- 1 - Stable NAD NADH derivatives Description The invention concerns
stabl e ni coti nam de adeni ne di nucl eotide (NAD/ NADH) and ni coti nam de
adeni ne di nucl eoti de phosphat e ( NADP/ NADPH) derivatives, enzyne

conpl exes of these derivatives and 5their use in biochem cal
detection nethods and reagent kits. Measuring systens for biochemn cal
anal ytics are inportant conponents of clinically relevant anal yti cal
met hods. This primarily concerns the neasurenent of analytes e.g.

nmet abolites or substrates i i .directly or indirectly
with the aid of an enzyne.mghgﬂﬁﬁgﬁyﬂgiﬁiﬁénﬁg%@%berted with the aid
of an enzyne-coenzyne conpl ex and subsequently quantified. In this
process the analyte to be determned is brought into contact with a
suitabl e enzyne and a coenzyne wheBesctiptiemzyne is usually used in

catal ytic anmounts. The coenzyne is changed e.g. oxidized or reduced
by the enzymatic reaction. This process can be detected

15el ect rochgg fall¥o ProRRLOBELI figdnsniis Beenfb dafilastae by means of

a medi ator. atron provides a direct correlation between the
measur ed va{NADAADH hand bicotiramigde iadenior dimicleniideynhesplatBe det er ni ned.

non covar entAPEATRPHIBeRAES ALoLE] AR RrtiE R odtatice and .
of the gnal yHe usdGRPbRIBhasTdal detrtibe metfiodsommy yemgentdtits. ni cot i nani de

adeni ne di nucl eotide (NAD) and ni coti nam de adeni ne di nucl eoti de
phosphat e (NADP) from whi ch NADH and NADPH respectively are formed by

reducti on. Measur i t 5@ K0 f idr@ht 86hp8fidhts of
characteri ZM?EW"}P ?¥SE$'P§B(§&S$|e -1 ?%{Y{ebnaahﬁg%%r%p cdi a reqai renents for
t he envir onggikallyuelevast amzdjticalgnethodsdTlyis stinastyecansemsdbe t o achi eve
this storage stabilit

y. Hence erron [ = - sed by
i ncorrect, Uﬁ?ﬁt"ie@é?ﬂmfé‘ﬂ?lﬁ’%sﬁ'%‘rrgag%gﬁ S{%ﬁgwé faies ‘(%)’ggﬂ(r:aq or certain
forms of appbiefmidedicty of ivdirbetyosittethefaid ©6 as enbyrné. Eneanalytes @t out

part i culoar GRBVAUIEHRNE MBrP B P BRENERaRPeoRIEns G BRER ARy LRESHTY y
packagi ng f a[,aShf@SH 8 process the analyte to be determined is brought into
contact with a suitable enzyme and a coenzyme where the enzyme is usuaily
used in catalytic amounts. The coenzyme is changed e.g. oxidized or
reduced by the enzymatic reaction. This process can be detected
15  electrochemically or photometrically either directly or by means of a
mediator. A calibration provides a direct correlation between the measured

value and the concentration of the analyte to be determined.

Coenzymes are organic molecules which are covalently or non-covalently
bound to an enzyme and are changed by the conversion of the analyte.

20 Prominent examples of coenzymes are nicotinamide adenine dinucleotide
(NAD) and nicotinamide adenine dinucleotide phosphate (NADP) from which
NADH and NADPH respectively are formed by reduction.

Measuring systems known from the prior art are characterized by a limited
shelf-life and by special requirements for the environment such as cooling or

25 dry storage in order to achieve this storage stability. Hence efroneous results



S5periods can result in neasuring errors which in sonme systens can be
hardly recogni zed by the consuner. A known neasure that can be used
to increase the stability of biochem cal neasuring systens is the use
of stable enzynes e.g. the use of enzynes from thernophilic
organisms. It is also possible to stabiplize enzymes by iochemi cal

nodi fication e.g. cross-linking or by nutagenesis. Furthernore,

enzyne stabi L,|J§§J lg% mggﬂegﬁ uhﬁ%&%Ity%mrdyé BYh MRk defs f@anébrﬁﬁﬁ um

al bum n cana enzyfres can be enclosed in poly
net wor ks e. gorn’lwofpﬁmﬂloﬁmryﬁer Inzthieicene of testrawhiah ae paisied aut ébhm%ﬂ"q 0

i nprove the stor -n%g‘?{ﬁ% r X8 by usin
stabl e medi a6Fs" t%g e?ﬁig&% %ﬁ&?’%%@f ﬁ@ lhgﬁl ncr%argggd gnd °
|h nterfer ﬁnc;ﬁ&hdwtlongaftdeencbaatstdm"toamenmlglthe petmedy pgckagingforextesstyes
aving the | owe ossi bl.e redox potenti e
potentials &P %Cg /'B(S'é%'ﬂ'f’ﬁ‘@ EORR ‘3689 ‘ﬁ%@%%ﬁ&eﬁ Cé{no%fr%ardl Vi t
for the redqg;c@ﬁﬁatmaﬂhe dodnhsgrerfalls belowthis limt, this reaction
with the nediators is 20sl owed down or even prevented. Alternatively

i tdl s al so possible to use biochem cal neasuring syst ens w t hout

medi ators in ich for ex NADH
are di rectl)ﬁ@g et MEgsH R/\gg nt% ggogvanet%gg tﬁéP c’ﬁgﬁgggﬁn
systens is thedsuringRyyeess isued ues of\@@bmmlsleagahemsewﬁleezyrﬁswm
and NADH are base-| abj].e nol ecule egr. ? 0 at hs of ich are
doscr 1 bed | O IETOBMIE GRS T A RRACTIIG  RaPiEs sprydrs Y

Nucl eot hgle SR MRSiMEReR™.g. droasmkitdyy agnm&tagemg“enmmmoae
Everese, B. Anderson, K You, Editors, chapter

6-
Essent i al | y exgpme;shakilizers such QSIFEFBPMW’FWWQH@ g&&?‘{%n of NAD
or NDP by GlisiRdEnisd BE pk¥a P e Q%s@n%@nél@&din%?ﬁné\nd the

pyridine uni e re uce orns NADH and NADPH are, however, acid

| abi | e: e. g.nedyorke g diyi rhotomolgminizatiendegr adat i on path. In both cases
the instability of NAD/ NADP and 5NADH NADPH is due to the lability of
t he gl ycosyl bond between the ribose

It has also been attempted to improve the storage life of biochemical

15 measuring systems by using stable mediators. Thus the specificity of tests is
increased and interferences during the reaction are eliminated by using
mediators having the lowest possible redox potential. However, the redox
potentials of the enzyme/coenzyme complexes constitute a lower limit for the
redox potential. If one falls below this limit, this reaction with the mediators is

20 slowed down or even prevented.

Alternatively it is also possible to use biochemical measuring systems
without mediators in which for example coenzymes such as the coenzyme
NADH are directly detected. However, a disadvantage of such measuring

systems is that coenzymes such as NAD and NADH are unstable.

25 NAD and NADH are base-labile molecules the degradation paths of which
are described in the literature (N.J. Oppenheimer in The Pyridine Nucleotide
Coenzymes Academic Press, New York, London 1982, J. Everese, B.
Anderson, K. You, Editors, chapter 3, pages56-65). Essentially ADP-ribose is



and the pyridine unit. But even under conditions that are not drastic
such as in aqueous solution, the coenzynmes NAD and NADP are already
hydrol ysed solely by the anbl ent humdity. This instability can
result in inaccuraci es when neasuring anal ytes. 10A nunber of

NAD/ NADP derivatives are described for,exanple in B.M Anderson in
the Pyridine Nucl eoti de Coenzynes, Académi c Press New Yor k, London
1982, J. Everese, B. Anderson, K You, Editors erH@? However ,
nost of thegém@drduvamt%gegfﬁéam oNARr NALNR PY CW"ES‘E? afgasYoni v

derivative Yhé'wdimtearfoﬁdh@mw ic
tests is 15 cet p?rr‘? |ﬁé6%e§aerﬁ?ﬁg@{ﬁw§q}eﬁlde acet%{] NAD) whi ch

was first dasd:NlAlﬂRH are, hoBevenacid labifst: grg. epimegization tha 0‘("&956) 221,

823). This I @wg gand exhibits
a change |n8?%§é¥{%‘o‘;’< pote tﬂ%%s ﬁ%qﬁggbo Aft'ﬁyD HAD deri vati ves

wi th a sodi NAGH/NADRH ra;edl.gartoupe labilde o Ethielgheto2 i horidb adweon BTerribose
However, nodificatio ni cot i, nam

direct effegfd @lqr}faa't"a ﬁ'ﬁgv?%aeg? %%Wg%r@ﬁ% ag%*s*é{sér%ﬁﬁé:ge rfaect i's
negative. | ai’dlfébh@rsoﬁhlahl thembh@ym@@mmnd KRADP duewreauy hyd\miysed
nodified in order to influence the stabili cosg bond.

This proces§olglydy the@mhierihumyids; Thisinsiabg Eirh’eLSHE ’g%'\%ﬁ‘?ly figs

reaction of %Qﬁnﬁ’&a“sﬂhh%%ﬂh@f‘esgrow However, there may be an indirect
effect as soon as the enzyme binds strongly and specifically to the

ribose unit. In this connection Kaufnmann et al. disclose a nunber of

t hi ori bose-NAD deriv WD 98/ 33936 an 801,00

01/ 4924, 0&%’&&[&9P%fh"ag'é?%\é%g‘?ﬁ%!gﬁﬁirfei"é‘H‘tp'% 6%1%] the -
- nicoti naﬂhﬂeefsbh%mépyﬁdlﬁ@ﬂublbeu@@t:béhtwnéﬁ ptcbeemrpr«eatsmmvom
enzymatic reactions has previously not been denpnstr

derivative WhRdeLi982, gk Fveese. Bondeiaen.de sy Eé'ﬂo'fso H@rﬁcﬁé’fvef’?r
in 1988 (J. -%)gg?]aﬂmse @E ﬁ@h%ﬁ‘é YotlA82 te%7wellll§§3eﬁﬂf?n& T T Y

51989, 28, ivative the ribose i s substituted by a
car bacycl i cderivative which has therefore been previously used for diagnostic tests is

15 3-acetylpyridine adenine dinucleotide (acetyl NAD) which was first described
in 1956 (N.O. Kaplan, J. Biol. Chem. (1956) 221, 823). This coenzyme is
also not accepted well by enzymes and exhibits a change in the redox

potential.

The use of other NAD derivatives with a modified pyridine group is described
20 in WO 01/84370. However, modifications of the nicotinamide group usually
have a direct effect on the catalytic reaction. In most cases this effect is

negative.

In another stabilization concept the ribose unit was modified in order to
influence the stability of the glycosyl bond. This process does not directly

25  interfere with the catalytic reaction of the nicotinamide group. However, there
may be an indirect effect as soon as the enzyme binds strongly and
specifically to the ribose unit. In this connection Kaufmann et al. disclose a
number of thioribose-NAD derivatives in WO 98/33936 and US 5,801,006

and WO 01/49247. However, a correlation between the modification of the



sugar unit. Although carbaNAD was descri bed as a substrate for
dehydr ogenases, its activity has not yet been proven in clinical

bi ochem cal detection nethods. A simlar approach was described | ater
by G M Blackburn, Chem Conm, 101996, 2765 in order to synthesize
carbaNAD wi th a net hyl ene bi sphosphonaye |inkage instead of the
naturgl pﬁr ophosphate. The net hyl ene bi sphosphonate is nore stable
towards p 0sD f syl
cycl ase. ThéI ?h&?‘va %e};@ﬁtna %%%Hg@ebﬂggfagpgﬂﬁeg 6”% rrﬁ?@gig
(J.T. Sl aneredstivhs Baapkdviouly ndBhdmcderndrmstadgect of the present
invention is to provide stable bioanal ytical neasuring systens
ﬁsgec: ally for determning glucose which avoid the sensitivity to
ydrol ysi s l r mes
T enzyme. r SEAPTURD: SreAUS witt SRkl (B e ot pegior B TR
det er m ni ng tieme ian8gt(d. D@dmrprBsmhgn(sntry 1@880éﬁzkﬂﬁeamiaﬁ@ﬁhélm5t@nzyrre
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or an anal ogugat i, Glﬂﬁhou§ﬁ'carbmr\mbvaeaisecnlbuﬁeammdemﬂated@not es 0, S,

U =in each case independently denote BCNHI =i.n,each
case i ndeperf@Bydiogenasrsy 48 acfivify hag d%%?%pWSUW CW% WR)Z
ggRCZCN:B(le) ZekdttvRiredtnBaé.n each case independently denotes I-1 or

al Ky

A similar approach was described later by G.M. Blackburn, Chem. Comm.,
10 1096, 2765 in order to synthesize carbaNAD with a methylene
bisphosphonate linkage instead of the natural pyrophosphate. The
methylene bisphosphonate is more stable towards phosphatases and was
used as an inhibitor for ADP ribosyl cyclase. The aim was not to make it

more resistant to hydrolysis (J.T. Slama, G.M. Blackburn).

15 Hence the object of the present invention is to provide stable bioanalytical
measuring systems especially for determining glucose which avoid the
sensitivity to hydrolysis of NAD/NADP and at the same time are active as

coenzymes in enzyme reactions.

This object is achieved by a test element for determining an analyte
20 comprising (i) a coenzyme-dependent enzyme or a substrate for such an
enzyme and (i) a compound of the following general formula (I} as the

coenzyme:



10X1, X2 = in each case independently denote 0, CH, CHCH3, C(CH3)?2,
NH, NCH3, Y =NH, S, 0, CH2, Z =a residue conprising a cyclic conpound
with 5 C atons which optionally contains a heteroatom sel ected
fromO, S and N and 15optionally one or nore substituents, and a

resi due CR42 wherein CR42 is bound to the cyclic group and to X2
where R4 = in each case independentl|ly dénotes I-1, F, C, CH3,
provided that Z and the pyridine residue are not |inked by a

gl ycosidic bond, or a salt or optionally a reduced formthereof. 20In
a preferred enbodi ment W=ACONH2 or COCH3. - 6 - substituted,
0-Cl-C2-alkyl. In a preferr enbodi ment a first e Vis OH and
a second residue V is a phogphate group. Optionalily thg one 01-1
group and the one phos groyp can forma rin er with the
carbon atons to which they a iment a
test elenent is provided to determine g+ugpse phich conprises a

gl ucose dehydrogenase and ayconpou qy th ggmﬁral formula (1) as
menti oned above or a salt thereof. §Dmégagyn | y the conpounds
according to the invention are stabl et rdg 10hydrol ysis and are
good substrates in enzymatic detecti¥n met hodS and can be used for

bi ochem cal diagnostics. This finding is in contrast to that of npst
of the previously known NAD/ NADP derivatives since these derivatives
are usually stable for only very shoflj periods in enzymatic detection
met hods.

in which
= adenine or an analogue thereof,
5 = in each case independently denotes O, S,
= in each case independently denotes OH, SH, BH3", BCNHz,
= in each case independently denotes OH or a phosphate group,
= COOR, CON(R)z, COR, CNB(R)z in which R in each case
independently denotes H or Cs-Cz-alkyl, |
10 X1, X2= in each case independently denote O, CHz, CHCHs, C(CHa)z, NH,

NCHs3,
Y = NH, S, O, CHy,
Z= a residue comprising a cyclic compound with 5 C atoms which

optionally contains a hetercatom selected from O, S and N and
15 optionally one or more substituents, and a residue CR4, wherein
CR4; is bound to the cyclic group and to X2
where R4 = in each case independently denotes H, F, Cl, CHj,
provided that Z and the pyridine residue are not linked by a glycosidic bond,

or a salt or optionally a reduced form thereof.

20 In a preferred embodiment W = CONH; or COCHs.

Preferred substituents on Z are selected from the group comprising OH, F,
Cl and C4-C- alkyl which are optionaily fluorinated or chlorinated orfand OH-



The advant ages of the conpounds according to the invention conpared
to 15the prior art are: high stability, high enzymatic activity,
sinpl e and econom c synthesis, they can be used in all previously
known bi ochem cal detection nmethods. 20The di sadvant ages of the

previ ously known bi ochemi cal detectiongnmethods can be |argely avoi ded
by the provision of stable NAD NADP derivatives using the present

I nvention preferably.i onhi nation wth a stabilizing fornulation
such as for SEQ%%%th'deé‘ﬁé]%Png enzymes in polymer networks.
Moreover, it is not necessary to use stabilizing additives. This is
particul arly 25advant ageous since the | ower the nunber of reactive
subst ances iimu@refededtembagtimanta fiis residuecan O and aisearn mpidiesy bl e
formulation fqr the, analyte .- 2. d QU r

 nvent o' pectiosabaEaEput nisnely st Ehs O GRLb Mo A0 Bopifgphate
NAD/ NADP dergryas bateforitha fihg bajethariwitidag watmreatpysetbivehicte thieyiarg f or
use as a coenzyne on the test elenent. 5Stabl e NAD/ NADP derivatives
can be dfrodtij’@é'ﬂdi n generally known processes of synthesis. For this
the amino group of a cyclic am no alcohol is converted into a
pyridi ni um derivative by Zincke chem stry. The primary OH group is
subsequent | yn pheefeiedydmbetimentia tent plerdentds provited toatetemingglucose

et e, oL 0 L YO 0 Kb B

can be convgpifsla (1) as mentioned above or a salt thereof.

Surprisingly the compounds according to the invention are stable towards

10 hydrolysis and are good substrates in enzymatic detection methods and can
be used for biochemical diagnostics. This finding is in contrast to that of most
of the previously known NAD/NADP derivatives since these derivatives are

usually stable for only very short periods in enzymatic detection methods.

The advantages of the compounds according to the invention compared to
15 the prior art are:

- high stability,

- high enzymatic activity,

- simple and economic synthesis,

- they can be used in all previously known biochemical detection methods.

20  The disadvantages of the previously known biochemical detection methods
can be largely avoided by the provision of stable NAD/NADP derivatives
using the present invention preferably in combination with a stabilizing
formulation such as for example by enclosing enzymes in polymer networks.
Moreover, it is not necessary to use stabilizing additives. This is particularly

25 advantageous since the lower the number of reactive substances involved,

the greater is the chance of obtaining a stable formulation for the analyte



into a pyridine by neans of the Zincke reaction.

route is to activate the primary alcohol to form
and subsequently al kyl ate ADP. Preferred enbodi ne
el enent according to the invention 15conprise for

Anot her synthetic

a tosylate or iodide
nts of the test
exanpl e conpounds

having the foll owi ng general

formula (L'): in which A =adenine or an

anal ogue t hereof,

20T=i n each case i ndependently denotes 0, S,

- 8 -

U =in each case independently denotes OH SH, BH3-,

BCNN2-

V =in

each case i fielepoinadon y denotes OH or a phosphate group, W =COOR,
CON(R)2, COR, CSN(R)2 in which Rin each case independently denotes H
or Cl-C2-al kyl, sXl1, X2 I n each case independently denote 0, CH2,

CHCH3, C( CH3hE pré¥ant N@Hﬁtloﬁ/ NdideS te &, eléihEnts Zormrisaiglr atrabenof stable
unsat ur at ed car bo%cl ic or clic fiv

nmember ed ri NGD/NADFdervatives "e"tﬁ'ecfr?g}?%@Wcﬁdﬁﬂ“?tﬁee’lﬁﬁ@r“ﬁlac?“ﬂtryr{m 4Sedtin)

a coenzyme on the test element.

Stable NAD/NADP derivatives can be produced in generally known
processes of synthesis. For this the amino group of a cyclic amino aicohol is
converted into a pyridinium derivative by Zincke chemistry. The primary OH
group is subsequently phosphorylated and coupled to an activated AMP
derivative to form an NAD derivative. Alternatively the primary OH group can
10 also be firstly phosphorylated and then the amino group can be converted

into a pyridine by means of the Zincke reaction.

Another synthetic route is to activate the primary alcohol to form a tosylate or

iodide and subsequently alkylate ADP.

Preferred embodiments of the test element according to the invention

15 comprise for example compounds having the following general formula (1):

()
in which
A=
T=

adenine or an analogue thereof,

20 in each case independently denotes O, S,



C(R4)2y R5 NN,., in which a single or double bond can be present
between R5' and R5", R4 =in each case independently denotes H F, d,
CH3, 15R5 =CR42, if a single bond is present between R5 and R5",
then RS' =0, S, NH, NCl-C2-al kyl, CR42, CHOH, CHOCH3, R5" =CR42,
CHCOH, CHOCHS, if a double bond ig_present between R5 and R5",
then RS' = R5" = CR4, 20R6, R6' = in each case independently denote

the fol Fovi o generieapiaat Hepeflob S oM, SHCBRR saipoci o e
i nvention: =9 - inigachitasd iMiependentlyderrotds-OHI( 1 piSsphaté gropp,
W= COOR, CON(R)z, COR, CSN(R). in which R in each case
independently denotes H or C;-Ca-alkyl,
5  Xi, X2 = in each case independently denote O, CHz, CHCH3, C(CHa)z, NH,

NCH3,
Y = NH, S, O, CHa,
Z= a saturated or unsaturated carbocyclic or heterocyclic five-

membered ring, in particular a compound of the general formula
10 (1)

Rs
CR4)2 ANy
4 \Ra/ Ry

\

RE'_ X ] R5Il

()

in which a single or double bond can be present between R3" and R5”,

R4 = in each case independently denotes H, F, Cl, CHs,
15 R&= CR4,,

if a single bond is present between R5' and R5", then

R5' = 0, S, NH, NC4-Cp-alkyl, CR4,, CHOH, CHOCHj3,

R5" = CR4,, CHOH, CHOCH3,

if a double bond is present between R5' and R5", then RS’ = R5" = CR4,
20 R6, R6'= in each case independently denote CH, CCHs

or a salt or optionally a reduced form thereof.

Compounds of the following general formula (") are another subject matter

of the invention:



15 adenine or an anal ogue thereof, in each case independently
denotes 0, S, in each case independently denotes OH, SH, BH3-,
BCNH2-, in each case independently denotes OH or a phosphate group,
COOR, CON(R)2, CORP CSN(R)2 in which R in each case independently
denotes H or Cl-C2-al kyl, in each case_,i ndependently denote 0, CHZ,
CHCH3, C(CH3)2, NH, NCH3, NH, S, O, CHgf a saturated or unsaturated
carbocyclic or heterocyclic five-nenbered ring, in particular
conpounds of the general formula (I11) yRS5 R51-*--- RS" in
whi ch a single or double ‘Rond can be present between R5' and R5",
20R4 =in each case indepen Qly denotes H, F, - 10 - RS
=CR42, if a single bond ig prgsent between R5 then RS =0,

S, NH, NC1-C2-al kyl, CHOCHS, Z/N\
r o
v O\P// \P/X2
/)N
(y
in which
= adenine or an analogue thereof,
5 = in each case independently denotes O, S,

= in each case independently denotes OH, SH, BH3, BCNH,',

= in each case independently denotes OH or a phosphate group,

= COOR, CON(R)2, COR, CSN(R)2 in which R in each case
independently denotes H or C1-Cz-alkyl,

10 X4, X2= in each case independentiy denote O, CH;, CHCH3, C(CHs3)z, NH,

NCHs,

= NH, S, O, CHz,

Z= a saturated or unsaturated carbocyclic or heterocyclic five-

membered ring, in particular compounds of the general formula
15 (In

. R
CR)
4 2\\Rﬁ/ \RB'

\

Rsl’— - Rsll

(I

in which a single or double bond can be present between R5' and R5”,

20 R4 = in each case independently denotes H, ¥, Cl, CHjs,



R5" =CR42, CHOH, CHOCH3, 5if a double bond is present between R5 and
R5", then R5' = R5" = CR4, R6, R6' = in each case independently
denote CH, CCH3 provided that if RS = CH2, T =0, U= in each case
denotes OH, V= OH W= CONH2, X =0 and Y = 0 then R5' and R5" are
not simul taneously CHOH, or a salt or. ﬁpli onally a reduced form
thereof. 10In a preferred enbodi nent the conpounds according to the

i nvention coptain a{éﬁgl ne anal ogues such as C3-substituted and

N6- substi tuted aden & deaza variants such as 7-deaza, aza variants
such as 8- aga gihglewohidnaprazest betolzeaRY add&d, hen8- aza or carbocyclic

anal ogues such as fornoyci ere e.L-de var | s can be
substituted A=t he @ ﬁog}{%' '?'hahg%{é&e%sélg&ﬁeﬁlﬁal ki nyl ,
Cl- C6- al kenys@r CleRE; abiph, gHo@HE,urther preferred enbodi ment the
conpounds contai n adenosi ne anal ogues whi ch _contain for exanﬁge

b or

2- met hoxy dedbaydouids bond is pregenidersergn Ro pod BS" Hbkh 8 = Ra't7 ¢

pol ycyclic l_ogues s o] I hgyclic sugars

i nst ead of ?{%g%g.' @(ﬁ#ﬁt&gggi'@ﬁ%ﬁh%@%%%st%%’ted%ﬁ%gens can al so be
i soel ect r onipg@idied iapFRS €, Fuch, bis= neackxaaspldendtestHSY DOHEME™=, 0
by NH, NCH3 or CH2 and = =S. 1 a preferred enbadi nen ast
one resi due GPNH24E Qéﬁgﬁ%&a g@Ed{%?HB T ﬂ%‘ﬁgp%%uﬁtlgehc#'?’er ent
from OH and pardit spib¥allr £k Yo thepgsit one residue U = BH3-.
25Especi al ly pr elJ erred enbodi nents are the derivatives borano

Car banaBky b PR EOEm ETBERADE. BRI GERYR AR 148 g o go'aly

el ements whign e RIdyUeR&h as Ce-substituted and Ng-substituted adenine,
deaza variants such as 7-deaza, aza variants such as 8-aza or combinations
such as 7-deaza or 8-aza or carbocyclic analogues such as formycin where
the 7-deaza variants can be substituted in the 7 position with halogen, C4-Ce-

15 alkinyl, C4-Cs-alkeny! or C1-Ces-alkyl.

In a further preferred embodiment the compounds contain adenosine
analogues which contain for example 2-methoxydeoxyribose, 2'-fluorodeoxy-
ribose, hexitol, altritol or polycyclic analogues such as bicyclic, LNA and

tricyclic sugars instead of ribose.

20 In particular (di)phosphate oxygens can also be isoelectronically substituted
such as for example O™ by 8™ or BH3™, O by NH, NCH; or CH; and =0 by =S.

in a preferred embodiment at least one residue U of the compound
according to the invention is different from OH and particularly preferably at

least one residue U = BH3".

25  Especially preferred embodiments are the derivatives borano carbaNAD,
c-pentyl NAD, pyrrolyl NAD, furanyl NAD, carbaNADcyclophosphate,
carbaNADP, pyrrolidinyl NAD as well as test elements which contain them:
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pyrrolidinyl NAD Bi ochem cal tests for analytes, for exanple
paranmeters in body fluids such 5as bl ood, serum plasma or urine or
in sanples of waste water or foods are of mmjor inportance in

di agnostics. In these tests the analyte to be determ ned is brought
into contact with a suitable enzyne anﬂza coenzyne. Hence, anot her
subject matter of the present invention is an enzyne-coenzyne conpl ex
consisting of a c ound according to the invention in ioconbination
with a suitable e Any bi ol ogi cal or chem cal substances that
can be deteg dox reaction can be determ ned as anal ytes
e.g. substances ich/are substrates of a coenzyne-dependent enzyne
or the coenzyne-degpengent enzynes thegsel ves. Preferred exanpl es of
anal ytes are glu facti id, ‘Nalbc aag d, glycerol, alcohol,
chol esterol, trig ,a€| \qyételne glutathione

pepti des, urea, ammoni um \sal i/fcyl ate, ru nucl eoti dase,
creatine kinase (CK), |acyate ehydroge ase (UBH) carBbon dio

etc. For the detection Bd enzyn@Hsubstrates the tesf +
preferably contains 20 an enzyne that is suitable f @ ng tfe

substrate, in addition to the coenzyne. Suitable enzynes are
exanpl e dehydr ogenases sel ected from gl ucose dehydrogenase

(E.C.1.1.1.47), lactate dehydrogenase - 14 - (E.C 1.1.1.27, NH,
1.1.1.28), nal ate dehydrogenase (E.C. 1.1.1.37), glycerol
dehydr ogenase (E.C.1.1.1.6), alcohol dehydrogenase (E.C.l.l.l.l?,

al pha- hydroxybutyrate dehydrogenase, sorbitol dehydrogenase or am no
acid dehydrqgéﬁﬁpﬁAg.g. L-am no acid dehydrogenase (E.C.1.4.1.5).
Further 5suitable enzynes are oxi dases such as gl ucose oxi dase
(E.C.1.1.3.4) or cholesterol oxidase (E.C. 1.1.3.6) or

am not ransf erases such as aspartate or al ani ne am notrapnsferase,
5'-nucleotid or creatine kinase. For the detecti of enzynes
the test ele preferably contains an.enzyne s suitable for
detecting the i N additionito the | ocoenzye. NH,

Clpﬁ) HO OH
v -
0 O
° carbaNAD cyclophosphate
O
H.N -~
2/ NE, 9 ‘ D NH,
NL \ N o) O—I?—_’O—"ﬁ—o N'
HO Q HO OH
o=R"0
5

carbaNADP 7



Anot her subject matter of the present invention is the use of a
conmpound according to the invention or of an enzyme-coenzyne conpl ex
according to the invention to detect an analyte in a sanple by an
enzymatic reaction. In this connection the detection of glucose with
the aid of glucose 15dehydrogenase (G ycDH) is particularly
preferred. The change in the coenzyné15'e in the conpound according
to the invention by reaction with the analyte (if the analyte is an
enzyme substrate) or by an analyte-catalysed reaction @i f the analyte
is an enzyne) can in principle be detected in any desi ed manner .
Basically all nethods for detecting 20enzymatic rgdcC 'o that are
known fromthe prior can be used. However, th in the
coenzynme is prefel b dé ected by optlcal nethods Opt1 cal detection
met hods for exanpl tide t he remet of SOppitd on,

fl uorescence, circular di |snu§ ) cPPir-cal ary di spersion
(ORD), refractonetry etc. angal in thle coénzyne is particularly
25preferably detected by measuring tthe flubrescence. Fluorescence
measurenent is highly sensitive and enabl es the detection even of |ow
concentrations of the analyte in mniaturized systens. - 15 -
exanpl e present in the formof a solution or suspension in an agueous
or non-aqueous liquid or it is present as a powder or |yophilisate.

It is, homeé froli Npgpssible to use a dry test, in which case the
reagent is g ? to a carrier, atest strip. The carrier can for

exanpl e be a test strip conprjsing an 5absorbent or./ I
materi al t hBiochemigal tesds i3y aNAKEs) |eé‘amP3%P%Fa{‘bet‘% ggﬁY ﬁl\é@g Sg gel
mal T X i1 Wk Glbd sy Frasif 7Nk Gofafiplésol wane pater e doatare
however, al so be used as a detection reagen 218 45 Al).

In this casef Miagor dmpoHencsin dagnestichdn Hﬁsﬁﬁ%ﬁéir@da DEIP-:{WS PRE matrix
t oget her SIehm (8 € BPRRYAD MG ESARE! With b Rultiifle ibRYAAE 1aAB adtoenafier the

pol ymer i zatl

Hence, another subject matter of the present invention is an enzyme-
coenzyme complex consisting of a compound according to the invention in

10 combination with a suitable enzyme.

Any biological or chemical substances that can be detected by a redox
reaction can be determined as analytes e.g. substances which are
substrates of a coenzyme-dependent enzyme or the coenzyme-dependent
enzymes themselves. Preferred examples of analytes are glucose, lactic
15 acid, malic acid, glycerol, alcohol, cholesterol, triglycerides, ascorbic acid,
cysteine, glutathione, peptides, urea, ammonium, salicylate, pyruvate, 5'-
nucleotidase, creatine kinase (CK), lactate dehydrogenase (LDH), carbon

dioxide efc.

For the detection of enzyme substrates the test element preferably contains

20  an enzyme that is suitable for detecting the substrate, in addition to the
coenzyme. Suitable enzymes are for example dehydrogenases selected
from glucose dehydrogenase (E.C.1.1.1.47), lactate dehydrogenase



the matrix can be contacted with a solution of the coenzyne in the
presence of the enzynme to formthe correspondi ng enzyne-coenzyne
conpl ex. Another subject matter of the present invention concerns a
reagent kit and its use to detect analytes. The reagent kit can
contain a conpound according to 15the 141_\/enti on, a suitable enzyne
and a suitable reaction buffer. Suitable enzynes have al ready been

descri bed. i C i sed in
a wide vari 1'?& {)eaﬁg@ iﬂozgja%%[)agé ﬁgg@?%%#g?ﬁ?heﬁmgﬁ& tegﬂsuch as
gl ucose, | agkhpdragénhsentl.Co. Bdil), algdlyd eebydrogémasted]E, Cdhbli dgt alpa-,

trigl ycerldes ascorbi c teln t t S,
urea, anmmoniYATOXERHtY @R 33@0%9 St 89T g°'%c¥?@§?ﬁ§§%8?g®$@a%(ﬁ§e

ki nase (CK) dehm%@@gdt%ﬂﬁ@%@d(dﬁwro@ﬁda@@(&)@m di10%)i Hartegrc. A
reagent kit is preferred which contains a conpou a(gc(grd gg to the
i nventi dn asditafleepaemesRRIPYERIRERICNESE! qc%epxg%se étL: 8 ucose
in blood xfaag it STB(RAtasQib paAthtels
used to deteh?legt-ng@n% EQIZE C:S'r11'1ei§'%:}§i:§'wﬁ)ltrtgﬁls%%eelst - 16p
fluoronetri mlamnepamirmmwsfetfamat{ieotl¢|©thfldﬂse&ﬁ ceaadingtkinassuch a t est
strip contains a conpound as stated above as a coenzyne and a

sui tabl e enzyne or an enzyne substrate i mmobilized on an absor bent

or/and swel 'F%Mrﬁi ?@t@@trdr{“bf‘en%'(h{ést%h@téﬁb%héﬂt%r@f@%ﬁlpéorﬂé@@@ne be

selected fromc ul ose | astics etc. 5Anot her subject matter of the
present mveamzvrm S@bﬁ#ﬁateﬁsiaﬁ'erf‘@t@ﬁécﬁﬂﬂthéﬁnéwﬂ"ﬁn@ ad’rﬁ"% ioybe

conpri s gg %‘g (a) contacting a sanple with a test el enent or
reagent i I'ng to the invention conprising a coenzyne and (b)

detecting the analyte e.g. on the basis of the change |n the
coenzyne. 10Anot her advantage of the invention is that

f1 uor escencé@&ﬁ%’ﬁuéﬁcbm&tﬁéoﬁﬁ@r@%%@ iRueRtign isthy Lﬁ&tq{@c‘?ﬂ’wl{f‘ds hi ft
and hence t eeediy RS ifnfibh ©f BPER ohirjrte bBEndMOL ARBRRGR GRIS00N

|

of other materi aI@ test elenent ‘or/and of the sanple
the mventlon to detect an analyte in a sample by an enzymatic reaction. In
this connection the detection of glucose with the aid of glucose

15 dehydrogenase (GlucDH) is particularly preferred.

The change in the coenzyme i.e. in the compound according to the invention
by reaction with the analyte (if the analyte is an enzyme substrate) or by an
analyte-catalysed reaction (if the analyte is an enzyme) can in principle be
detected in any desired manner, Basically all methods for detecting

20  enzymatic reactions that are known from the prior art can be used. However,
the change in the coenzyme is preferably detected by optical methods.
Optical detection methods for example include the measurement of
absorption, fluorescence, circular dichroism (CD), optical rotary dispersion
(ORD), refractometry etc. The change in the coenzyme is particularly

25 preferably detected by measuring the fluorescence. Fluorescence
measurement is highly sensitive and enables the detection even of low

concentrations of the analyte in miniaturized systems.

A liquid test can be used to detect an analyte in which the reagent is for



Al'l preferred enbodi nents of a subject matter of the present

I nvention that 15are shown are also intended to apply to other
subject matters of the invention such as e.g. preferred enbodi nents
of the compounds according to the invention. The invention is to be
elucidated in nore detail by the follqw ng figures and exanples. -
17 - Figure legends Figure 1 D agram‘g\fl’yl’t he process for synthesizing
carbaNAD (cNAD). Figure 2 5Graph of the results of stressing MAD at
8C and 37C.exargle erepeat Kphedern aea selytien or sWSPENEREdN 7 FHEBERRAD at 8C

and 37C. Fi g D | o t i
borano MAD '%;Hg?l%yﬁ%t'ﬁ%ﬁ%%&%ﬁ%%g%ﬂv@%ﬁ Ey%%r]w%t%éhgszlthg%ger'

phosphat e odlse\pPssible taluke laxiry dest Angurich casei thgreageit is arpligdde@ss for
synt hesi zin r.qQL l.di.nyl : ; yi-el of
the. r espect RS} Bler P B AR oy SRIRALIES, SISt ARfhrklngy 47
formul ae. absorbent orfand swellable material that is wetted by the sample liquid to be

examined.

A gel matrix in which an enzyme-coenzyme complex is incorporated can,

however, also be used as a detection reagent (cf. DE 102 218 45 A1).

In this case the enzyme can either be polymerized into the matrix together
10 with the compound according to the invention or, after the polymerization,
the matrix can be contacted with a solution of the coenzyme in the presence

of the enzyme to form the corresponding enzyme-coenzyme complex.

Another subject matter of the present invention concerns a reagent kit and its
use to detect analytes. The reagent kit can contain a compound according to

15 the invention, a suitable enzyme and a suitable reaction buffer. Suitable
enzymes have already been described. The reagent kit according to the
invention can be used in a wide variety of ways and can be used to
determined analytes such as glucose, lactic acid, malic acid, glycerol,
alcohol, cholesterol, triglycerides, ascorbic acid, cysteine, glutathione,

20 peptides, urea, ammonium, salicylate, pyruvate, 5-nucleotidase, creatine
kinase (CK), lactate dehydrogenase (LDH) and carbon dioxide efc. A reagent
kit is preferred which contains a compound according to the invention and
glucose dehydrogenase (E.C.1.1.1.47) to detect glucose in blood.

The reagent kit according to the invention can be used to detect an analyte

25 in a dry or liquid test.

Another subject matter of the present invention concerns a test strip for the



15Fi gure 6A16B Absorption spectra of MAD and pNAD (figure 6A) and
NADH and pNADH (figure 6B). Figure 7 Fluorescence spectra of NADH and
PNADH as a d ucDH conpl ex (em ssion 20spectra). - 18 - Figure 8
Fl uorescence spectra of NADH and pNADH as a G ucDH conpl ex
(excitation spectra). Figure 9 S5Conparjgson of the stability of NAD
?pd pNADlOFlgure 10A /108/10C Absorptlon spectra of MAD and cNAD

i gure

{ oF or esceloEs RS AP ORRIG STy el ey S0k 7 15t st iding

Exanpl es a compound as stated above as a coenzyme and a suitable enzyme or an
enzyme substrate immobilized on an absorbent or/and swellable material.

Suitable materials can for example be selected from cellulose, piastics etc.

5  Another subject matter of the present invention comprises a method for
detecting an analyte comprising the steps:
(@) contacting a sample with a test element or reagent kit according to the
invention comprising a coenzyme and

(b) detecting the analyte e.g. on the basis of the change in the coenzyme.

10 Another advantage of the invention is that the fluorescence emission of the
coenzymes exhibits a bathochromic shift and hence there is less interference
with the fluorescence emission of other materials of the test element or/and

of the sample.

All preferred embodiments of a subject matter of the present invention that
15  are shown are also intended to apply fo other subject matters of the
invention such as e.g. preferred embodiments of the compounds according

to the invention.

The invention is to be elucidated in more detail by the following figures and

examples.



Experinmental preparation of stable NAD/ NADH derivatives The
preparation of stable NAD/ NADH derivatives is shown on the basis of
carbaNAD (conpound 9, figure 1) and pyrrolidine MAD (conpound 18,
figure 155) as exanples. Additional derivatives can be prepared using
appropriate processes of synthesis. TR; correspondi ng am no al cohol s
used as starting reagents are known in‘the literature:

2-am no-1, 4- anhydr o- 2, 3-di deoxy-L-threo-pentitol: Huryn, Donna M;

Sl uboski, Barbara C.; Tam Steve Y.; Todaro, Louis J.; Weigele,
Manfred 20TRigHEhegeBRS et ters (1989), 30(46), 6259-62. 3-anino-,

(1R, 3S)-cycl opent anenet hanol, Beres, J.; Sagi, G ; Tonoskozi, I.;

G uber, L.; @lacsi, E.; Qvos, L.; Tetrahedron Letters (1988),
29(22), 268gyure119 - A) Preparation of carbaNAD

. 1R-(-)-exo-cis-5,6-di hydroxy-2-azabi cycl o[ 2. 2. %Pt an-3-one (1) A
sol ution ofD@e!'amofWrﬁﬁﬁ%foiﬁy’@béglﬁﬁﬁl‘i?wwg A4} hept - 5- en- 3- one
in 400 mM acetone is added to a solution of 22.5 g (167 mmol)

N- net hyl - 5nor phol i ne-N-oxide in 80 m deionised water in a

11round- bot ¢igugsl2f | ask. 15 m (1.2 nmol) of a 2.5 % sol ution of osium

tetraoxide in tert-butanol is adde i thj,n 15 m.n while cooling on
ice. Thé m@fﬁﬂf@fitgeé%ﬁﬁ%té(ﬂﬁéﬂ?ﬁ}“%g’r&ﬂ@m g\/@?dn grﬁ‘kt' at room
tenperature. The solvent is renoved by distillation in a rotary

evaporator. It is stirred wth 10100 m and again distilled off in a
rotary evappigak®s. Afterwards it is dissolved in 600 m deionised
wat er and 35 g actjvated carbon.is a d&g}D Tk@ mé&%,,%is stirred

vi gor ous| y Peaphofthe sepylts o Siressieg 63108 af 5G4 50 deep- bed
filter. Water is renoved fromthe filtrate by distillation in a
rotary evaporator. The product is used without further purification.
15TLC (Mer ckigurédca gel 60 F-254): ethyl acetate / nethanol / gl acial
acetic aci dDiagram of the process for synthesizing borano NAD by alkylating ADP,

10 where Y = BHa, only the beta phosphate of ADP was alkylated.

Figure 5
Diagram of the process for synthesizing pyrrolidinyl NAD (pNAD). Compound
numbers and yields of the respective reaction steps are stated next to the

structural formulae.

15 Figure 6A/6B
Absorption spectra of NAD and pNAD (figure 6A) and NADH and pNADH

(figure 6B).

Figure 7
Fluorescence spectra of NADH and pNADH as a GlucDH complex (emission

20  spectra).



7:2:1 Rf 0.75 (starting material), 0.53 (1). Staining with TDM /
devel opnent in a chlorine chanber. * TDM reagent: Solution 1: 10 g

N, N, NN1-t et ranet hyl - 4, 41- di am no-di phenyl nethane in 40 m gl aci al
acetic acid and 200 m deionised water. Solution 2: 2020 g potassium
chloride in 400 m deionised water. Sglsu_ti on 3: Dissolve 0.3 g

ni nhydrin in 10 m gl acial acetic acid and add 90 m dei oni sed water.
Fi ni shed reagent: A m xture of solution 1 and 2 and addition of 6 n
of solution_3. 3 20 -

Il 1R H exo- £i9%® 86 di et hyl met hyl enedi oxy- 2- azabi cycl of 2. 2. 1]

hept an- 3- onelubscéhee spetia EirioaDEtant pNADYIdseal Gluodéd cormplesx for 1 h
in 200 mM abso] ute ethanol. After adding 400 m (3.26 nol)

di met hoxypr G¥a¥AI0A*PESEB)-ny (2.2 ol ) Spyri di ne hydrochl ori de, the
m xture is boiled under reflux for a further 15 mn. After adding 10
m saturated sodi um hydrogen carbonate solution, the solution is
evapor ated Figutewness under a vacuumin a rotary evaporator. 500 m
Chloroform 150 ni satyrated sodi chlogi solution and 75 m

sat ur at &d SQBW'ﬁ%PEE@ﬁtEQPtﬂ&g% ey B[quﬁ are added to the residue
and 10it is transferred to a separating funnel. After extraction by
shaking it is allowed to stand overni ght during which phase

separ ation Fajee 1083168/ or gani c phase is separated and the

aqueous phase is extracted. f a fuyr -t L me A

chl or of or m PRSYREAN ERSE 2 %@Rbcﬂ%’i Wgﬁ%ﬁﬁ%ﬁﬁé’@“ﬁ@ﬁggﬁ’e AL
magnesi um syqipdL10Mah@rorgnovi ng the desiccant by 15 filtration, the
solvent is renoved by distillation under reduced pressure on a rotary
evaporator. The crude product (24.9 g = 92 % is used without further
purification, TL(% (Merck silica gel 60 F-254): ethyl acetate /

met hanol / §IAPAT acetic acid 7:2:1 Rf 0.84. Staining with TDM /

devel opgent Fijarésceibespasrs BANBBH and cNADH as a GlucDH complex.
Examples
Experimental preparation of stable NAD/NADH derivatives

The preparation of stable NAD/NADH derivatives is shown on the basis of
carbaNAD (compound 9, figure 1) and pyrrolidine NAD (compound 18, figure
15 5) as examples. Additional derivatives can be prepared using appropriate
processes of synthesis. The corresponding amino alcohols used as starting
reagents are known in the literature:
2-amino-1,4-anhydro-2,3-dideoxy-L-threo-pentitol: Huryn, Donna M.;
Sluboski, Barbara C.; Tam, Steve Y.; Todaro, Louis J.; Weigele, Manfred
20 Tetrahedron Letters (1989), 30(46), 6259-62.
3-amino-, (1R,3S8)-cyclopentanemethanol, Beres, J.; Sagi, G.; Tomoskozi, |.;
Gruber, L.: Gulacsi, E.; Otvos, L.; Tetrahedron Letters (1988), 29(22), 2681-
4,



201'11. 1R+)-4-N-tert-butyl oxycarbonyl - exo-cis-5, 6-di met hyl net hyl ene-
di oxy- 2- 2- azobi cycl o[ 2. 2. 1Thept an-3-one (3) 41.5 g (190 nol)
di-tert-butyl dicarbonate and 0.83 g (6.8 mmol)

4-di net hyl am nopyri di ne are added under argon to a solution of 24.9 g
(135.7 mmol ) crude product 2 in 450 m, _absolute chloroform The
mxture is boiled under 25reflux whild%tirri ng until the gas.

evol ution ceases. The mxture is filtered over a colum that is
filled withAO Rreparation gécadmNA equilibrated with chloroform -21
- It is washed with 100 m chloroform The solvent is renoved from
the filtrate by distillation under reduced pressure on a rotary
evapor at or. ; Theqgn D, ith { ic 1901 t4h-glsie @pd 40C.
It is used bvl tﬁ'ﬁé”%ﬁ‘ﬂﬁ@?’%ﬂ'?‘ﬁ’?ﬁ?ﬁ#ﬁ LC l!(:-ﬂl\/ler]i!‘tlfpsi lica g(g 60
F-254): ethyl acetate / hexane 3:2 Rf 0.85. Staining wwth TDM/

devel opnment in a chl orine nber V. . .

(-)- (1R 2R Asoltipnof 184 %f(f‘{]ﬁﬁ‘f‘*ﬁ'%%‘é%(‘rzb%ﬁﬁ'%lﬂ%8-@'?%’1'5?%??10;/"19&‘& hyl

enedi oxy- 1- ﬁbwérn%éfmbhyhh@y@t@@eamwreo(m.smﬁexzrmxdenw-méup,u- 3is
di ssolved at roomtenperature in 400 nm tetra ¥drofuran whi

stirring anthogehatinedépxidpdie §0vplideionisediyatenin é?“%%q’t?%e‘% ga%c 5.3
g sodi um bo [ j oAl ki PR [t Bk &l g
during whi cﬁlg{ﬁﬁgﬁ%qﬁg{uoﬁe&%gﬁglﬁg% B? gf‘gﬁg%ﬁgfrﬁg{?é ﬁgt to room'.

t enper at ur eadd@DwithinetShaimovhilscenlidg@nder! The hixtweiis sepengently $irgd

roomtenperature,, T e renoved by distillation under
reduced 15p%esr§'|ﬂhéagﬁ)ogg)#eﬁ%@t@%iaporator. 300 mM saturated sodium
chl oride solution and 650 mM ethyl acetate are added and it is

transferred to a separating funnel. The organic phase is separated

and the aqudbeasolyratis remodgdin dissilatian inia netagy evaporatony it ististedvath The

corbi negl or ggp j ' ARG ThRMIM LS it i8S Ilved

renovi n@ thgagé@iagg}%%ﬁbégﬁfﬁéﬁ iag%o?&?@ g%s%o(#Ve_nt 'S rierlmv-ed by

di stillati oin 60Ge deiediseddvaierasiiB® gactivated carbpn is added. The mixture is
stirred vigorously for 1 h and then filtered over a Seitz K 250 deep-bed filter.
Water is removed from the filtrate by distillation in a rotary evaporator. The

product is used without further purification.

15 TLC (Merck silica gel 60 F-254): ethy! acetate / methanol / glacial acetic acid
7:2:1 R 0.75 (starting material), 0.53 (1). Staining with TDM / development in

a chiorine chamber.

* TDM reagent: Solution 1: 10 g N,N,N',N-tetramethyl-4 4*-diamino-dipheny
methane in 40 ml glacial acetic acid and 200 m! deionised water. Solution 2:
20 20 g potassium chloride in 400 ml deionised water. Solution 3: Dissolve 0.3 g
ninhydrin in 10 ml glacial acetic acid and add 90 mi deionised water.
Finished reagent: A mixture of solution 1 and 2 and addition of 6 ml of

solution 3.



evaporator. The crude product (42.4 g) is purified by neans of col um
chr omat ogr aphy and silica gel 60 (colum h =93 cm d = 10 cn) el uant
THF / hexane 1:3, then THF / hexane 2:3), flowrate 3 1/h. 40 nm
fractions are collected. The fractions are nonitored by TLC (Merck
silica gel 60 F-254: 25ethyl acetate / hexane 3:2 Rf 0.45. Staining
with TDM/ devel opnent in a chlorine czhanber) The solvent is renoved
fromthe conbi ned product fractions by distillation in a vacuumon a

rotary evap rat yi

(-)- (1R 2R '(A 5‘51%8 %ég?@gﬁhyd“o@lin?ﬂ gxﬁ/zr?gt'%ﬁl?[: 2clill)pent ane
(5) 8 m Dei omﬁqﬁawa{.ene@d then 80 m trifluoroacetic acid are
added to 11.09 (38.6 mmol) 4. It is stirred vigorously for 6 h at
room tenperature during 5which a clear pale yellow solution forns.

200 m dei opj
200 M oot Oohg B KBRS RIS, AT ol P B B haR
is again eVAﬁ@n’@dcﬂﬁlg ao0enl (& 26anol) dincathaxypodzeme andaPil afgd2.2 Meolcr ude

product is disso dei onj sed water in an ulirasonic .bath
Bnd 111 fer cRUmomRNyaIpeRaqde e 50 ol TRoed OnEse NPT Bt 266" fash,
CH form i OAftexXgdHing 80 nﬂ@awmteels%m% yEitge ARArifinate Solutiér tHat er

during which the product elutes after about 150 M in a volune of 300

m (pH 10. 4§0lutioneisiavaperaded todrynasmitRdar GivaspuTLie 3 Y IEVaPPIY:- gel 60
F254:_butangho i SribRim?a8h i sAfirkte IR cRiofidd sbitioR aftd 75FhA! Ni ng

with TOM/ developnent in a chlorine chanber). solvent is renoved
fromthe 1Ssatntatﬁéaoqhutrdlmtromeraearbgn@tetspltdiogtare Baded)tp the residge @ih on

a rot ar, 0, e salt of
the nicdtin gprﬁ t(r@%é(?%ﬁre%g} %er%a grfoc eﬁﬁf{o(?%%gg%t‘ecq by %ﬁ@glf%nder
ni trogen andlldvhﬂhto&aaﬂ&ogemlgtmaummd'@himuaael@eﬂaltaﬁon hakesgilace. |t is
heated for 2.5 h at 110C. 500 ml of a
The organic phase is separated and the aqueous phase is extracted for a
further two times with 200 ml chloroform in each case. The combined organic
phases are dried over magnesium sulfate. After removing the desiccant by
15 filtration, the solvent is removed by distillation under reduced pressure on a
rotary evaporator. The crude product (24.9 g = 92 %) is used without further

purification.

TLC (Merck silica gel 60 F-254): ethyl acetate / methanol / glacial acetic acid
7:2:1 R; 0.84. Staining with TDM / development in a chlorine chamber).

20 if.  1R-(-}-4-N-tert-butyloxycarbonyl-exo-cis-5,6-dimethyimethylene-
dioxy-2-2-azobicyclo[2.2.1]heptan-3-one (3)

41.5 g (190 mol) di-tert-buty! dicarbonate and 0.83 g (6.8 mmol) 4-dimethyl-

aminopyridine are added under argon to a solution of 24.9 g (135.7 mmol)

crude product 2 in 450 ml absolute chloroform. The mixture is boiled under
25 reflux while stirring until the gas evolution ceases. The mixture is filtered over

a column that is filled with 40 g silica gel 60 and equilibrated with chloroform.



203:2 (v/v) ethanol / water m xture is added through a reflux cool er
and it is boiled under reflux until a solution is fornmed. After
stirring overnight at roomtenperature, 150 ml 50 % et hanol / water
and 100 mM water are added, it is transferred to a separating funnel
and washed three times with 500 m chlgroformeach time. 300 m and
50 g active carbon are added to the Zggéparated aqueous phase which
is stirred for 1 h at roon1tenE§rature and then filtered over a Seitz

K 700 deep- Wisawashedawith 1H@ nilichiorefeem; Ehe splvantits eneevadiremyhe fitiate o
bout 100 ne e r 0t i i t
et ot - ex SRBEEA oty RUERREPIER B Sty Evbriditoboid eaper &) e

sodi um t et r pioduciris bded fer 6Gmirdatet) enbar and b Kipkisatsad avithiout @xﬁger rring.

The preci pi tatfe ks recrystallized from nethanol /water. The

crystal | i saPd"8"¢%noved by filtration, washed with a small amount of
acetone and then with diethyl ether and dried for 24 h in a high
vacuum at 40C (yield 21.1 g 23 9%9. 5The fractions are nonitored by
TLC (Mesck FLCi(Meardredilicaogat 69922 54) etiwbhcytaigl/dexane d2eRi @ 8acPi@iniNgt er
5:2:3 Rf =0, . .

(-)- (1R 2R w&?i&s@’hﬁ%\s@'%%%tx‘% QUG AAMLEN 1y - 2, 3- di hydr oxy- 1-
(hydr oxynet hyucycl opent ane (6) = carba ni coti nam de nononucl eosi de =
carbaNMN 10A solution of 4.5 g (31 mmol) cyclopentylanine 5 in 110 ni
absol ut e nethane-{1Rs2R3§e4Ru4-dNWegdb utyioxynadmpnyi)aatiaa-23rdimathviit i on

et hanol whi 1 ¢ SO nEiaky i ErBFSRriakn yoiBpdiianBliagboot vt

di i sopropyl ethylam ne is added and it is then stirred for two days at
roomtenperature. 500 nl water is added, it is transferred to 15a
separ ati ng Thansidegadueishisdlisspived atireom teopaaturgtm¢P@me chil ori de

each ti1§fi' Ogeti'%h flrah SvHiIEERNER 4 ab@ﬂe%ﬂ%%%%a‘fgr id3daaysafpdase by

distill nder a vacuumon~a ro evapor at or. e residue is
t aken up i ncd@idgrtb 4M&t5%3 gawdiupu bofdhgdride iscsldedrallch conarnodstisag on

St e DL B B S BRI NP R A
m/h. 15 m tdmpsrhiveast G @l elahelcs addadiend it is stirred for & h at room
temperature, The solvents are removed by distillation under reduced
15 pressure on a rotary evaporator. 300 ml saturated sodium chloride solution
and 650 ml ethy! acetate are added and it is transferred to a separating
funnel. The organic phase is separated and the aqueous phase is again
washed with 350 ml ethyl acetate. The combined organic phases are dried
over magnesium sulfate. After removing the desiccant by filtration, the
20  solvent is removed by distillation under reduced pressure on a rotary
evaporator. The crude product (42.4 g) is purified by means of column
chromatography and silica gel 60 (column h = 93 ¢cm, d = 10 cm) eluant THF
/ hexane 1:3, then THF / hexane 2:3), flow rate 3 I/h. 40 ml fractions are
collected. The fractions are monitored by TLC (Merck silica gel 60 F-254:
25 ethyl acetate / hexane 3:2 R 0.45. Staining with TDM / development in a
chlorine chamber). The solvent is removed from the combined product

fractions by distillation in a vacuum on a rotary evaporator, yield: 24.9 g.



nmonitored by TLC (Merck silica gel 60 F-254: butanol / glacial acetic
acid / water 5:2:3 Rf 0.22). The solvent is renoved fromthe conbi ned
product fractions by distillation in a vacuumon a rotary evaporator.
The salt-containing residue is boiled out 25with 500 m hot ethanol.
It is hot-filtered and allowed to stand for 12 h at room tenperature.
The precipitate is renoved by filtration and the solvent is renoved
fromthe filtrate by distillation under a vacuumon a rotary

evapor at or ., Yi gld o
(3P CR 2R Y, AR R3St amh 23 dibyarpxyiyhydoxymethylcyelp-
phosphat oyl net lpgntageBpent ane (6) = carbaNVN nonophosphate A m xture

of 20 m phosphoroxy chloride and 50 m trinmethyl phosphate is added
at 0Cto a suspension of 7 g (27.7 mmol) carbaNW in 80 m 5anhydrous

trinmet hyl tan . ol for

room terrperé;ﬁtﬁj%%@%%d \Fr¥1afe1°‘ aﬁﬁ tﬁéigggﬁéﬁ&\ﬂg %tlgggm %ﬁ%pégﬁo
mxture i s @8mnadlpdl It 5 stidreni vigordesly éor\thlmatjmonnteampemmrq deriagor at or
It is taken in. 1 ter iltered d,purified neans ,of
Lol unm: By owtRoareiaspath vel Senlion et Belonise B Yl R
cm 10el uti gid Riis Suffordted undei @vhs@em \waterotary @vhpdiatdr. B0Onfi0 M
ammoni um acetate, flowrate 200 nmi/h. 15 m fracti ons gre col |l ected

and noni tor@%Oﬂ‘ﬁeq'l!‘@t?rl\/éPER‘”SQ@?Q&"@'& is@gajn euapomtad yader QYBEHYT| ¢
acid / ammogy 8/ baheevafratod 3F heﬁﬁru@e %@ducﬂ%%%lmh 109 mhedYSided r om

the conbined product fractions by distillation in a vacuumon a
rot ar y evapwater i1 an Thspeisibgte and fitleredol be fitriate iE5npiedito ﬁ/;ﬁfé'fexaw

Iyoph zed I
o bandB” ( of O Hp RO e Sah SRERier CURR STER 9 R dufbed 1T
absol ute Dl\lﬁlth svatataging vdpeh the nmbtlmi:treluieh afier alomrin 1658 mplen &t woiwme of a

mxture of gq@grh)k}tﬂll gﬁ(ﬁf Oﬁag’t%o e mo tore)d bf&E&%ré@&ﬁ)@a{qga%aﬁ ein

40 m absol
254: butanol / glacial acetic acid / water 5:2:3 R; 0.42. Staining with TDM /

development in a chlorine chamber). The solvent is removed from the
15 combined product fractions by distillation in a vacuum on a rotary evaporator,

yield: 5.2 g colourless oil.
V1. Zincke salt of the nicotinamide (6)

58.6 g Dinitrochlorobenzene is melted under nitrogen and then 29.32 g
nicotinamide is added to the melt. It is heated for 2.5 h at 110°C. 500 ml of a

20 3:2 (viv) ethanol / water mixture is added through a reflux cooler and it is
boiled under reflux until a solution is formed. After stirring overnight at room
temperature, 150 ml 50 % ethanol / water and 100 ml water are added, it is
transferred to a separating funnel and washed three times with 500 ml
chloroform each time. 300 ml and 50 g active carbon are added to the

25  separated aqueous phase which is stirred for 1 h at room temperature and
then filtered over a Seitz K 700 deep-bed filtér. The filtrate is concentrated in
a vacuum to about 100 ml on a rotary evaporator during which the bath
temperature must not exceed 20°C. it is diluted with 300 ml water and 70 g



78 nm (39 mml) 3.5 /ci tetrazole in absolute acetonitrile. The

m xture is stirred for 2 days at roomtenperature. The pH is adjusted
to 6.5 using an aqueous 10 % KHCO3 sol ution while cooling on dry ice
/| acetone. It is diluted with 500 mM water and carefully
25concentrated to dryness in a vacuu n a rotary evaporator. The
rﬁ5|due IS dLssoIved in 150 m deion?égd wat er and purified by col um
chr omat ogr aphy on Sephadex E 25 (NEt3H+ for umm_65

el ution of Mu@ﬁetmf@emmﬁa&aaaﬁ@é%m@m 'Emﬁeg)?“@ wLﬂﬁ stirring.'T i © ™

triethyl a”‘;ﬁ}@bgﬁ%tﬁect i an écl f?ENnrrﬁétﬁa@&Qwafegahe @yét@lils&é igl

fractions noni t or ed C (Merck silica gel
F- 254 pl at ertemavsdlbutf&trattonawadheﬁfhwﬁbﬁl%iﬂa“ ava@l@rtoéacqtoss angdthen with — The

sol vent is b@e@gg%ﬁﬂ%%ﬁéa 1o 3 D B va0Rf AR B o @enel 20 50)

frapt i ons vacuu a rotar orato
residuesi s Thegattiond dra n&mﬁrard byviL @ r(Mank dilicapdel 60fe2154 Tthitangb/ ocedur e

S repeatedthreetlrres el am nation of the stability of
car baNAD A Q@C'W@Sﬁ?ﬂddﬁ’aéﬁr %%#M 8EXNAD is stressed at pH 8 in
0.1 M pot assi um phosphate buffer. The content is determ ned by means

of HPLC i ochromat ography after 0.25, 75 and 175 h. Buffer A: 100 nM
KHPO4 + 10 v t(e)t(ﬂR&R,ﬂBatR)n@(ﬁ-uquuﬂmgepyndnmhvb-Z dilydyoryfiter B:

B ot une Rk by B S8ehAnE & OB hbolbiabon 254

mononucleoside = carbaNNMN

10 A solution of 4.5 g (31 mmol) cyclopentylamine 5 in 110 mi absolute
methanol is added dropwise within 90 minutes to a solution of 15.3 g
(40.7 mmol) of the Zincke salt 6 in 110 mi absolute methanol while stirring at
room temperature. 1 ml diisopropylethylamine is added and it is then stirred
for two days at room temperature. 500 ml water is added, it is transferred to

15 a separating funnel and washed twice with 200 ml methylene chloride each
time. The water is removed from the separated aqueous phase by distillation
under a vacuum on a rotary evaporator. The residue is taken up in 100 ml
water and purified by column chromatography on Sephadex C25 (Na+ form):
column 70 x 7.5 cm elution of buffer A (deionised water) to buffer B 0.35 M

20 NaCl in water, flow rate 200 ml/h. 15 mi fractions are collected and
monitored by TLC (Merck silica gel 60 F-254: butanol / glacial acetic acid /
water 5:2:3 Ry 0.22).

The solvent is removed from the combined product fractions by distillation in
a vacuum on a rotary evaporator. The salt-containing residue is boiled out

25  with 500 ml hot ethanol. It is hot-filtered and allowed to stand for 12 h at
room temperature. The precipitate is removed by filtration and the solvent is
removed from the filtrate by distillation under a vacuum on a rotary

evaporator. Yield 7 g.



gradient: in 40 mn to 35 %buffer B, hold for 2 min and then change
to 0 %buffer Awithin 3 min. The HPLC area percentages after
stressing for the various tines are shown in figures 2 and 3. 20The
occurrence of deconposition products (nicotinam de, ADP-ribose, AM,
ADP and the unknown deconposition progycts for NAD and the unknown
deconposition products Y1 and Y2 for cNAD) show that cNAD is very
stabl e conpared to

Synt hesi s ovubnsp)dﬁngngﬁa@@%?&-ﬁg XAt r%Eiriaf@(%f,eﬁro%wmw_mo .
Trans-N-t - BOC- 'rr@sﬁiﬂgl\tﬂéiylm'&hgma cibp@h@hie(6) = c3FbaNMNIABnophb) phiate

di ssolved in 500 m and sodium azide (15.6 g, 240 mml) dissol ved
in 75 mM water was added and heated for 5 h to 70C. It was

it ur'e. vasABRLERCl 20 8V EBBRAOLaE P e ane Shr T RID PRR B o
and extract gdqa 50°¢ fya s@gRindlon. of The (2t hrimaily earbtablMbdin 80 med wi t h

Na2SO4 and subsequent | evaporated. .32, 8 > 0 i
fornmed @t hegﬂl@ycjrg@g tr'\mae%/thgl;pr%gp@?tg. Itis shrredgfog 2 hla(\)t%“é) and” t%'eﬁl*oer St

room temperature. 300 ml water is added while cooling on ice and the
mixture is evaporated to 10 ml under a vacuum on a rotary evaporator. It is
taken up in 100 mi water, filtered and purified by means of column
chromatography on Sephadex C25 (NEt3H+ form): column 66 x 9 cm,

10 elution of buffer A (deionised water) to buffer B 0.60 M ammonium acetate,
flow rate 200 mi/h. 15 ml fractions are collected and monitored by TLC
(Merck silica gel 60 F-254 plates: isobutyric acid / ammonia / water 66:1:33,
R; 0.25). The solvent is removed from the combined product fractions by
distillation in a vacuum on a rotary evaporator. The residue is dissolved in

15 100 mi water and lyophilized. This procedure is repeated three times. Yield
4049.

IX. carbaNAD (9)

A solution of 1.25 g (30 mmol) AMP morpholidate in 40 ml absolute DMF is
added dropwise within 1 h at room temperature to a mixture of a soiution of

20 3.31 g (10 mmol) carbaNMN monophosphate in 40 ml absolute DMF and
78 ml (39 mmol) 3.5 % tetrazole in absolute acetonitrile. The mixture is

stirred for 2 days at room temperature.

The pH is adjusted to 6.5 using an aqueous 10 % KHCOj3 solution while
cooling on dry ice / acetone. It is diluted with 500 ml water and carefully

25  concentrated to dryness in a vacuum on a rotary evaporator. The residue is
dissolved in 150 ml deionised water and purified by column chromatography
on Sephadex QAE 25 (NEt3H+ form): column 65 x 4.5 ¢m, elution of buffer A
(deionised water) to buffer B 1 M triethylammonium carbonate, flow rate 200



The crude product was directly processed further after TLC and M5
15nonitoring. A thin layer chromatography on a KG 60 F-254 plate
(nobil e solvent: ethyl acetate /sprayed with ninhydrin) was carried
out for the nonitoring: trans-Nt-B0C 0-nmesyl-4-hydroxy-L-Prolinol
IRL. 0.49 - 27 - product Rf. 0.78 MS,ESI ES+ 242 The identity of the
product was al so confirnmed by NWR anafysis.

*trans- N-t-BOC- 0- nesyl-4- hydroxyl -L-prolinol is commerc

avai Ihabl e M BonhbadiomsaAreralericdand R’!?”)i@{ed@’tTL(F\I&MeF@k'Fi@a 9el 60
nt 1 d
Synthesis of ; B%I'%.Pﬁg%g%&%ﬁﬁ% a(&d’fﬁﬁ%ﬂﬁila]l@ater(é@i {33! Rbg:gr'?goun 10 (120

mmol ) was m xe nmet hanol wth 2.0 g Pd- on (10 /0)
and hydrogenated for 12 h at 30 nbar. In th| S process the reaction

flask was flushed several tjne th H2, the cata d by
Suctton 11 | THOSR ATt Eemevartdy dsaunt fiaib e Gerdinest piogler oA oRa oY
formed (t hed.&'iliatiém% Qaé\ﬁm Wﬂo@ér?lewagér@ﬁﬁ%@ rdsiiiehie disdbRetion i t s
high air-sensitivity). 15M5 ESI ES+ 21 resent

5 100 mi water and lyophilized. This procedure is repeated three times. Yield

1.149.
Examination of the stability of carbaNAD

A 10 mM solution of carbNAD or NAD is stressed at pH 8 in 0.1 M potassium
phosphate buffer. The content is determined by means of HPLC
10 chromatography after 0.25, 75 and 175 h.

Buffer A: 100 mM KHPQO4 + 10 mM tetrabutylammonium hydrogen sulfate,
pH 6.9
buffer B: buffer A + acetonitrile 1:1
flow rate 1.0 mi/min detection: 254 nm

15 RP18 column L 125 diameter 4.6 mm
gradient; in 40 min to 35 % buffer B, hold for 2 min and then change to 0 %
buffer A within 3 min.

The HPLC area percentages after stressing for the various times are shown

in figures 2 and 3.

20  The occurrence of decomposition products (nicotinamide, ADP-ribose, AMP,
ADP and the unknown decomposition products for NAD and the unknown
decomposition products Y1 and Y2 for cNAD) show that cNAD is very stable

compared to NAD.



TLC (i sohexane / ethyl acetate 1/1 / KG 254 F/ ninhydrin): product
remains at the start. The identity of the product was al so confirned
by NWR analysis. - 28 - Ill. Synthesis of pNAD 3rd stage (conpound
12) 5(11)(12) 120 mmol of conpound 11 (MAN 216.28) was m xed in 500
m di oxane containing NaHCO3 (11.0 g, 23430 mmol ) and Fnoc chl oride
(33.8 g, 130 mmol) and stirred overnight at roomtelperature. The

resulting sgltsg were r ion, the solution was
evapor at ed ngﬁrﬁBm}a& %%Qﬂqbgth Ied over a silica gel colum
(i sohexane and i sohexane / EE 812- 1/ 1) The main fraction yiel ded
39.0 g = 74 1 TLC (KG 60 F254
nobi | e sol vent éy%#'%!ane%wﬁ?"sr acet ate an%l)‘;O) Rf 0.13 M5 ESI ES+

439 / + 339 The identity of the product was al so confirmed by NWR
anal ysis. 15* Yield refers to the educt of the 1st stage. - 29 - |IW
Synt hesis of pNAD 4th stage (conpound 13) 5(12)(13)

Trans-N-t-BOC-0O-mesyl-4-hydroxyl-L-prolinol (35.4 g, 120 mmol) was
dissolved in 500 ml DMF and sodium azide (15.6 g, 240 mmol) dissolved in
75 ml water was added and heated for 5 h to 70°C. It was subsequently

10 stirred further overnight at room temperature, the mixture was poured into
1000 ml saturated sodium chloride solution and extracted with ethyl acetate.
The ethyl acetate was dried with Na;SO,4 and subsequently evaporated.

32.8 g (> 100 %) residue was formed (theoretical value: 29 g).

The crude product was directly processed further after TLC and MS

15 monitoring. A thin layer chromatography on a KG 60 F-254 plate (mobile
solvent: ethyl acetate /sprayed with ninhydrin) was carried out for the
monitoring:
trans-N-t-BOC-0O-mesyl-4-hydroxy-L-prolinol Ry 0.49



Compound 12 fromstage 3 (7.08 g, 16.1 mol) was dissolved in 80 ml
trinmet hyl phosphate and subsequently cooled to OCin an ice bath.
POCI3 mxed with trimethyl phosphate (13 m freshly distilled POCI 3
in 13 m trinmethyl phosphate) was added to a dropping funnel and
added in portions iowthin 20 mn undgrz argon. The tenperature
increased in an exothermal reaction t6°Up to 5C. Subsequently 2.6 m
pyridine was added and it was stirred for a further 40 mn at 0C and
under ar gorProduet Rie@d8i on sol uti on was carefully added dropw se to
800 m ice- ri et hyl ammoni um hydr ogen carbonate sol ution
(pH = 8). A@?Ce%gﬁégg%ition 15was conpleted, it was stirred for a
further 1 hThérdentlyiofithe producbivas slsb gohfiimecaisy B aaalisisl y added
(rapidly) dropwise to 1 | saturated NaCl solution. It was stirred
further overnight to inprove the crystallization. The precipitate was

removed by dah b N BOE-OLRRsIEShiBxNRSpdRSsHlid S8 REREialfy A¥=ARBIB fihh UMM.
00 g I~/ water 1/1

For this purpose 5 D ai on was added to i sopropano
and al | bwedSanchemir Phagyezaritiga\G, [adi Mo ed9filled into the col um

and rinsed with water. A - 30 - slurry of the residue was fornmed in
100 M water pH 3.5 (ethyl acetate) which was subsequently applied to

a colum ar\ﬁ rigyneitedis f pNRP2nd R ge Ronipbdnd 1) was free from sodi um
T

chl ori de. e substance was then eluted fromthe colum with 25 %

i sopropanol (pH 3.5). The solution was evaporated in a 5high vacuum
at roomtenperature. Residue = 2.6 g = 31.3% TLC RP8 F254 / MeOH /
water 9/1 MSNESI ES+ 517.13 The ichantity of the product was al so

confirmed by NI\I\@ anal ysi s.
N 0
?LO -
XL

O o

1

(10) (11)

Compound 10 (120 mmol) was mixed in 500 ml methanol with 2.0 g Pd-
10 carbon (10 %) and hydrogenated for 12 h at 30 mbar. In this process the
reaction flask was flushed several times with Hp, the catalyst was removed

by suction filtration and it was concentrated.

A colourless oil was formed (the oil should be immediately processed further
due to its high air-sensitivity).

15 MS ES! ES+ 217 present
TLC (isohexane / ethyl acetate 1/1 / KG 254 F/ninhydrin): product remains at

the start.
The identity of the product was also confirmed by NMR analysis.



10V. Synthesis of pNAD 5th stage (conpound 14) (13)(14) 15A m xture
of conmpound 13 from stage 4(4.10 g, 7.9 mmol) in 250 m nethanol and
83 mM 25 % ammonia was stirred overnight at roomtenperature and
evaporated in a vacuum at roomtenperature. The residue was taken up
in 200 M water and stirred out threedg mes with 100 nl ethyl
acetate. Insoluble conponents were rermved by filtration; the clear

wat er 20phase mas se ar t n evapor room t enperat ure.
-31 - Residle 5 é}ﬁﬁ*¢% ékﬂpéﬁgkrder to renove the
NH3 cati ons, the reS|due was dlssolved 2 X in Hunig's base and again
evaporated each tine in a high vacuum 5VI. Synthesis of pNAD 6th
stage (conpound 16) (14)(15) The Zincke salt (2.66 g, 8.99 muol)
was prepared dissolved in 50 mM nmethanol and conpound 14 from stage 5
(2.56 g, 8.31 mmol) dissolved in 1050 m nethanol was added dropw se
while stirring. The m xture colours red and sl ow
stirred further overnight at roomtenperature and
renoved by f||trat|on The filtrate was evaporate

3} 2, - .

5 (11) (12)

120 mmol of compound 11 (MW: 216.28) was mixed in 500 ml dioxane
containing NaHCO3 (11.0 g, 130 mmoi) and Fmoc chloride (33.8 g, 130
mmol) and stirred overnight at room temperature. The resulting salts were
removed by filtration, the solution was evaporated and the residue was

10 purified over a silica gel column (isohexane and isohexane { EE 8/2 — 1/1).
The main fraction yielded 39.0 g = 74.1 % * (theoretical value = 52.6 g).
TLC (KG 60 F254 mobile solvent ischexane / ethyl acetate 2:1): R{0.13
MS ESI ES+ 439/ + 339
The identity of the product was also confirmed by NMR analysis.

15 * Yield refers to the educt of the 1st stage.



vacuum taken up in 100 mM water and extracted three ti |

acetate. 15The ethyl acetate phase contains the by-prodﬂgf wth ethyl
dinitroaniline, the water phase contains the product and the
remai ni ng Zi ncke salt. The water phase was evaporated in a vacuum at
roomtenperature and 10 m water was added to the residue that was
obt ai ned, which was stirred for 10 ntf°on a magnetic stirrer and

I nsol ubl e conponents were renoved by filtration. The 20product

remai ned di ssolved. This solution was applied to a D aion HP20 col um
(1000 i) tiNat StyaﬂldseenprMdth/\ﬂﬂﬂe\ﬂﬁ?@P"HHg ‘\ﬁgs rinsed two tines
with 1000 M water. Subsequently it was rinsed with water / 5 %

| sopropanol - 32 - and positive fractions (detected by TLC RP8 MeOH
1W9/1) were evaporated at roomtenperature. The residue was
triturated with isopropanol and suction filtered with the aid of
diethyl ether. Residue = 1.60 g = 47.9 %5 TLC RP8 254 MeOH /W9/1 M5
ES - 400.1 / ES 402.0 al so exhibits the ggubhe mass The identity of
t he product wa§ 50 confirmed by NWVR anal Vila. Synthesis of
pNAD st age 7a -ound 16) 10(16)

e ek
N

N

b
Ay

5 (12) (13)

Compound 12 from stage 3 (7.08 g, 16.1 mmol) was dissolved in 80 mi
trimethyl phosphate and subsequently cooled to 0°C in an ice bath. POCl;
mixed with trimethyl phosphate (13 ml freshly distilied POCIl3in 13 ml
trimethyl phosphate) was added to a dropping funnel and added in portions
10 within 20 min under argon. The temperature increased in an exothermal
reaction to up to 5°C. Subsequently 2.6 mi pyridine was added and it was

stirred for a further 40 min at 0°C and under argon.

The reaction solution was carefully added dropwise to 800 ml ice-cooled 1 M
triethylammonium hydrogen carbonate solution (pH = 8). After the addition

15  was completed, it was stirred for a further 1 h. The slightly turbid solution was
subsequently added (rapidly) dropwise to 1 | saturated NaCl solutioh. it was
stirred further overnight to improve the crystailization. The precipitate was
removed by filtration. The residue was desalted over a Diaion column. For
this purpose 500 g Diaion was added to isopropanol / water 1/1 and allowed

20 to swell overnight. Diaion was filled into the column and rinsed with water. A



A m xture of AMP acid (adenosi ne nonophosphate-free acid) (10 g, 27.5
mmol) in 60 mM nethanol (dried with sodium and 5.3 m (60 mmol)

nor pholine (freshly distilled) was stirred until a clear solution was
formed. Subsequently 17 g (82.5 nmol) N, N -di cycl ohexyl carbodiim de
(DCC) was 15added and stirred overni ghfy_at roomtenperature while
excluding noisture. The precipitate ( that was forned was suction

filtered and the filtrate was, rotar aporat e ept |y
it was sti rsﬂgray glhe ?ﬁuf%ﬁ"s F %"yl@; ageiré)?_hg'}s é&ﬁ[e?%%%?%gc{hn
filtered. Aﬁé@gum@nﬁ}eﬁ?mmi tora ¢demacindainsep dthenates (pAyaish until it
extracted twice with 75 iea;%b et hEr each tkgeﬁélg;‘i;& agHeous
phase was sWdsEaa&em sodigmaghior e substance wasAhen ANe®The
resi due wasedliaaQithesh % sbpiopahol (WP 3.5\ hel S3IhIvHg vapdfated iBd -
each time agaln rotary evaporated in a high vacuum VII. Synthesis of
pNAD 7t B sthige vaewip@bnepm rlgmperaturg) (16) (17) 5A mixture of AWP

nor phol i date (conmpound 16 from stage 7a) (2.53 g, 3.61 mml),
conmpound 15 fromstage 6 (1.60 g, 3.98 mml), MO 2 solution in
formam de ORgsiMie €276 § #181.39%42 mol ) and anhydrous MySO4 (0.87 g,
7.95 mol ) were stirred overnight at roomtenperature and after this

time were | BrG&ERB Edhk EMeSH 4wates O} ni ned by TLC (RP8 MeOH 1W 9/ 1).

The 10react | &V S precipitated with acetonitrile and suction
filtered. dug%%ﬂelz(é: ? gw% (theoretical yield 2.64 g)**
The identity of the product was also confirmed by NMR analysis.

10 V. Synthesis of pNAD 5th stage (compound 14)

S : ZN_)J—E::O
Q0 —P =D “—"041\0 ©
|
SO

(13) (14)

15 A mixture of compound 13 from stage 4 (4.10 g, 7.9 mmol) in 250 ml
methanol and 83 ml 25 % ammonia was stirred overnight at room
temperature and evaporated in a vacuum at room temperature. The residue
was taken up in 200 ml water and stirred out three times with 100 ml ethyl
acetate. Insoluble components were removed by filtration; the clear water

20  phase was separated and again evaporated at room temperature.



M5 ESI ES -729.3 = product, ES -415 = cation of AMP norpholidate, ES
- 400.2 / ES + 402.1 residues of conpound 15 (stage 6) TLC RP 8 F254
Rf 0.085 15* In order to prepare this solution 2516 ng anhydrous

MhCl 2 was dissolved in 100 mM 99.99 % formam de while stirring and
subsequent |y 4A nol ecul ar sieve was agded. ** The resi due was further
processed as a crude product. - 34 “°VIII. Synthesis of pNAD 8th
stage (conpound 18,26? rrolidinyl-NAD) (17)(18) 5.0 m

trifl uor oacReSiQUeTi %Q'EABOQN%S added to 500 nmy conmpound 17 from
Sstage 7 (opddesE®dusls, contains about 50 %salts) and stirred for 1
h at roomtenperature and subsequently concentrated by evaporation.
500 m colourless oil was fornmed as the residue M5 ESI ES -729, 24
(addi ti on dn oer tasemeve thy Nbis patiense e Esidpeovardissrivesbd xiig HBIES each

purified infeSfRddHin BlaptaRY edftinie h SRGAVAELAR. St eP:

5  VI. Synthesis of pNAD 6th stage (compound 15)

o :
N N

= KM, = -
(.:I)l\ ’ bwo—izo c N ? T %

v 3, v~ D o—t=o
@ ot o IS G

* o A

i o ]

o Fo .

(14) (15)

The Zincke salt (2.66 g, 8.99 mmol) was prepared dissolved in 50 ml
methanol and compound 14 from stage 5 (2.56 g, 8.31 mmol) dissolved in

10 50 ml methanol was added dropwise while stirring. The mixture colours red
and slowly dissolves. It was stirred further overnight at room temperature and
the precipitate was removed by filtration. The filtrate was evaporated in a
vacuum, taken up in 100 ml water and extracted three times with ethyl

acetate.

15  The ethyl acetate phase contains the by-product dinitroaniline, the water
phase contains the product and the remaining Zincke salt. The water phase
was evaporated in @ vacuum at room temperature and 10 ml water was
added to the residue that was obtained, which was stirred for 10 min on a
magnetic stirrer and insoluble components were removed by filtration. The

20  product remained dissolved. This solution was applied to a Diaion HP20
column (1000 ml) that had been rinsed with water and was rinsed two times

with 1000 m! water. Subsequently it was rinsed with water / 5 % isopropanol



Fract ogel EVMD S03-s columm: D (inner) = 14 mmL (packing) = 85 mm
|.Conditioning (flowrate 5 mM/mn) a) 100 M H20 b) 200 M 0.25 M
HZSO4 150) 100 M H20 d) 200 mM 1 M ammonia solution e) 100 m H20

. Separation:a) apply 200 m substance dissolved in 5 mM H20 b)
eI ute with a gradi ent of H20 -> 0.2 MhHAHCG3 20sol ution. (rmobile
solvent A = 250 m H20 pI aced in an Erlfenneyer flask and stirred on a

T obi l o sarvmstElr i tateisy diIRPRMERIA] A B 1T 1o

AT |t Fréél@ bgﬂg@ apmfna]gerﬁﬁ@gtgrQMee@@mu@fw& titurbledlsith isepdopanol
i mpurities 5c n eak after abo 70 c
" an suction%ltered with the aid o} diethyl eth%rrel i mnary eluate

Residue = 1.60g=47.9%

5 TLC RP8 254 MeOH /W 9/1
MS ES - 400.1/ ES + 402.0 also exhibits the double mass
The identity of the product was also confirmed by NMR analysis.

Vila. Synthesis of pNAD stage 7a (compound 16)

X
ﬁ _d _E-oyﬁ

s o O
Ory O

10 (16)

A mixture of AMP acid (adenosine monophosphate-free acid) (10 g,
27.5 mmol) in 60 ml methanol (dried with sodium) and 5.3 ml (60 mmol)
morpholine (freshly distilled) was stirred until a clear solution was formed.
Subsequently 17 g (82.5 mmol) N,N'-dicyclohexyl carbodiimide (DCC) was
15  added and stirred overnight at room temperature while excluding moisture.
The precipitate (DCH) that was formed was suction filtered and the filtrate
was rotary evaporated at 30°C. Subsequently it was stirred out with 150 mi
H,O / 150 ml diethyl ether and again filtered. After phase separation the
aqueous phase was again extracted twice with 75 mi diethy! ether each time.
20  The aqueous phase was subsequently rotary evaporated at room
temperature. The residue was dissolved a further two times in pyridine and



substance IV. Reconditioning: a) 100 m 1 M anmoni um sol uti on b) 100
m H20 2nd separation step: 10D ai on HP20, columm D (i nner) 30 M L
(packing) 130 mmeluted with 100 mM H20 and 100 m 1120 / 5 %

i sopropanol . The substance al ready el ut es with the water phase; only
inmpurities are present in the |soprop%3| fraction. 3 fractions
wer e obtai ned accordi ng to analytical "MPLC. Fl = 13.5 ng 15F2 = 5.5
ng F3 = 11.5 ny Tot al 30.5 ng = 12.2 % The identity of the

pyrrol i di ny¢ackAime é@ﬂlﬁdg’ﬁ(ﬂy evgparaledde AfNIgMERFUWYN-NVR anal yses. 20

G ucose dehydrogenase assay for pNAD In order to exam ne the role of
pPNAD as a cofactor for glucose dehydrogenase (3 ucDH), a gl ucoseDH

activity asgmyg'ymmgs‘;slwf 'Aﬂjetﬁfsﬂg@ngnﬁﬂdna buffer was carri ed

out. The concentration of glucose was 80 nM pNAD and NAD
concentrations of 0.05-0.5 nM were used. 10 ng/m 25(pNAD) or 0.002
ng/mM (NAD) 183 or 0.017 pMrespectively] G ucDH was added. The assay
was carried out at roomtenperature and the enzymatic

N y - N / N
)’@t*"“ﬁ‘:”. \J“g"' ﬁiﬁj °‘T—°“"“°~}:$M

L
I .

(15) (16) (17}

5 A mixture of AMP morpholidate (compound 16 from stage 7a) (2.53 g,
3.61 mmol), compound 15 from stage 6 (1.60 g, 3.98 mmol), MnCl; solution
in formamide 0.2 M* (27.1 ml, 5.42 mmol) and anhydrous MgSQ, (0.87 g,
7.95 mmol) were stirred overnight at room temperature and after this time
were largely converted as determined by TLC (RP8 MeOH /W 9/1). The
10 reaction mixture was precipitated with acetonitrile and suction filtered.

Residue = 5.3 g (theoretical yield 2.64 g)**

MS ESI ES — 729.3 = product, ES — 415 = cation of AMP morpholidate, ES —
400.2 / ES + 402.1 residues of compound 15 (stage 6)

TLC RP 8 F254 Rf 0.085

15 *In order to prepare this solution 2516 mg anhydrous MnCl, was dissolved
in 100 ml 99.99 % formamide while stirring and subsequently 4A molecular -

sieve was added.

** The residue was further processed as a crude product.



- 36 - reaction was nonitored by recording absorption spectra at
regular time intervals. The values shown in table 1 refer to an
absorption neasurenent after 4 mn. Table 1 (p)NAD (MM Um (3/0

activity [G ucDH wused 0.05 NAD 539 100 0.02 ng/m 0.4 WAD 1556 100
0.002 ng/ m 24

VIH. Synthesis of pNAD 8th stage (compound 18, pyrrolidinyl-NAD)
- - N‘J N. “p
’ Z—)V ? g j:?.ma - D e O (/N l H{J
N oo o =N, o ﬁ"‘o

[}
J\ o Q bvo—;_o_ﬁ_.o
. Q o

Q

(17) (18)

5.0 ml trifiuoroacetic acid (TFA) was added to 500 mg compound 17 from

§ stage 7 (crude product, contains about 50 % salts) and stirred for 1 h at room
temperature and subsequently concentrated by evaporation. 500 ml
colourless oil was formed as the residue
MS ESI ES — 729.24 (addition of NHz necessary)

2 Portions of 200 mg and 300 mg were each purified in 2 separation steps:

10 First separation step:

Fractogel EMD SO3-s column: D (inner) = 14 mm L (packing) = 85 mm

. Conditioning
(flow rate 5§ ml/min) a) 100 ml HO
b) 200 ml 0.25 M H2S04
15 c) 100 ml HO
d) 200 ml 1 M ammonia solution
e) 100 ml H.O

{f.  Separation: a) apply 200 m! substance dissolved in 5 m! H.O
b) elute with a gradient of H,O — 0.2 M NH,HCO3;
20 solution. {mobile solvent A = 250 ml H,O placed in
an Erlenmeyer flask and stirred on a magnetic stirrer,

pumped onto the column at a rate of 5 mi/min



0. 05 pNAD 0. 0017 0.00003 10 p110 ng/m 0.4 pNAD 0. 0024 0.00015 10
pl110 ng/m 5 Absorption spectra of pNAD and pNADH Absorption spectra
of NAD and pNAD or NADH and pNADH are shown in figures 6A and 6B. NAD
and pNAD exhi bit an absorption maxi rumat 260 nm pNADH i.e. pNAD
after the A ucDH activity assay exhi bj Es a red shift 10of the

absor pti on maxi mum by about 10 nm (fl’a re 6B) conpared to NADH.

Fl uorescence spectra of NADH and pNADH as | exes are
additionally shown in fi guré@owl%‘ﬁﬂv%‘i %g%ﬁ*&o&g?@”??ﬂ each case
recorded after the G ucDH aginyddd/atBBsaWmikitgaje 7 shows em ssion
spectra of NADH / pNADH  ucDH conpl exes at excitation wavel engths of
340 and 15370 nm The em ssion spectra of NADH and pNADH at 370 nm
excit ati on Mavdrastignatiane aifiactions eashRfrxM8 shows an excitation
spectrum for an NADH / b) 1st peak impurities

5 c) 2nd peak after about 70 ml preliminary eluate =

substance

V. Reconditioning: a) 100 ml 1 M ammonium solution
b) 100 ml H2O

2nd separation step:

10 Diaion HP20, column D (inner) = 30 mm L (packing) 130 mm eluted with
100 ml H,0 and 100 ml H>O / 5 % isopropanol.
The substance already elutes with the water phase; only impurities are

present in the isopropanol fraction.

3 fractions were obtained according to analytical HPLC: F1=13.5mg
15 F2= 55mg
F3=11.5mg

Total =30.5mg=122 %

The identity of the pyrrolidinyl NAD (compound 18) was confirmed by NMR

analyses.
20  Glucose dehydrogenase assay for pNAD

In order to examine the role of pNAD as a cofactor for glucose

dehydrogenase (GlucDH), a glucoseDH activity assay in 0.1 M Tris/0.2 M

NaCl (pH 8.5) buffer was carried out. The concentration of glucose was

80 mM. pNAD and NAD concentrations of 0.05-0.5 mM were used. 10 mg/ml
25 (pNAD) or 0.002 mg/ml (NAD) [83 or 0.017 pM respectivély] GlucDH was

added. The assay was carried out at room temperature and the enzymatic



pNADH d ucDH conpl ex at an em ssion wavel ength of 460 nm pNADH

exhibits a
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tion was collected and |yophilized 5 tines in order to
triethyl ammoni um acetate. The triethylamoni um salt was
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Absorption spectra of NAD and pNAD or NADH and pNADH are shown in
figures 6A and 6B. NAD and pNAD exhibit an absorption maximum at

260 nm. pNADH i.e. pNAD after the GlucDH activity assay exhibits a red shift
of the absorption maximum by about 10 nm (figure 6B) compared to NADH.

Fluorescence spectra of NADH and pNADH as GlucDH complexes are
additionally shown in figures 7 and 8. The spectra were in each case
recorded after the GlucDH activity assay. Figure 7 shows emission spectra of
NADH / pNADH-GlucDH complexes at excitation wavelengths of 340 and
370 nm. The emission spectra of NADH and pNADH at 370 nm excitation
wavelength are similar. Figure 8 shows an excitation spectrum for an NADH /
pNADH-GlucDH complex at an emission wavelength of 460 nm. pNADH
exhibits a broader excitation spectrum than NADH. The spectra were also

recorded after GlucDH activity assays.
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10 ng. 5D) Preparation of carbaNADP (20) Three tines four units

ri bonucl ease T2 were added within 6 h at 37C to a solution of 2.2 ny
car baNAD cycl ophosphate lithiumsalt (19) in 1 m bisTris-propane
buffer (0.02 M pH 7.5). The m xture was kept overnight at 1037C. The
enzynme was denatured by heating to 65(,for 20 min. After filtration a
purification was carried out by RP chfomatography on a RP 18 Hypersil
fCJDS, 6(2)50 X 2%2 mm 5 pmcolum using a gradient of 0 Bto 100 %B

or m n. uant A 1 riet poni um acetate; eluant B: 1:4
m xture of lBvest rﬁatmgﬁoﬁhﬂ%ﬁw Hﬂggg, ate and acetonitrile; flow
rate: 1510 ml/mm The el ution was nonitored by detection at 260 rim

The main fraction was collected and |yophilized 5 tinmes in order to
renmove t he |iyetderito axamiticutine stattility of pNADscosmzared toNAMALIT saxpel i ed

AT R

dehydr ogenasigfen HVlmxanasmmaieuatcst ffhmdacadpbﬁtld)wif MAD araf plNA&D out
as descri bed under_ B) fo NAD, For ose ucose

dehydr ofenaé@edoonivred By r\@ sfause P 5?'@ Efeﬂ Zarﬁ@? Af thenap)
[0.83 Sand {3yQdr aHMJn%@&ﬁbér\é@'tMlhé"ﬁgﬁAMﬁeurﬁﬁMﬁtﬁﬁ@%‘r@ Tsefhuead the

results are shown in tab . Tabl Uun
shows that pNAD is very stable compared to NA

C) Preparation of carbaNAD cyclophosphate (19)

. 9
HN . ' - i
BN o T
7 = . - . hd -
NN N? O. . 0—'II3':0'—f"' N
T
)
-y HO OH
of"P.\O_

10 79 mg (0.1 mmol) 05'-(hydroxy-morpholino-phosphoryl)-O2',Q3-hydroxy-
phosphoryl-adenosine,' N-cyclohexyl-morpholine-4-carbonimidic acid
cyclohexylamine salt dihydrate (dried by coevaporation with pyridine
(Morphat et al., J. Am. Chem. Soc. 83; 1961; 663-675), 44 mg (0.105 mmol)
carbaNMN monophosphate and subsequently 25 mg dry magnesium sulfate

15  were added to 0.74 ml of a 0.2 manganese chloride solution in absolute
formamide. The mixture was stirred under argon for three days in a closed
reaction vessel and subsequently added to 10 ml acetonitrile while stirring.
The precipitate was removed by filtration, purified by RP chromatography on
a RP 18 Hypersil ODS, 250 x 21.2 mM, 5 ym column usinga 0 % B to 100 %

20 B gradient for 60 min: Eluant A: 0.1 M triethylammoniuh'acetate, eluant B:
1:4 mixture of 0.1 M triethylammonium acetate and acetonitrile, flow rate:

10 ml/min. The elution was monitored by detection of 260 nm. The main



% activity [ ucDH used 0.05 NAD 430 100 0.002 ng/m 0.1 NAD 556 100
0.002 ny/ m 0.05 cNAD 2.7 0.63 0.1 ng/m

-38-

fraction was collected and lyophilized 5 times in order to remove the
triethylammonium acetate. The triethylammonium salt was converted into the
free acid with Dowex 50 WX2 and subsequently into the lithium salt. Yield:
10 mg.

5 D) Preparation of carbaNADP (20)

6-0 HO OH

Three times four units ribonuclease T2 were added within 6 h at 37°C to a
solution of 2.2 mg carbaNAD cyclophosphate lithium salt (19) in 1 ml bis-
Tris-propane buffer (0.02 M, pH 7.5). The mixture was kept overnight at

10 37°C. The enzyme was denatured by heating to 65°C for 20 min. After

" filtration a purification was carried out by RP chromatography on a RP 18

Hypersil ODS, 250 x 21.2 mm, 5 um column using a gradient of 0 % B to
100 % B for 60 min. Eluant A: 0.1 M triethylammonium acetate; eluant B: 1:4
mixture of 0.1 ml triethylammonium acetate and acetonitrile; flow rate:

15 10 m!/min. The elution was monitored by detection at 260 nm. The main
fraction was collected and lyophilized 5 times in order to remove the triethyl-

ammonium acetate.

Mass spectrum (MALDI Applied Biosystems Voyager System 6327:
calcutated 742.45, found: 743.17).



0.1 cNAD 5.3 0.95 0.1 ng/mm F) Absorption spectra of cNAD and cNADH
10Fi gures 10A, 10B and 10C show absorption spectra of NAD and cNAD.
NAD as wel |l as cNAD have an absorption nmaxi mumat 260 nm Figure 10B
shows absorption spectra of NADH and cNADH where the spectra were in
each case recorded after a glucose deggdr ogenase activity assay. The
absor pti on maxi mrum of cNADH exhi bits red shift of 20 nm Further
absorption spectra 15 for NADH and cNADH are shown in figure 10C in
whi ch different_conditjons for the associ ate 19 se dehydrogenase
activity asBhy Glucesedebydmpenaseagtivityagsaydo ‘éﬂéﬁ Figure 11
additionally shows fluorescence spectra of NADH and cNADH as d ucDH
conpl exes. The spectra were recorded at an excitation wavel ength 200of
370 nm aftep gmc@by@@a@drdgbuﬁammysesmtrowcmnmmaremm@snml | as
- 40 - cNADH exhi bit gn | ncr.ease g &FQ&O scence S|gg+ when
treated wit FATEPS MRS dascripediypdent iPé? PEHS PUPOFEEHSPRi ng an
anal yte, cogghydrbdithakk cofcsneitionser dqqeﬂﬂa)ranermzmmgrmla(mmqo 183t e

for such an enzynme and (ii) a conpound of the foll ow n% Rener
for mul a5(1)ard0i0Ad b eepppriively] were used. The amounts used and the results

are shown in table 2.

Table 2
{c)NAD {mM) U/ml % activity [GlucDH] used
0.05 NAD 430 100 0.002 mg/mi
0.1 NAD 556 100 0.002 mg/ml
0.05 cNAD 2.7 0.63 0.1 mg/mi
0.1 cNAD 53 0.95 0.1 mg/ml

F) Absorption spectra of cNAD and cNADH

10 Figures 10A, 10B and 10C show absorption spectra of NAD and ¢NAD. NAD
as well as cNAD have an absorption maximum at 260 nm. Figure 10B shows
absorption spectra of NADH and cNADH where the spectra were in each
case recorded after a glucose dehydrogenase activity assay. The absorption
maximum of cNADH exhibits a red shift of 20 nm. Further absorption spectra

15  for NADH and ¢cNADH are shown in figure 10C in which different conditions
for the associated glucose dehydrogenase activity assay were selected as

stated in the legends.

Figure 11 additionally shows fluorescence spectra of NADH and cNADH as
GlucDH complexes. The spectra were recorded at an excitation wavelength

20 of 370 nm after a glucose dehydrogenase activity assay. NADH as well as



(1) in which A =adenine or an anal ogue thereof, T =in each case

i ndependently denotes 0 or S, U =in each case independently denotes

OH, SH, BH or BCNH , V =in each case independently denotes OH or a
phosphat e group, W=COOR, CON(R)2, COR or CSN(R)2 in which R in each
case independently denotes H or Cl-C2-4 kyl, X1, X2 = in each case

i ndependently denote 0, CH2, CHCH3, C(CH3)2, NH or NCH3, Y =NH, S, O

or CH2, Z = j due .co i Sl j i whi ch
opti onal |y CRPH ST A S G BepH b ben (ppa R
optionally gneDM. nore substituents, and a residue CR42 42 wherein
CR42 is bound to the cyclic group and to X2; where R4 = in each case
i ndependently denotes H F, O or CH3, provided that Z and the
pyridine residue are not |inked by a glycosidic bond, or a salt or
optionally a reduced formthereof.



2. Test element according to claim1l for determ ning glucose,
conprising a glucose dehydrogenase and a conpound according to the
general fornmula (I) or a salt thereofd4ias a coenzyne. 3. Test el enent
according to claiml1 or 2,characterized in that the substituents on Z
are selected fromthe group conprising F, € and G -C2- al kyl which
is optionally fluorinated or chlorinated or/and OH substituted, O-Cl-
C2-al kyl. 4. Test elenent according to one of the clains 1 to 3
conprising a conmpound of the following formula (1') as the coenzyne:
T Un NX. 17 UT  (r) in which A =adenine or an anal ogue
thereof, T =in each case independently denotes O or S, U =in each
case i ndependently denotes Chl, SH, BH3- or BCNI-12-, V =in each case
i ndependently denotes OH or a phosphate group, W=COOR, CON(R)2, COR
or CSN(R)2 in which Rin each case ChueEendently denotes H or

Cl- C2-al kyl ,

1.  Test element for determining an analyte, comprising (i) a coenzyme-dependent
enzyme or a substrate for such an enzyme and (ii) a compound of the following

general formula (I) as the coenzyme:

A
Y = I
\' /N\
I
u
v O\P// \F,/XZ
/SN

\

(1)
in which
A= adenine or an analogue thereof,
T= in each case independently denotes O or S,
U= in each case independently denotes OH, SH, BH3™ or BCNHz',
V= in each case independently denotes OH or a phosphate group,
W= COOR, CON(R)2, COR or CSN(R), in which R in each case

independently denotes H or C1-Cz-alkyl,
X1, X2 =in each case independently denote O, CH,, CHCH3, C(CHgz), NH or

NCHa,
Y= NH, S, O or CHa,
Z= a residue comprising a cyclic group with 5 C atoms which optionally

contains a heteroatom selected from O, Sand N
and optionally one or more substituents, and a residue CR4,



X1, X2 = in each case independently denote 0, CH2, CHCH3, C(CH3)2, NH
or 43 NCH3, Y =NH, S, 0 or CH2, Z =a saturated or unsaturated
carbocyclic or heterocyclic five-menb#%ed ring of the general fornula
(') NNN in which a single or double bond can be present between R5
and R5", in which R4 = in each case independently denotes H, F, a or
CH3, R5= CR42, if wheieigCR4bankblirel tprths epdliclgromeand R5X;,and R5 then

or DB, i1 a aoBE BN eEch Fase EhRRenll deidten T Fell O

= R5" = CR4, R6, RGovideliMhSEZ Bnd BREpriiRPRAIRB A ide e m@tycaﬁuﬁ

or a salt or optionally a reduced formthereof. 5. Test el enent
according to one ofonche claims Ito 4 in which W= CONH2 or COCH3.

or a salt or optionally a reduced form thereof.

2.  Test element according to claim 1 for determining glucose, comprising a
glucose dehydrogenase and a compound according to the general formuia (1) or

a salt thereof as a coenzyme.

3. Test element according to claim 1 or 2,characterized in that
the substituents on Z are selected from the group comprising F, Cl and C4-Co-
alkyl which is optionally fluorinated or chlorinated or/and OH-substituted, O-Cs-
Co-alkyl.

4. Test element according to one of the claims 1 to 3 comprising a compound of

the following formula (I') as the coenzyme:

A
v = l
v NS
7
T U
LN
u/ X1 \\T
()

in which
= adenine or an analogue thereof,
= in each case independently denotes O or S,
= in each case independently denotes OH, SH, BHz” or BCNHy',
= in each case independently denotes OH or a phosphate group,
= COOR, CON(R);, COR or CSN(R)z in which R in each case
independently denotes H or C4-Cz-alkyl,
X1, X2 =in each case independently denote O, CHz, CHCHas, C(CH3)2, NH or



6. Test elenment according to one of the clains 1 to 5 in the form of
a test strip. 7. Test elenent according to one of the clains 1 to 6,
characterized in that the enzyne is adlehydrogenase sel ected from
gl ucose dehydrogenase (E.C. 1.1.1.47), |actate dehydrogenase
(E.C.1.1.1.27, 1.1.1.28), mual ate dehydrogenase (E. C. 1.1.1.37),

gl ycerol dehydrogeNébe, (E.C.1.1.1.6), al cohol dehydrogenase

(EEC1.1.1.)). al -gygr or?/%gtyrat e dehydr ogenase, sorbitol
dehydr ogenase or am ho’ il hydr ogenase such as L-am no acid

dehydr ogenage= ( E. Gz $athwrdteB)or unédiatedesirbelyeliedi heieeouydlic fvé-eemiseral
the clains 1 to 7 {o detect g#igfse ﬁﬁaracterized in that the enzyne
i s glucose dehydr d§¥hefdae ggn rafadbng according to one of the
claime 1 to 8 inthe formof a dry test. 10. Use of the test el enment
according to one of the clainms 1 to 9 to &eterm ne anal ytes sel ected
fromglucose, lactic acid, nacmuhaQLg, ydé&plf al cohol ,

chol esterol, triglycerides, ascorbic id, cyg®eine, glutathione,
pepti des, urea, ammoni um salicylate,agyruvat , 5" -nucl eoti dase,
creatine kinase (CK), |actate dehydroganase (/LLDH) and carbon di oxi de.
11. Method for detecting an anal yte, cdﬁﬁTT§ fig the steps: (a)
contacting a sanple with a test elenent according to one of the
claims 1 to 9, conprising a coenzyne a (b) detecting the anal yte.
12. Method according to claim 11, characterized in that the anal yte
is detected photonetrically or fluoronetrically. 13. Method according

to claim1l or 12, ahates bRl tdubld Batd can be present between R5 and R5",
in which
R4 = in each case independently denotes H, F, Cl or CHs,
R5 = CR4,,
if a single bond is present between R5' and R5", then
R5'= 0O, S, NH, NC-Ca-alkyl, CR42, CHOH or CHOCHS,
R5" = CR4,, CHOH or CHOCHj,
if a double bond is present between RS and R5",
then R5' = R5" = CR4,
R6, R6' = in each case independently denote CH or CCHj3

or a salt or optionally a reduced form thereof.

5. Test element according to one of the claims 1 to 4 in which
W = CONH; or COCH;.

6. Test element according to one of the claims 1 to 5 in the form of a test strip.

7. Test element according to one of the claims 1 to 6,
characterized in that
the enzyme is a dehydrogenase selected from glucose dehydrogenase
(E.C.1.1.1.47), lactate dehydrogenase (E.C.1.1.1.27, 1.1.1.28), malate
dehydrogenase (E.C.1.1.1.37), glycerol dehydrogenase (E.C.1.1.1.6), alcohol
dehydrogenase (E.C.1.1.1.1), alpha-hydroxybutyrate dehydrogenase, sorbitol .
dehydrogenase or amino acid dehydrogenase such as L-amino acid
dehydrogenase (E.C.1.4.1.5).



the sanple is a body fluid, waste water or food.

10.

11.

12,

13.

44

Test element according to one of the claims 1 to 7 to detect glucose,
characterized in that
the enzyme is glucose dehydrogenase.

Test element according to one of the claims 1 to 8 in the form of a dry test.

Use of the test element according to one of the claims 1 to 9 to determine
analytes selected from glucose, lactic acid, malic acid, glycerol, alcohol,
cholesterol, triglycerides, ascorbic acid, cysteine, glutathione, peptides, urea,
ammonium, salicylate, pyruvate, 5-nuclectidase, creatine kinase (CK), lactate

dehydrogenase (LDH) and carbon dioxide.

Method for detecting an analyte, comprising the steps:

(a) contacting a sample with a test element according to one of the claims 1 to
9, comprising a coenzyme and

(b) detecting the analyte.

Method according to claim 11,
characterized in that
the analyte is detected photometrically or fluorometrically.

Method according to claim 11 or 12,
characterized in that
the sample is a body fluid, waste water or food.



