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- 1 - *159159* Stabl e NAD/ NADH deri vati ves
Frerrerereererererrerererrerererrererrrr *a0002 *
Description The invention concerns stable nicoti i

adeni ne di nucl eotide (NAD/ NADH) and ni coti nam dgmm’,ﬂl[ﬁlllll”"””I”’I”m
adeni ne di nucl eotide phosphate ( NADP/ NADPH)

derivatives, enzyme conpl exes of these derivatives a9
5 their use in biochem cal detection nethods and

reagent kits. Measuying syshes donseieshem cal ([N

rel evant anal ytical nmethods. This primarily concerns *G00002*
the measurenent of analytes e.g. netabolites or

_substrat es which are depesstiptigndi rectly or

indirectly with the aid of an enzyne. The anal ytes are

10 converted with the aid of an enzyne- coenzyme

Themisalion songee siebericeitpmgeadenia et Bens ot
A@/%?H&Eﬁgln%éﬁﬁ%me %@l@nﬁme‘?&ﬁﬁémsﬁd@?ﬁwpﬁé@ enzyne

i S usua I'n catal ytic amounts he coenzyne IS

OreDBANARPH) dexivaiizes] eozymeszhuopldxésy of ﬂ‘@semwatlv@s and
reaction i s
(BB AISPOE IRETI D B8 CBHOR GHRCPTR AN ySRITTSai r ect |y

or by means of a nediator. A calibration provides a
direct correlation between the nmeasured value and the

INRBEEMhd 8y $tBMmsofor bithndtalthdlyticeeard én@ortanedomponents of
Coenzynes” are organi c nol ecul es which are covahently

dinicaly- re@wanéanawtlcaidnﬁ@osié Ehlsawwy&ﬁa%mé Ranged
’@& ! h%éﬁé’@&}’ %r:ﬂa?r}e é nﬁe%%lll%%%r BRth are
g oen)% mss are nicoti nam enlt ne

g?tgﬁlir?g{ﬁm%tlygdgﬂlr?r@ Wittt e ?ldmfd!\xh amiza/mmeleThe analytes are
somimracaxiend 98 o S EnFBReD7 e FOERIGN INAHESPRAHENY
géf?r:itﬁnlé{'ﬁé'cfﬁ% ofSUBsttRE aPalyRE t&bE dRtEmSinas 3¢ brsUgHR thtBY
contact with a suitable enzyme and a coenzyme where the enzyme is usually
used in catalytic amounts. The coenzyme is changed e.g. oxidized or
reduced by the enzymatic reaction. This process can be detected
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.
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

dry storage in order to achieve this storage stability. Hence erroneous results
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shel f-l1ife and by special requirenents for the

envi ronnent such as cooling or 25 dry storage in
order to achieve this storage stability. Hence
erroneous results -2- caused by incorrect, unnoticed,
faulty storage can thereforeyoccur for certain forns
of application e.g. in the case of tests which are
carriggl.out by the

Ghineadsy SEprelhunnanPey. BHEY Seree ERal SR C ERILL g
fofmd &3 %gﬁ@étﬁ)rﬂé@ {PtHRPEAY NG tE5R WRICHRITY caatddaingy fHerend-

excessli v peri OdS can result in measurin errors
ugers themselyee ss:ybta@rgiuc:@ﬁe seif-moandtioying @c@@%p@ laaths, t he

SR AeSRRIR TR e B Moy SElkd ke BRene

BSRod cart AlEUR iRMAYARFING Errorshehitls én sbmersysteras chndoa hardly
thernophilic organisnms. It is also possible to

canized oyeheyGRRSUBEr10 chemical nodification e.g.
cross-linking or by nmutagenesis. Furthernore, enzyne
stabilizers such as trehal ose, polyvinylpyrrolidone

ﬂ%oﬁﬁ{ H\@aFG‘ HePE: Baﬁ%ré L?ée%otohﬁc%@.@%é’rstémlgyQﬂ‘bYdE@ﬁemlcal

can be enclosed in polyner networks e.g y
pleasapog pysteisaisi the usktof sdablalesaynesre gt thenyrecal erzymes

o Gkimog g ot Bra b ndlpen Gelo 4 Slatlipe BRaHeL By

eRshidal flddificftiohes § Scioss-linRigesrIsdmatshdneisy. freirthee®@sre,
during the reaction are elimnated by using nediators

aax/ymg statdlizesosoch pedeshsless, md»swrwmmhd@me ashesEm

d
aBhet ey 2150 bE AR ooy (e LGS BRE KRB P BBV
ﬁ@ﬁv&rﬁé L:Sg bﬁ'mtbbbﬁrderrietlont hi s reactl On with the
medi ators is 20 slowed down or even prevented.

Al'ternatively it is also possible to use biochenica
neasurln

T 55 BB o o o e MR Bca
ﬁ%e%agﬁhhﬁ s‘}@fe?ﬁé B{-usiiRySuBle mad@ite_ATANS AYL spécifitighof 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

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.

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
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systens is that coenzynmes such as NAD and NADH are
unstabl e. 25 NAD and NADH are base-I| abil e nol ecul es

t he degradation paths of which are described in the
literature (N.J. Oppenheiner in The Pyridine

Nucl eoti de Coenzyrres Acadengc Press, New York, London
1982, J. Everese, B. Anderson, K. You, Editors,

h
78 St REERES T o TRETS AR B RlgBy oy
t&L %E th@‘?lb%%éca‘?ﬁb’t'he Cfﬁli’lﬂﬁﬁa bet eRrddieetifoens NADH
the pyri |ne unit. The reduced fornms NADH and NADPH

achNAlﬁlR/bé\aee haweéerl a@lldlléblleeegg einesizatien jsomknewa

kno dat bi |
St ley et bE B es iRBnrEb it P RACRACHARED, | of
NADHINADTRY is 8eato el wdty bhthe gipessy! band bebeepy thalribese
unit. But even under conditions that are not

anit theagyridine agiieButewe) uv@%fncoﬁ%‘é?rtso@ﬁ&?Fﬁ‘eﬁoﬁ\&ﬁsﬁﬁéum as
d

TSRS SRR KBNS NP RRLIAD 8 SR Byorosea

yh1el vyehewrhbignanahidias Th]s!)métamﬂlttbeanaésmlm})/ iNABBUracies

derivatives are described for exanple in B.M

whee meAsUrRoaNalBesi di ne Nucl eoti de Coenzynes,

Academ ¢ Press New York, London 1982, J. Everese, B.

Anderson, K. You, Editors, Chapter 4. However, nost

andn%éreofWADWADPe&eWaﬁvé%r@aé@&im 1\@@|e|xah'pr§nZBﬂWS
The only derivative which has therefore been

Anéensousn yhes Byddiner Nuclegtide Cognzwaes, Agadegmic Press New York,

G Y82 g B AP oBhb RS Elpali ) However,

Riogt of Hear derilatites a?elnoﬁaé‘depte‘dmnwemwms S'I'heacbrﬁy)
not accepted well by enzynmes and exhibits a chan [

dedvativgoxhich besriheioreThren Beevifusht Heed rslia@nos tp@@gs
gnfﬁg@%ﬁmﬁé aagnl%fd.ﬂléagoga ?&étﬁoﬁj@?ﬁh‘h%agﬁrét"ﬂe‘é@nbed

wever I caf I ons e nicoti nami de
gy 1366 (8. GalKaplan, 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
in WO 01/94370. 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
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
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have a direct effect on the catalytic reaction. In
nost cases this effect is negative. In another
stabilization concept the ribose unit was nodified in
order to influence the stability of the glycosyl

bond. This process does not_girectly 25 interfere with
the catalytic reaction of the nicotinam de group.

Ho ,, bk i. ndi t effegt

BReAD e e L EPa it Aoty SrEe el aash SRR
fdalefERs HAS bredibulPindt GRBARISMGHYtSded mann et al .

di sclose a number of thioribose-NAD derivatives in WO

98/ 33936 and US 5,801,006 and WD 01/49247. However, a
correl ati on between the nodificati on of

t he -4- ,
GRERAN/NAR derivatia WithAh A SHEOBHDORS wos deSeibgdhor the firs

(86 denaTayT S Ee Bl o0 P o BT st
0H8% @9/ [7886Ndnvihs dEdativedde fibose Fesdhbstitutedttiynae carbacyclic
1988 (J.T. Slam, Bi em str 98 27, 183 and
BHGRHEH ﬁlﬁhﬁugﬂaﬁé@?ﬁég, W%68¥9r']qqﬁj9‘){’§1?§ugéﬁﬁ?aﬁrye t he
R ke RS AL N I8t FRUAPGYploVen, B ek themica
detegtiongestheds, its activity has not yet been proven

in clinical biochem cal detection nethods. A simlar
approach was described |later by G M Bl ackburn, Chem

0 , i i
hiar aevir e dPSlS g RE TS M HaBREUFE CRR A bim.,
4 be6 NZH6H M ordkf ep BPsthbsize caftteNADBLitty enethylene

bi sphosphonate is nore stable towards phosphatases and
m@ﬂoa@*M%tg linkagamyeadef the nmﬁ'my&&mp&%@-a The

it eEe BpH-RelPREle i O §iobBaoRERL P AP bay B0 was
tibed pseaseinhibitov éot ADR ritooslybeyniasd. ddvesaigbvas not to make it

BT TR S B meckalhy

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
comprising (i) a coenzyme-dependent enzyme or a substrate for such an
enzyme and (ii) a compound of the following general formula (1) as the

coenzyme:
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sensitivity to hydrolysis of NAD/ NADP and at the sane
time are active as coenzynes in enzyne reactions.
This object is achieved by a test elenent for

determ ning an analyte 20 conprising (i) a

coenzymne- dependent enzyne orga substrate for such an
enzyne and (ii) a conpound o? the foll owi ng genera
formula (1) as the coenzyne: -5- Ya~-wV Z~ T WP/l o
X2 UX(\T (l),in which A= adenine or an anal ogue
thereof, 5 T = i'R each case independently denotes 0
|@dependently denot

( W= COOR, CON(R)
in which Rin eac i ndependent by~ de
Cl-C2-al kyl, 10 X ={in eac case? i ndependent |y
denote O, CH2 ); MCH3, Y = NH S,

0, CH2, Z = a resi due conprggi ng /ycl i ¢ conpound
with 5 C atoms which optignaMNy cRatains a heteroatom
selected fromO, S and N amd 15 opflionally one or
nore substituents, and a residue CR42 wherein CR42 is
bound to the cyclic group and to X2

(1)

in which
= adenine or an analogue thereof,
= 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, CNB(R); in which R in each case
independently denotes H or C4-Cz-alkyl,
X;, X, = in each case independently denote O, CH,, CHCHj;, C(CHgs)z, NH,

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

optionally contains a heteroatom selected from O, S and N and

optionally one or more substituents, and a residue CR4; wherein

CRA4, 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.

In a preferred embodiment W = CONH; or COCHjs.

Preferred substituents on Z are selected from the group comprising OH, F,

Cl and C4-C; alkyl which are optionally fluorinated or chlorinated or/and OH-
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where R4 = in each case independently denotes H, F,
G, CH3, provided that Z and the pyridine residue are
not linked by a glycosidic bond, or a salt or
optionally a reduced formthereof. 20 In a preferred
enmbodi ment W= CON H2 or CQGk3. Preferred substituents
ondZCzi\re sel ected fromthe group conprising 04 F, d
and ch are optionally fluorinated or
%SBW?I‘?@&%I)&P - 6- substltut)éd O C1- C2-al kyl .
In a preferred enbodl rrent a first residue Vis OH and
a second residue Vis a phosphate group. Optionally
Ihhepaterr&d edhisotimand atflrst r@s&iup:h:bw@&t and grsmepndaesidoen is

a ring together with the carbgn atons to which the
aphospisearatoup OatiphallydheaneRhogfiona AN thedaie Bhashate

é{ H@ C%W 5 Hng?@tﬂbf‘\% itA 't RS Mon \r%}b% oONRICh RSy are

ose ydro se an a compou of the general
ol a (1) as mentioned above or a salt thereof.
Surprisingly the conpounds according to the invention
are stable towards 10 hydrol ysis and are good

i 4BireD SsRSHER suBsfAbEHH: & ol AR gliEose
\Wlﬁ%réﬁﬁ figed 3lucdke@Mlydratfenake emd&dbcuﬁioymkirmwne general

derivatives since these derivatives are
tmmalllaﬂ ) 85 angnticned a0V ofed sakk Hrreoberi ods in
enzymati c detection nethods. The advantages of the
conmpounds according to the invention conpared to 15

Isnfpr%rrigﬁy tHe Eoﬁ%ﬁun g'c%‘r B fhet Mv?]nnd?i sl sﬁEBbénféWa@ds

econ C synthesis, - ey can

bﬁdrﬁiysds amd aré gpoesubssatesknenayimatic et ation metmﬂsmﬂd can
met hod
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
the prior art are:

- high stability,

- high enzymatic activity,

- simple and economic synthesis,

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

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
advantageous since the lower the number of reactive substances involved,

the greater is the chance of obtaining a stable formulation for the analyte
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20 The di sadvant ages of the previously known

bi ochem cal detection nethods can be |argely avoi ded
by the provision of stable NAD/ NADP derivatives using
the present invention preferably in conbination with a
stabilizing formulation such_as for exanple by

encl osi ng enzynes in polyner networks. Moreover, it
isS not necessary to use stabilizing additives. This is
RPETEANAP y 25 advant ageous since the |ower the
nunber of reactive substances involved, the greater
is the chance of obtaining a stable fornulation for
e prsRin irvenfion §Rbwtes tedticdemeitsecqmessing ai mweher ofstable

provi des test elements conprisjn nunber . of st. e
RAB/NADD deiivaiives oeuchAR LR PHARSCER S BERUTRUS BR5Y Redpr tse as
Vi f.ar oenzyne on the test elenent. 5

%@é%ﬁ%ﬁﬁﬁfﬁﬁﬂ%ﬁgﬁgaFU§¥ﬁves can be produced in
general ly known processes of synthesis. For this the

am no group of a cyclic amno alcohol is converted
Stabte NADYNADRdenvaivas/ean be prgdutiadciR deriesaliyskRawn The

rimar oup s subse tl 0 A -
Biasarass ohowuhes, bas BIFTRrR s ol ot Arfiflodithng! s
gsmverrld M aNyrigmm@hi deahvativd By @indker shebhisty 0Tipe paimard OH
al so be firstl'y phosphorylated and then the am po

groopps sahseauerthvehasinorylatesl 2anghgeuripA do By FRiNALAMP

the Zincke r t L RPY her [ '

4EfY IRl AR, dRRIE ARPRIFR Iné Bibfar DAy Broue can
hreivtefirng phobpRatyeited ynal thiph she aADR gRief eam bd converted
enbodi nents of the test element gccording to the

inte arRyirginel by swmas eheHneseigficiofonpounds havi ng t he
followi ng general formula (1'): AY V N+

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

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

A

Y S
V Z/N\ "
T U

v O // \ )l(z

p p”
J AN
()
in which
A= adenine or an analogue thereof,

T= in each case independently denotes O, S,
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ZVo~ /] u /x2 Ux(\T (lI'") in which A= adenine
or an anal ogue thereof, 20 T = in each case

i ndependently denotes 0, S, -8- U = in each case

i ndependently denotes OH, SH, BH3 , BCNH2-, V = in
each case independently denoges OH or a phosphate
group, W= COOR, CON(R2, COR, CSN(R)2 in which Rin

ot A S B e
WECH3,  Gf @dRhasttindepéidently dendtés OH 8r a GHdspHate group,

saturated or unsaturated car bocb/cl ic or heterocyclic

W we- neEGOORCONIR):, iIGOBaESNER)ain whieb fbisuerchéatte

general fqrnul 0,(11 2 k'~ RS --- RS

(11) in |aﬁ?8%ncier§tﬁ/n%%r}aot%§%ou ?—gz-@@%, can be present
ketween iRBacAnshsBSndepéidentiyrderrtd O ABie,, ICHdE plgnGEDIHE)y, NH,
denotes H_F, O, CH3, 15 RS = CR42, if a single bond

i s preseNttbetween R5' and R5", then R5' = 0, S, NH,

Z= a saturated or unsaturated carbocyclic or heterocyclic five-

membered ring, in particular a compound of the general formula

()
Rg
C(Ra) N
4 Z\RS/ Rﬁ'

\

Ry'===Rs"

()

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

R4 = in each case independently denotes H, F, Cl, CHj,
R5 = CR4,,

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

R5' = 0, S, NH, NC4-C;-alky!, CR4;, CHOH, CHOCHg3,
R5" = CR4,, CHOH, CHOCH3,

if a double bond is present between R5' and R5", then R5' = R5" = CR4,
R6, R6' = in each case independently denote CH, CCHj3

or a salt or optionally a reduced form thereof.

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

of the invention:
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R5" = CR42, 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, CCH3 or a salt
or optionally a reduced formthereof. Conmpounds of the
following general fornula (lg). are another subject
matter of the invention: -9- AY VNI Z~ | Vo,
Pl \P/-X2 U\X( \T (I",) in which A= adenine or an
anal ogue therepf, 5 T = in each case independently
denotes 0, S, = in each case independently denotes
OH, SH, BH3-, B
denotes OH or phosphat e group,
COR, CSN( Rwv2—i [
denotes H or Cl1- [,
i ndependently depote 0,] CH2

@CH3,| C(CH3) 2, NH,
NCH3, Y = NH, Sy 0, CH Z//t a/\g,%u‘(gated or
~

T

unsat ur at ed carbocyclic org’het erpscyclic five-

Y

()

= adenine or an analogue thereof,

= 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),, COR, CSN(R); in which R in each case
independently denotes H or C4-Cz-alkyl,

X4, X, = in each case independently denote O, CH,, CHCH3, C(CHa)2, NH,

NCHs,
Y = NH, S, O, CHy,
Z= a saturated or unsaturated carbocyclic or heterocyclic five-

membered ring, in particular compounds of the general formula

()
| .
C(Ra) N
4 Z\RB/ Rel

\

Rs.- - e Rsll

(IT)

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

R4 = in each case independently denotes H, F, Cl, CHs,
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menbered ring, in particular conpounds of the genera
formula 15 (11) CRa)2 R5 (Il) in which a single or
doubl e bond can be present between R5' and R5", 20 R4
= in each case independently denotes H F, O, CHS3,
-10- RS = CR42, if a single {gpnd is present between
R5' and R5", then R5' = 0, S, NH, NCl-C2-al kyl, CR42,
CHOH, , RB" = CR42, CHOH, CHOCH3, 5 if a double
Rerd i s ©r8zent between R5' and R5", then R5' = R5" =

ig%‘_é%n IE®onBhs preddht BReNeEARS hRdFBNEGRIM | y denote CH,
gprowded that if R = CH2, T =0, U=1in each
Rase den®f 8sNEHNG;-E--aHky VER4,,CUNBH, GHACHand Y = 0

hen RS d RS, .ar si mul t aneousl y CHOH,
éél T or %gg?’oﬁgﬂ@ éHﬁgg'lu%ed form?ﬁ:rgof. 10 ﬂ] g
Pael R BoRTNOPIERA bEfeGPRBOMUIRSACHRNRHG RE" ENER4,

I nvention contain adenine anal ogues such as
RB: RébstintagahdcamedinNiepsndantlytdgrede 4ddri Gl  deaza

variants s as . 7-deaza, aza variants,such -

oL AR e Cluchods, Y HBEAR iass. 48Apigs OH. V¥8H, W =

g@"m%&}@'@_aﬁaa} OQY Yers RENaRE RS0 TdF¥ Gok siigitghedussy CHOH,
-deaza variants can be substituted in the 7 position

i & sah @ir opéionalyla @ducedifokimipereatl- C6- al kenyl or
Cl-C6-alkyl. In a further preferred enbodi nent the

onmpounds ,cont ai,.n_adenosi ne I ' : ' ,
o Pestafar e e Al SR R0 PopRRE e ] Bl BIPhA contain
HHENRE anfoduer] such ¢ Cheubstitupsd 36y Nsisubatinlted aeeniiech
as bicyclic, LNA and tricyclic sugars instead of =
deagawariants 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-

alkinyl, C4-Cs-alkenyl or C4-Ce-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.

In particular (di)phosphate oxygens can also be isoelectronically substituted
such as for example O™ by S~ or BH;™, O by NH, NCH3 or CH; and =O 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 = BHj".

Especially preferred embodiments are the derivatives borano carbaNAD,
c-penty! NAD, pyrrolyl NAD, furanyl NAD, carbaNADcyclophosphate,

carbaNADP, pyrrolidinyl NAD as well as test elements which contain them:



20 In particular (di)phosphate oxygens can al so be

i soel ectronically substituted such as for exanple O-
by S- or BH3-, 0 by NH, NCH3 or CH2 and =0 by =S. In
a preferred enbodi nent at | east one residue U of the
conpound according to the igyention is different from
CH and particularly preferably at |east one residue U
= BH3-. 25 Especially preferred enbodi nents are the
derivatives borano carbaNAD, c-pentyl NAD, pyrrolyl
NAD, furanyl NAD, carbaNADcycl ophosphate, Hoar baNADP,
pyrrolidinyl NAD as well as test elenents '

contain them -11 HO 0 CH OP NO\N/ BH OHN /
OH N-1 HO O NH2 borano rb@j\lADIO N'' ~N
O \OONM O/ \' H2N N N —0

N(/Q§§N BH3- 7+ N\

N=/

borano carbaNAD

0
Np/ O
/ N\_. 0O +

Y
L

NH,

cyclopentyl NAD

H,N /y__Qk

N

o)
0
A O//P//O\P/
\ /2N
09 ¢ NH
HO OH T

NH,

pyrrolyl NAD
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pyrrolidinyl NAD

Biochemical tests for analytes, for example parameters in body fluids such
as blood, serum, plasma or urine or in samples of waste water or foods are
of major importance in diagnostics. In these tests the analyte to be

determined is brought into contact with a suitable enzyme and a coenzyme.

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

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
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 etc.

For the detection of enzyme substrates the test element preferably contains
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
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O1l1I1l NOO pyrrolidinyl NAD Bi ochem cal tests for
anal ytes, for exanple paraneters in body fluids such
5 as blood, serum plasma or urine or in sanples of
waste water or foods are of major inportance in

di agnostics. In these tests {4he analyte to be

determ ned is brought into contact with a suitable

GONERELA PR, Bets A0 oo SR E Coba oy e SVebfd

&&Qy&s RRSIESEL 9. 106), &CMHEP LR r@géﬁé.e)e(aaqutha) alpha-
InventTon in 10 conbination with a suitable enzyne.

W@roiwmltw@rte;dbhmdrogﬁaas@asorbm@siﬁwdwqmﬁ FAMige acid

ted dox ea t
deuifpatnadef o Brding 426 iehl R8s (BT A 1Y fitper
SHRIMY BRZ egréﬁd@@&'d%@éy RRcRastdiecoseendyase (©@ndehd) or
enzymes thensel ves. Preferred exanpl es of anal ytes are

ghalesiees) dHtsec(E. bEi%H) oFAMIncHanglerases suel) ab aspartate or
a ﬁ&hgo%rgmogro%nt%i%rﬁggl 5 ﬁJéI%ﬁﬁ%@E'oq%?‘eatﬁ?ecﬂﬁQ’s@ aci d,

I one, ur ea, anmoniu
salicylate, pyruvate, 5'- nucleotidase, creati ne
ki nase (CK), |actate dehydrogenase (LDH), carbon

Hootheddetettion Bbentymaesi estast eteroénteprefarablydestains @
the test el enent. preferabl tains 20 an.enzy
EROME SUBSHA IR IAD TS e E RO 55 1 2P fiBRBThe
@ggﬁn%}n%l to the coenzyne. Suitable enzynes are for
exanpl e dehydrogenases sel ected from gl ucose

dehydr ogenase (E C 1 1.1.47), | actate dehydrogenase

-14- (E.C 1.1. 1.1.28), nalate dehydro enase
Qrother sybjmmattegqud@e @res%wmn@@@n%g@ uge ef 3 cpmpayind

al.co
AR ORI A0 SRR, Srhadem e shbr el S mples esyin o
fHe mNentorm e detect an analyte in a sample by an enzymatic reaction. In

this connection the detection of glucose with the aid of glucose

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
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
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
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dehydr ogenase e.g. L-am no acid dehydrogenase
(E.C.1.4.1.5). Further 5 suitable enzynes are oxi dases
such as gl ucose oxidase (E.C. 1.1.3.4) or chol esterol

oxi dase (E.C 1.1.3.6) or am notransferases such as
aspartate or al ani ne am noygansf er ase,

5' - nucl eot i dase or creatine kinase. For the detection

of enz ) te t eI referabl y .contains an
ST te PRt s Rl ofch SO LGB B Elgpe isiSH b BbKyRBus o
n%ﬁdéci] eJustiRuider |t1§pﬁé%%'ﬂ¥}é§% pd\@d’ér’f@fvéﬁmllﬁﬁb m?é trRfwever,

e present 1 nvention Is the use of a COfT'pOUI’]

mwwb@ toaiserrdnnteshtin arhie case the waggnbiscarliegiie a

n
BRI, Flefp I caftsy 4R RS 385 SFb Pihersingan
a(b@Bft%m iopandhavelRbes trizteriifth gl is wastediby the Semplediiqefid to be
gl ucose 15 dehydrogenase (G ucDH) is particularly
e¥pafieed.ed. The change in the coenzyme i.e. in the
compound according to the invention by reaction with
the analyte (if the analyte is an enzyne substrate) or

Apéeﬂﬂatrmﬂlv}/ﬁl@h %ﬂté%z»ﬁ%ibés@ﬂm@ eowle; gqn@&@bv;s@d Ic%in,

enzyme) can in principle be detected in any
hbeaivee calsa bearsedBas a cetéstionl leageth@isDE02d2t&46iAdg. 20
enzymatic reactions that are known fromthe prior art
can be used. However, the change in the coenzyne is

iR SLaR e LR AP By OB R e
vith thebsarmpdiied acéérdﬂfgeﬁﬁmeoﬁvermdmmﬂ aftedtrehpolysrerigei)n,
optical rotary dispersjon refractonetry etc.

thre gnaifis g8 henComac Wity Aes9 lst'%hfaftthemognﬁymgsn the presence
ftﬁé %ﬁggrlnx.- 138556 ted caﬁeﬁmng%ﬁms -dddie R FRCES R lex.

Iuore ence neasurenmen sensitive an
enabl es the detecti on even of |OMI concentrations of
the analyte in mniaturized systens. Aliquid test can
Pomtnsre@.lmectd@tattet obthegpresgnieinvention eenaeias egggeant kikand its

use "to dleﬁect analytes. The reagent kit can contain a compound according to
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,
peptides, urea, ammonium, salicylate, pyruvate, 5-nucleotidase, creatine
kinase (CK), lactate dehydrogenase (LDH) and carbon dioxide etc. 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

in a dry or liquid test.

Another subject matter of the present invention concerns a test strip for the
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exanpl e present in the formof a solution or
suspensi on in an aqueous or non-aqueous liquid or it
is present as a powder or lyophilisate. It is,
however, also possible to use a dry test, in which
case the reagent is appliedqgQ a carrier, a test
strip. The carrier can for exanple be a test strip

b I
R g SRR BB Bt AR SBLE TB e Blsonsains
DEdmpBURd éslsiﬁatiéﬂléﬂbv@rbse@émgﬁzﬁﬁéﬁhﬁ@smwmé @nzyme or an
i ncor porated can, however, also

afgy et suhstiade gemobjlized mn@psgwnasr/m? sweiilapiﬂ ateiad
SR8 BoF ol BraBIeDS SEREIAE o b uldeg, Bttt etc
invention or, after the polynerization, the matrix
can be contacted with a solution of the coenzyne in
Ammh@rsﬂﬂedenaﬁérohmeqwzyeetmoemmnhcmmeﬂscsaengm@dﬁng
qenze/ma\- coenzK/ Anot her subject matter of
Hecthigearapa i%ﬂ'ﬂi%'ﬁ'”@&ii@éﬁ%% ‘a reagent kit and its
H$e doRtsttingcd séi%ié/ivﬁﬁ a {EREelARIRYr rkhgeMait £0Vrding ta the
conpound according to 15 the invention, a suitable
enzymeerdion corspiisinglaecoanzymeoanduf fer. Suitabl e

zypes have al re dy e t
LSRR el Bnh ufet e B e S S RO pobrzvme.
variety of ways and can be used to detern ned
anal ytes such as glucose, lactic acid, malic acid,
Ahother Qdﬂvantagé@ﬂﬂhe wwbntieisiseﬂmlt tha fligjegcencalemission of the
ascorbi c aci d st ei ne, Lh@t hi

e
Qﬂe@&yw'% bamaspramic shif aae %iceége?ﬁf@i"saﬁe iaggrence
@gfgf) ] fiSorekE8RGEeiidSion b?ﬁﬁ%i?n%@ﬁéi@f&%é‘?éﬁ didRBht anslnd

OXIde etc. reagent I's preferred which
(ﬁdhé&bnxﬂa.conpound according to the invention and
gl ucose dehydrogenase (E.C. 1.1.1.47) to detect gl ucose
in blood. The reagent kit according to the invention

n he ed to.detec
AP ER SR b AR BB Hilier Sl ety iRpion
érﬁ\/ﬁiﬁMrDQreC@i@@erﬁt@ﬁdédtt@%prﬁtbl dthéosubsjbet 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.
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-16- fluorometric or photonetric detection of an

anal yte. Such a test strip contains a conpound as
stated above as a coenzynme and a suitable enzynme or an
enzyme substrate inmobilized on an absorbent or/and
swel l able nmaterial. Suitabhe naterials can for

exanpl e be selected fromcellul ose, plastics etc. 5
Anot her subject matter of the present invention

Fco r" ses met hod for detecting an anal yte

d%ﬁ%e& Sthe steps: (a) contacting a sanple with a
test elenent or reagent kit according to the

i nvention conprising a coenzyne and (b) detecting the
FRgate/te e.g. on the basis of the change in the

coenzyne. 10 Anot her advantage of the | ntion is
Riaatan péthe 9W§§éﬂb%yrﬁh¢%§'ﬂeﬁaé‘?awé\g (Cb@iﬁzymss

exhi bits a bathochrom c shift and hence there is |ess
interference wth the fluorescence enission of other
i{pf]%bals of the test elenment or/and of the sanple.
preferred enbodi nents of a subject matter of the
Graphesfithe mesults ofstréssing WA Dhate8hand 3dre. al so i nt ended
to apply to other subject matters of the invention
such as e.g. preferred enbodi nents of the conpounds
ccording to the invention. The invention is to be
dBYES dated in nore detail by the following figures and
Grapibfahe reduits b SusssineosmasAD gusec hnldi 3tfCam of t he
process for synthesizing carbaNAD (cNAD). Figure 2 5
Graph of the results of stressing NAD at 8C and 37C.

Figure 4
Diagram of the process for synthesizing borano NAD by alkylating ADP,
where Y = BHs, 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.

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

spectra).
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Figure 3 Graph of the results of stressing carbaNAD at
8C and 37C. Figure 4 Diagram of the process for

synt hesi zi ng borano NAD by al kyl ati ng ADP, 10 where Y
= BH3, only the beta phosphate of ADP was al kyl at ed.
Figure 5 Diagramof the proggss for synthesizing
pyrrolidinyl NAD (pNAD). Conpound nunbers and yields
of the respective reaction steps are stated next to
FL tructural formulae. 15 Figure 6A/ 6B Absorption
d49¥t& Pa of NAD and pNAD (figure 6A) and NADH and pNADH

Flddraueen&BipedttDof ﬁAbH:bH@r BHCR &0B0tDE cinpiélH and
NADH as a G ucDH conmpl ex (em ssion 20 spectra). -18-

(Exgitationspeictre).escence spectra of NADH and pNADH as a
G ucDH conpl ex (excitation spectra). Figure 9 5
Conparison of the stability of NAD and pNAD. Figure
F]igﬁré 0B/ 10C Absorption spectra of NAD and cNAD

e 10A) and of NADH and cNADH (figures 10B and

O&ﬁg’a_lrlﬁrgufmelétabmtfbﬁJNAESMpHP@ectra of NADH and
cNADH as a d ucDH conpl ex.

Figure 10A /10B/10C
Absorption spectra of NAD and cNAD (figure 10A) and of NADH and cNADH
(figures 10B and 10C).

Figure 11

Fluorescence spectra of NADH 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
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
Tetrahedron Letters (1989), 30(46), 6259-62.

3-amino-, (1R,3S)-cyclopentanemethanol, Beres, J.; Sagi, G.; Tomoskozi, |.;
Gruber, L.; Gulacsi, E.; Otvos, L.; Tetrahedron Letters (1988), 29(22), 2681-
4.
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Exanpl es Experi nental 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 NAD (conpound
18, figure 15 5) as exanplqg.. Additional derivatives
can be prepared using appropriate processes of :

synt hesi s.  The cor di ng am no al cohol s used as
@taﬁ'ﬁﬁ@raﬁ'% ﬁ@é{’%ﬁgﬁ:nov\m in the literature:

2-am no-1, 4- anhydr o- 2, 3- di deoxy- L-t hreo-pentitol:
Hur yn, Donna M; S uboski Barbara C.; Tam Steve Y.;

Today .
ToCHTo it il  yen sy g iof 2 mhapisocne (1

R, 3S) - cycl opent anerret hanol Beres, J.; Sagi, G;
Tonoskozi ,

A SORARB 81 -4 61 67 Sobeds 1) FopamycyogaR Thep-esi-gyone in

{IFRRELICRR 22BN Shidton 06225 4 (187 1p9) M o

marpmﬁgéJN oéklcmalhltﬁo oth defoniseddwgtef 142 himolundibottomed flask.
R-(-)-2-az clo

B bha meralksotd 2 Ta SUTOR pbasEm BHasxile nderigafol i

DR \?}fhlnEﬂ m&wnb%oi\}hg)ﬂnqge lTh@Q‘II)eréj%' Qﬁs%%deﬂ@} §frred

In a I round-bottoned Tl ask nmol )

@uesnighs at tddrotempectiuen t et r aoxi de | n tert but anol [ s

added within 15 min while cooling on ice. The m xture

is subsequently stirred overnight at room

EREBBIRYY SamiaaR difiharon PARAES, aptr bt b Hiffed it
aucht a@\USégdnh aistingd offinaa rdrércyrewa@wa@tor Afterwards drisvdisdelved
it is dissolved in 600 dei oni sed wat er

AR00, N aONAEONaISS AIEN AERAIERATP O FSAOGR iy hixture is
%tﬁsr%o QB c%usf d\?forlI R aAdnbR%ftefdd bRSrefisexEK PsPakeg-bd filter.

Water is removed from the filtrate by distillation in a rotary evaporator. The

product is used without further purification.

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

a chlorine chamber.

* TDM reagent: Solution 1: 10 g N,N,N' N-tetramethyl-4,4'-diamino-diphenyl
methane in 40 ml glacial acetic acid and 200 ml deionised water. Solution 2:
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 ml deionised water.
Finished reagent: A mixture of solution 1 and 2 and addition of 6 ml of

solution 3.
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Water is renoved fromthe filtrate by distillation in
a rotary evaporator. The product is used w thout
further purification. 15 TLC (Merck silica gel 60
F-254): ethyl acetate / nethanol / glacial acetic acid
7:2:1 Rf 0.75 (starting matepial), 0.53 (1). Staining
with TDM/ devel opnent in a chlorine chanber. * TDM
reagent: Solution 1. 10 g

N, N, -tetr thyl -4 4' -di am na- di pheny,l. t

P a5 eyl Bl By s himmeSsv it edbisyFlua 2
vat fleptm@l3ubhef2p: 20 20 g potassiumchloride in 400
m deionised waTer. Solution 3: Dissolve 0.3 g

ni nhydrin in 10 mM glacial acetic acid and add 90 m
dei oni sed water. Finished reagent: A

: . _m.xture of

4@ erudepradudtd » eiledamntlarirefotord hin ¢90 nilaksolys eshanol.
- 20-_ | .
Attt adding 400 mly3,26 mol) dimethorypropane and 250 mg (2.2 mm)
p&riginb] hydfileprhlaridé,- ean( ) reTododed dadpr mfluxtfod aifertbei 1 & din.
under reflux for 1 h in 200 nml absol ute ethanol.
Adter @dding ! A gniassurated SogiMBYgrogeceRN AP GO Na e

: |
eRliofits vafpfiTBl ko Bk lrdfer HCORH B4 Hetary Beaporator
580t ret Chthatofogn] d 561 mbsaturated ¢odnu ghiohiderasdutiorcand dhanke

SR oAV BaE) B SBRTORLEE AR I Tede'and
ili2QrdisferPd & irh @ parslingPupREP e exBrhbfidrd By 3REKIAY iflis

saturated sodi um hydrogen carbonate sol ution are added
alloweddorséand geernghtiduring which nhase sepatption tgkes place.
separating funnel. After extraction by shaking it is
all owed to stand overni ght during which phase

@geggflggbgééagén%(?sega?&%d anﬂqﬁﬂaeoé(ﬂ%u% Esl fracted for a

he 'aqueous phase'is extracted for a
flthéhievo timestwitre200intllchRfyofarm iohd amhodamemTihe aasbinedseganic

&%%Pgt%éng id’r&e é?vr aémni Cne,%.%fiﬁfa%g i%tfge&iﬁgr%g&}/n%rthrem ns?c%a%%y

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).

Ill. 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
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.
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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. TLC (Merck silica gel 60 F-254): ethyl
acetate / nethanol / glaciabqacetic acid 7:2:1 Rf

O 84. Staining with TDM / devel opnent in a chlorine

RSB 10Dy rlasefeap o polusBt b remeves oy fiiete
Hﬂkmmmn%rﬂi@%d&&% BRis)Fd 8h 2 rdtdr/ apbaratdr. ane ér&he

nmol ) di-tent-butyl dicarbonate and 0. 83
p(redectnﬁndlrl)edzfodﬁﬁénlnﬁt 10amibabpYd 48 Geltas éSg@Id\éVﬂ'OuhHéTher
argon to a solution of 24.9 g (135.7 mmol) crude
B9"> i n 450 m absol ute chloroform The nixture
is boiled under 25 reflux while stirring until the gas
evol ution ceases. The mixture is filtered over
Tt ynterdkhsitica gef 60 Fe2b4j ethynecqase | hemr@B 261+ @65 Staining

uilibrated with chloroform i s washed th
8@ TRM {develapaiant ”Tﬁé:hi‘?ﬂ’\?e?nam en) ermved from t\;]me

filtrate by distillation under reduced pressure on a
rotary evaporator. The crude product is dried for 60

I, N (@-(1H 2RFS, aR) - A0 Fe relButy Foxyadb Bh i iamin 612, 3 ‘démethyl-
pur i | catl on. N‘F ml\/brck tzl lica gel y(lgﬁml: 254) et hyI
acetmethylehesmey- 13-(nym‘oxymsthy91caclqn@tampt(ﬂ) TDM /

devel opment in a chlorine chanber). V. (-)-(1

R 2R 3S,4R)-4-(N-tert- butyl oxycar bonyl ) am no- 2, 3- di net

L ne (4)
BibcolL bR e usdeepa e cie pagoine (4
tefrafQ8roflirahOnhies sﬁhwgraﬁw&@ml\dendms@d aterrig added 8Aftet
dei oni sed water is added. After g oI| 9 to 4C asi
eenlingrtp o Fompct PediuMsbeiadyeride Is & all 31 atce anflsligt
QYeervﬂ/hg ﬁhnﬁ& rvs'/rﬂ?n MY ixth REisTHIBWEEO! s‘-’ro@fg'r%ﬁ@ p{t8 room
slo eat“up to room tenperature. m ethanol is
roosstatund. 100 nd esbamolés atided @nl itis stiorech for 6 h at room
temperature. The solvents are removed by distillation under reduced
pressure on a rotary evaporator. 300 ml saturated sodium chloride solution
and 650 ml ethyl 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
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:
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.



10

15

20

25

tenperature. The solvents are renoved by distillation
under reduced 15 pressure on a rotary evaporator. 300
m saturated sodiumchloride solution and 650 n

ethyl acetate are added and it is transferred to a
separating funnel. The organi.c phase is separated and
t he aqueous phase is again washed with 350 nml et hyl
acetate. The conbined organi ¢ phases are dried over

VPRSI AR 4S8R Gs- bl b R bR ER e B pvsto-

undglentfele!¢sd pressure on a rotary evaporator. The
crude product (42.4 g) is purified by neans of columm
chromat ography and silica gel 60 (coI um h = 93 cm d
eluant THE / hexane 1: hen THE / he
BQméPelqm%ﬁﬁ yates and then %Wflfwgaq%wsacﬂ are eeﬂﬁ%e aa 09

EoERS} A TR BRI ne THE S pratl
witich nicheanpdlé yéDhdv/sotldionl fopmen200 miaeiartisexd waéer is added

hanb Th I t d.f th '
B hBCAvaner et GHET Ry 2T BT R VRSB AR 2

deRrsdd RERRAE 3lgain aé!djé‘tﬁ dnd Ms% din evapordted unddrla vacuum
R 2R, 3S, 4R) - 4- am no- 2, 3-di ydroxy-l (‘hydr oxymet hyl ) cyc

noa rqtant avapquporSThe chedeppicsieidt isedissoluedin hed ngaleidnised
ifluoroacetic

wgtef ' SBRPP AT GRL 0T Ene Briete s pbit © SBBWex 18

(160200ahesHe, @Hfﬂoﬁﬁz)ﬁml\é\kdﬁén@eﬁ tetnrPed £x wed EAWand eluted
solution forns dei oni sed water is added and

with watesdhisiogavieigh dhel eroduol giiiesraBiar abewet HrGml in a volume of
2

@p%g(p}ggp ?R%o acpggé gpder n‘é’?éoe[)mﬁ;@ﬂ\ﬁér%kas‘ﬁﬁ:%?/gé’}% F-

2542pQtaaiody glabie acetid achy delaetr 5i2 30542 vE@ining Wik TIIDM /

Shearsn & ySbappehanten SFRabE RS

%Wne@ﬂré&l!}&%rdc%n?’bymﬁl &fiof M HRclidm on 4- rgfa‘l"]?')gvﬁﬁgrator,

el uted wat er i ng I ch the product e
yédlteb. 2abooloull®®s vil. i n a vol une of

VI. 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
3:2 (v/v) 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
separated aqueous phase which is stirred for 1 h at room temperature and
then filtered over a Seitz K 700 deep-bed filter. 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
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300 M (pH 10.4). The fractions are nonitored by TLC
(Merck silica gel 60 F- 254: butanol / gl acial acetic
acid / water 5:2:3 Rf 0.42. Staining with TDM /

devel opment in a chlorine chanber). The solvent is
renoved fromthe 15 conbi negaproduct fractions by
distillation in a vacuumon a rotary evaporator,

| d; 5. I I
sﬁb@m teitifisiofaptal ar Lt iopibiarofaiTesdile frhdr
?l"tatg'é F@&?Qtaﬂ&@dtfrtﬁﬁ rAé&thdRoldwalteC Q'hbrtﬁvlstdﬁlsa& @dded
he nmelt. is heated for 2.5 h at 110C. 50

f
ramozzed @yzfllt(rwo;) veashesovith avgapalt amowmpfsaﬁ?%toaa@@ﬂ’ then ith

ou r. o e 0
dithfiEtieBaf s 524 i indifiohivaculilat AP CIRREE 2101 4126 %)
THe fragtiOnstRBIROAtGHEE, b 1'5@0 I(Me5ék 8fliea beh®d FL254thertamold
100 Ml water are adde is transferred to a

gé%b&'raﬁatlﬁg?oﬂ%h’v@lerér?d3\ﬁa§n%§6three times with 500 ni
chl oroformeach tinme. 300 m and 50 g active carbon
are added to the 25 separated aqueous phase which is

R A Ao e T L

conqhydr@t)eﬂethyl)wqcmmnnec(GhbmarbaOﬂcmmamlder otary
evapor at or durl _V\hi W&A bath tenperature nust not
excdaanopucl qq5| R ith 300 M water and 70 g

-23- sodiumtetrafluoroborate is added at room
tenperature while stirring. The precipitate is

A §6ru¥|§h Wtl4 3 gctsﬁ rAMONESRRSpRIntyI4@irRs 5 iTheoenlysssliltesat e
renoved [tration, washed with a snall anount

metrmet @r@mdmmswthm 0 atinylesde @esolatien af fed 9 or

S e

r@@nﬁe%%%ram\ﬁe?m CH(\I %llsogF@pyI@thylan&he s added Andtitds ther sBrred

fr re daysiRf repm 36%@@%@%5@11@@@! watesig agdedoit is ansfaprgd to
d s&%?r(a ﬁ_{f@ﬁéﬁ(&qmwégp{é:& RABE LR8P Inl &R RRe 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
NaCl in water, flow rate 200 ml/h. 15 ml 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
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.
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nmononucl eosi de = carbaNWN 10 A solution of 4.5 g (31
mol ) cycl opentylanmine 5 in 110 m absolute nethanol
is added dropwi se within 90 m nutes to a sol ution of
15.3 g (40.7 mol) of the Zincke salt 6 in 110 n
absol ute nethanol while stipbging at roomtenperature.
1 m diisopropylethylamne I's added and it is then

il !d)e(.ds HRASER) A Ve athararup PR AL 1 k2 E R Aoy 1

f
TS S8 T

eac . enoved fromthe separated
aqueous phase by distillation wunder a vacuumon a
rotary evaporator. The residue is taken up in 100 m

A\ameturan&@mmhﬁh@@hbpowmhjwﬂ%an@@Qtrabt,rmmyyloqhosphate is

SRRRTEC Ry SUPandaR bl £ Thich Pafoah B 4] 48"

AMGUroUs tmithyl pHBphaes at %Qﬁlrnﬁd/fbr 2¥band°G aadnhemmraz b at

col'l ected and nonitored TLC él\/brck silica
reoptemprratiiel 300 glakatar ISa%f&qch te gopling,gp ige ”%*@e Rf

Bieblie EPFRERARES 105yl G EYAGRR bR ROEY, borater. s

taRéR LY ieVi@oahawater, filteredartd- punifteai by n@alnesnfdloGJmB

boiled out 25 with 500

¢hoeretegrapay 0@&@%#%@% é’t]gt%{'ﬁ’a f9f8‘3 i%'“ﬁ"h?G XooRM
%ﬁg&f hgbgfgﬁ éxgs%omfs%%' WhieRt B blﬁferrEBTG\GiﬂMbé/mfﬂdrﬁlﬁrﬁtddéﬂate

renoved fromthe filtrate

ftbive tatel 200 mihumfenl feactiaos are @pllactedmdynoe\t@rpdrw oLC

Yield 7. g. -%- \é}éll. f%)éé N . »
wwwc 9! BO(Fx204 mlates isaBplYAF Acif Aagnenia 4 watql 89: .33,
ézegogﬁqemmtrememmﬁm apmbirfdd progachabbidns b

nop ate A mxture of phosphoroxy chl ori de

dintllaionrih a yagwinhpn isapreiaporator athfe tessduets digselved in

R R e e S S R AN

&0 C and then for 2 h at

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 solution of
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
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 cm, elution of buffer A

(deionised water) to buffer B 1 M triethylammonium carbonate, flow rate 200
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roomtenperature. 300 m water is added while cooling
on ice and the mxture is evaporated to 10 m under a
vacuumon a rotary evaporator. It is taken up in 100
m water, filtered and purified by neans of colum

chr omat ogr aphy on Sephadex_625 (NEt3H+ form): colum
66 x 9 cm 10 elution of burfer A (deionised water) to

A Y KRR o i BRI L ar L e R e B del 60
F(éﬁ@éi Ei%téé ! nb&@u@ﬁb a@fb ﬁ%m%ﬁéni@l /&h@t&r 66s0ebY! R{(D a7acid /

wat er X 25). The solvent is
renoved fromthe corrbl ned pr oduct fractions by

distillation in a vacuumon a rotary evaporator,,  The
Thessalventiis r@mgy@d Wy istilatign foon the gambinegheroduct fractions by

dﬁ(@l?ﬁbk ﬁg%&cupkﬁop E%S%XS%?B@%&SP%%%SWJ&Q cf|é§8?\?ed in

carb sol ution of
1(080mmwater adRlyophitibed i Tias @rocedite iid respiwbédﬂhe@l‘ﬂmes Yield
added dropwise within 1 h at roomtenperature to a
i@ ure of a solution of 20 3.31 g (10 mmol ) car baNWN
nonophosphate in 40 nl absolute DMF and 78 m (39
nmmol) 3.5 %tetrazole in absolute acetonitrile. The

E’&aihmaﬂudrﬁof e stf5l1ity0of dadlNABt room tenperature.
he pHiIs adjusted to 6.5 using an aqueous 10 % KHCO3

solutlon while cooling on dry ice / acetone It is
diluted with 500 M water and carefully 2

A dAdaik seluten pr@rﬁwﬂggnNﬁ[&IS‘,&mﬁﬂd@{ rH Isdf]é} g/ M potassium
SYRRRGR! e Tl EEGS LibteHlifaa by Sed 3PAPRE
um

wat er "and puril by co romat ogr aphy
choPerhpdpky Qiter DR 5 MBt&td-175hm) : col utm 65 x 4.5 cm
elution of buffer A (deionised water) to buffer B 1 M
triethyl ammoni um car bonate, flow rate 200 -25- nl/h:

diia’ RS RLISE R bol Sy
éﬁ@_’@nl a/ water 66:1:33, Rf 0.47).

buffer B: buffer A + acetonitrile 1:1

flow rate 1.0 ml/min detection: 254 nm

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.

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.
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The solvent is renoved by distillation fromthe
conbi ned product fractions by distillation in a
vacuumon a rotary evaporator. The residue is
di ssolved in 5 100 m water and |yophilized. This
procedure is repeated threesgines. Yield 1.1 g.
Exam nation of the stability of carbaNAD A 10 mM
ol uti on of cagbNAD,.ot is stressed at pH8 in 0.1
pgf%tB%'iag\ﬂ" BﬁB!Hﬁé‘?’é"W@br. The content is

determ ned by nmeans of HPLC 10 chromatography after
0.25, 75 and 175 _h. Buffer 100@\/1 HPO4 + 10 mM

,1 H 6.9 buffer B:
buffer A + acetonitrile 1:1 flowrate 1.0 m/mn
detection: 254 nm 15 RP18 columm L 125 di aneter 4.6
mmgradient: in 40 mn to 35 % buffer B, hold for 2
m n and then change to 0 % buffer Awithin 3 mn. The
HPLC area percentages after stressing for the various
tines are shown in figunes 2 and 3. 20 The occurrence
of Odeconposi tion products \\nj coti nam de, ADP-ri bose,
Al ADP and t he unknown deconposition products for
ﬂ%?ﬂd t he unknown deconpo‘s%ti on products Y1 and Y2

|
NAD)
fop c how that cNAD is Vi stable conpared to
NAD. - 26- Prepar ati on of pyr A di nyl - NAD 1.
Synt hesilg “of PNAD_1st stage (cqnpound ®) OL N 1-0
N\ 7]\
0 41\

o

Trans-N-t-BOC-O-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

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
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-O-mesyl-4-hydroxy-L-prolinol Ry 0.49
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ON OO O-~-000 5 (10)

Trans- N-t - BOC- O nesyl - 4- hydr oxyl -L-prolinol (35.4 g,
120 mmol ) was dissolved in 500 M DMF and sodi um
azide (15.6 g, 240 mmol) dissolved in 75 m water was
added and heated for 5 h to77QC. It was subsequently
10 stirred further overnight at roomtenperature, the
m xt poured into 1000 m saturated sodi um
pé%‘ﬁ(lb#'Fge lution and extracted with ethyl acetate.
MbeESRtEE4 24get ate was dri ed W|th Na2SO4 and
subsequent |y evapor at ed. é> 100 _9% residue was
Tﬁ‘@rld@ﬂtltytq{é%@ roaugt wasl aleo cggfl@we PrANMRARalyFSduct

was directly processed further after TLC and M5 15
noni toring. A thi n Iayer chromat ography on a KG 60
TR e TGS R NER ol CERENEIE LB from
Sanmchetia P[B@ﬁn@zeeh;lgd A@v Badr BryPLA18. 0l i nol Rf: 0. 49
-27- product Rf: 0.78 M5 ESI ES+ 242 The identity of
the product was al so confirned by NWVR anal ysi s.

L onSuEhes s PRNAPTEI st anhafie) . '

Phar mazeuti ka AG Cat. No. P-719. I1I. Synt hesi s of
I\PNAD 2nd stage (conpound 11) N N+ N
N\ N
N
AN
N 0

O — »
2\ O%\O
0 ﬁ(l)\ ﬁK
(10) (11)

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

MS ESI 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.



5

10

15

\\ NO 0)_O OO (10) (11) Conpound 10 (120 nmol)
was m xed in 500 m nethanol with 2.0 g Pd- 10 carbon
(10 99 and hydrogenated for 12 h at 30 nmbar. In this
process the reaction flask was flushed several tines
with H2, the catalyst was regoved by suction
filtration and it was concentrated. A colourless oil

s fornmed (t i, shoul d be i medi |y processed
Myr tSB{@Fhe%Iaé’Htﬁ“Rbs“ﬁ{] R9g; (Fomprynd 3%? y). 15 M5 ESI
ESt+ 217 present TLC (i sohexane / ethyl acetate 1/1 /
KG 254 F/ ninhydrin): product remains at the start.
The identity of the product was al so confirnmed by NWR
analysis. -28- Ill. Synthesis of pNAD 3rd stage
(compound 12) ON O "Ir / NC O 5 (11) (12) 120
mmol of conpound 11 (MN 216.28) was m yedy\ n 500 m
di oxane containing NaHCO3 (11.0 g, 130 ) and Fnoc
chloride (33.8 g, 130 nmol) and stirreg-oyernight at
N oom tenperature. The resulting salts w 0)

f ation, the solution was evapora
resi due ovas

)
a2 ZDVO
AR e |

(11) (12)

120 mmol of compound 11 (MW: 216.28) was mixed in 500 ml dioxane
containing NaHCOs3 (11.0 g, 130 mmol) 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
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 isohexane / ethyl acetate 2:1): R;0.13
MS ESI ES+ 439/ + 339

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

* Yield refers to the educt of the 1st stage.
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10 purified over a silica gel colum (isohexane and
i sohexane / EE 8/2 - 1/1). The main fraction yielded
39.0 g =74.1 %* (theoretical value = 52.6 g). TLC
(KG 60 F254 nobil e solvent isohexane / ethyl acetate
2:1): Rf 0.13 M5 ESI ES+ 439 _/ + 339 The identity of
the product was also confirnmed by NWR analysis. 15 *
glelg refer? to the educt of the 1st stage. -29- IV.
ynt hesi s of pNAD 4th sta conpou 3) -1110 O NN

IW NSgnthesis of RNAD «Eaﬂggﬁﬁémﬁ"‘fg?#o)m stage 3
(7.08 g, 16.1 mmvol) was dissolved in 80 m trinethyl
phosphat e and subsequently cooled to OCin an ice
bath. POCI3 mixed with trinmethyl phosphate (13 m
freshly distilled POCI3 in 13 ml trinethyl phosphate)
was added to a dropping funnel and_added in portions
10 wtRin 20 mn under argon. The wverature

#d in an exot hermal react to up to 5C
d and it was

nder” ar gon.

( _ ropwi se to
ice-iqooled 1 M triethylRagpbni um hidrogen
coﬁ;?g?tg sp{ tion (pH zégléfAfter the addiw 15 was \

ed, it/ was sStjyr a furth —p
slightly turbid Il on was LT ‘::I)

Y PR
N N

(12) (13)

a urther 40 m n at

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 distilled POCl; in 13 ml
trimethyl phosphate) was added to a dropping funnel and added in portions
within 20 min under argon. The temperature increased in an exothermal
reaction to up to 5°C. Subsequently 2.6 ml 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
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 crystallization. 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

to swell overnight. Diaion was filled into the column and rinsed with water. A
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subsequent|ly added (rapidly) dropwise to 1 |I saturated
NaCl solution. It was stirred further overnight to

i mprove the crystallization. The precipitate was
renoved by filtration. The residue was desalted over a
Di ai on colum. For this puggase 500 g Diai on was
added to isopropanol /water 1/1 and allowed 20 to

sieeriRE b RdE s Rre3h Dol yaly' 3.4 (S0 dRe4fReh Whicn
waa'sideleAdP appliedics cBlindn andeindel witevate)(pWhe shuntil it

was subsequently applied to a colum and rinsed with
wgstfege {rom sodiymuehipride : Thevaubstapee wasrthgp @lutgd from the

SB35 PSRN Byt TER SR bl
higsvasAPe Bl Fesitemperathrgh vacuum at room t enper at ure.

Resi due=2. 6g=31. 3% TLC RP8 F254 / MeOH / water 9/1
M5 ESI ES+ 517.13 The identity of the product was al so

confirmed, by nal ysis. 10 V. Synthesis of pNAD

Pﬁ%ﬁt@%&@c—o%ﬁfﬂn 14) NOO NON OO 0J-00 O

T EBRP6IMI54 LMedM/ ¥aisegaf conmpound 13 from stage 4
4.10 g, 7.9 mol) in 250 m

MS ESI ES+ 517.13

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

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

Y ; NZDVO_(;::)
PN T o2y

(13) (14)

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

phase was separated and again evaporated at room temperature.
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met hanol and 83 m 25 % ammoni a was stirred overni ght
at room tenperature and evaporated in a vacuum at
roomtenperature. The residue was taken up in 200 n
water and stirred out three tinmes with 100 nm et hyl
acetate. Insoluble conponeng; were renoved by
filtration; the cl ear water 20 phase was separated and

n e r g roomtenperature. -31- Residue =
P%%%" &aﬁgg &% ESI ES - 295 In order to renove the
M\g-@gzgs Q@5the residue was dissolved 2 x in Hunig's
base and agai n evaporated each tine in a high vacuum

5 VI. Synthesis of pNAD 6th stage (conmpound 15) O N
Inerder-toyremove the M satiqys, the @Slctyt-weﬁ digsofyedy2 x ip Himig's

b%ﬁ%%nﬁmag? rgreéléér dg&g;’)aacﬂ_l?ﬁezin@h@éws\?éctuu% 66 g, 8.99

I'ssol'ved net hanol and
compound 14 fromstage 5 (2.56 g, 8.31 mmol) dissol ved

T, S Ay GaeB IPEANRLARE 1 5

di ssolves. It was stirred further overnight at room
tenperature and the precipitate was renoved by
f||trat|on The filtrate was evaporated in a

N
l\/TU\ b\/O—P:O 0)—@ B "oe

g, Cl> —_— ZN-)\,O——EZO N ©/ N 0"
@F R ‘
—

(14) (15)

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

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 a 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
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
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vacuum taken up in 100 m water and extracted three
times with ethyl acetate. 15 The ethyl acetate phase
contai ns the by-product dinitroaniline, the water
phase contains the product and the renai ning Zi ncke
salt. The water phase was_gyaporated in a vacuum at
roomtenperature and 10 nl water was added to the

resi dye that. wa t ai ned j [ f 10
Pl MR e ered pertnar e aDLH W BB setent <
\BPSrat&draY RsbrRYerbktdtatd. Ohe rERRIUEONVAS BftURited WY i86Fropancl
di ssol ved. This solution was applied to a D ai on HP20

aod|smetiog fiteedwith thevaicheidisiwheheised with wat er and
was rinsed two tines wth 1000 nl water. Subsequently
it was rinsed with water / 5 % i sopropanol -32- and
Residue vd .60 got 46:95%( det ect ed by TLC RP8 MeOH / W9/ 1)
were evaporated at roomtenperature. The residue was
TG RinBa2tIMeQH /W &It opanol and suction filtered with

M & Soet OBt ESr 02 8o it e dybie et 002 0
ﬂ{eSigeﬁmR}' dtithé préfud WY SsBRDRfiTHEd bYNIMR andisis he

product "was al'so confirmed by NWVR analysis. "Vila.
Synt hesis of pNAD stage 7a (conpound 16) N /Nf ~N N

Via. §y'|1tl\1e§\is'\6FpNAD]§)tage9a {ddhpblind96)

(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 m! (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
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 m
H,0 / 150 ml diethyl ether and again filtered. After phase separation the
aqueous phase was again extracted twice with 75 ml diethyl ether each time.
The aqueous phase was subsequently rotary evaporated at room

temperature. The residue was dissolved a further two times in pyridine and
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OO OP-oHH 10 (16) A m xture of AWP acid

(adenosi ne nonophosphate-free acid) (10 g, 27.5 mmol)
in 60 mM nethanol (dried with sodium and 5.3 m (60
mrol ) norpholine (freshly distilled) was stirred
until a clear solution was_fgrnmed. Subsequently 17 ¢
(82 5 mml) N, N di cycl ohexyl carbodiim de (DCC) was

and i rred overni ght at tenperature

cafh e aer ety mvaeetaiEs M $Hiodhal B ace (&) ¢ hat
was formed was suction filtered and the filtrate was
rotary evaporated at 30C. Subsequently it was stirred
VALt Syhtieslis GfPNADZ R/ stage (compaurd/i7et her and again
filtered. After phase separation the aqueous phase
was again extracted twice with 75 nl diethyl ether
each time. 20 The aqueous phase was subsequently
rotary evaporated at room tenperature. The residue 34

as di ssol ved a further twa, tinmes i yr|d| ne and é}{j\
(time again rotary ey gr at ed"' hi ghe-vaguu R
VI, ce-m%‘!s of pNAD St age (corrﬁ_).lnd—ﬁ—‘b)—
~ ~re2d /1 N ry/\_dJ (|yDNDEy\
pp=- p—<P-O O-D pPO~D~J~~O~OD p oD(15)
(16) (17)
(15) (16) (17)

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), MnCi, solution
in formamide 0.2 M* (27.1 ml, 5.42 mmol) and anhydrous MgSQO, (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

reaction mixture was precipitated with acetonitrile and suction fiitered.

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

* |n 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.
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A m xture of AMP norpholidate (conpound 16 from

age 7a) (2.53 g, 3.61 mmol ), conpound 15 from stage
(1.60 g, 3.98 mmol ), MO 2 solution in formam de

2 M (27.1 m, 5.42 mol) and anhydrous MySO4 (0. 87
g, 7.95 mvol) were stirredsgvernight at room
tenperature and after this tlms were |argely
converted as determned by TLC (RP8 MeOH / W9/ 1) The

5
st
6
0

i Sdbesis of PNBLCa Sibier GoBae s 18, pUrRiRgNLuAD)®

yield 2.64 g)** M5 ESI ES - 729 3 = product, ES - 415
= cation of AWP norpholidate, ES - 400.2 / ES + 402.1
resi dues of conpound 15 Sstage 6) TLC RP 8 F254 Rf
0.085 15 * In order tQ _prepare this solution 2516 ny

%OUS MC 2 was d, ved in 100 m 99.99 %
f de V\:hd.|eFStI o ng and sub;,_v;@mi_n)t: 4A nol ecuK,a\Jif‘\)

si eve WMds_ adgla-r 6% HIe r esTdle 4 {{ ur t hero- prgces
as a cﬁyde ptoduct . -34- VI11. Synthés o MKD:
st age®(cpnpound 18, pyrrolidinyl-NAD)" N - ] -N NN\

N\ -] NY\~ OOON\CNIoNI\UO_POPOO
1J OOO Nif | OO0 (17) (18 5.0 m trifluoroacetic
acid (TFA) was added to 500 ng conmpound 17 from

(17) (18)

5.0 ml trifluoroacetic 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 m|
colourless oil was formed as the residue

MS ESI ES - 729.24 (addition of NH3 necessary)

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

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

I Conditioning
(flow rate 5 ml/min) a) 100 ml H,O
b) 200 ml 0.25 M H2S04
c) 100 ml H;O
d) 200 ml 1 M ammonia solution
e) 100 ml H0

fI.  Separation: a) apply 200 ml substance dissolved in 5 mi H,0
b) elute with a gradient of H,O — 0.2 M NH4HCO3
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 ml/min
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5 stage 7 (crude product, contains about 50 % salts)
and stirred for 1 h at room tenperature and
subsequent|ly concentrated by evaporation. 500 m
colourless oil was fornmed as the residue M5 ESI ES -
729.24 (addition of NH3 necggsary) 2 Portions of 200
nmg and 300 ng were each purified in 2 separation

t 10 First t 3-
colum: D (i nner) TEDTE et B2 02 R RFLAED, SRS o
Condi ti oni ng (fl opumpled &t 216 /miimin t8)A)L00 nl H20 b) 200

m 0.25 M H2SO4 15 c) 100 M HOd) 200 M 1 M
ammoni a_ solution e) 100 Ml H20O I1. Separation: a)

llhppFyactimmations dsfrastionsgaduehedlin 5 M H20 b) el ute

\(Mrr:)& Iaeg;g:ji/:m Xﬁgf'g%k m%g@p:\l{lﬁed i nzoaﬁoI ution
Erl enmeyer fl ask) and pelakrafted about 7 Gengjrprelimirstry efeate =

punped onto the coI um at a rate of 5 mM/mn -35-
mobi | e sol vent BYBSENSEM NHAHCCB sol ution punped at

2.5mM/mnto A. IlIl. Fractionation: a) fractions
IVaC'Ré?fonauti@m Odo)a)wo eI 'anﬂthhh%olﬁtnéh 2nd peak
after about relimnary eluate = substance IV.

Recondi ti oni ng: bz)l)1OQOU| itO1 M amoni um sol uti on

2nd separation step:

Diaion HP20, column D (inner) = 30 mm L (packing) 130 mm eluted with
100 ml H,O 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
F2= 565mg
F3=11.5mg

Total =30.5mg=12.2 %

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

analyses.
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 0.05-0.56 mM were used. 10 mg/ml
(pNAD) or 0.002 mg/ml (NAD) [83 or 0.017 uM respectiv.ely] GlucDH was

added. The assay was carried out at room temperature and the enzymatic
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b) 100 M H20 2nd separation step: 10 Di ai on HP20,
colum D (inner) = 30 nmL (packing) 130 nmm el uted
with 100 m H20O and 100 M H2O/ 5 % i sopropanol. The
substance already elutes with the water phase; only
inmpurities are present in_gge isopropanol fraction. 3
fractions were obtained according to anal ytical HPLC

F1 .= 13.5 . 15 F2= 5 5. F3. = 11.5 Jotal =.30.5
reRptomas mhitefd piigace Rrosateton Fegs fRan opime
irflte AR UTHé Vdllies8RowANA tabTed feYerNbRin abedrpEes médsurement

G ucose dehydrogenase assay for pNAD In order to
afraAiMmiB. t he rol e of pNAD as a cofactor for glucose

dehydrogenase (G ucDH), a glucoseDH activity assay in

0.1 MTris/0.2 M NaCl (pH 8.5) buffer was carried

T%&eﬂhe concentration of glucose was 80 nmM pNAD and
concentrations of 0.05-0.5 nMwere used. 10 ng/ni

2%p/NABmM) §. 002U/mg/ n1 [ NAB) aEfiditpr O] 01JGRMDH] used

 J-ucPbH was addad Tha ackav vwac carvri ad
HGLh Va-S—aG-6e0- He—asSpay

out0-8f N%theme?%@%;e and theﬂpnzyrmt c -é'@-bzvrﬁg/lrh'w

rea@t)' [yvas oni [1@’5%0 DY recorﬂjd}g abspr pt Id)@bfq\glﬁ{éa

at reqular tin intervalls. The values shown 1 n

1 refer to an|absorption |measurenent after 4 mn.

Tabl o 1 L~ DNIA m

o ORARALS {00 G083 |t - 0:00005 T [ [T mgimi

0.4 pNAD 0.0024 0.00015 10 pl 10 mg/ml

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 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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0.4 NAD 1556 100 0.002 ng/m 0.05 pNAD 0.0017 0.00003
10 NI 10 ng/mm 0.4 pNAD 0.0024 0.00015 10 NI 10 ng/m
5 Absorption spectra of pNAD and pNADH Absorpti on
spectra of NAD and pNAD or NADH and pNADH are shown in
figures 6A and 6B. NAD and_giNAD exhi bit an absorption
maxi mum at 260 nm pNADH i.e. pNAD after the d ucDH
activity assay exhibits a red shift 10 of the

absqr pt.i on Onm(fi ure 6B) conpared
h%e%gong gg{%ﬁé’egﬁﬁﬁgna of I\IADI% and p?\IADHngs

G ucDH conpl exes are additionally shown in figures 7
and 8. The spectra were in each case recorded after
I bededlto &REminé ithve stabilitg af pNRDcompdreshtm/NAEYitlss same
spectra

agQUNta of &fA%ogH %‘8%6%@6@%6%@3%" B P{ﬂf“’%& M NaCl
b%'i'?e??é pﬁfd fn%uBEt @ed TSSO Fp(?s7 t@or’ﬂHf NAD and pNAD

excl wavel eng are simlar. Figure 8 shows an
vmreumamltmad meldPLOanfgme SrshovdHthe pegmnﬂagel areasiof the

ex at a th of .46
@R araStints Rotareu 1 (e DML BB (AL HAR 2ghort T figure
sPBR&!that PRA® Bl\efy stdetdrpardd &I NEDICDH activity
assays. -37- Investigation of the stability of pNAD In

order to examne the stability of pNAD conpared to
NAD, the sanme _anmounts of NAD and pNAD vvere each taken
Gl iPrepanation RbsarquM\%mlopbespbate(ﬂﬁ 7.0) and

i ncubated at 50C. The deconposition of NAD and pNAD 5
were nonitored by HPLC. Figure 9 shows the percentage
areas of the (p)NAD anbunts conpared to t@e (p) NAD

anounts af i nme zero. Theflgure sho t pNAD is
very stabl’e co ared to NAD Q | [ NH,

if s

OH

79 mg (0.1 mmol) O5'-(hydroxy-morpholino-phosphoryl)-O2',03'-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 mmoi)
carbaNMN monophosphate and subsequently 25 mg dry magnesium sulfate
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 pm column using a 0 % B to 100 %
B gradient for 60 min: EluantA: 0.1 M triethylammoniufn'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
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C) Preparation of carbaNAD cycl ophosphate (19) 0 HZN
OT-\V N2 NOOCP=OPONNOOGO OHOM™ dP 010
79 ng (0.1 mmol)

- (hydr oxy- nor phol i no- phosphoryl)-Q2', G3' - hydr oxy-
phosphoryl adenosi ne, 38 -
N-cycl ohexyl - nor phol i ne- 4- car boni ni di ¢ aci d

| ohex I t|on
fEfT DS et 38 lycbnepb fimkSn GflidbiaFamERBTNEL
tA&RHanfRsn@fd hcetide Mhe ﬂleﬂ@ﬂaMWﬁdﬁlumalbﬂWNonvened into the
nmonophosphat e and subsequently 25 X
feaet acid aitbeDowes SRIAER aid SUbSETHENYY 'rat0d o IRiHG ??Leigé( ield:
1&%@8“ de solution in absolute formam de. The m' xture

Stirred under argon for three days in a closed
reacti on vessel and subsequently added to 10 m
acetonitrile while stirring. The precipitate was
D)emPrepakatién lof carbaNADRI(2X)i ed by RP chromat ogr aphy
on a RP 18 Hypersil ODS, 250 x 21.2 mM 5 pm col um
using a 0 % B to 100 % 20 B gradient for 60 m n:
Eluant A: 0.1 Mtriethyl amoni um acetate, eluant B:
1.4 m xtur f 0.1 Mtriethyl ammoni um acefpat e and
acetonitrilé) r\pwrate ra—/mn ution was
moni tored by” @ctl on ?O The| ngi n Ng8-
fraction wassg N zedN'5 times in
order to renobve th tr| et yI nmoni acetate. The
triethyl amoni umeal g was converte o the free
acid with Dowex 50 (W?Q-Oand subsefflent | Ylinto the

lithiumsalt. Yield: o0 ng. 5 D) Preparation of
car baNADP ( 20) :

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
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 pm 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:

10 ml/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:
calculated 742.45, found: 743.17).



10

15

20

HZNp_ O r. 1 NO 1INzzt N2 NNOOP_OP-NO OO
HO Oo PO HOOH 1 0O Three tines four units

ri bonucl ease T2 were added within 6 h at 37Cto a
solution of 2.2 ng carbaNAD cycl ophosphate |ithium
salt (19) in 1 m bis- Trisgpropane buffer (0.02 M pH
7.5). The m xture was kept overnight at 10 37C. The
enzyrre was denatured by heating to 65C for 20 min.

f||t a_purifi.cati hed out by RP

SHueoge sty BRokngss Aty s33altdpalAD ) 0,
rrm 5 pmcolum using a gradient of 0 %B to 100 %B
for 60 min. Eluant A. 0.1 Mtriethylamoni um acet at e;
Aebwjt@B:se Behgd rbgefiasé lﬂce?nw assdly fok cNAD:tbylpanebtd NAD was
acetate and acetonitri 10 mM/mn. Th
cariad okt ShdeRsIRAbHRtETS) GspRAD ioh SR PRRe SHDShn,
Jéhﬁﬁ%gfé@a‘é@sco%leh 5tiGRk aﬂﬁ 1! (eRAD) dre. 092t hgREl (NAD) [0.83

renove t e tri - anmonl um acet at e. |VB.SS
a31ue@.0n U Mesiaictivplyl wede lsedyﬂn@ asowysyeed spdithenresults

632 cal.c ed 742.45, found: 743.17). -39- E)
@@Z‘Sg"é‘ 'Héﬂgkf%genase activity assay for cNAD A

gl ucose dehydrogenase activity assay for cNAD conpared

TF4b1BAD Was

(c)NAD (mM) U/ml % activity [GlucDH] used
0.05 NAD 430 100 0.002 mg/ml
0.1 NAD 556 100 0.002 mg/ml

0.05 cNAD 2.7 0.63 0.1 mg/ml
0.1 cNAD 5.3 0.95 0.1 mg/mi

F) Absorption spectra of cNAD and cNADH

Figures 10A, 10B and 10C show absorption spectra of NAD and cNAD. 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
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

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




carried out as described under B) for pNAD. For this
pur pose gl ucose dehydrogenase concentrations of 0.1
(cNAD) and 0.002 ng/m (NAD) [0.83 5 and 0.017 pM
respectively] were used. The anmounts used and the
results are shown in table4§ Table 2 (c)NAD (mV)

% activity [@ucDH used 0.05 NAD 430 100 0.002

1. NAD 556 100, 0.
c%@éﬁ”ws%fbn o PRR B o B te s iR Wil
Glpepyr a of cNAD and cNADH 10 Figures 10A, 10B and 1 CC
show absorption spectra of NAD and cNAD. NAD as wel |
as cNAD have an absorption nmaxi rumat 260 nm Figure 1
OB shows absorption spectra of NADH and cNADH where
the spectra were in each case recorded after a
gl ucose dehydrogenase activity assay. The absorption
maxi mum of cNADH exhibits a red shift of 20 nm
Furt her absorption spectra 15 for NADH and cNADH are
shown in figure 10C in which different conditions for
t he associ at ed gl ucose dehydrogenase activity assay
were selected as stated in the | egends. Figure 11
additionally shows fluorescence spectra of NADH and
CNADH as d ucDH conpl exes. The spectra were recorded
at an excitation wavel ength 20 of 370 nmafter a
gl ucose dehydrogenase activity assay. NADH as wel | as
-40- cNADH exhibit an increase of the fluorescence
signal when treated wth QucDH -41 -
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1X1, Test elementfende

Clainms 1 Test elenent for determ ning an anal yte
conprising (i) a coenzyne dependent enzyne or a
substrate for such an enzynme and (ii) a 5 conpound of
the follow ng general formula (I) as the coenzyne: A
Y+ VZNG TUVoO ~PX2 4P X \T (1) inwhich A=
adeni ne or an anal ogue thereof, 10 T = in each case
i ndependent|y denotes O, U = in each case
i ndependent |y denotes OH, SB™MBH3 , BONH2 , V = in
each case independently denotes OH or a phosphate
group, W= COOR, CON(R)2, COR, CSN(R)2 in which R in
each case 15 indeggndently denotes H or Cl-C2-al kyl,
RiNing @peRYE| SPMRING (ipa coppzyme-

res |a§8 & gégﬁg%ﬂ?zsym%gé a% |tr8 %gi;_bé E EI‘ cv\%nh&szygf%ta gﬁén:)vﬂ% i ch

ZOdQIRIH;SUWd of thefokowing yenetrairfoah ol (Hedsettteecbenzymed, S
an

v 7

.

v Z/N\

l
v O\p//T “\P X

N
U/ X1 \\T

(1
in which
= adenine or an analogue thereof,
= 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,
W = COOR, CON(R)z, COR, CSN(R); in which R in each case
independently denotes H or C4-Cz-alkyl,
X1, X2 = in each case independently denote O, CHz, CHCH3, C(CHj)q,

NH, NCH3,
Y = NH, S, O, CHy,
Z= a residue comprising a cyclic group with 5 C atoms which

optionally contains a heteroatom selected from O, S and N
and optionally one or more substituents, and

a residue CR4, wherein CR4, is bound to the cyclic group and



and optionally one or nore substituents, and a residue
CR42 wherein CR42 is bound to the cyclic group and
-42- to X2 where R4 = in each case independently
denotes H, F, O CH3, provided that Z and the
pyridine residue are not |ipked by a glycosidic bond,
5 or a salt or optionally a reduced formthereof. 2.
Test el enent yaccording to claim1l for determnining

gl ucose co sing glucose dehydrogenase and a

conpound aq@erdiRW="1® ehble cgsa@riddpententiydendies oy F aCl CH,,
salt thereof as a coenzyne. 3. Test elenent according

to ¢l ai m 1Peevided thad Zald Hq BYFidiaa residun zre nabinked by a

substi tuen sel ected fromthe group

conpri si ngtgﬁ',"%gl B4 & al kyl which is optionally
f | ver lansdliesr apticrialipra realuedd dorhatteer&f. substi t ut ed,

O Cl-C2-al kyl. 4. Test elenment according to one of the
claims 1 to 3 conprising a 15 conmpound of the

2';,0'\,'@"3; 8 [rﬁé)r&%%r(ﬁjl §t8 Sél]atlr|91e1l Fgr%%%r%in@r&uc'\gse gé)m\éfisi-ﬁg
glucose dehydrogenase and a compound according to the general

formula (I) 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
C;-C,-alkyl which is optionally fluorinated or chlorinated or/and OH-
substituted, O-C-C-alkyl.

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

compound of the following formula (I') as the coenzyme:

()

in which
A= adenine or an analogue thereof,

T= in each case independently denotes O, S,
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A = adenine or an anal ogue thereof, 20 T = in each
case independently denotes 0, S, -43- U = in each case
i ndependently denotes OH, SH, BH3 , BCNH2-, V =in
each case independently denotes OH or a phosphate
group, W= COOR, CON(R) 2, CgR. CSN(R)2 in which Rin
each case 5 independently denotes H or Cl-C2-alkyl,

)C<HCIL£<2 = |n each Caseﬂéﬁ%%‘ﬁggﬂ&?ﬁé}‘g@ge@qt%}IE'B%EBCNHZ—,

sat yr at ed ] eHBﬁ 3hyé aidpendehtig yehblescHwtephogptiate
five- 10 nenbered ring, in particular a corrpound of

t he gener algro¥Rr mul a (II) C(R4)2---_ --- R6" R

A 0N Gl Sy ROl 1 e

present between” case
|ndependenﬁﬂ1depm1me|y ddnofes I€Iqr @GH3z-alk®h = CR42, if a

5" e ¥ o1 epch qase dcharyen A pol ol bl Cletto

CR42 CH%L,@@%!—B if a double bond is present

bet ween R5' , then RS' =
Y= NH, S, O, CHy,
Z= a saturated or unsaturated carbocyclic or heterocyclic five-

membered ring, in particular a compound of the general

formula (il)
Rs
CR4) N
) Z\Rs/ Re

\

RE.I—' " o Rsll

(I

in which a single or double bond can be present between RS’

and R5",
R4 = in each case independently denotes H, F, Cl, CHj,
R5 = CR42,

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

R5'= O, S, NH, NC4-Cz-alkyl, CR4,, CHOH, CHOCHj,

R5" = CR4,, CHOH, CHOCH3,

if a double bond is present between R5' and R5", then RS' =
R5" = CR4,

R6, R6' = in each case independently denote CH, 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 COCHs.
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R5" = CR4, R6, R6' = in each case independently denote
CH CCH3 25 or a salt or optionally a reduced form
thereof. 5. Test elenent according to one of the
claims 1 to 4 in which W= CONH2 or COCH3. - 44 6.
Test el enent according to ng_of the clains 1 to 5 in
the formof a test strip. 7. Test elenent according

to e of the clains 1 to 6 character| '

0 01 et 8 SLufPato ey ARBLEH S B kA P
dehyé@ri&genase (E.C.1.1.1.47), |l actate dehydrogenase
(EEC.1.1.1.27, 1.1.1.28), nmalate dehydrogenase
(E.C.1.1.1.37), glycerol dehydrogenase (E.C 1.1.1.6),

al cohol dehydrogenase (E.C. 1.1.1. 1),
73| ﬁhT@sﬁydﬁraﬁyb%ﬁ%ﬂrﬁkns ta@rﬁ‘?o?fdé%ﬁla%é‘,s 588t ol
ehydr i no aci d dehydrogenase 10 such as
L- arﬁ%ﬁggggﬁgg%gtg%?]ogenase (E.C.1.4.1.5). 8. Test
el erthetenagmer idiandehymirogenase selecteddrors glueaserdehydrogenase

detect gl ucose, aracterized in.that n [

o1 s by o A AT GO SE I o 1 deldr o) halate

for iR drdgenase(EYCar W 1237)T glfcefol dehybitogéhasy) (R(CMT1.1.6),
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).

8. Test element according to one of the claims 1 to 7 to detect glucose,

characterized in that

the enzyme is glucose dehydrogenase.

9. Compound of the general formula (I"):

(")
in which
= adenine or an analogue thereof,
= 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
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15 (I'") in which A = adenine or an anal ogue thereof,
T = in each case independently denotes 0, S, 20 U =1in
each case independently denotes OH, SH, BH3 , BCNH2 ,
V = in each case independently denotes OH or a
phosphate -45- group, W= C@ER CON(R)2, COR, CSN(R)2
in which Rin each case independently denotes H or
Cl-C2-al kyl, X1, X2 = in each case independently
denote 0, &PYP.cHOH3, C(CHB)2, 5 NH, NCH3, Y = NH, S,

O @WZ Z TEORICORIRM, eowrﬁsmmnﬁmﬁ@ﬁ RoiA G chCcRe
het erocyclic five- menbered Tring articul ar

corrpounds mdqmd@@ﬁmdslnoter%lrlmmca @t afyt:( R4)2° /R5 Rs

pre n%( be%%ggh%ggr}é&&%ﬁ@%ﬁ{@ &%9328' éggﬂ" A1y 0 B H),,

i ndependentNH, §erRtes H F, O, CH3, R5 = CR42, if a

single bond is present between R5' and R5", th
{2 "O"NAsPOTRH,, en

Z= a saturated or unsaturated carbocyclic or heterocyclic five-
membered ring, in particular compounds of the general

formula (ll)
CRa) N
42\RB\/ Re
Rg'===Rg"

(i)

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

and R5",
R4 = in each case independently denotes H, F, Cl, CHj3,
R5 = CRA4,,

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

R5' = 0O, S, NH, NC4-Cz-alkyl, CR4;, CHOH, CHOCH3,

R5" = CR4;, CHOH, CHOCHj3,

if a double bond is present between R5' and R5", then R5' =
R5" = CR4,

R6, R6' = in each case independently denote CH, CCHj
provided that if R5 = CH,, T = O, U = in each case OH, V =
OH, W=CONH;, X=0and Y = O, then R5' and R5" are not
simultaneously CHOH,

or a salt or optionally a reduced form thereof.
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20

R5' =0, S, NH NC -C2-al kyl, CR42, CHOH, CHOCH3, R5"
= CR42, CHOH, CHOCH3, 20 if 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.zgi.n each case OH, V = OH,
W= CONH2, X =0 and Y =0, then R5' and R5" are not
25 sinultaneously CHOH, or a salt or optionally a

0 oA oA T A 0 AR Pnai ot | east one resi due U

igs @h?gﬁﬁ?ﬂﬁeﬁihqmﬁi 11. Conpound according to claim
or , characterized in that | east one residue
U =abigast one regigngddiifadiHfert oy Q% one of the clains
9to 11 in which W= CONH2 or COCH3. 13. Conpound
according to one of the clains 9 to 12, 10 which is

180T TmP¥hd ReEsram aiph 9%rsi@,t or a reduced form
thereof%A Coanaccordi ng to one of the clains

9 t chaggctewidechini that- pentyl NAD, c-pentyl NADP or a
salt ,or reduced f.Qr t-hereof. 15. Conpound
acc@llge?ar?gof‘s rSﬁ'éjugfl?t_h Helains 9 to 12, 15 which is
pyrrolyl NAD, pyrrolyl NADP or a salt or a reduced
form thereof.

12. Compound according to one of the claims 9 to 11 in which
W = CONH; or COCHas.

13. Compound according to one of the claims 9 to 12,
which is borano NAD, borano NADP or a salt or a reduced form thereof.

14. Compound according to one of the claims 9 to 12,
which is c-pentyl NAD, c-pentyl NADP or a salt or a reduced form

thereof.

15. Compound according to one of the claims 9 to 12,
which is pyrrolyl NAD\, pyrrolyl NADP or a salt or a reduced form

thereof.

16. Compound according to one of the claims 9 to 12,
which is furanyl NAD, furanyl NADP or a salt or a reduced form thereof.

17. Compound according to one of the claims 9 to 12,
which is pyrrolidinyl NAD, pyrrolidinyl NADP or a salt or a reduced form

thereof.
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16. Conmpound according to one of the clainms 9 to 12,
which is furanyl NAD, furanyl NADP or a salt or a
reduced formthereof. 17. Conpound according to one
of the clains 9 to 12, 20 which is pyrrolidinyl NAD
pyrrolidinyl NADP or a salt49r a reduced form
thereof. - 47 18. Conpound according to one of the
claims 9 to 12, which is carbaNAD cycl ophosphat e,

ar baNADP o t.ar C f hereof . 19.
1(énz -%%%%i?ﬁ%&gbﬁpﬁge%%sﬁtg‘#pcg%&? %?ggﬁbon'pound
acchitmg datbaNADDEyditshasphiate, irbaNADR or a saltior matedaved
with a suitable enzynme. 20. Conplex according to claim
19, foremireseeeri zed in that the enzyne is a

dehydr ogenase sel ected from gl ucose dehydrogenase 10
(E.C.1.1.1.47), lactate dehydrogenase (E. C. 1.1.1.27,

15. 1 ehzdfle-cHhAfe cOfipyek ogenase (E. C. 1.1.1.37),
al ycergﬁ)ede ydr ogena@gy( E.C.1.1.1.6), alcohol

dehygomppsedsy g eorapound aceyrding tshoné plithexsiBims Pdod 6 in
dehydr qagenase, ..sor bi.t ol dehydrogenase or am no acid
deh)‘f& 'é"iqt W'tééa %Lg{agaée FP%}%?‘- amno acid
dehydrogenase (E.C.1.4.1.5). 15 21. Use of a compound
according to one of the clainms 9 to 18 or a conpl ex
20¢ C @amplgxtazcotdingtd 8laim ) to detect an analyte in a

sanple by an ,enzymatic reaction. 22. Reagent kit
contCHPFARENZeLBnH8hind according to one of the clains 9

enzy g S o TRl RSB ey rogenase

20 4E.0wl1.1a)alastate alehgdrogeoasefEMufifei .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

selected from L-amino acid dehydrogenase (E.C.1.4.1.5).

21. Use of a compound according to one of the claims 9 to 18 or a complex
according to claim 19 or 20 to detect an analyte in a sample by an

enzymatic reaction.

22. Reagent kit containing a compound according to one of the claims 9 to
18 and optionally a suitable enzyme or an enzyme-coenzyme complex

according to claim 19 or 20 as well as a suitable reaction buffer.

23. Reagent kit according to claim 22,
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
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23. Reagent kit according to claim22, characterized
in that the enzyne is a dehydrogenase sel ected from
gl ucose dehydrogenase (E. C.1.1.1.47), lactate
dehydrogenase (E.C. 1.1.1.27, 1.1.1.28), nmalate 25
dehydrogenase (E. C 1.1.1.37yg _glycerol dehydrogenase
(E.C.1.1.1.6), alcohol dehygrogenase (EEC1.1.1.1),

| pha- hydr oxybut yr at e, -48-, dehyd i
e amigecest: Suhih oGt oaAbua oL flogenase
f I Oelectdd RBREidnifelatl aeRy@sgenFsd(R.CH1 4. BF). 24. Use

of a test elenent according to one of the clains 1 to
8 or of the reagent kit according to claim22 or 23

S S e el Srenalisores Jashs
tri ?%%@%ﬁt' ﬁ@&cco?&ﬁ%'c?aiﬁ\cﬁﬁ of 5% st{) Slefisimifé Wnalyié H86lected

pep urea, ammonium salicylate, pyruvate,
5' - fitorh glidoses cticraeid, imalikacidsgly ¢ei), alcdhalt chadesterol,

dehyd : LDH). and carbon di oxjde. 25 . Nethod f
dot 509 g/ GeP. FREPIH'E SEGIBIT BT Sl R, SRpiHEr affea. '
Conta‘?ﬁﬁfoﬁgxﬁ, ?ﬂ!@g!saq%%}rhvﬁet, 8§51 u@L SHtRIYe, BRSAING KiBaded(CK),

one of t c to 8 or a reagent kit according

t 0 dhetate @ehydrogsnase dripi) sndgabarodinxigee and (b)

detecting the analyte. 26. Method according to claim
15 characterized in that the analyte is detected

25,
ﬁ?Otl\ﬂgﬁ'ntordi O?lee}/ec%rr\gfénugﬁﬁgﬁt (Ec;rﬁﬁlliéixg the steps:

(a) contacting a sample with a test element according to one of the

claims 1 to 8 or a reagent kit according to claim 22 or 23,
comprising a coenzyme and

(b) detecting the analyte.

26. Method according to claim 25,
characterized in that
the analyte is detected photometrically or fluorometrically.



