'ethenylidenebisphosphonate product. It is

30. preferable to dilute the reaction mixture such that it has an amine
concentration of about 0.1 to about 0.5 molar. The alcohol and
the amine are then removed by, for example, distillation under
vacuum or by other methods commonly known in the art.

Step 2

35 The intermediate is dissolved in-a hydrocarbon solvent, such

as toluene, benzene or xylene. Preferred is toluene. The



for froomabout 2 to about 72 hours. For exanple, when toluene 25 Is the
solvent, reflux tenperature is fromabout [err] to about [err] and the
edcti-on takes fromabout 2 to 48 hours. Finally, the desired end produc
is sepafated from the reaction nixture and, when appropriated, purifi.ed.
The elimn- ated al cohol nmay be.renoved by dig§Ll | ation or by nol ecul ar
sieve, 30 both of which are common nethods known in the art for renoving

al coholts Tlhe rtez-u)gﬁoeerlsa% utsaOeﬁan ige eaaean: et eeh®y ﬁht&ﬁﬁé&%ie ofin a
~conventional nethods, su ot ar apor.at.or

purification of tcHE'CF'éfl‘a;L}ﬂ {f@ %ﬁ?éﬁe& pﬁBsﬁ%’H&tg 6"a‘ﬂaf)e Reeferably
acconpl i shed by dbouti S tdneahoeﬁuz tmo1gr.concentrate with an organic =~ -12-

sol vent, such as chl Othem}lthEtJHA eo?hlag{'%ﬁorca%ﬁlts@yge/e%@ f,?ﬁ%j Mben

ext r act ed with water. T gani ¢ solvent can remd
exanpl e, diSstil | griowp consisting ofvpanateluenesgifenic :asmandwgohosnpétoraalazw 5

et henyl i denebi spligs ghgsares thard ti}ertheura&a&ﬂ to"%atdifbe Ot offfihgiibn & U

met hods known art. ur| ation net

i ncl ude distill atqle?h%lnﬁ'%ltbﬁdf‘égmﬂﬁﬁte E@ Q‘Me conposi tions of
the present invention conpris - a)- a safe and effective anount
of tetraal kyl ethenyl |gemmaﬁhpem?lpnate ester as er ei nbef ore descri bed or
m xt ures of suchmwi and ar maceuf i g-t'agcet%t able carrier. A
safe and 10ef fective™ POCOR )(ﬁIR tet P& 5 YSt

et henyl i denebi sphosphonate is that anmount I ch eI imnates the infecting
organi smthereby alleviating the Infecti ous ase at a reasQnabI e :
benefit/risk ratio, as is attendant with any ne |caJP°t(9861t)r(ﬂR .} Qbvi ously, \_)
the anount of the tetraal kyl ethylidenebis- ﬁﬂgpﬁqnat e miog or &Qhich I s
administered will vary with such 20 factors as tiR®l Pﬁdr@%ﬂd severity
of the part I cul ar di sease being '

15 . What is "a catalytic amount" can_jvary. depending upon the
acid catalyst being used, the tetraalkyl 'm_ethylenebisphos’phonate
being converted, the particular solvent, the reaction conditions
during the elimi'nat_ion' (e.g., ternperature)., ‘and like factors. It
has been found that an amount from about. 0.1 to abeut 1.0 mole

20 percent of the acid catalyst based on the ameunt of the inter-
mediate typically provides optzmum elimination of the alcohol from
the intermediate.

Typx_cally, this reac_tion is carried out. at reflux temperature
for from about 2 to about 72 hours. For example, when toluene \l‘/

QJ

25  is the solvent, reflux temperature is fr_om.-'*a'bout 100°C. to about
1120°C and the reaction takes from about 2 to 48 hours.

Finally, the desired end product is separated from the
reaction mixture and, when appropriated, purified. The elimin-
ated alcohol may be removed by distillation or by molecular sieve,

30 - both of which are common methods known in the art for removing
alcohols. ' SR

- The resulting solutlon can be concentrated by a variety of

~ conventional methods, such as a rotary evaporator. |If desired,
purification of the tetraalky ethenylidenebisphosphonate can be
35 ° accomplished by diluting the resulting concentrate with an organic



‘treated. the duration of the treatnent, the route of

admi ni stration, the physical condition of the patient, the nature of
copcurrent therapy (If any), the specific fornulation and carriers
errpkl/oyed, ‘and the. solubility and concentration of 25 tetraal kyl

et hyl i denebi sphosphonate used, as well as =he pharnacokinetics of that
conpound. As wused herein the term_"pharmaceutically-acceptable
carrier” denotes a25U¥enty §uchi asichloroform, methylene chiorideapr iethyigether,
subst ance. Exanpl egndfthénbekaactsd Witlswaep, serve as pharma- 30 ceuti cal
carriers for tetraalkyl ethenylidenebi sphosphonates include: sugars,
such as |actose, gl ucoiéeaﬂﬂg%r égﬁ’,gngt%ﬁ'gﬁg‘&?' c hemaved, by sifar cexampie,
potato starch; celdistitiationnd Idrsdeter i Wacuimies, STié asresiting)  tetraalkyl
car boxynet hylLcel | u I cel | gl acet at.e owder ed

t ragacant h; #ral t;. égt&%ﬁy f'ﬁkwé‘s%%gpégﬁﬁ? 3§ H"&E‘gﬁ; M@ﬁﬁ?i sBY¥r £fe: 2
cal\cji, um sul fate; Vapletybl ofoimethodsc hkaewnednut the | art.ot t Examplksoi 6f saelane
oilYolive oil, c ' (o IaY ~ 13-4 ’ as
b opyl ene glycol ; ByTiatiShmetiedt | inclade”qibtiRtiod Ty BRF¥Seoriphy, o
sugar; alginic acid; pyrogen- free wateCOK al i ne; phosphate buffer

luti , butt ' ' L D .

pol ysorbai e . as s e MR E10ng 0E end Brstonf ovFitlon eanpetse:

typical ly ustli i n pharPacclit§ake 3usd effective ameupboofrmtetrasbkylarrier

enpl oyed in conjunction widthdrel idénasy spho HHREHYLE }_sg@o&gp&gﬁ%gsége
0 doS

used at a concentration s lciant. to provide a practical size
r%/at i onshi p. 10 Pr ef'e;&;\ Sﬁfb%e%ﬂa’ﬁaé’é%m | Seh regterspandes about
0.U1%t o about 95% by bdei ghtphArmadeeuticdl by geceptahle @i o or al dosage

forms can be used, incudi ggfeSUCBngO! | grFéHIVE 2% ket Sof Cagsg!! ei?tr]galk%é
al for

granul es, bul k powders and cro- capsules of the drug. These or

conprise a she anﬁ%EGYﬁdeégbﬁﬂgl%Bhaﬂ%t',s fhatn amennt ovbich, rebliminates dbe; -

and preferably fromifetng Ordardisinothéaby aNWwiating Nhet Rifedtibliy ! disease at a

ethyl i denebi Sphos'reasbnable benefit/risk ratio, as is attendant with any medical

treatment. Obviously, the amount of the’ tetraalkyl ethylidenebis~

phosphonate or mixture which Is administered will vary with such

20 factors as the nature and severity of the particular disease being

| treated, the duration of the treatment, the route of
_admlhistratlon. the physical condition of ‘the patient, the nature

of concurrent therapy (If any), the specific formulation and

N _ carrier: employed, and the solubility and concentration of

P | 25 tetraalkyl ethylidenebisphosphonate used, as well as the

~ pharmacokinetics of that compound.

As used herein the term "pharmaceutically-acceptable
carrier® denotes a solid or liquid filler, diluent, or encapsulating
substance. Examples of substances which can serve as pharma-

30 ceutical carriers for tetraalkyl ethenylidenebisphosphonates
include: sugars, such as lactose, glucose and sucrose; starches,
such as corn starch a_hd potato starch; ceilulose and its deriva-
tives, such as sodium carboxymethylicellulose, ethyl cellulose,
cellulose acetate, powdered tragacanth; malt; gelatin; talc; stearic

35 acid; magnesium stearate; calcium sulfate; vegetable oils, such as

o peanut oil, cottons_eed oil, sesame oil, olive oil, corn oil and oil of



phonat.e. Tablets
filmcoated, and
dlhuents di sinte
preservatives, fl
Liquid oral dosag
emul si ons, suspen
non- ef f er vescent
emul sifying 25
agents, coloring

can be conpressed, enteric-coated, sugar- ceoated or
contain suitable binders, |ubricants, surfactants,

grating agents, coloring agents, 20 flavoring agent S&J

ow i nduci ng agents, and nelt- ing agents, as appropriate.

e .forms include aqueous and ngnaqueous sol utions,

sions, solu- tions and/or suspensions reconstituted from
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US. Patent 3, 903
ref erence hereln

@R rﬁﬁx I,geptenber 2, 1975, |ncorporat ed b
ques : conposi tions for making solid oral
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dosage forns are descr'rhﬁe@hanmmﬂgall carrder jemployad mseandunctpnswithvsher n
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-14- meking table
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Sci ences (Arthur
by reference. 5

tetrﬁmeétlﬁﬁvlm lﬂﬁ'pl\%hﬁte Vel used %59a433née’|r%?99mn

erein ‘by reference. Tecﬂ Iues -and. conposi ti
ge

putficienpr é%sé’tiwf nf| &5 mﬁ'&éd)to &&%ﬂﬁes’%ta&"eﬁ%ﬂﬁd
Ppeiderw,e thes pHdradcentiBanicagiien’ toMprises- abouti 02013 to

26656 53-8 ks o, PR 256 contPombn: "Fnventfon can o
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be admi n- istered topiVaxidus orak dosbget formgi cembe aysedy imclodingrsadh sglidf J
Foﬁn?édé‘s”ﬁblétrs,e%bslﬂbka' gl-érﬁﬁug §Hﬁb g& Fs'aﬁ Ogﬁc:%ﬁy "

-the conposition o
be fornmul ated as
hi ghly preferred
et henyl i denghi‘sph
conprise a safe a
and preferably fr

20

trons Creans ol n sol ufl or so
congpyest psnt'eonsiavas t hipese goral tfermaamgnprise a safe and

embew 8mbOng, SHom BBbi:nth 01365 bt 984, CAHEPOSHdferstS)

?f- "gfmf eﬂuCt lea)%[angua%out §51%a & ¥ fhreotnet?'gaﬂtyl et yl:dene%ngshozs-

%

phonate.- Tablets can be compressed enterlc-coated sugar- -

coated or fllm-coated and contam suitable binders, lubricants,
surfactants, diluents, dlsintegrating agents coloring - agents,
flavoring agents, preservatlves, flow-lnducmg agents, and melt-
ing agents, as approprlate.' Liquid oral dosage forms include
aqueous and nonaqueous solutlons, emulsxons, suspensions, solu-

" tions . andlor SUspenslons reconstltuted from non-effervescent

25

granules, contammg su1table solvents preservatives emulsifymg
agents suspendlng agents dlluents, sweeteners, meltmg agents,

coloring agents, and flavoring agents. " Preferred carriers for.

oral administration mclude geiatin propyiene giycoi ethy! oleate,

'cottonseed oil, sesame oil and polysorbate 80. Specnfic examples

- of pharmaceutlcalIy-acceptable carrlers and excnp:ents that may be.
used |n formulatlng oral dosage forms of the present invention are -

30

35

described in U, S. Patent 3 903 297, Robert, lssued September 2,
1975, mcorporated by reference hereln. Techmques and
composmons for makmg solid oral dosage forms are described in
Marshall "Sohd Oral Dosage Forms" Modern Pharmaceut;cs

_(Banker and Rhodes, edltors) Vol 7, 359 427 (1979], incorpor-

ated herein by reference. Techmques and compositions for



'about_109b of the tetraal kyl ethylidenebi sphosphonate. Suitable carriers

for topi.cal admnistration preferably remain in place on 15 the skin as

,aH%zntinuqus filmand resist being washed off easily by perspiration or by
[ rsion’in water. Generally, the carrier is either organic in nature or

an aqueous emul sion and is capabl e of having tm tetraal kyl

et hyl i denebi sphosphonat e di sper sed, di ssol ved ' suspended t herein. The

t etraal kyl etheny e f.t ent i v

can also be used“'gﬁacgér%ﬁleh FB'H"&Fﬁ?%Gt %gﬁ'ilggpaqq]ﬁ]oéé)?fﬁér frage c %rd
The carrier may iand sdft mﬂaﬁa&eamdcaills)/aaecdpsqbbei dnoRemémgton's kPhagreare -
tration enhancer ri ts fie - k

agents, and solv Tetial| SéleAlE] ﬁA{J @ escri ptloﬁé&#&z fﬁgugi@:foft%ﬂﬂl
fol l ows: 1. Lotldﬁ§°malt6¢||'@ﬁf§“&dwd' &fererse.a safe and anount of the
tetraal kyl sthenyliderggi @&mheﬁat@r thé %ﬂes@h?qhvgnﬂ%t&r?5%o Pech8mad Y

2 or 1] or [orr] AFEBOIOPSANY miofar BYortha lcn VNG o cOncyoreasing et

of suitable enpl|trenicomposition forl lepidernial Uydepnaéllwn_tieshs. arglickecomposi-

m erocrystalline VERs Y S PRt B8 Bhio. (EGRER, antaBAE, SBiutions,

Silicone oils, suggls aw mt;dt.netmylittghlv(apeeferm hgompesition pedntainsxthees,

wat er - sol ubj g tiFaalk ky| @Hh%ﬁ?@deﬁﬂbh&?%s@hbhﬁwefpglay %g:'a QPé)terirersThése
su se de b

Trlglycerldefats an rived
ani mal and mari netoRitA ceampositigns| eamprise a csafgsang foQCti‘@aﬁN%Wér ysyally

¢oyton seed oil, from about oh%vetooabouf:ozb% | \apidt @rbferabrsorﬂom |abo€|‘(0¢%d90
ol PALM oL, SRR Gob, SENROURERRY) echiiceneglsBhl i, oL ibie
gl ycerides, suchcaraterst Ifoxytoipﬁw gHyﬁﬂrsy:i'atlon preferably remain in place on
- 15 the skin as a continuous film and resist being washed off easi‘ly
by perspiration or by immersion in water. Generally, the carrier
is either organic in nature or an équeouS' emulsion and is capable
‘of having the tetraalkyl ' ethylidenebisphosphonate dispersed,
dissolved or suspended therein. The tetraalkyl ethenylidenebis-
20 phosphonates of the present invention can also be used in
combination with other compatible pharmaceuticals. The carrier
may include pharmaceutically-acceptable emollsents, skin pene-
‘tration enhancers, coloring agents, fragrances, emulsifiers,
thickening agents, and solvents. A more detailed description of

25 such forms follows: - '

1. Lotions

" The lotions can comprise a safe and amount of the tetraalkyi
ethenylidenebisphosphonate;  from about 0.1% to 25%, preferably
from about 3% to about 15%, of .an emollient; the balance being

30 water, a C2 or 'C3' ‘alcohol, or a mixture of water and the alcohol.
Examples of suitable emollients are as follows:

1. Hydrocarbon oils and waxes. Examples are mineral oil,
petrolatum, paraffin, céresin, ‘ozokerite, microcrystalline wax,
polyethylene, and perhydrosqualene. |

35



nonostearate. 6. Al kyl esters of fatty acids having 10 to 20 car bon- at ons.
Met hyl, isopropyl and butyl esters of fatty acids are especially, usef ul
hergin. Exanples include hexyl |aurate, isohexyl laurate, 15 [ sohexyl U
pal m tat'e, isopropyl palnmtate, decyl oleate, isodecyl ol eate, hexadecyl
stearate, decyl stearate, isopropyl isostearatg. dilsopropyl adipate,

di | sohexyl adi pate, dihexyldecyl adipate, di- isopropyl sebacate, lauryl
lactate, nyristyl |achatesigeshechbins, Iaamt Qs IydimethylanoxﬁJ\é’sen%eﬁﬁilerS
of fatty acids havi_I 0 to,20 carbon at @rrp rtﬁger eof 61
ol eyl myristate, BPEGYRAISIGHANE,nd o MAPT7oMT tty aisohélualiblg o

to 22 carbon at onsilicobeighitot. copelymers.i ncl ude pel argonic, .lauric,

nyristic, palmtlc st,ea t h ri
linoleic, ricinoleic, 1-:‘xéir ;crﬁg'(}%%ricde bré s;naﬁgtf ‘g;lsd' g ucg%l(gasgagt?’ gg ggtqﬁét from

al cohol s. ha$ing - ﬂ:egetabze. canimah andnwarineasourceswy riExamples cinglude castor :
hexadecyl steary r y | @yl 0 I
behenyl, erucyl 1gm(ﬁl -oct %’I"dg?:gﬁé Fé(%%?g Jé%rrp O?'g{rgh{ég;dm ES& ?ver oif,
suitable fatty al atsmnds oilj.oavocad@t o}, paloheil. sesame, oﬂEtaMWuwaty

al cohols of 10 to 20 gar bOﬂc%i&ﬁT?céﬂBEUdesie‘?Q | agh, 88t Yacetd®REY| mono-
|sostearyl "ol eyl, /and chol esterol al cohol s haV| ng attached thereto froml

to 50 et hyI ene oxswe@‘ ®%rs or ‘1 to 50 propylene oxi.de groups, or a 35
m xt ur e. theneof. - BG- . JElthoxEléted giyeerddesichsachf aist yethoxgiateticrglyoéryl
"~ ethoxylated fatty %Inggg%lrg Lanolin and its derivatives. Lanolin,
lanolin oil, 1anoM Fanol in alcohols, lanolin fatty acids, o
i sopropyl |anol ate, Ao estesns cof. fattworcids &Wﬂﬂt@dmlmbbhnatoms- \_[)

AT T Mo A eSO of 5 it b gy
li nol eate, ;| anol i wseful herein. Examples include hexyi laurate, isohexyl laurate,
15 - ischexyl.. palmitate, isopropyl . palmitate, dec_yl_ oleate, isodecyl
' oléat_e_ . hex_adécyl-_.stea_rate__, decyl stearate, isopropyl isostearate,
diisopropy! adipate, diisohexyl adipate, dihexyldecy! adipate, di-
. isopropyl_.,'__sebacate,,_ fauryl lactate, _-my'ristyl. factate, and cetyl
o Iac_tat_e.._.'_-__- PO Do _ o
. 20 .. 7. Alkenyl esters of f'a'tt'y acids having 10 to 20 carbon
atoms. Examples . thereof mclude oley! myristate, oleyl stearate,
~and ‘oleyl| oleate. _ : _ _
8. . Fatty .acids havmg 9 to 22 carbon .atoms. " Suitable
: examples include pelargonic, laurlc, myrlstic, palmitic, stearic, -
25 |sostear|c, hydroxystearlc, olelc, linoleic, ricmolelc. arachidonic, v/
behemc and erucic acids. »

. Fatty. alcohols. havmg 10 to 22 carbon atoms. 'Lauryl;
myrlstyl,-- cetyl, hexadecyl, stearyi, . |s_ostear_y|,__ hydroxystearyl,
oleyl, . ricinoleyl, behenyl, 'erui:yl and 2-octyl dodecy! alcohols

30 are examples of suitable fatty alcohols. o |
10, . Fatty a!c.ohol.ethers,. Ethoxylated fatty alcohols of 10
to 20 carbon atoms. include the lauryl -cetyl, stearyl, isostearyl,
oleyl, -and- cholesterol. alcohols having attached thereto from 1 to
50 ethylene oxide groups or 1.to 50 propylgne oxide groups, or a
35 mixture thereof. '




al cohol s ricjnoleate, acetate of lanolin alcohols ricinoleate, acetate of

et hoxyl ated al.cohol s-esters, hydrogenolysis of lanolin, ethoxy- 10 | at ed
. hydrogenated | anolin, ethoxylated sorbitol lanolin, and |iquid and
sem solid lanolin absorpt i on bases are ill ustrat ive of enollients derived

fromlanolin. 13. Polyhydric al cohols and pdl 9et her derivatives. Pro-
pyl ene gl ycol, dipropylen ol ropyl.e ol (MW _15

2000- 4000), pol yoxye%yl eﬁéﬁﬁo'fefﬁﬁ % 5% ﬂ\fc%lcgg 3x9t sHhoxylatad
pol yoxyet hyl ene dbttyobkohglsicerol , et hoxyl ated gl ycerol, propoxyl ated

gl ycerol, sorbitol, | Xy I i tal, :
pol yet hyl ene gl ycol I\ﬁh Mé%ﬁgcfgﬁ wstm? eﬁimw’e% e'ﬁc”uH q@%e'aﬁﬁ{l/@o%gf lanolin
pol y[ et hyl ene oxiwix, hbmﬂ!)l yalgoBolsi \lenoifn - faMO il!ﬁdSE bapropg) , lanolate,

ol val kyl e | er ve e |
AN %eﬂpé%?‘glﬁ’ﬁ%? lbiEfjh ) ethBRYIneac @h¥fifl aigohols, = ethoxylate

ethohexadi ol  Useholestefqly| E"°R¥>Wé9<‘§ﬁéd janojin [ék—'ﬂ]m'sw caegtylatedy clanolingngd
polyoxypr opyl ene acdaﬂat/éa esanaint raleaichyl ollﬁﬁamn%@wexamleaet hefa@gfin 25

14. Pol'yhydric alc rs g n tty a
esters, diethyl e ‘8’1‘\3% ?Fteanﬁc t%@if’dg&?g‘ ?‘HBPV@?MI@ﬁgate
gl ycol (M W ZOOOG‘OQOjoxydmted alnbmblls-festéqs ahrydregemlyslspbﬁprphena géthosly -

mono- and dig. 1 3t e b o3 drech MRHOPHRAT KU b RA0LIRIRC! S84 iquia

- pol ypropyl ene gl yco ed propyl ene gtycol
nonost ear at e, gl yaner pemiaphie lmlrmablsarwovacbaseesara élluma;&gleyeéremo" ents

pf)l y- }‘atty a;:| d qa?,_)‘,.w fgjghghllghﬂt ed gI yc?arél {mnoszear ateI 1, 3t ﬁu]tyl ene
gl.ycol nonostearate dﬁ eng cO | St eara po ¥oxye yl ene
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pol yol fatty acid est'e3~ Ydric Aleghels; andsiratretheary desitvafives 35 Pro-
et hyl ene sor bi t arpylehé y ghpiol, esctipmp;aeaes@uyeélactpawpmiwb:y@lr gw@dlcqmlw

e, 15 var y0RriHL S bBh o B, PGP roREBnaT ey cors ooy~
pol yoxyet hyl ene gropyierie polyoxyethylene glycols, glycerol, ethoxylated glycerol,
propoxylated glycerol, sorbitol, ethoxylated sorbitol, hydroxy-
propyl sorbitol, polyethylene glycol (M.W. 200-6000), methoxy
polyethylene 'glycols, poly[ethylene oxide] homobolymers (M.W,
20 100,000-5',000,(_)90). polyalkylene glycols and derivatives, hexylene
_ glycol (2-methyl-2, 4-pentanediol), l,3-butylene glycol,
1,2,6-hexanetriol, ethohexadiol USP (2-ethyl-1,3-hexanediol),
C,S-C.|8 vicinal glycol, and polyoxypropylene derivates of

_ trimethylolpropane are examples thereof. _
\/ | 25 14, Pglyhydric alcohol esters. Ethylene glycol mono- and

di-fatty acid esters, diethylene glycol mono- and di-fatty acid
esters, polyethylene glycol (M.W. 200-6000) mono- and di-fatty
acid esters, propylene glycol mono- and  di-fatty acid esters,
polypropylene glycol 2000 monooleate, polypropylene glycol 2000
30 monostearate, ethoxylated propylene giycol monostearate, glyceryl
mono- and di-fatty acid esters, polyglycerol poly-fatty acid
esters, ethoxylated glyceryl monostearate, 1,3-butylene glycol
m_onostearaté,_ l,3—butylene glycol distearate, polyoxyethylene
polyol fatty acid ester, sorbitan fatty acid esters, and 'polyoxy-
35 - ethylene sorbitan fatty acid esters are satisfactory polyhydric
alcohol esters. '
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: be nomomc, amomc or cationic. Examples of satisfactory non—
jonic emulsifiers include fatty alcohols having 10 to 20 carbon
- atoms, fatty alcohols having 10 to 20 carbon atoms condensed with
~ 2 to 20 moles of ethylene oxide or propylene oxide, alkyl phenols
20 with 6 to 12 carbon atoms in the alkyl chaln .condensed with 2-to
20 moles of - ethylene oxide, mono- "and di-fatty acid esters. of
. ethylene oxide, mono- and dl-fatty ac:d ‘esters of ethylene glycol
wherein the fatty acid moiety contains from 10 to 20 carbon

atoms, dlethylene glycol polyethylene glycols of molecular weight

25 200 to- 6000, propylene glycols of molécular weight 200 to 3000, S

glycerol, - sorbitol, - sorbitan, polyoxyethylene sorbitol, poly-
oxyethylene sorbitan ‘and hydrophillc wax esters. Suitable anionic
emulsifiers include the fatty acid soaps, e. . sodlum potassium

- and tmethanolamme soaps, wherein the’ fatty acid moiety contains
30~ from 10 ‘to -20 carbon atoms. Other" suitable anionic emulsifiers
| include the atkali metal, ammonlum or substltuted ammomum alkyl
sufates, alkyl . arylsulfonates, an alkyl ‘ethoxy ether sulfonates
having 10 to 30 carbon atoms in the - alkyl moiety. The alkyl
ethoxy ether ‘sulfonates contain from 1 to 50 ethylene oxide units.

35 ‘Satisfactory cationic emulsifiers ‘are” the ‘guaternary ammonium,
morpholinium and pyridinium compounds. - Certain of the emol-



-18- lients descri'bed in preceding paragraphs also have emul sifying
propertjes. Wwen a lotion is formulated containing such an enollient, an
additi dnal enul sifier is not needed, though It can be included in the
conposi tion. 5 The bal ance of the lotion is water or a [err] or
[err] alcohol, or a mxture of water and the al.qghol. The lotions are
formul ated by sinply adm xing all of the conponents together. Preferably

the tetraal kyl et Hientsi deaebbeﬁhdnpbgeeécﬂglgl ?gdagﬁéﬁhéedal% ngaﬁ@eeﬂgﬁimﬁg
Co tional optio nen a Lncl u
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tragacanth, ng kharayaT n- than gunms and bentonite
tions of IR®
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forg, The creans C(HrmiktﬂréiaffGMQr cdn@CiHe’ RUIUHMIN! e tlgﬁoﬁg taealflé)qn lated
et henyl i denebi spho q from.abou 0 1%to 95% prefera g
10% to 25% of an Z"S&I? ¥ . admixigg, aflc of othe cosm%nﬁatmgetm erﬁndfeleahly

above descri bed carthel S@ttﬂalmbdethertwmeﬂeb@é’phdspﬁﬁﬁﬂe; l/ g;sdfsys%%fp% L

Vnen an-emul o1 er Ttre, oeBHvbARbRaF SikEnal EompBBeRlarfa:be, ingfidedt. e
about 3% to 98% psEchr agditive o abshickeving &It 35 a level fr8m aboltitipns
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The solution form ,conprises a safe and t1ve anoun |
et\aenyl i denebi sphod® T’llb'ﬁét ecrogsplinked seanboxypoleeth ytersel polpmens 9 sthphdtellu-

preferably about 0ldseé,t polypéthyldite 3Plycolshalgimf etragﬂéaﬂﬁh udt ﬁ"g’rlaS( xan-
organi c. solvent. tabl e nic materials uséful as the solv Beof
part of ‘a sol vent éﬁg'ﬁe‘?H'a?ea@i%FBF?m propyl-ene glycol, polyethylene
gl ycol- (M W 1300- 600), 20l yGreamd ene gl yﬁol (MW 422n(2)P25)|69| yce{;ptera;&
ES{ gl.tg!;; est ﬁ;Zi oI1 ’ 6 m xturu’g e{g‘gg P"Vﬁl rgcﬁqg%n‘f "‘sﬁﬁ é?é'"'é‘ﬁteﬂl g 2
cream form. The creams comprise safe and effective amount of
the tetraalky! ethenylidenebisphosphonate; from about 0.1% to 95%,
preferably from about 10% to 25%, of an emollient; the balance
20 being water. The emollients above described can also be used in
the cream compositions. Optionally the cream form contains a
suitable emulsifier, as previously described. When an emulsifier
is' included, it is in the composition at a level from about 3% to
_ _ 508, preferably from about 5% to 20%.
— .25 3. Solutions o
) The compositions -of this invention can also be formulated as
a solution. The solution form comprises a safe and effective
amount of the tetraalkyl ethenylidenebisphosphonate, usually at
least about 0.01% up to 95% and preferably about 0.1% to 10%: the
30 balance being a suitable organic solvent. Suitable organic
materials useful as the solvent or a part of a solvent system are
as follows: propylene glycol, polyethylene glycol (M.W, 200-600),
polypropylene glycol (M.W. 425-2025), glycerine, sorbitol esters,
1,2,6-hexanetriol, ethanol, isopropanol, diethy! tartrate, buta-
35 nediol, and mixtures thereof. Such solvent systems can also
contain water.



contain water. -19- These solutions can be applied to the skin as is, or
el se can be fornulated into, for exanple, an aerosol and sprayed onto_the
sking 'froman aerosol container, or a nouthwash conposition and used as 3[1/
oral ¥inse. The aerosol conpositions further conprise 5 from about .25% -
to 80% preferably fromabout 30%to 50% of a_1§_t_1i tabl e propell ant.

Exanpl es of such propellants are.the chlor- inated, fluorinated and
chiorofiuorinated | OvphedtDLafitlaNs WEhOBE dRHIIERF 26 HE skifdds! RSePILE can
carbon dioxide, butane, and propane may al so be used as propél?ant gases.
These propel | ant Peidormuigted inte, for exampie. s3p faerpspk ang spayed gato the
contents of the Gin Fdn&n akPes@iacontdinkf bk d mcuthindsheshpbsitiomand | Y
a mxture of ethanol, and wate et hanol

. . The agount of _ J.s generally fro
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i s incor- poratednopanefmayiiso e dised as prupellapdngesss.i ohbesee peppedamtsoe

formul ated g1t 0 Grgelusk@’ &t Pievdl suffiLiEty tadkpdinghe &dhtbald oft thée k&g
agent to the previously described solution conpositions. Exanples of
suitable thi ckenitﬁb"‘%{'gent s have been previously described with respect to

the lo- tions. The geThedcareherosiquidnin e mputhwashs & Eg'e'tm'i}al&?feahixtoeremnno
e oot AR, BT SRR ol € B A e
_ ' 5% to about 60%, preferably from about 5% to about 25% by weight
15 of the carrier. Water then constitutes the remainder of the
" carrier liquid mixture. These mouthwash compositions can also
‘contain other optional components ‘such as emulsifying agents as
previously described, flavoring agénts, sweeteners and humec-
“tanits. Other mouthwash formulations and methc;ds for making
20 mouthwashes ‘Useful in the ‘present invention are disclosed in U.S.
| ' Patent 4,323,551 to Parran, issued April 6, 1982, which is incor-
‘porated by reference -heréir@. A ' |

4, Gels
Compositions heérein can be formulated into a gel form by \l)
25 simply admixing a suitable _t.hick'en'in'g" agent to the previously:

described solution compositions. Examples of suitable thickening
| 'agents have been previously described’ with respect to the lo-
tions.. - = o o | |
The gelled compositions comprise a safe and effective amoi.mt_
30 °  of the tetraalkyl ethenylidenebisphosphonate, from about 0.01% to -
- 958, preferably from about 0.1% to 50%, of an. organic solvent as
preVi_ously"' described; from about 0.5% ‘to 20%, preferably from
about 1% to 108, of the thickening agent; - the balance being
35 5. Solids |
‘The compositions of this invention can also-be formulated in .
a solid form, e.g., a stick-type composition intended for



ﬁrevi ously described; from about 0.5%to 20% preferably fromabout 1%to

[ [ ; [ 35 5.
10% of ,the thickening agent; the balance being water. .
sol (:\d/s he conpositions of this invention can also be fornulated in a
solid form e. g., a stick-type conposition intended for - 20-
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descri bed. Optionahépein} he soap contains a suitable enmulsifier as

: . e 9 : it isin the
ously desgcri bed. en an enulsifier is included, it is in
E(r)r%losi'tign at' a level Tronr8BB%t 3% to 20 about 50% preferably from
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_ contain 15 amount of the tetraalkyl ethenylidenebisphosphonate ranging' from
0.1% to 20%; and from about 50% to 90% of an excipient such as
those previously described. Optionally, the soap contains a
suitable emulsifier as previously described. When an emulsifier is
_ included, it is in the composition at a level from about 3% to

20 about 50%, preferably from about 5% to about 20%.

7. Dentifrices

The compositions of this invention can also be formulated as
dentifrices. Such dentifrices, especially toothpaste, comprise a
safe and effective athount of the tetraalkyl ethenylidenebisphos-
— _ 25 phonate ranging from about 0.1% to about 20% by weight of the
' composition.  Toothpaste compositions conventionally contain
abrasive materials, sudsing agents, binders, humectants, flavor-
ing and sweetening agents. Suitable dentifrice compositions and
‘the methods of their manufacture useful in the present inVention
30 . are fully set forth in U.S. Patent 3,535,421 to Briner et al.,

~issued October 20, 1970, which is incorporated by reference
herein.

8. Shampoos
Compositions of this invention also can be formulated in a
35 shampoo form. The shampoos comprise a safe and effective
amount of the tétraalkyl ethenylidenebisphosphonate ranging from
-about 0.1% to about 20%; from about 5% to about 603 of a



abrasi.ve materials, sudsing agents, binders, hunectants, flaver- ing and
sweet eni ng agents. Suitable dentifrice conpositions and the nethods of

t hei r {manuf acture useful in the present invention 30 are fully set fort@
in U &S Patent 3,535,421 to Briner et al., issued October 20, 1970, 'which
is incorporated by reference herein. 8. Shanpgas Conpositions of this

i nvention also can be fornulated in a 35 shanpoo form The shanpoos
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variety of nonesssuifate, dpiatbansloming olauroy! swifate, mmhaommmmmmal J

ingredients are V‘ﬁ’t}x]ifa{@"'omnbgtﬁm&%' H!ﬁ%y'l rbdl?ﬁeariodiﬁmgtrldech benzene
suc

preservatives, benz g ar abeh, propyl paraben an
| m dazol i di nyl ur&aifopate Bﬁ?cs%q}PF‘aEP‘a?ﬁ\S' §ﬂ€¢f‘%§u&f9ﬁﬁe-t ri methyl amoni um

l@horl de, | aumteskr snewipoo s S5 neAIN- ehbsﬂeeke,oftﬁbﬁ@éséhtmtdmonal
ammnl um chlori decorgégger tlsc.il rméuh gg#vé/ntiow cl)#t%t'?a | Olrnlgredlea}\ril:g are well
known to those skilled in the art, e. g.. preservatives, such as
behzyl alcohol, ethyl paraben, propyl paraben and imidazolidinyl
urea; cationic surfactants, such as cety_l ‘trimethyl ammonium
.20 chloride, Iauryl trlmethyl_ ammonium chloride, tricetyl methyl
ammonium chloride, stearyldimethy! benzyl ammonium chloride, and
di(partially hydrogentated tallow) dimethylammonium chloride;
thickeners and vnscosity modifiers such as a diethanolamide of a _
long-chain fatty acid (e. g. PEG 3 lauramide), block po!ymers of e
25 ethylene oxide and propylene oxide, sodium chloride, sodium \D
" sulfate, polyvinyl alcohol, and ethyl alcohol; pH adjusting agents,
such as 'c’itric_'-a'cid, suecihic acid, phosphoric acid, sodium .
' hydroxide, sodium carbonate; perfumeés: dyes; and, sequestering
agents, such as disodium ethylenedlamme tetraacetate. Such
' 30 agents generally are used individually at a level of from about
0.01% to about 108, preferably from about 0, 5% to about 5.0% by
weight of the composition. - _ :
Additives commonly found in topical composltions such as
preservatives, e.g., methyl and ethyl-paraben, dyes and
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di (partially hydrogentated tallow) dinethylamoni um chloride; thickeners
and viscosity nodifiers such as a di ethanol am de of a long-chain fatty acid
(e.g, PEG 3 |auram de), block.polynmers of 25 et hyl ene oxi de and

propyl ene oxi de, sodium chloride, sodiumsulfate, polyvinyl alcohol, and
et hyl al cohol; pH adjusting agents, such as chjric acid, succinic acid,
phosphoric acid, sodium hydroxide, sodium carbonate; perfunes; dyes; and,
sequestering agentgerfGMed ésn dbeoGhellidea!t ! amgdi rithe toel mRGH) abiescribegh
30 agents generally are used individually at a |l evel of from about
0.01% t o about 10%OW§¥%| y fromabout 0.5%to about 5.0% by wei ght of

t he conposition. Addi tThes tetraaikyly etbhenmylidendbipphodphuonatessi 6f othe presems

er fumme can be i HovERNER, fe, a0 seRbl Ak SRR syateRRand Yor mamiiéey
The tetraal K| et lparghterahcidmiplistrptionat cEhese tdompouadsnare modnsigmificantly
al sojuseful when YRGEHSHRIL bE2 Humarl OkePUATP! Y @Psyaqe P&¥ S rgétrgay':kyu

admni stration. ese conpouhds are not significan nactivated
‘human serum Theethenylidengbisphosphonatek whieh his)ybotine rrafe spnd s pffestive to

which i's both saf ;RRdde ik tive BEGVitJewlntvary W e particuldr didddse
vary.with the particular dis asg bei ng_tr.e ted, the sev&.rlti; of the
di sease, the dur at?®iRgotreatedy theseverjty,of the disgase; ; the; diration 9f treat-

et henyl i denefy sphasemgnahe spaeifiy cdteaulky! etheaghidenstsisphésphomate aemployéd

bhystcian and comBle 16t UiRge, EPhELRFatEs , AR fortond SyBhiby the "Speciic
agggci ated with tHenawledge amg expsrtisempfuthe at®ndingi physiciamsianidogommen-
conprise a safe 155urat€3&'i]gﬁf5 %Eé&?aﬁ%eoqﬂﬁﬁl | 4k’ gﬁogf%%& With1thd Use

about 95% and preferab romO0.1%to tetra

et henyl i denebi s- Pfo@ordiug camPound.aa I SHptemic gomnasitiens somprispnt 8afean

be adm nis- ¢5 and effective amount, usually from about 0.01% to about 95% and
preferably from 0.1% to 50% of the tetraalkyl ethenylidenebis-
phosphonate.

The - tetraalky! ethenylideriebisphosphonate can be adminis-
tered par'enterally in combination with a pﬁarmaceutically-
20 acceptable carrier, such as corn oil, a camphor or sterile,
' pyrogen-free water, and optionally a water-miscible solvent (e.g.,
ethyl alcohol) at a practical amount of the tetraalkyl ethenyli-
dehebisphosphonate per dose. - Parenteral administration can be
by subcutaneous, intradermal, intramuscular, intraarticular, or
25 intravenous injection. The single dosagé by these modes of
administration is usually in the range of from about 0.1 mg to
about 10 g per day. 'Obviously, multiple dosages will exceed this
amount depending upon such factors as length of treatment and
the severity of the condition being treated. Another factor to be
30 considered is the serum half-life of the drug as it is being meta-
bolized and excreted by the body, as measured by the attending
physician. 'When the serum half-life is ‘relatively short, such as
less than 1 hour, then the drug dosage will be higher than if the

half-life is longer, such as from 4 to about 12 hours.
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tered parenterally in conbination with a pharnmaceutically- 20 accept abl e
carrier, such as corn oil, a canphor or sterile, pyrogen-free water, and
optiofally a water-m scible solvent (e.g., ethyl alcohol) at a practical
amount* of the tetraal kyl ethenyll- denebi sphosphonate per dose. Parentera
adm ni stration can-be by subcutaneous, intradepgal, intranuscular,
intraarticular, or 25  intravenous |njection The singl e dosage by these
nodes. of adn1n|strat|on is usually in the range of fromabout 0.1 ng to

-~ about 10 g per day. GtimommhyosilﬁibnNOfdehégﬁﬁeebht Qﬁ@&ﬁ‘ﬂibﬁ' irémﬁﬁ a for
dependi ng upon s%{ é’ *f of treatpeny and t severit P
condi tion being t reaf'aﬁE A’?\%ﬁi% ?'g%t%}s?ﬁsﬁﬁ 38 umEBHsPHeFSUeraPHE‘aéér@m
hal f-1ife of the drawliﬁ&terings ltoi nihe Thumand W 26WeANgniMEt" B CHedW bPCsuch
Do s yeaer e Bedtihed, LE0ShAE HH hstective, el uaGelE. R ;a'h'qfuebhs1
hi gher than if the mgikg Itnf ebout 1,000 mglky per fdayp preferabiyt from about.

P eating i ect oo, thoBodY 288 mBr3 phr. a2 bt A 1ESali ey lidene-
to the hunan or IOMSPMRMMM dessaibed herein., exhinanmouatmbsngiven in a
ef fective amount. Wingle vadseoBraguitidle! ek rfadiaany 4P _Qgijdlﬂéégr%ﬁse

day, preferably . fro abou t o about
tetraalkyl ethenyli ‘é%hgaﬁh?m‘!ﬁ’& ﬁﬁg’gh g&?‘ﬁéﬁ ogages thigher

: 3e given in a ﬁl nglthadotim d'oregdingpam M‘miveeneatndtunﬁect diseades clcarec
osages over the c n s
foregoing are. effegifil5 ve" eét ﬁ?@@ts %Wdlieggegaﬁ%éagmngé?&bgg &rll}%ﬁ"t
as Wi th any drug, iadvesse sidedmffm;abs ﬁenpra!henttrsamrye vsiituetbefwrgalkyl
General ly, treatne et

y @th&hyiidéﬁfbisﬁhoﬁhdﬁﬂte mﬂybliﬁlﬁ?iefs S“%Ohe b Eibds yﬁ nt

elimnate the infectlous agent Wwth seven to ten

et heny| | denebi sphos‘ﬁﬁb‘ﬁh?@"%ﬁ"bt‘mg@ﬂsto

. The tetraalkyl ethenylideneblsphosphonate can be used to
eliminate microorganlsms which can cause a variety of Infectious

. dlseases in humans or animals. such as Steptococcus mutans which

cause dental caries. Clostridium perfingens which cause gas
gangrene, Escherichia coll or other enteric bacteria which cause

_ .urinary tract infections and gastrointestinal diseases;

) _Staghzl ococcus aureus. whlch cause . gastrointestinal disease and

“skin infections. Mylmcus aureus, which cause vaginal

_ _ _infections. and Escherichia coli Staphylococcus aureus and Proteus.
; N vulgaris. which cause urinary tract infections. o : \_J/ .
5 ' - The tetraalkyl ethenylldeneblsphosphonate agents can be

‘ . | | ‘administered topically. orally. or. systemlcally. o |

Toplcal administratlon can be used to treat infectious
_diseases through directly laying on or spreading a safe and
effective amount of the tetraalkyl ethenylidenebisphosphonate. or

_ composition contalning a tetraalkyi ethenylidenebisphosphonate. on
epidermal or epithelial tlssue. including outer skin and oral,
vaginal, gingival nasai and inner-ear tissue. _ The amount of the
agent to be topically adminlstered may vary from about 0.01
mglcm2 to S mglcmz. and if a patch Is worn over the affected
area possibly lower concentrations, depending upon such factors
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elimnate n1croorgan|sns whi ch can cause a variety of Infectious diseases

I n humans or ani mal's, ‘such as Steptococcus nutans whi ch cause dent al

cary es; G ostrid um perfi ngens whi ch cause gas gangrene: Escherichin coi

or other enteric bacteria which cause urinary tract infections and
gastrointestinal diseases; Staphylococcus aursg whi ch cause
gastrointestinal disease and skin infections t aphyl ococcus aureus, which

cause vagi nal | 0" qal A0S, ARAVES G B TRldioR UL AP H5Be YHBHE 2 Whe

Proteus vul gari s, cause tract 1L ong
et henyl i denebi sphwp‘rmmlm agadt sacanrbéiﬁonnm] sterkel wpnmaﬂelryd.onaul ytheor

system cal ly. Toph;‘lfa?-'tic%?’ip ntét}éﬁkgi)neﬂi’éh ylRferiebish hJs?:PohEﬁ?‘t td nﬁ@%ﬂﬂ#ﬁis-

di seases t hrough ect | n or readi ng a safe and fective

amount of the tet rtéﬁ?@yﬁs eVR n?gl EF%elb?@MﬂgthIﬁ?f'ée" ote (Rﬂn%g? @nd the
containing & tetr bt tot WhRH ls@en@mcsmsgsmbm@mshw feghh eSB! effecePidriel

|t | ncl ud Ki I

e ear ti seue. SR SHhoufensralife studh BTEhES el it Jor ATt Tev Abanmdy
Vﬁl‘y Homt gbout thourl rr@#{eere»dtetnb 6f ra;it[-énfe}ctlwohfiﬂfcaay palsoh depends n upoar

the affected area Sj 0 c S

factors as the sgiél'??m @‘%?st vxg{ 99&1 5@5+Oca§foﬁetg$9? Pssue e['ﬁ&?gjeﬂé ?’Esaﬁhoé "

t he conposition arrhanate; etlhe( areami)tlswq)emabm enveared e andh thet abiliyr of ctihear
tetraal kyl gfghenyl degdiiy b I@iﬁéﬁ@ﬁ&@ﬁ@oi&ﬁh@%’pﬁ&‘ﬂt@' o péietrates thel bapfichiit

particul ar. d| sorder ,to be treated and extent -to which systemc
(as di stingui shed SKBrtisEHer ) effects are desired. Generally, such patches

are,worn for not | ess ORsin atiministration ecaeX tbentused aatt'rehﬂfm&dtvwsefdi'ssﬁés
al so depends upon guch Eact Oislﬁglthe

t
et henyl i denebi sphoSYOHHBN " "agregﬁg?utnﬁasfguea“[% %@e‘éﬁ\’/ﬁréﬂwugﬁd 9fhethe
ability of the 10 tetrdaikyhaethenydideaebisphosphionptespfiotia epresgrineinventionhe

parti cular, i 0 icatiGanor fl 2SR SR RaSRI R IP ek Byt | SPle BLARHHS

di seases t hrough saf e an t1ve aROUNT t
ethenylidenebisphosphonate is absorbed by the gastrointestinal

tract. The compound may be formulated as a solid dosage form,

such as tablets, hard gelatin' capsul'es,' soft gelatin capsules, bulk

powders, sustained release formulations and microcapsules of the

20 drug. Alternately, it may be formulated as a liquid dosage form,

- such as an aqueous or nonaqueous solution, emulsion or suspen-

~sion.,

The amount of the tetraalkyi ethenylidenebisphosphonate

ingested depends upon the bioavailability of the compound from

25 the oral pharmaceutical composition. Generally, the amount of the

tetraalkyl ethenylidenebisphosphonate to be orally administered

may vary from about 0.1 mg/kg/day to about 10,000 mg/kg/day

and preferably from about 5 mg/kg/day to about 250 mg/kg/day.

The amount of the pharmaceutical composition administered de-

30 pends upon the percent of tetraalkyl ethenylidenebisphosphonate

within its formula, which is a function of the amount of the

tetraalkyl ethenylidenebisphosphonate required per dose, its

stability, release - characteristics and other pharmaceutical
parameters. |

35 Systemic administration can also be used to treat infectious

diseases. Such administration may be intravenously, intramuscu-



tetraal kyl ethenylidenebi sphosphonate of the present invention 15
generally in a'suitable oral pharmaceutical carrier. The tetraal kyl . -
et henyl i denebi sphosphonate is absorbed by the gastrointestinal tract. Thau
-_congound may be fornulated as a solid dosage form such as tablets, hard
gel atin capsul es,..soft gel atin capsul es, bul k-3ewder s, sust ai ned reI ease
formul ati ons and mcrocapsul es of the 20 drug: Alternately, it nmay be
fornulated as a I|aq»|yd Mﬁmﬂ; Mnmai'teaialanoaqmwtmﬂouaéaqu&ﬁs"a"%

cthany " aencn syt a oA T ,
;(r)mrrﬁﬁ'ltmgff[ﬁ? tzgt? ?I?;ca't Iamm%mtnlvmﬂzﬁ ot A, iym Ik /day
adni ni stered may 9%? r°8§1 Q@Z bgsﬁ ?%{ g about 10,000 %ﬁ%‘gﬁ%'
he Bher ot L;;;“ﬁ;m“ﬂ;,f g wzr,:zz;e:,;sr:d’ i b o 0
e unct i on of aahell&?r:im o:“;j Pha el aaR AF Wth"‘ﬂ'&' o SR

required per dOSeethéﬁylﬁéﬂﬂisﬁuosphﬁaese inc haa acmarmeuticdnlw-acssnable
phar maceuti cal paraneter

r I
used to treat inf.&2FTI80S! "dPséQg& d°§ﬁ(:h ad&a mnistra lfl(k))ﬁ% ﬁﬁ*%s&fﬁb Suiini
i ntravenouslyy, i ntepedisystemicallysin imuitiple. .qqsam egI byl p#pglgpt. erial, or

subcut aneously. Genergfly MyoR-linfting cekanprsl lillustrate the synthesis
et henyl i denebi sphosphoﬁ‘+ f?mnﬁgasyst em cal? P

adm nistered may- vary from - -

about 0.01 ng/kg/. rpceduedoutand)o0 g/ KYP ﬁfeferabl y from about O. 1)
ng/ kg/ day 5 tCﬁheaB%rRSijdm‘dfﬂ/ day. The anount of- pharnmaceuti cal .
conposi tion typica pistered may vary fromabout 0.1 m to about 5 m

of a solution -or ~of the tetraal kyl - et henyl i'denebi sphosphonat e
in a pharggceutical T&tmt ahtmmldemblsphmhwgﬂ&dm magdee via ‘the

corrp03| tions - Ry a}o?lowl?ng synt'i"l %lc procedure:

o Pomcsz) (ocznsi
"2
~ Pococzﬂs) (OC,Hg)

20 e wﬁ' - o "
- | ., ~PO(OC,Hg) (OC,H,)

MeOCH,CH
27N PO(OC,Hg ) (OC,Hy)

+ Et,NH +.5 (CH0),

p-TsOH, Tol uene

25

,PO(OC Hs)(OC Hg)

e
. ‘m(oczusuoczﬂ)
3 |

Speclﬂcally, 108,2 grams (3.47 mol) of paraformaldehyde and 50.8 .

-~

(0. 69 mol) of dlethylamme were combined in 2 liters of methanol
and the ‘mixture warmed until clear. The heat was removed and -

200.09 (0. 69 mol) of tetraethyl methylenebisphosphonate - was

¥ " ‘added. The mixture was refluxed for 24 hours, then an



10 tered systemcally In. nmultiple dosages, or by infusion. The
following non-lLimting exanples illustrate the synthesis procedure, and
;cor(pp§| t | ons, of the present invention. EXAVPLE | 15 Tetr aet hyl ,

et heny‘H/denebl sphosphonate was made via the follow ng synthetic pr ocedur e:
25 ' [err] Specifically, 104.2 grans (<&26+/ nol) of paraformi dehyde
. and 50.8 (0.69 nol) of diethylamne were conbined in 2 liters of nethanol
and the m xture waddtitonait 2| litdrgaiof mhethdredt wees adﬂWeahdaMeZ@Bl@jpn(ﬂaﬁQ

nol ) of tetraethyl o) adde

refl)uxed for 24yﬁgﬁ$érn¥%ﬁe%ﬁ%'g?%p égg'gmﬁ a§d§€‘§co’nafi gtﬁrg [;"Faﬁ\g%% ed
wer e added and t hendothg isolutierns ag@meamcanmtedderTMaclaams;ep[uas]reppaited er
of toluene was ad‘ﬂ@%r%@ﬂet%ﬁl@k&tﬁeﬂ{b\é@%fﬂmﬁmtf@r O‘i!heTﬁFo%dcgsivh

was repeated to ensure co te renpval of hanol mth uct

is 5 obBai nedobtained| ‘é%wa iclean diquid; s T'h'tsef'htédmﬁﬁ'@tﬁ/a'é’a&@@épb’@@ |'ﬂ !L

Ilter of dry tol ugger &-Bﬁ#lwm&fobhﬁolﬁéhdkmmiﬂbyaﬁidttﬁorﬁ&ﬂ}ﬂh msoag!ied
\t"he m xture and this ¥ s refl uxed ’}4\&' ano hen re

fr om the reaction “ﬁisxt?ﬁ‘ggcﬁy %oltﬁgct'f‘m"rﬁ & &‘Sr Hgor"fﬁﬁ oﬁgﬁHf‘SdnA

nmol ecul ar si eves Methanoledasnthenl@emoveéd xfromt tlwtreactﬁm mixdre byl £olectien

the sol ution was ‘fﬁ)rhc‘ipa;% tJrafs?dad%cg%tﬂftgﬁti ﬂdl#:ﬁiecﬁﬁzﬁ-o Jf Eego atlne& il"l' Ler

chl or of orm and washed W % orm so ution
dried over [16rr] &eahigtnextractoed. Aften H shourst ithe Pswtignowatsmoncen-

tetraethyl ethenyhpglagebi ?HQOEPDBEabFoa@& Wé&dl&ﬁﬁeésw?thlﬁ lite‘i' ‘%‘ior‘df&ﬂhd
with the foll ow ng spectral racteristics torted
dqu 2 H[err], J 2nd3wpshed S'fahi)watf"32(24"od5(’n{"'-é °H, EEIJ:N@FP 0""135 utipn
12 H, [err] -2 3 wasliiriedeovér WgSOgrand kbcentrated or Wterl Wstiligtion PI3B.3g =
of the tetraethy! ethenylidenebisphosphonate was produced as a
15 clear liquid with the following spectral characteristics: 1H NMR
[CDCI3) 6.98 (distorted dd, 2 H ﬂ2C=, J = 33.8 and 3'7.7),
4.32-4.00 (m, 8 H, -OCH CH) 13.6 (t, 12 H, 'CHngs' J -
7.13; ¢ NMR (CDCIy) Tas.8 (s, H,C=), 132.3 (t, PCP, J =
166) 62.5 (d, -OH CH3, J =2,9), 16.2 (d, OCHZEH3, J =2.9);
20 P NMR (CDCI ) +12.8.,
EXAMPLE 1l
Tetramethy! ethenylidenebisphosphonate was synthesized via
following general synthetic procedure.

- 25 . PO(OCH, ) (OCH,)
2

~ PO(OCH,,) (0¢H3')

+ Et

2_NH + 5 (_CHZO)"

| PO(OCH., ) (OCH.,)
30 MeOCHZCH/ 3 3
- - | ~ PO(OCH, ) (OCH,)

' ' TsOH, Toluene - '
_-PO(OCH, ) (OCH,) _ )
CH,=C '

35 2 ~~PO(OCH,) (OCH,)



166), 62.5 (d, [err] J =2.9), 16.2 (d, [err] J =2.9); 20 - 31P NWR
[err] +12.8. EXAMPLE || Tetranet hyl ethenylidenebi sphosphonate was
syntthesj zed via follow ng general synthetic procedure. [err] -27-
SpeC|f~+/caIIy, 4..03g (17.4 mmol) of tetramethyl methyl enebi sphos- phonate
2.60g (86.7 rrrml) of paraf ornmal dehyde and 1. 223-(17.4 mol) diethyl am ne
were conbined wth the sane reactants and at the sane conditions as-
described above iSpesifieplly.| 42039 r@f7. bxmmoh) off detranesbyl. metifylemebisphos-

et hanol vas ol | TiAGKAL, 3. 655 aB P ung)) Eo Bl rdrmatisRgRaohnd o iYL

ethenyl|deneb|sphosphonate was , pr.oduce | ear
fol | owi ng spectr amm@hardiethylaming jwere cembined\with the 63'99 repciants epdgat 2

Hl\/l[?e{ r] j] 128 92&@ sgﬂxen:onﬁifgloﬁfsoéi Q!isddibeﬂ?abb\ié &R Exémglé 11lafRd dr@ﬂtli?ﬂ éo
er r S er =
R ferty “R1576 2, ek, CRegr g methendl e himiRted 53 gebglibhy By

gound C, 29. Zﬁ Eixaiplel; 1, P3f .B5g 16f Elﬂbﬁétﬁyllétﬂéhyhdenebﬂplmsptmmate was
enonstrates the 0 a 0

1185 (54,7 it o) e EReholBOH Wakh, Mt Sty oEAAPASRaRaREE:
(173 5 mol) of pistidser nisll NMR d€ )2 MQ (thqrtednld)i.oi Wi By 651 ah1=n§3a9e
conbined with theaﬁgxny rﬂact(apsttgFI d%t 39 HL heog;q;re gondsti cg},%ass,

descri bed above in ure.i s ef luxed for hours

After the metWanoNMR s‘%&hﬂel |‘|§1’nzatféd hag‘élesb"q l?edtabﬁﬁgrl 4 Bx ?ﬁ)\
3.0y of tetra- isegy opgdcﬂgh;an Pde NMR s (GO QNat €15,i5S pr@dupedCaa@dafo.-

clear 1iquid 25 cHEAVBER 1 Thi: S/ UPs2rd; PS4 5.5 ullfab 905 2]
S ' 6. 01 P 25 19. ' '
EXAMPLE 111 _ .
15 . -___Thi's example demonstrates the synthesis of tetraisopropyl
ethehylidenebisphosphonate.' o - -
11.95g (34.7 mmol) - of tetraisopropyl methylenebisphos-
phonate,‘i.‘___Zg (173.5 mmol) of paraformaldehyde and 2.54g (34.7
, mmol) of diethylamine are combined with' the_; same reactants and at
20 the same conditions as described above .in Eiample I.  This
mixture is then refluxed for 117 hours. After the methanol has
been eliminated_.as described above in _Exa,mp"le I, 3.0g of tetra-
isopropyl ethenylidenebisphosphonate -is produced as a clear
liquid. ' ey
25 EXAMPLEIV S B \IJ
" This example demonstrates the production of tetra-n-propyl! |
ethenylidenebisphosphonate.
- 5,97g (17.4 mmol) of tetra-n-—propyl méthylenebisphos—
phonate 2.61g (86 8 mmol] of paraformaldehyde and 1.27g (17.4
30 "'mmol) of diethylamme are combined with the same reactants and
the same conditions as described above in Example 1.  This
* mixture is then refluxed for 46 hours. After the methanol is
elminated as described above in Example [, 4.46g of tetra-
_-propyl ethenyl|deneb|sphosphonate is produced as a clear oil.
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) thenyl|deneb|sphosphonate 5.97g (17.4 nmol) of tetra-n-propyl

met hyl enebi sphos- phonate, 2.61g (86.8 mmol) of parafornmal dehyde and 1. 27g
i(1(_/4(30 nol ) of diethylanm ne are conbined with the same reactants and
the same’ conditions as described above in Exanple 1. This mxture is then
refluxed for 46 hours. After .the nethanol is_gkm nated as described above
in Exanple |, 4.46g of tetra- n-propyl ethenylidenebi sphosphonate is
produced as a cqungNl LE3Y - -28-  EXAMPLE V This exanpl e denonstrates the
production of tet et henyl idenebi sphosphonate. 6. 95g (17.4 mmol)
of tetra-n-butyl net hywaem)gm!spﬁsmanetrases thes 1Ry qdvstionmaf] tewma-n-butyl

par af or mal dehyde adifles ﬁagnéﬂigpﬂo%ﬂat@f di et hyl am ne are conbined with

t he sane reactants and t-he ns as descr.i be bove,in EXx

This et ro i ot hen (56, 87 (b)) o8 tetroxnr BHEXHBeRRYRARBIsARosPhoRts,

el i ninated as 5des-2.61gb¢s6.8bammol) NofEparaformaldehydiy anid uen@ At mhol) of

henyl'i dene-
ThS xanpl o denorErAYBIN hs: SHTERIGH WEh: B3¢ e depoianle ang) the same
i denebi sphosphonateanditiofd as( déscribed| dbove iretExampleecht yThis mixture is then

met hyl enebi SphOSpWHﬁ @etfﬁi-l 8 6 hdtksy (A7 Oﬁﬁ@%étﬂ%;\oﬁ%aéﬁﬁmtgghggede@nd

3.22 g (64.0 mol) mne are conbi reactants
the sane condltlorfd"hgdm HedExpople iln Bxidgpiaf tetranDsbutyl- ethenylideneten

refluxed for 49 h%i&ﬁhoééﬁ&{atbh@ PROANFEY akSa %'léarF Nqufd ed as descri bed
above in Exanple : of tetra-n pentyl

et henyl i denebi sph l.s produced as a cl ear I'i qui d. EXAMPLE VI | This
“exanpl e denonstrates t Thisprexdmpie odembnsiratés/ |thdl produttion henyletra-n-pentyl

. 1 denebi SIOhOSIOhonat&henyl|der|eb|sphosphonate.
20.20g (44.0 mmol) of tetra-n-pentyl methylenebisphosphon-
15 ate, 6.61 g (220.0 mmol) of paraformaldehyde and 3.22 g (64.0
mmol) of diethylamine are combined with the same reactants and
the same conditions as described above in Example |. This mix-
ture is then refluxed for 48 hours. After the methanol is elimin-
. ated as described above in Example I, 14.08 g of tetra-n pentyl
20 ethenylidenebisphosphonate is produced as a clear 'quuid.
- EXAMPLE VII
This example demonstrates the productnon of dlethyl dimethyl
ethenylidenebisphosphonate,
/PO.(OCH3)2

- o ~~ PO(OC,H;),.
26,02 g (0.10 mmol) of diethyl dimethy! methylenebisphosphonate,
15.02 g (0.50 mmol) of pa_raformaldehyde and 7.31 g (0.10 mmol)
of diéthylamine_ are combined with the same reactants and the

30 'same_conditions as" described above in Example' I. This mixture is
then refluxed for 48 hours. After the methanol is eliminated as
described above in Example |, about 20 g of diethy! dimethyl
ethenylidénebisphosphonate is produced as a clear liquid.
EXAMPLE ViII S

35 _ This example demonstrates the production of diethyl d:methyi

8 ethenylidenebisphosphonate,

— 25 CH, = C




[err] 26.02 g (0.10 mml ) of diethyl dinethyl nethyl enebi sphosphonate,
15.02 g (0.50 mml ) of paraformal dehyde and 7.31 g (0.10 mmol ) of

di ef hyl am ne are conbined with the sanme reactants and the 30 sane
“condlitions as described above in Exanple |. This mixture is then refl uxed
for 48 hours. After.the nethanol is elimnatedga described above in
Exanpl e |, about 20 g of diethyl dinethyl ethenylidenebi sphosphonate is
produced as a clear |iquid. EXAMPLE VI IPoQ@cﬂ (OCLIH 9. exanpl e
denonstrates the production of dcm%hylcdlnethyl eth@hﬁ |deneb|sphosphonate
-29- [err] 20.02.49. (0 10 mmmol) of di et hYipOg omq%n ly,| enebi sphosphonat e,
15 .02 g (0.50 mml) of paraformai dehyde and.7531 ] 10 mmol ) of

di eéhyl ambng alroe caoonhed (olum mmﬂ)mlemtdntqth lldné fleiﬁms hbhﬂﬁs
as described above | en

hours. After t$e mb # ﬁ@a% E%I'+'Pr?' ?écﬁggé ﬂggﬁ%ﬁg‘ﬂﬁj Eﬁ {aﬂ‘rﬁpe‘“? h
about, 20 g of dl ebﬁydl&thvﬂmiplh ace corkingtli avitiebthehsaméonedctants anall

el
a1 et det ﬁﬁﬁ“@'ﬁ?’en“& o Fifid ‘E‘fﬂ;‘f_?j Egipih . T iy livarls

di butyl  di met hyl pHbrheues. he. nmhml Jis oeliminated as
par af or mal dehyde aadszrisédg ab@v@llmémﬂi qi, ebbﬁhenwegab? aRERY N Sdimeti

the sane reactants _gnd:t con n escti-bed™ Exanpl e .
This nmixture igg20® &f p‘?’éﬁ% ?ﬂ)mg uged as ay, %5!&“& i's
el i mnated as desc EXAMPEBOE in Exarrpl e | about 24 g of .dibutyl dinethyl

et heny! i denebi sphoSphongyg & ﬁﬁgﬁ&&g&@fﬁ#hﬁéﬁm&uﬂn W&&%imkﬁya S

exanpl denonstrates the: ra-n-
' ethenyl deneblsphosphonate

. PO(OCH )

' | L 'Cl-l2 = C_

15 T _PO_(oc,,H,_)_z.- |
31.6 g (0.10 mmol) of dibutyl dimethy! metﬁylenebisphosphonate, |
15.02 g (0.50 mmol) of paraformaldehyde and 7.31 g (0.01 mmol)
of diethylamine are combined with th&-"se’me-': reactants and the |
same conditions as described above in Example |. This mixture is

20 then refluxed for 48 hours. After the methanol is eliminated as
described above in Example ! about 24 g of dibutyl dimethyl
ethenylldeneblsphosphonate is produced as a clear llquld.
EXAMPLE. X : :

This example demonstrates the production of tetra-n-hexyl

25 ethenylideneblsphosphonete.

o 22,2 g m 0 mmol) of tetra-n-hexyl methy!enebisphos—
' -phonate, 6.61 g (220.0 mmol) of paraformaldehyde and 3.22 g
- (ea.0 mmol) of dlethylamine are combined with the same reactants

_ " and the same condlt!ons as described above in Example |. This

_ 30 mixture Is then reﬂuxed for 48 hours. “After the methanol is

eliminated as described above in Example 1, .about 17 g of tetra-
n-hexyl ethenylIdenebisphosphonate is produced as a clear liquid.

EXAMPLE X1 :

This example demonstrates the production of tetra-n-heptyl
ethenylIdenebisphosphonate. )
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25 ethenyl i denebi sphosphonate. 22 .2 g (44. 0 mmol) of tetra-n-hexyl
met hyl enebi sphos- phonate, 6.61 g (220. 0 mmol) of paraformal dehyde and
3.22,97(;64..0 mmol ) of diethylam ne are conbined with the sane reactants and

the sam€ conditions as described above in Exanple I. This 30 mxture is
then refluxed for 48 hours. After the nmethaneB04s elimnated as descri bed
above in Exanple | about 17 g of tetra- n-hexyl ethenylidenebi sphosphonate

is produced as a cl ea56L8tuigd. (EX0VRuEoll afhi tetea-mniieptybnmethylenebisphos-

duct i f tetrg-n=heptyle:3 | | bj S 23Q- 256, 8
0490 ol ot ePTeRaBED a1 3y A0 InRTFD0F FESEIRGRRRUER Y ge arid, 3°82 G O
mmol ) of par af or ndflichyeoldnef diethydamine grayeambised withn thensame neactants
IcorrbEi( nedI Wi T h tT E_e aﬁgmthé ??étiﬁ@f&c‘%diﬂtdﬂﬁ has Sﬁ@rmﬁiabbges“msm% ped T?ﬁeve
n a e - 1S, m X e |S. en re or ours. er e
net h_anglp is ePim Hﬁf‘gﬂ'easisdgé%?i peffuxed, "lnkéj?ﬂﬂﬂse I,%f 0 elé“eg}i’ﬁfm' Is
tetra- n-heptyl etelimiyatedeasbdesirdsed atiive iis Exa)gplleedl-, asbautcligag df Qﬁurlﬂ-
EXAVPLE XI| 10 trat r fign t hy
tri- n-butyl et he&PFE&@b?éﬁ#@é&?&%ﬁ%ﬁﬁwgﬁ T2 “?44?9% Aoftean

met hyl , tri-n-but yiguidt hyl enebi sphos- phonate, 6.61 g (220.0 mmol) of

par af or mal dehyde Mﬁpgﬁ 9)1(64.0 nmmol ) of diethylam ne are conbined with

t he sane reactant " me conditions as described above In Exanple I.
This mixture 19 then rEhisugx@mrle semesstrates Ather redurtionaed| methyd tri-

elimnated as des@-boegl absetyliderebisphesphordteut 39 g of nethyl,

tri-n-butyl etheny!idenebi sphosphonate i ug clear 1iquid.
EXAMPLE XI || cH. = ¢~ I§OP(58'S|3fﬁgﬁl{&aﬁsii

2 T

PO(OC,Hy),-

15 15.77 g (44.0 mmoi) of methyl, tri-n-butyl methylenebisphos-
phonate, 6.61 g (220.0 mmol) of paraformaldehyde and 3.22 g
(64.0 mmol) of diethylamine are combined with the same reactants
and the same conditions as described above in Example I. This
mixture is then refluxed for 48 hours. After the methanol is
2 eliminated as described above in Example I_, about 39 g of methyl,
tri-n-butyl ethenylidenebisphosphonate is produced as a clear
~liquid. _ '
EXAMPLE XIil
This example demonstrates the production of ethyl tri-
o .5 D-hexyl ethenylidenebisphosphonate,
_ ¢~ POL0CH5) (OCeH, )
2 "> Po(ocgH

CH _
1372

20.09 g (44.0 mmol) of ethyl tri-n-hexyl methylenebisphosphonate,
6.61 g (220.0 mmol) of paraformaldehyde and 3._.2'2 g (64.0 mmol)
of diethylamine are combined with the same reactants and the
same conditions as described above in Example I. This mixture is
then refluxed for 48 hours. After the methanol is eliminated as
'described above in Exampie |, about 34 g of ethyl tri-n-hexyl
ethenylidenebisphosphonate is produced as a clear liquid.

30
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Thi s exanpl e denonstrates the production of ethyl tri- 25 n-hexyl

et henyl i denebi sphosphonate [err] 20.09 g (44.0 nmmol) of ethyl tri-n-hexyl
neﬂhyleneblsphosphonate 6.61 g (220.0 mmol) of paraformal dehyde and 3. 22,
(64.0~fmmol ) 30 of diethylanine are conmbined with the same reactants and
the same conditions as described above in Exaﬁﬁle |. This mxture is then

refluxed for 48 h E the nmethanol is elinmnated as descri bed above
in Exanple I, abom&t hyl tri-n-hexyl ethenylidenebi sphosphonate is

produced as a. clear |IA|annhp®5tlon fod lordXANFiystiimic Adminixisatiororisf preparad

ar b o <: ot 1 4, Bk okt S8ABAD HnGRRBeR0 the Tollom o,
Pol ysorbitan 80 tetrabutyl ethenylidenebisphosphonatg. Sg pyrogen 1% [err]

91. 0g The tet gabut ylpoRidafBiahdgsebI sphosphonate is dissolved in $
pol ysorbi tan 50 and tﬁfi& s??%’ut.@@n S suspended in the [err] From r1@0 m to

3000 m -of the resupPyiragenHaeeddsdtical com 10: position is ad¥lrf@tered;
?ral Ity t¥w fce dalS Ity forThbrteerattsmwrétﬂauﬁliaene?sésthbsph&ﬁal fe is{‘d&%@ﬁbé&f in thteh
reat men rom Sta u ur ey i nt.esti na ectjo uring e
i nfecti on caused g”?fﬂbigr ’Eﬁtﬁﬁg&ﬁﬁﬂ? n g f'ﬁs%‘{?g 5*" P’Hxé sane
sol ution can be inj ectacbnia OSmttbrrBoM gl of the h'esultlng phiﬁrmiacenma! )c;om-
i ntraperitoneghl s I 0 |
. P %) Y eoadsn# Er"i‘rf% .L.éé'r Qféﬁﬁqgﬁ&s c}éiwel?o:l QH' q{)r’@ &ag% dto

70 kg ‘human i n ne rea
dosages will el iari?faka bun@pt dnoneed mttaemtmtcﬁm@@mgmpcuarawus

d ostridium 20 Pﬁ dst-ointastindli GRf&RIGE gafnaangtrh%nqnffam?ré&me% %! this - -

which will cause Ufinary tract infections and™ skin infections and ot her ) |
: bacterlum. _
From 0.1 mi to 10.0 ml of this same solution can be m;ected
15 © systemically = either ~intravenously, intraperitoneally,

- intramuscularly, - 'subcutaneously or intradermally to a 70 kg
human in need of similar treatment. h
" These same “compositidhs and" dosages - will eliminate
' -Streptococcus mutans which cause dental caries, Clostridium
20 Perfrmgen which cause gas gangrene, Escher:chla coll which will
cause urinary tract infections and skin mfectlons and other
gram-positive and gram-negative pathogenic bacteria. -
Substantia_lly similar results are -obtained when _tetrabuty!
ethenylidenebisphosphonate is replaced, in whole or in part, with

25 an equivaient amount---_of tetramethyl! ethenylidenebisphosphonate, J/
tetraethy! ethenylidenebisphosphonate, - tetra-n-propyl ethenyli-- .

denebisphosphonate, tetrahepty! ethenylidenebisphosphonate,
dimethyl diethyl ethenylldeneblsphosphonate dibutyl dimethyl

' ethenylsdenebisphosphonate ' methyl tributyl
30 ethenyl|denebisphosphonate ~ or ethyl ~ tri-n-hexy!
" 'ethenyiideneblsphosphonate. - A

' EXAMPLE XV
A composmon for toplcal admumstration is prepared by

: _combmmg the followmg mgredlents
35
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gram positive and gram negative pat hogenic bacteria. Substantially simlar
results are obtai ned when tetrabutyl ethenylidenebi sphosphonate is
replaced, in whole or in part, with 25 an equival ent anount of tetranethyl
et hehyl_idenebi sphosphonate, tetraethyl ethenylidenebi sphosphonate,
tetra-n-propyl ethenyli- denebi sphosphonate, _.etraheptyl

et henyl i denebi sphosphonat e, di net hyl diethyl et'henyli denebi sphosphonate,

di butyl di methyl et hgpdbdenethemPesaBiabs met hyl
tributyl 30 et henqui ﬁéegnelﬂ"?sphosp onat e % os%l?onate et hyl 39

tri-n-hexyl ethenyl if@R¥If SFo§PMONat e EXAMPLE XV A conposition 19%r

topi cal adm nistratip is prepared by conbining the follow ng grg

i ngredients: 35 - 32, tetrabut yl ,et henyl i,denehi osphonat e

nggranUI e dry soap The granu}ey dry soap is aggeapr%ol [E?H" and a soap

87¢g ThedgranﬁISe drsolatiep is pttbml'l edo t'ltl)ihewaétra?]myd etlamidenebisphosphonate
prepared. The tetyaa yl i denebi 0 .St hen u r
agie\f%t ion produci ilr’?g {@%gbggpedu R@%’Sp agf(ﬂg S'Izﬁon.a%é%#{ﬁﬂg Wm@??%;g?y %1%?)
three to seven daysolwkiph.24¥!as;t_giru tw_(iee_rdm'm _tﬁongtbmp toosendrordays aitls(R40
[err] portion of tﬂg bf 8 'Pé%'léing' h&éﬁ‘aécﬂvii%e%' QRS 39EMPS poHabn 35f the
St aphyl ococcus 10 ureaus, EscherTchia coll and other gram pQsitive an

gram negative pat fRsgarmc Willc ebiminatg;ipfectiqus, agants sHChnassStaphylococcus

SUESt alnt[ ially hm'il@Feah%%U'BsCh%rm@i eed Wl b&idrabg#am-positive har'ld gram-
cqUi val ent  anount  GROTLYE ARLPAGPNE, REtr 1% St0E obbstA o b8 SKIBe ract ny!
ethenyl idenebi sphosphénatubstantialyn-simiday| resuienys | ebtaimexhi whens pétrabuty!
P o onc B RBREERIRRBRARLES 16 FBldo heibtle or, i part,, it
met hyl tributyl ancegeivplénteamount of tetramethyl ethenylidenebisphosphonate,
' 15  tetraethyl ethehylidenebisphosphonate', tetra-n-propy! ethenyl'i-
denebisphosphonate, tetrahepty! ethenylidenebisphosphonate,
dimethyl diethyl ethenylidenebisphosphonate, dibutyl dimethyl
ethenylidenebisphosphonate, methyl tributy! ethenylidene-
bisphosphonate or ethyi tri-g?-hexyl ethenylidenebisphosphonate.
20 EXAMPLE XVI
A capsule for oral administration is prepared by combining
the following ingredients:

tetrabutyl! ethenylidenebisphosphonate 30 g
. ~ sesame oil 7049
~ 25 ‘These ingredients are blended and 150 mg of the resulting

solution is placed in a #4 capsule by methods known in the art.
1-2 capsules are administered every 8 hours for three to
seven days to a 70 kg human in need of treatment. This dosage
will eliminate gram-positive and gram-negative infectious agents as

30 previously described above in Examples XIV and XV.

Substantially similar resuits are obtained if the tetrabutyl
ethenylidenebisphosphonate is replaced, in whble or in part, with
an equivalent amount of tetramethy! ethenylidenebisphosphonate,
tetraethyl ethenylidenebisphosphonate, tetra-n-propyl etheny-
35 lidenebisphosphonate, - tetraheptyl ethenylidenebisphosphonate,
- dimethy! diethyl ethenylidenebisphosphonate, dibutyl dimethyl



bi sphosphonate or ethyl tri-n-hexyl ethenylidenebi sphosphonate. 20 EXAVPLE
XVl A capsule for oral administration is prepared by conbining the

fold owing ingredients: tetrabutyl et henyl i denebi sphosphonat e 30 g
sesane..oi | 70 g 25 These ingredi ents
are bl ended -and 150 ng of the resultlng solutigygn is placed in a #4 capsule
by met hods known in the art. 1-2 capsul es are adm ni stered every 8 hours

folrI t hlree tOtSGVGéltHE\‘JﬁldteﬂeblthdSthhHm l{‘méﬂﬂd ?ftrtmﬁm fTEcheﬂWuéeﬁ’élﬁage |
Wi elmnaegra itive a m negative infectio S :
previ ously descri B Wé i 9 Egﬂ%% isasfiexyh §thany qwﬁﬁ%qw 711 I ar
results are obt ai EXAMRLE R&Vilet r abut yI et henyl i denebi sphosphonate is

repl aced, in whole or Al t I of st %I% vl

et henyl i denebl sphosphonafmb{)ettwge ‘ﬁn &gﬂk%lﬁy?% ene ?ggﬂosphgéF B by

tetra-n-propyd - ecombiningsthe IQIMD$ emtste, tetraheptyl
et henyl i denebi sphos&@%ty &hgﬁw%ngbgbmg ﬁ&,l;ﬁgyl i deng sphosphonat e, \J
di butyl di net hyl n ebi sp o onat e rret tributyl

et henyl i denebi s- pMMﬁMPBetﬁlVGPth“"{ F 3 xyI

et henyl i denebi sphospestieins fr E XVII A corrp05| ti onusf r. topical

adm nistration is pr red conpi t.h IIovmn ngr

tetrabutyl ‘et henylider HE%‘y s are gigf"%‘&ijg? &rg'né 5?9% gﬁﬁlﬁca on

3, 000) 2D gof)yzltngemgfloéetl[lerr¢sultlng cream to a 80 cm wrglo‘ﬁheﬁe the

ingredients are breaded bP d HuRdh GhCAGRY ARPLHGRIEAR Gul0 alily 260 Hrdl hhe

resulting cream to a cm portion O orear m o human I n nee
treatnent twice dseYenf odaysr itk o elisjeate gram-ppsitive | @ncht @ram-negative J

gram positive a“ﬁwfe&ftaﬁs nsg@fwsvasl PréPloUSHF diderited aboRecid csssdruples Xiv
descri bed above |n Ex)awp es |

15 S Substantially simllar results are obtamed if the tetra-

- butyl ethenyl|denebisphosphonate is replaced, in. whole or in part,

with an,___e_qu_iyalen_t amount of tetramethyl__...ethenyhdeneblsphos-

phonate, tetraethyl ethenylidenebisphosphonate, tetra-_rl-propy!'

_ ethenylidenebisphosphonate, tetraheptyl .ethenylidenebisphos-~

20 phonate, dimethyl! diethyl ethenyl:deneblsphosphonate, dibutyl

“dimethyl .ethenylidenebfsphosphonate, methyl tributyt ethenyl~

idenebisphosphonate or ethyl. tri-n-hexyl ethenylidenebis~

phosphonate. _ S S _
Example XVII Ce
25 LA mouthwash composition for .oral rinsing is prepared by \'D
'combmlng the following ingredients: _ s
Tetrabuty! ethenyl1denbisphosphonate - 0.5g
- Polysorbitan 80 _ _ - l.2g
_ Mint flavoring = = L 0.1g
30 Glycerin - R - 3.0g
- Sodium flouride _ Co -0.5g
-Ethanol: . S o 10.0g -
- Distilled H O _ . o 84.7g

‘The tetrabutyl ethenylideneblsphosphonate is dissolved mto
35 the pqusorb_itan 80. - The remaining. .components are then blended
. into this _mixtu_ré and a mouthwash solution is prepared.



and XV. 15 X Substantially simlar results are obtained if the
tetra- butyl ethenylidenebi sphosphonate is replaced,. in whole or in part,
Wit r eqU|vaIent anount of tetramethyl . ethenylidenebi sphos- phonate,

t et raethyl et henyl i denebi sphosphonat e, tetra n- propyl :

et henyl i denebi sphosphonat e, tetraheptyl Egnylldeneblsphos- 20
phonate, dinethyl diethyl ethenylidenebi sphosphonate, dibutyl dinmethyl

t henyl i denebi sphosph t I vl e opat
gr etlhyl tri- ﬁhegy?malﬁ Oﬂehgselne%glds'?k%ho"s‘ onatié' dég r}%ﬁ,.ﬁ%}?ﬁ?&' Q"g §
A nout hwash conmpodiuiash 'f'o'l"e%%/aﬂf treatment, s%\‘%ﬁ%ﬂséseby"&dﬁbimtnﬁtq igsowth
foll owi ng ingredi eft sstreptécecis! :ﬁ&tﬁ&yladantuthahosgmﬁn?bsmve pathogéhied

gollésggbl tan 80 (p&ct?.ria thereby preventing dental and r%ot surchlzéa \égg'lﬂﬁgSodl um
flouride 5 Sulfstaptidlligasihilar results are ‘obtained if the tetrabutyl

10. Distilled : _ . 19 .Ihe .

' tet?%ut yl et henyl[e ﬁéé%lei%?%e‘%(s)glaﬂs&hat{nea thisdrE%ISF%d if' n‘thgéSogtWe part, with
pol ysorbi tan 80. THme equivalentgamount nefitetramethirb retbesytidenebisphospbonate,
m xture and a ”DUttEYPa'ilﬂh§P| uti Orhthtia?fiﬁgﬁéﬁlgggosph&%tezo m Oiettrggn-praﬂYl

resul ting mout hwash are _adni ni stere neell of treat nent
dosage wi || i nhi bieth Ph\é"ﬁﬁ'm'ﬁpmsﬂlqr@ﬁﬁococcus nut ans and ot her tetrahepty!

gram posi tive1ipat fl‘!ﬁeﬂyﬁdéﬁ’éﬁigbhesﬂmﬁfaﬁby preventi ngimderyrl and rootdieth |
surface carries

ntlaII S|ml resul r obt | f the
tetrabutyl et henyﬁtﬂﬁ'ﬁ\élb‘i"%'b% rep‘iI §8 HE%& or g ne-
wi\tJi an equi val entblspmmhomfateet mtbyhyltrmwhybtnmwtdmbmmaate or

;f;;ﬁif P)élanebl sph%ggw 'tp‘;[e-puehb§9h%§ﬁ%@é&ebisphostp?\t E’%ﬁ aE;gF 3;:
Example XiX
15 A dentifrice composition for topical administration to teeth |s
prepared by combining the following ingredients:
Tetrabutyl ethenylideneblsphosphonate ' 0.49
Glycerin ' 67.3g
. Silicon dioxide . 20.0g
20 -Xanthan gum : ' 1.0g
Mint flavor _ : 1.0g
Titanium dioxide ' 0.7g
Sodium fluoride : 0.3g
\./ Distilled Hzo : 6.6g
25 - These ingredients are blended to form a cream. Application

of 5g of the resulting dentifrice cream to the teeth of a human in
- need of treatment will inhibit the growth of Streptococcus mutans
and other gram-positive pathogenic bacteria thereby preventing
dental and root surface carries.
30 Substantially similar results are obtained if the tetrabutyl -
ethenylidenebisphosphonate is replaced, In whole or in part, with
an equivalent amount of tetramethyl ethehylidenebisphosphonate,

tetraethyi ethenylidenebisphosphonate, tetra-n-propyl
ethenylidenebisphosphonate, tetraheptyl
35 ethenylidenebisphosphonate, dimethyl diethyl

ethenylidenebisphosphonate, dibuty! dimethyl



10 et henyli denebi sphosphonat e, di net hyl di et hyl
ethenylidenebisphosphonate, di but yl di net hyl et henyl i dene-
thosphonate, met hyl tributyl ethenylidenebi sphosphonate or ethyl
ri ~n--Hexyl ethenylidenebi sphosphonate. Exanple Xl X 15 A dentifrice
conp05|t|on for topical adm nistration to teetfsds prepared by conbining
the foll ow ng ingredients Tetrabutyl ethenylidenebi sphosphonate

0.4g Gycerin. ethenylidenebisphosphonate, - - .méthydg Sili CO” Cﬂrﬂ%uﬁﬂ
20. g 20 Xanth N gpm h ? IYL
flavor = enylidenebisphosphonate df Ti t ani®thYli oxi detri=n-hexy!
0. 7g Sodi um f| uoethiémylidenebisphosphonate. - - 0. 3g Distill ed HO
6.69 2 25 TEeée inggfdl ents are bl ended to forma cream Application
of 5g of the resu ifrice creamto the teeth of a human in need of

treatment wit¥% inhibitA tshampoowcompbsisione fiom topinad - administrativnoii$eprepared
gram positive pat ggg&m‘&r@%tﬁ{é ??ﬁ&tfﬁa yn#h Y&Wsl ng dental . and root

surface carri es. results are obtained If t

tetrabutyl ethenyli derf@trabmed eibenydid §eb§p|he§ebonat¢ whot e or irfart,
with an equival ent amgému,ﬁfdéﬁcryaﬁgﬁigﬂe stiitenytd denebi sphosphona,t og

tetraethyl et henylJ denebj.sphosph : tetra-n-propyl eth nyI
i denebi sphosphonat e, Sodfiim toibare BuTfiats t etraheptyl 35 et heny’l R
i'denebi sphosphnat e, Seodium. ciilonietehy| . diethyl . 1.5g
et henyl i denebi sphosph di butyl ___:' dlnethyl 5-
et henyl i denebi sphosph?&g ﬂed H O nmet hyl- ' 't Fi butyl 92. 5%

et henyl i denebi sphosphdrhst godium (;iodecylberuenﬂ sulfonaqer is addedyto the distilled \J
ethenyl i denebi sph@apdlonsng - theé 2PRsGItiNG mixture is blended until clear. The

remaimng components are then blended into this solution to form
15  a shampoo compositlon.. L |
- 1g of the resulting shampoo composntion is ‘applied to the
wetted hair -of a human in- need .of treatment. The shampoo is .
worked through the hair and then rinsed out. This regimen is
performed three to five times a week to eliminate gram-positivé
20 and gram-_-né_gative infectious agents - as well as eukaryotic mic'ro-_
organisms such as Pityrosporon ovale and Pityrosporan orbiculare
which cause dandruff. S
Substantially similar results are obtamed if the tetrabutyl
ethenylidenebisphosphonate is replaced, in whole or in part, with - -
25 an equivalent amount of tétramethjl;l_ ethenylidenebisphosphohaté. \J)
tetraethyl - ethenylidenebisphosphonate, = tetra-n-propyl ethenyl-
. idenebisphosphonate, - tetraheptyl ethenylidenebisphosphonate,
dimethyl = diethyl ethenylidenebisphosphonate, dibuty! dimethyl
ethenylidenebisphosphonate methyl tributyl ethenylidenebis-'
30 phosphonate or ethyl tri-n-hexyl ethenylxdeneblsphosphonate.
Example XX!. . _ : _
A har_c_l _sur.face cleaning composition is. prepared by combin-
ing the following ingredients: '

35



5 A shanmpoo conposition for topical admnistration is prepared by
conbining the follow ng ingredients: Tetrabutyl ethenylidenebi sphosphonate

_ 4.:— Qg Sodi um dodecyl benzene sui fonate 1. g Sodi um tol uene
onate * 1.0g 10 Sodi um chl ori de
1 59 Distilled [err]. -36- 92. 5g The sodi um.

dodecyl benzene sul fonate is added to the distilled water and the resulting
m xture is bl ended unt |Tetrbbatyl etfienylidenebisphosphpaatet s are t hes pgended

into this solution to o? shanpoo conposition. 1g of the rg $t| ng
shanpoo conposition |s ap |ed1 o the wetted hair of a human in né&e
treatment. The shanpooSodjumolausath isudfags t he hair and then rinsQ9,ogt.

This reginmen is perfornggtm;geﬁ po five tinmes a week to elimnate
grampositive 20 and gtam nega®i ve infectious agents as well as 3di%ryot|c
a

mcro- organisms such ath®i tetrakubyl,sthenylidenabisphosphopste:nand bthal isopro-
whi ch cause dandrufﬁanofit&i%t eeamlﬁoytm @léﬁﬂeﬂ%ﬂf?ﬁ&%ﬁﬁaﬁbw 1 nrlanﬁtes :

t etwabutyl ethenyli eb| S onat r ace e or
with 25 "an equi valtgnfJ F"&P ONect Qﬁeﬁ?éﬁ‘“bt'ﬂm sulfate §§h€!ﬁ5’néﬂ§§d to
tetraethyl ethenyl ithis solstidrosamab the resulting sokition sl blepded fdr 10 minutes,

| denebi sphosphonat e ebi sphosphonat e, di net hyl
di et hyl et henylide ert?f%%ﬁ{(ig Ray‘% sur?%&og%%?bgg{-] Yet hyl et henyl

i denebi sphospi®onat e, ¢f this jcompgsition mwnmmmaoldsenvmmmmer-or
ol eaning conpos) ti &“ﬁ“*&egﬁﬁﬁ*}@mf‘%“. ﬁ@'ﬁﬁ“ POBY sautiny doeils i
35 -36- Tetrabut®?l éﬂ%ﬂﬁ%@ﬂp ether gram-pgsitiye jandhr gramm
3~"5g : negative bacteria on such surfaces.
Substantially similar results are obtained if the tetrabuti«l
15 ethenylidenebisphosphonate is replaced, in whole or In part, wiih
an equivalent amount of tetramethyl ethenylidenebisphosphonate,
tetraethyl ethenylidenebisphosphonate, tetra~n-propy!
ethenylidenebisphosphonate, ~ tetraheptyl = ethenylidene-
bisphosphonate, dimethyl diethyl ethenylidenebisphosphonate,
20 dibutyl dimethyl ethenylidenebisphosphonate, methyl tributyl
ethenylidenebisphosphonate or ethy} ‘ tri-n-hexy!
ethenylidenebisphosphonate.
Other surfactants such as sodium laury! sulfate as well as
various other optional components such as abrasives (e.g.,
(L 25 sodium metasilicate), buillders (e.g., potassium pyrophosphate)
and 'suds supressors (e.g., ethoxylated n-decy! alcohol) ‘which
are set forth in U.S. Patent 4,418,128 to Coffinet, issued
November 8, 1983 and in U. S Patent 3,679,608 to Aubert et al.,
Issued July 25, 1972, A
30 .. .7; can also be used In formulating hard surface cleaner
compositions containing the tetraalkyl ethenylidenebisphosphonates
of the present invention. |
EFFECTIVENESS IN ELIMINATING INFECTION |
The in vitro antibacterial activity of several tetraalkyl
35 ethenylidenebisphosphonates, fosfomycin and Penicillin G were
tested against various gram-positive and gram-negative bacteria




Sodi um | aureth sulfate - 20. 0g Distilled [err]

- 69.5g S The tetrabutyl et henyl i denebi sphosphonat e and the isopro-
pangt are added to the distilled water and bl ended for 15 minutes to for
sol uti'on. The sodiumlaureth sulfate Is then added to this solution and the
resulting solution is blended for 10 m nutes37pr oduci ng a hard surface

cl eanser. 10 Use -of this conposition to clean household

envi ronnent al swsungathns standiarxb momdi@tﬁorpd\llmiinhneIlnhrbitm-y)ccnnceau&tmgx

ont T ve bt o | MY fd5C 43, WeERURacH BabBEladFgEIBSLALYG A Gl
“obtai ned if the Misrebislagy iFohn eﬁhen\yﬁ'@ms&mgpmﬁtﬂrdnat %81‘§1ﬂepﬂ1éi§§lj. i n
whol e or in par t:ncw&}aaedeﬂwétals ré‘fEPHHEeOf TKe TRIERALY lare presented in
ethenylldeneblsphos honate; _te _ethenylldeneblsphosp onat e,
tetra-n-propyl . Wﬂ@ﬂeﬁ??tﬁwosphonate - tetraheptyl
- et henyl i dene- bi sphosphonat e, .di methyl- Mi@tihyg/mt) henyl i denebi sphosphonat eu
20 dirbutyl di nethyl et henyl i denom sphospBonat e, ~methyl. tri b : '
et henyl i.denebi sphosphonate —oaih fbentd Vavll nn I
i denebi sphosphonés €oliD(Ke) surfactsant s susoo asZSp&GOum 1 a3yl surzﬁmt e as
wel | as vari ous Glihizal dgofateal components such as abrasives (e.g., 25
sodi um netasli cate% bui | der s S g., potassium pyrophosphate). and suds
supressorsie. g P Gh’ jnesad Gr 6300 256800 )2 ﬁh&lp are séfl fH,080in U S.
Pat ent 4, 414, 126A ?rnet i ssued Novenber 8,. 1983 and in U S. Patent
3,679, 608 to Aub%ﬁ'!icﬁ’(i"a!'es sfafdued Jury 25, 1972, 30 . can al so

be used in.form at i n harg iurf ce . cl ean% conposi tions nt ai ni ng the U/ B
tetraal kyl ethe | % '

fidsph es of e pre eht |nv‘c§ﬁt|tﬁ7
EFFECTI VENESS | . *\I%I FECTI ON The in vitro . antibacterial activity
of several: tetraa f].-"hé'es & enyl i denebi sphosphonat es, fosfonycin and :

Penicilli n153 veg e A&set._&d(agiu nst mrl ous’%am po§|§| ve ar}’% grar’r‘?gegatl ve
bacteria’  ATcC.25923- |

Clostridium (G+) - 52 2.1 | . N
. perfringens - o L _
' ATCC 3624

20 S, Aureus (G+) 1,200 180 6.5 72 19,000
- ATCC 12715 _ L
Penicitlin resnstant

Klebsiella (G-) ws - . - - -
= Pneumoniae ATCC :

25 Streptococcus (G+) - - 1.2 - - \J) _
‘mutans : '
Clinical isolate: -
' Streptococcus (G+) - - 1M - -
- mutans - : : I ' ' :
Climcal isolate

30. - Streptococcus (G+) - - 1 C - -
mutans , . _- .
- Clinical |solate

A. Tetramethyl ethenyl|denebisphosphonate
B. Tetraethy! ethenylidenebisphosphonate
~ +. - C. Tetrabutyl ethenylideneblsphosphonate
35 . - D. Fosfomycin
E Penicillm G



-37- using the standard nmicrodilutlon MnimmInhibitory Concentration
(MC) assay as.disclosed in Laboratory Procedures in Cinical
.M Q;?b'i ology (John A. . Wishington, editor), 281-311 (1985),

r

- incBrporated herein by reference. The results are presented in 5 t he
following Table: MC ( g/m) A B C D EE Coli (G)
520 6,300 25,000 320 260738 ni cal isolate 10 P.

Aer ugi nosa (G)6, 300 5, 000Q 25, 000 31 24,000 AJCC 27853
Penicillin resistant S.T%‘RﬁPeLE! (Yiiro aptihgsterial acégﬁ?es of gheg tetraajky|
25, 000 ATCC 27660 é¥tengilidenebispioisphbndtfes defionsthateustiest)broad 43Pectrum
110 4.5 5 AT 259, stridi (GH) .

52 2.1 effithcy  of p@?er%?i - Fanpouty 3@piogt 9'%7‘_ ReRitive (@nd
1, 200 180 gram-medgative mictobes9, 00DhestCC dbd 15alPeni demdnstratesi s$hamnt
Klebsiella_ (G) = nhor : cuBeriOr gmﬁl

ATCC St repFococcust t&é? étyl gtheny'lidene?isphosphgr'\atf %sum”r?ﬂt 'g;r??e 1T icgﬁf @

i sotate Strept ococeliRicplly) well-recognized . broad spectiMmnsaWirmicrabialsol it e
30. - StreptococcUgnfibddterial- efficacy against grdmOpésiBive Crickédigantsthall €

Furthermore, this Table demonstrates that these compounds are
- efficacious against gram-positive microorganisms which are resis-

10 - tent to Penicillin G.
o/
15
20
N
. 25
30
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Weny i denebi sphosphonate B. Tetr aet hyl
enyl i denebi sphosphonate C. Tetrabutyl ethenylidenebi sphosphonat e D
“MM“ icillin G -38- These in vitro antibacteri al act|V|t|e§_4
‘ ﬂm(fl | et henyl i denebi sphosphonates denpbnstrate the broad

spect ritm &f fPcacy -~ of these conpounds against grampositive and

gram negative m crobes. These data al denmonstrate that tetrabutyl
et henyl i denebi sphosphonate is superior to onycin, a clinically
wel | -recogni zed broad spectrun1' antl-nlcroblal . 1 n anti bacteri al

ef ficacy against gram positive microorganisns. Furthernore, this Table
denonstrates that cmmScorrpounds are ef ficaci ous. agai nst grampositive
mcroorganlsms whi ch are resis- tant to Peniciliin G 15 20 25 30
35 .CLAIMS 1.. Alenethodnethed sf?ﬁt h&¥nshesizing.. tetnaplkyl cethenylidrnnkis
phosphonat es corrprphugghédiaggtmgqim the gofag from.. - 20 to

96 nol e percent of a formal dehyde or fornal dehyde precursor sel ected fron@
f or mal dehyde, parafornal dehyde or-trioxane; from =~ - 2 to- 40 nol e
percent of a secondary (aki combinthg rfeem2 to. 20 t40 nol:e9@emolenpenterst of a

tetraal kyl methyl enehi Sphosrahaaﬁi&ﬁe tope fﬁﬁﬁmeﬁyde precursor selected from

5 _ o o -~ . formaldehyde, paraformaldehyde
or trioxane: from " 2to 40 mole percent of a
secondary amine; and from 2 to .- .. 40 mole percent

of a tetraalkyl methylenebisphosphonate of the formula: \J |

- _Po(or") (0R?)

X m(oa’)(on")
wherein R‘ R2 R3 and Rn are !ndependently chosen
from the group consisting of C, to c, straight or

branched alkyl; in an aicohol solvent selected from -
15 | . _{ methanol and ethanol;

10 <

(b) heating -s_ald mixture to a temperature of from
40°C to - 80°C, for a period of from -- 0.5
_hours to - - 200 hours;

'(c)V_ replacin'g said alcohol solvent with an equivalent amount "
20 o a of solvent selected from
toluene, benzene and xylene; and

(d) adding a catalytic amdun_t, of an acid selected from the
| g'roup conslstl'ng of paratoluenesulfonic acid and phos-
phoric acid, and aliowing said mixture to react for a B
25 " period of from .. 2 hours to .. 48 hours.

2. A method according to Claim 1 wherein the secondary amine
in step (a) is selected from = - .- < . pyrroli-
done, plperidine, dlethylamlne. dimethylamine,

! 4



& . \
[err] wherein [err] and [err] are independently chosen fromthe group

Sovent 001 Stiba f1om abe 11 Stravon or branched atlot: L hiﬂmlﬂﬂﬂ"lﬂﬂlllﬂllll

eth\%ﬁlol (b) heating said mixture to a tenmperature of from/[err

[err] for a period of from. 0.5 hours to 200 hours (c) repl aC| ng sai d
al cehol solvent with an equi val ent anount, 20 a of sol vent

sel ected fromtol uene, benzene and xyl ene and (‘d‘) addl ng a catal ytic anount

of an acid selected fromthe gr oup COI’ISI Stl)l’;ﬁ of par ‘at ol uenesul foni ¢ aci d
and phos- phoric atid, Benryimethylamings d ni diberzylaminect f odizp-butylamine,

period of frgm 2 hOdi'fc clohexylamifié, NOU" i-R-he:xyIEMIn® 2CCaMsbbityldinine,
Claim1 wherein the sec ':H'é Enr%eln tep Is sel eCted from

pyrrol |- done, pi pefl Pylaminee; h‘?}l‘ﬂn?‘%@ fami ing; RIRGraZing c OF mixtures
benzyl net hyl ani ne, dll'braaﬁl,l andnwhereindthe) sluohyl ssivent s methanol.

di cycl ohexyl am ne, di - n-hexyl am ne, di | sobut yl am ne,

dl |\3~0propyl am ne, di-n-octylam ne, piperazine or m xtures thereof, and
wherein the al cohol3.sol Aemethadnae ng 30 Claimethowhersinr ¢heg formaldehyde

wherei n the formal dehygérggg’tﬁgu;sfy @g@;ﬁélaaggbggbxdemggwe{h@ Dnjdint of

anount of sai d parafor de_i1s o percent,
the amount of the ani nesaig ﬂaﬁﬁf"r dehyde, is from 205%pte perc—erﬂto anle

t he amount of the tetr apé.{eéht;remtyhmanblephaapﬂm s Ifporh OM- . 190t O

20 nol e perc : accordin t )
para- fornal gehyde I's fﬁ 85"‘?‘5& ﬁd rew f?%aﬁﬁﬂyﬁnweg?y@ﬂ%
sgcondary amine is fronbisphosphonate Isiﬁroml e pertoam and: t20c mobe percerit.
tetraal kyl nethyl ene bi sphos- 5 phonate I's from 10 to 15

nol e percent. - :
4, A method according to Claim 3, wherein the amount of para-

- formaldehyde is from . 50 to . ~.. 75 mole percent, the
amount of the secondary amine is from = 10 to . 15
mole percent and the amount of tetraalkyl methylene bisphos-
5 phonate is from . . 10 to . ... 15.mole percent.

5. A method according to Claim & wherein the tetraalkyi
' methylenebisphosphonate is selected from - =
< tetramethyl methylenebisphosphonate, tetraethyl
methylenebisphosphonate,
[ tetraisopropyl methylenebisphosphonate,
- tetra-n-propyl methylenebisphosphonate,
tetra-n-butyl methylenebisphosphonate,
tetra-n-pentyl methyleneblsphosphbnatq,
tetra-n-hexyl methylenebisphosphonate,
10 tetra-n-heptyl methylenebisphosphonate,
diethyl dibutyl methylenebisphosphonate,
dimethyl di-n-propyl methylenebisphosphonate,
dimethyl diisopropyl methylenebisphosphonate,
dimethyl di-n-butyl methylenebisphosphonate,
15 diethyl- di-n-propyl methylenebisphosphonate,
diethy! diisopropyl methylenebisphosphonate,
diethyl dimethyl methylenebisphosphonate,
diethy! diisobutyl methylenebisphosphonate,

<



5 A pethod-aceerding to Caim4 wherein the tetraalkyl

nmet hyl enebi sphasphonate |s selected from - tetranet hyI , _
n’jﬂ“ﬁlljm w;u ﬂmhnate, tetraet hyl nethyl enebi sphosphonate, 5 , \/ -
t yl enebi sphosphonat e, tetra-n-propyl ' :
‘met yI ‘enebi sphosphonat e, tetra-n-butyl nethyl enebi sphosphonat e,

tetra-n-pentyl nethyl enebi sphosphonat e, tetr hexyl

nmet hyl enebi sphosphonat e, ' tetra-n- ;‘)t yl net hyl enebi sphosphonat e,

di et hyl di butyl methylen phosphona - N-
met hyl enebi sphosphonagg“etglyir&qﬁ.ﬂmfﬂ idﬁ?‘@ﬁyﬁﬂ%mg %‘ﬂl‘g'l Bhosphonat e,
di met hyl dien- butyl mmagﬁmmwpthneﬁsphosphonatdl et hyl -

di -n-propyl nethyl ene X ei"ﬂ%@pﬁﬂ Bg‘gﬁPgé'%Ephonat e, dlethyl

nethylenebisphosphona

di i f]0|bUt yL_ rre:]hyl ﬁnebdmtbqprdinafhapt‘ll methylénebisphesphunate,
nmet hyl enebi sphosphona . o
met hyl eneb| sphosphona{jﬁtggp qi 4 he&yl%ﬁﬁ@*néﬂ?ﬁhﬁ%ﬁﬂ% 5hosphonat e, '

di met hyl di-n-heptyl.- mspmmmmehmlnmhmam hexyl et hyl en
ebl ﬁpgggggﬁ gate, g' tEtBldnt ro h@!-f-%(ibh lhué Wl'ﬂirﬂt 25 -

n- but yl i"Spho n- penty
rret hyl enebi sphosphonaf’% ns ngﬂyrcﬁrﬂ'&%\}g %h ' SFFort e, nmethyl ..

tri-n-propyl methyl ennbtbwwpthylammmhbblsmmmmyl
ot hyl nebi sphosphonarEthybgei-n-prooyl°heih \%'{"' eihobtbonats,  onate.
met hyl tri-n-hexyl nemm\ehwlsqmopvhmm engmmesnhommeptw W
met hyl enebi,gphosphonaiathyl tri-n-butyl methylenebisphosphonate,
: : - methyl tri-n-pentyl ‘methylenebisphosphonate,:
methy! tri-n_éh'exyl. methqunéblsphqsphonate.
methy! tri~n-heptyl methylenebisphosphonate,
.+ :ethyl tri-methyl methylenebisphosphonate,
35 ethyl tri-n-propyl methylenebisphosphonate,
ethyl tri-n-butyl methylenebisphosphonate,
‘ethy! tri-n-pentyl methylenebisphosphonate,
ethyl trim-hgxyl methylenebisphosphonate and
.ethyl trl-n-heptyl methyleneblsphosphonate

40 or mixtures thereof.
6. - A.method according to Claim 5 whereln the amine 2

is selected from - . - .- " diethylamine, pip~
erdine and pyrrolidine. - -

7. A method accordlng to C!atm 6 wherein the amine is diethyl-
amine. '

8. A meth_od' according to. Claim 6 vﬁherein the rfeactants in step.
- (b) are heated to a temperature of from - . 55°C to
- -75°C.. L

9. A method accordlng to Clalm 8 wherein the acid catalyst is
' paratoluenesulfonlc acid. :



ethyl tri-nmethyl nethyl enebi sphosphonate, 35 et hyW

nethyleneblsphosphonate ethyl tri-n-butyl nethyleneblspho
.tri-n-pentyl nethyl enebi sphosphonate, ethyl trl-n-hexyl mmm(! "!pmmuﬂl
mepHyl enebi sphosphonate and ethyl tri- ggptyl net hyl enebi sphosp

or *m xtures thereof..6. . A nethod acc ng to Caim 5 wherein the am ne
Is selected from - di et hyl am ne, pip- erdine and
pyrrolidine. . 7. A nmethod according to Claim6 wherein the amne is

diethyl- amne. 8 A nmethod according to Claim 6 wherein the reactants in

step ((j b) akte. rmmlkyh e¢thenybidenebisphosphohates tvheflemahe9b¥ A net hog
t t
according to q rgfnaé%hogggflﬁg@gaimﬁé s par at ol uenesul foni ¢ aci

10. Tetraal kyl hen enebl n”frade by the nethod of any
of Clainms 1 to 9 11. A pharmaceutical conposition for treating infectious

di h ds t
i seases iyy % heny?'?‘.h%ﬂC%%i%ﬁ%n(%ratféseﬁﬂg 1&%8?&6&6 amun

of :a tetraal kyI deneb onat e conpoun ornmula [err]
whései n Lerr]. 4i7£3595 | in RUMARR RF RARINI1S CRBPEYS RGN ¢ he group
consisting of [err] to C7 straight or branched chain al kyl; "and (b) a

phar maceut | cal {4y a5 Satebiry Céfrbitive dmourkt RIRWTAREAMIG &nm@;ion

according to aim.1 onpri ses rom % of the
tetraal kyl ethenyl ﬂﬁ@%@ﬂ%ﬂa‘?@md af he farmaR@ i cal conposition
according to daim12 in a form sel ect/edp(b( mnzgy oup consi sting of

= C '

soaps, creans, CH, \PO(ORa)(OR“)

~ - wherein R1 Rz R3 and RY are independently selected
from the group consistlng of C1 to C7 straight or

branched chain alkyl; and - .
(b) a pharmaceutically-acceptable carrier.

12, A pharmaceutical composition according to Claim 11 which
comprises from .1 0.1% to - 95% of the tetraalkyil
ethenylidenebisphosphonate. o

13, A pharmaceutical composition according to Claim lz in a form
selected from the group consisting of soaps. creams,
W, capsules, solutions, mouthwashes, dentifrices or shampoos.



capsul es, solutions, nouthwashes, entifrices or
, oL . shanpoos. . -14. A
pharmaceutical conposition according to Claim13 wherein [err] :and [err]

Elﬂluﬂﬂﬂlﬂﬂmlll sel ected from G to [err] straight chain alkyl '
yl. 15 A \J

nposi tion according to Caim 13 wherein d

ethefylli déneBi sphosphonate is sel ected from tetranethyl said tetrealkyl

et henyl i denebi sphosphonate, 5 t etraet hyl

et henyl i denebi sphosphonate, tetrabut ,
yl et henyl® denebi sph
tetral sopropyl et henyl | denebi sphosphonat e te%ﬂa n- pent{;l osphonate,

thenyl i d
ethenyli hggf‘;’; SPhRgP {z pharmftéutical hevmpositibanstesieiing to Clajm otatwheriin

et henyl i dendbi sphosptha?ngqg: rsg]w_ﬂ]oaqt Bp, S?‘Fx%ﬁ'}mwd%ﬂgﬁed from

di met hyl diisopropyl ethenyl | deneb| spho oﬁ t Spn&SBhonat e,
- aighte .
et henyl i denebi sphosphonat e, _ P ftgt h?|w lgn p‘r::z:;'l akeyh. but yi

et henyl i denebi sphosphonat e dIethyI dilso sp
pr-o et henyl i deneb
dl et hyl di net hyl es.hen\ylphtrnabenﬂtilspmmﬂépﬂjlasmw ¥"I ot & al"?'pqgsane'&“

et henyl
ot henyl T denebi sphosphepgy %t&pﬁ* tﬂhh?ﬂgumssahbgmnmnw selecteah oframe,
29, y n-pen eny enebi sphasphonat e, di et hyl

n- pentyl ethenyl|deneb+sphosph0nate ‘di et hyl dI -n-hexyl

et henyl i denebi sphosph@ggi Meifudyliieneblsptiosphonate, -
et hen ¥
PRI elE o pro v onet g
L pPorphos taaabutyl ethenylideneblisphaspnmere. Provi di-n-buty!
|dene>l;| sphosphgﬁagzp 3@?@*"'&?”&! ﬁgx{%enﬁb’g R&#hﬁ%ﬂen%' | -/
tetra-n-pentyl ethem/lIdeml:blﬂ:ohosp?\gnOtsdD onate,
tetra-n-hexyl ethenylideneblsphosphonate. .
10 tetra-n—heptyl ethenyl1deneblsphosphonate.
| diethyl dibutyl ethenylideneblsphosphonate.
dimethyl dl-n-propyl ethenyltdeneblsphosphonate,
__ dimethyi dnsopropyl ethenylldenebisphosphonate.
.. dimethyl. dl-n-butyl ethenylidenebisphosphonate,, .
15 | diethyl d!-n-propyl ethenylIdeneblsphosphonate.
diethyl diisopropyl ethenyl!denebisphosphonate.
, dlethyl dimethyl ethenylidenebisphosphonate.
| dlcthyl dibutyl ethenylideneblsphosphonate.
dlethyl dllsobutyl ethenylldeneblsphosphonate, ' \)
20 - dimethyt dl—n—pentyl ethenylldenebisphosphonate. '
diethyl di-n-pentyl ethenylidenebisphosphonate.
dimethyl dl-n-hexyl ethenylidenebisphosphonate,
dimethy! di-n-heptyl ethenylidenebisphosphonate,
diethy! di-n-hexyl ethenylIdeneblsphosphonate,
25 diethyl dl-n-heptyl ethenylidenebisphosphonate,
di-n—propyl di-n-buty! ethenylideneblsphosphonate,
di-n-propyl dl-n-pentyl ethenylIdeneblsphosphonate,
methyl triethyl ethenyllde_neblsphosphonate,
methy! tri-n-propyl ethenylidenebisphosphonate,
30 methy! triisopropyl ethenylidenebisphosphonate,
methyl tri-n-butyl ethenylidenebisphosphonate,
ethyl tri-methyl ethenylidenebisphosphonate,



-

*methyl tri-n-propyl ethenylidenebi sphosphonate, Ft hyI

tril sopropyr et henyl i denebi sphosphonat e, net hyl tr| n- buty, Uwf’
. ethenyl i denebi sphosphonate, ethyl tri-nethyl ethenylidene y "

4¢~ethyl tri-n-propyl ethenylidenebisphosphonate, ethyl tri-n- bufyl"

et henyl i denebi sphosphonate, nethyl tri-n-hexyl ethenyl|deneb|sphosphonate
met hyl tri-n-pentyl ethenylidenebi sphogsphonate, nethyl tri-n-heptyl
ethenylidenebisphosphonate ethyl tri- i'-S'fSentyI'ethenylidenebisphosphonate,

Wiy neh: SohoE S AAPEOGH S Merahapronats, 1| eP
ethyl tri-n-butyl ethenylidenebisphosphonate, .

methyl tri-n-hexyl ethenylidenebisphosphonate,

methyl tri-n-penty! ethenylidenebisphosphonate,

methyl tri-n-heptyl ethenylidenebisphosphonate,

s ethyl tri-n-penty! ethenylidenebisphosphonate,
ethyl tri-n-hexyl ethenylidenebisphosphonate and
ethyl tri-n-heptyl ethenylidenebisphosphonate or mixtures
thereof.




