-1- Stabl e NAD/ NADH deri vatives Description The invention concerns stable
ni coti nam de adeni ne di nucl eotide (NAD/ NADH) and ni coti nam de adeni ne

di nucl eoti de phosphate (NADP/ NADPH) derivatives, enzyne conpl exes of these
derivatives and 5 their. use in biochem cal detection nmethods and reagent
kits. Measuring systens for biochem cal analytics are inportant conponents
of «clinically relevant analytical nethods. This primarily concerns the
measur enent of analytes e.g. netabolites or substrates which are determ ned
directly or indirectly with the aid of an enzyne. The anal ytes are 10
converted with the aid of an enzyne-coenzyne conpl ex and subsequently
quantified. In this process SttableaNAD}NADd%dgdvaﬁvessm ned i s brought into
contact with a suitable enzynme and a coenzyne where the enzyne is usually
used in catal ytic anmounts. The coenzynme is changed e.g. oxidized or reduced
by the enzymatic reaction. This prqgcess.can be detected 15 el ectrochemcally
or photonetrically either directlyfﬁESQRPQEﬂnw of a nediator. A calibration
provi des a direct correlation between the neasured value and the
concentration of the analyte to be determ ned. Coenzynes are organic

nol ecul es "f‘PLeQHvéY‘itR)rP@drﬂie?ﬁé kbabme n%Pn?@Y@é ggér'\i)ﬁe diRuddotige an enzyne and are

. changed by the conversion of the analy Prom nent exanpl es of

coenzynes NADINABH )rend dleotimmnidaeadﬂniueidﬁmdleiﬁic(el\WD)smwe ni cot i nam de

deni di [ h hat NADP) f whi NA| . NADPH
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art are chagraehes iﬁﬁﬁcﬁﬁnﬁcél'd@t(f(ﬁ%é\ r@rgﬁ{dcdsldrfoere%@@npkitépec' al requirements

for the environnent such as coo

o

Measuring systems for biochemical analytics are important components of
clin‘ically relevant analytical methods. This primarily concerns the
measurement of analytes e.g. metabolites or substrates which are
determined directly or indirectly with the aid of an enzyme. The analytes are

10 converted with the aid of an enzyme-coenzyme complex and subsequently
quantified. In this process the analyte to be determined is brought into
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

15  electrochemically or photometrically either directly or by means of a
mediator. A calibration provides a direct correlation between the measured

value and the concentration of the analyte to be determined.

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

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

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

25  dry storage in order to achieve this storage life. Hence erroneous results



25 dry storage in order to achieve this storage |life. Hence erroneous
results -2- caused by incorrect, unnoticed, faulty storage can therefore
occur for certain fornms of application e.g. in the case of tests which are
carried out by the end- users thensel ves such as glucose self-nmonitoring. In
particular the exhaustion of desiccants due to opening of the primary
packagi ng for 5 excessive periods can r§sult I n measuring errors which in
sonme systens can be hardly recogni zed By the consunmer. A known neasure that
can be used to increase the stability of biochem cal neasuring systens is

t he use of sauddbyimcpmestaimmoticed, fasky sforage gar sherefane ddeer farpdertain
organisns. It is also possible to stabi)Jize enzynes by.lpo chenical

modi fi cati ofPresgf appisation gig- iyt case ﬁh@a&w@grv\@.re o pHopLIne ehdynme
stabilizers ' .0l do al bum n can
al so be add%d&%?héﬁggéﬁgéﬁgﬁqﬁ%ﬁa %&%§§?Qﬁg@thgp@ﬁ?ﬁﬁgugﬁg wor ks e.g. by

phot o pol ynexhanitioarof desidvantadse tdepeniat tof timé primiapy papkayleg fdve storage life
of biochem cal 15 neasuring systens by using stable nediators. Thus the
speci fi &i t yexgessig: Renafds ¢arrasilda measuUring & fass aviielk iseme$Ysieas 688t i on are

el i m nated | ' ' e | owest possible redox potential.
However , thggpég%gge%%ﬂ%ﬁ Q?Zhéc;?gﬂt‘ﬂg“%ﬂzyne/ coenzyne conpl exes constitute a
lower Iimt for the redox potential. If one falls belowthis limt, this
reaction with the nediators is 20 slowed down or even prevented.

Al t er nat i veAyknown meakare thet sahlbe dsedisdnbieash ¢hé stdbility @$ bidohensiysit ens
wi t hout nmediators in which for exanple coenzynmes such as the coenzyne NADH
are direct | negsudag systersisibe usg afistahlo anzines & .9 sther!seefkZymes systens i s

that coenzyggs, ﬁ\%?r“o%ﬁili%?g%ngS alss p%%%fb?g \& stabilize enzymes by

10  chemical modification e.g. cross-linking or by mutagenesis. Furthermore,
enzyme stabilizers such as trehalose, polyvinylpyrrolidone and serum
albumin can also be added or the enzymes can be enclosed in polymer

networks e.g. by photopolymerization.

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

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

20 slowed down or even prevented.

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

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

25 NAD and NADP 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, pages 56-65). Essentially ADP-ribose



25 NAD and NADP are base-|abile nol ecul es the degradation paths of which

are described in the literature (N.J. Oppenheiner in The Pyridine Nucl eotide
Coenzynmes Academi c Press, New York, London 1982, J. Everese, B. Anderson,
K. You, Editors, chapter 3, pages 56-65). Essentially ADP-ribose -3- is
formed during the degradati on of NAD or NADP by cl eavage of the gl ycosyl
bonds between the ribose and the pyridige unit. The reduced fornms NADH and
NADPH are, however, acid labile: e.qg. 'egi'mari zation is a known degradation
path. In both cases the instability of NAD NADP and 5 NADH NADPH is due to
the I abili t|§sforfrnecﬂlelughg(tlnlez;xdegtaﬁmmbeﬁ\hhﬁdhothhADPltxysmea\eage ohibepyri di ne unit.

the coenzyneicesbbangs Rapksel eiivastgnd i Byguas ondor be yoafebiBrEse et
hum dity. T, i
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York, London_1982, Ever ese,
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only derlv ostic
tests is 15 ace¢$\4{‘/|7(ﬁ't']e ﬁn%ng g}f%@d%qﬂoﬁ t@HF%P’e H?P{i’r Eﬁ%)sgmggh was
first descrinkgflieous sbiton( M:ébomz@lnaés NAD 8hd NADPane a(réﬁafihyaﬂﬂyse&m) Thi s
coenzyne is also not accegted wel | enzynmes and exhibits a change in the

redox pot espielby theeambiens huaidiby: TNmnat@mllmfcavégsw imingcewaciesed pyri di ne
gr g(l;!tol In:lmdd@ﬁéb %%a%éﬁgli{}iﬁwﬁgllegjsg?r elcz?vg:‘/?rect m(;ﬁl I Lgazg?glsyﬂ ct ?:act i on.
In nost cases this effect is
10 A number of NAD/NADP derivatives are described for example in B.M.

Anderson in the Pyridine Nucleotide Coenzymes, Academic Press New York,

London 1982, J. Everese, B. Anderson, K. You, Editors, Chapter 4. However,

most of these derivatives are not accepted well by enzymes. The only

derivative which has therefore been previously used for diagnostic tests is
15 3-acetylpyridine adenine dinucleotide (acetyl NAD) which was first described

in 1956 (N.O. Kaplan, J. Biol. Chem. (1956) 221, 823). This coenzyme is

also not accepted well by enzymes and exhibits a change in the redox

potential.

The use of other NAD derivatives with a modified pyridine group is described
20 in WO 01/94370. 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

25 interfere with the catalytic reaction of the nicotinamide group. However, there
may be an indirect effect as soon as the enzyme binds strongly and
specifically to the ribose unit. In this connection Kaufmann et al. disclose a
number of thioribose-NAD derivatives in WO 98/33936 and US 5,801,006
and/or WO 01/49247. However, a correlation between the modification of the



negative. In another stabilization concept the ribose unit was nodified in
order to influence the stability of the glycosyl bond. This process does
not directly 25 interfere with the catalytic reaction of the nicotinam de
group. However, there nay be an indirect effect as soon as the enzyne binds
strongly and specifically to the ribose unit. In this connection Kaufmann
et al. disclose a nunber of thioribose;NAD derivatives in W 98/ 33936 and
US 5, 801, 006 and/ or V\D 01/ 49247. Howev%r a correlation between the

modi fication of the -4- nicotinanide ribose unit and the activity of the
derivati vemictatirmmziyleu'those urétaand ﬁlﬁsa¢thétym‘fém dedvativestin leaeymatioonst r at ed.
CarbaNAD, a derivative vmth syl bopd, was described for the first
time in 19882¢lORS @HW'O@ @Prg%ﬁlﬁ "{%‘@B aesl; 183 and Biochenistry 5
1989, 28, 7866) In this derlvatlve the ribose is substituted by a
carbacyclic sugar unit. Although carbaNAD was described as a substrate for
dehydr ogenasgpaNA, aaeéh\)/éﬂv)é Witfoute %Méésﬁ%ﬂdﬁﬁé%@@sdﬂbe@'fbf‘trf‘eaflrsb' ochem cal
detection nethods. 'A sim | ar approac described later by G M Bl ackburn,
Chem Commtime ir019886¢J. T2$WnarBlocdemlst01 $989,12% 1188 arud BiwighBmistnh a net hyl ene

bi sphosphon ead .of .t he nat ur a_I hat e. , The . met hyl ene
bi sphosbhon 8§ glﬁovxggﬁ é‘T‘mBT' g@ﬂﬁ? fiye {he; T %3@@“%& CaARACYQliSs used as
an inhibit d&e ke it nore

resi st ant %gj fﬁggpol[)@sﬂﬁ%@%#b%@@%‘%s n%lbg]c ursﬁ tréltg fHHgnce t he object of
t he pr esentdehydesdenasesgsits acmty\habansttydhlbeehl praven yri clcatal bisciemical syst ens

especially for deterrbg'pngg gl ucose which avoid the sensitivity to
hydr ol ysi s & 1d at the sane tinme are active as

A similar approach was described later by G.M. Blackburn, Chem. Comm.,
10 1996, 2765 in order to synthesize carbaNAD with a methylene
bisphosphonate linkage instead of the natural pyrophosphate. The
methylene bisphosphonate shows higher stability towards phosphatases and
was used as an inhibitor for ADP ribosy! cyclase. The aim was not to make it

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

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

coenzymes in enzyme reactions.

This object is achieved by a test element for determining an analyte
20  comprising (i) a coenzyme-dependent enzyme or a substrate for such an
enzyme and (ii) a compound of the following general formula (1) as the

coenzyme:



coenzynes in enzyne reactions. This object is achieved by a test elenent for
determ ning an anal yte 20 conprising (i) a coenzynme-dependent enzyne or a
substrate for such an enzyne and (ii) a conpound of the follow ng general
formula (1) as the coenzyne: -5- AVY Z Vo TUPX2 Ux1l(l) in which A
= adeni ne or an anal ogue thereof, 5 T = in each case independently denotes

0, S U=1in each case independently denotes OH, SH, BH3 , BCNHZ , V =in
each case i ndependently denotes OH or "& phosphate group, W= COOR, CON(R) 2,
COR, CSN(R)2 in which Rin each case independently denotes H or

Cl-C2-al kyl, 10 X1, X2 = in each case independently denote 0, CH2, CHCHS,
C(CH3)2, NH, NCH3, Y=NHA'S, 0, CH2, Z = a residue conprising a cyclic
group with 5 C atons which \optionally contains a h oatom sel ected from
0, S and N and 15 optional l/y e or nore substitugnts, jpand a resi due CR42
wherein CR42 is bound\}o e cyiclic group and to

in which
= adenine or an analogue thereof,
5 = in each case independently denotes O, S,
= in each case independently denotes OH, SH, BH3', BCNH,,
= in each case independently denotes OH or a phosphate group,
= COOR, CON(R)z, COR, CSN(RY), in which R in each case
independently denotes H or C4-C»-alkyl,
10 X4, X2 = in each case independently denote O, CH,, CHCH3, C(CHa),, NH,
NCHj,
Y= NH, S, O, CHy,
= a residue comprising a cyclic group with 5 C atoms which
optionally contains a heteroatom selected from O, S and N and
15 optionally one or more substituents, and a residue CR4, wherein
CR4; is bound to the cyclic group and to X2
where R4 = in each case independently denotes H, F, Cl, CHs,
provided that Z and the pyridine residue are not linked by a glycosidic bond,
or a salt or optionally a reduced form thereof.

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

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

Cl and C+-C; alkyl which are optionally fluorinated or chlorinated or/and OH-



where R4 = in each case independently denotes H F, O, 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 enbodi rent W= CONH2
or COCH3. Preferred substituents on Z are selected fromthe group consisting
of OH F, d and Cl1-C2 al kyl which are optionally fluorinated or
chlorinated or/and OH -6- substituted, O Cl-C2-alkyl. In a preferred

enbodi ment a first residue Vis OH and "a second residue V is a phosphate
group. Optionally the one OH group and the one phosphate group can forma
ri ng toget isabstifuted, tOr&1¢Ga-BlHl. at ons to which they are 5 bound. In a
preferred enbodinent a test elenent is provided to determ ne glucose which
conprises a glucose dehydrogenase and a compound of the general forrmula (I)

as nmention above o hekeof . . 1S cording
to the invi’g?i %%Y%Feec{g&gﬁkﬁ?@v%p%g reglgh'%%?g(;)e%rﬁj éggcéﬁ(gp%gglggéﬁgstrat es

i n enzymat iLpkiiphaté grouE Optbnafpthe ahe GI9 gre@s ah@thd opelitsphlteli agnost i cs.
This finding is'in contrast to that of nost of the previously known

NAD/ NADP d@rowpcan éerms arming together ath thet darben atems de wdiiclythayadree for only
very short peri,ods in enzymatic detection nethods. The advantages of the
conpourtds £OY8Fdi ng to the invention compared to 15 the prior art are: -
high stability, - high enzymatic activity, - sinple and econom c synthesis,
- they can be used in all previously known bi ochenm cal detection nethods.

In a preferred embodiment a test element is provided to determine glucose
which comprises a glucose dehydrogenase and a compound of the general

formula (1) as mentioned above or a salt thereof.

Surprisingly the compounds according to the invention are stable towards

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

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

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

- high stability,

- high enzymatic activity,

- simple and economic synthesis,

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

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

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

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



20 The disadvantages of the previously known biochem cal detection nethods
can be largely avoi ded by the provision of stable NAD NADP derivatives
using the present invention preferably in conbination with a stabilizing
formul ati on such as for exanple by encl osing enzynmes in polymer networKks.
Moreover, it is not necessary to use stabilizing additives. This is
particularly 25 advantageous since the_yower the nunber of reactive
substances involved, the greater is the chance of obtaining a stable
formul ation,for the analyte -7- determ nation. The present invention

provi des ¢ ddgtenn ﬁ‘g Ps conprising a nunber of stable NAD/ NADP derivatives
whi ch have an adequate enzymatic activity for use as a coenzyne on the test
el enent. 5 Stable NAD/ NADP derivatives can be produced in generally known

processes Of'héwés*é‘ﬁﬂrﬁlenﬁéﬁ préeNides Bsst B MEnS OiRpiing adMfhbér @MdthBleal cohol
is converted Into a pyridiniumderivative by Zincke chem stry. The primary

OH group iNABINABRUGerivalives editto hgve Beddeguatoentydatioastivitydor use ad AVP
derivative to form an D,derivatiye. Alternatively the prinmary OH group can
10 al so be @PP%@%W%HB%%‘?%G}]%?@&" nd then the anino group can be converted
into a pyridine by means of the Zincke reaction. Another. synthetic route is
to activate the primary al cohol to forma tosylate or i odide and

subsequent | gtalkNAT/RARIP defialvesemh wpmauaeatuﬁ gehetdlg Krwin el enent

according to the invention 15 conprise for exanpl’e conpounds having the
f ol | owi ng genoeesses ofr syntkesis. Hor th;s thie\argino group of a cyclic amino alcohol is
converted into a pyridinium derivative by Zincke chemistry. The primary OH
group is subsequently phosphorylated and coupled to an activated AMP
derivative to form an NAD derivative. Alternatively the primary OH group can
10  also be firstly phosphorylated and then the amino group can be converted

into a pyridine by means of the Zincke reaction.

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

iodide and subsequently alkylate ADP.

Preferred embodiments of the test element according to the invention

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

A
Y / l
V N+
7
v \// \ o
\\
()

in which

A= adenine or an analogue thereof,

20 T= in each case independently denotes O, S,



Vo'"// 2 umx, \T (I") in which A= adenine or an anal ogue thereof, 20 T
= in each case independently denotes 0, S, -8- U = in each case

i ndependently denotes OH, SH, BH3 , BCNHZ , V = in each case independently
denotes OH or a phosphate group, W= COOR, CON(R)2, COR, CSN(R)2 in which R
I n each case independently denotes Hor C -C2-alkyl, 5 X1, X2 = in each
case i ndependently denote 0, CH2, CHCH3, C(CH3)2, NH, NCH3, Y =NH S O
CH2, Z = a saturated or unsaturated ca’rgdcycl ic or heterocyclic five-
menbered ring, in particular a conpound of the general fornmula 10 (I1)

C(R4)2 -~ Y TR5~~ | inr@ch-cqgg'indep¢r)q6n’clywlﬁrtﬂﬁe% .Yl eBUs . B&N2, bond can be
B eser oLV R e e iR BPERRBMER o M
RS' =0, SWNE, NC cOOR| BONRIEODRIDIN(RIERWRich i eac{fdge  CHOH,  CHOCHS,

independently denotes H or C4-Cz-alkyl,

5 Xi, X2 = in each case independently denote O, CH,, CHCHg3, C(CH3)2, NH,
NCH3,
= NH, S, O, CH;,
Z= a saturated or unsaturated carbocyclic or heterocyclic five-
membered ring, in particular a compound of the general formula
10 (1))

Rg
C(Rys)
4 Z\Rs/ \Re'

Rsl— X ] Rsll

(1)

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

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

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

RS = O, S, NH, NC;-C,-alkyl, CR4;, CHOH, CHOCH;,

R5" = CR4,, CHOH, CHOCHj,

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

or a salt or optionally a reduced form thereof.

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

of the invention:



if a double bond is present between R5' and R5", then R5' = R5" = CR4, 20
R6, R6' = in each case independently denote CH CCH3 or a salt or optionally
a reduced formthereof. Conpounds of the follow ng general formula (1") are
anot her subject matter of the invention: -9- AY VZVo- // W UX T
(I,,) in which A= adenine or an anal ogue thereof, 5 T = in each case

i ndependently denotes 0, S, U=in eac(k)t%case i ndependently denotes OH, SH,
BH3 , BCNH2 , 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

i ndependent|y denotes Hor C -C2-alkyl, 10 X1, X2 = in each case

i ndependently denote O, 2, CHCH3, C(CH3)2, NH, NCH3, Y=NH, S O CH2, Z
= a saturated or unsaturat\ed carbocyclic or heter lic five- nenbered
ring, in particular conpo Yof the general for 5 (Il) Rs Rg

v \// \/‘2

\\

(")
in which
= adenine or an analogue thereof,
5 = in each case independently denotes O, S,
= in each case independently denotes OH, SH, BH;, BCNH_,
= in each case independently denotes OH or a phosphate group,
= COOR, CON(R)z, COR, CSN(RY)z in which R in each case
independently denotes H or C4-Cz-alkyl,
10 X1, X2 = in each case independently denote O, CH,, CHCH3, C(CHzs),, NH,

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

membered ring, in particular compounds of the general formula

15 0
C(R4)2\R6/
"l
(1)

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

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



C(R4)2° s 1---RR5 5 (IlI) in which a single or double bond can be present
between R5' and R5", 20 R4 = in each case independently denotes H F, d,
CH3, -10- R5 = CR42, if a single bond is present between R5' and R5", then
R5' = 0, S, NH, NC1-Cz-al kyl, CR42, CHOH, CHOCH3, R5" = CR42, CHO—I, CHOCHS,
5 if a double bond is present between R5' and R5", then R5' = R5" = CR4,
R6, R6' = in each case independently degqate CH, CCI—|3 provi ded t hat |f R5
CH2, T =0, U=in each case denotes OH, V=04 W= CONH2, X =0 and Y
then R5' angd R5" a(rngfot si mul taneously CHOH, or a salt or optlonally a
reduced form There 210 In a preferred enbodi nent the conpounds accordi ng
to the inv AR SBIRFRE Y s C8-substituted and

N6- subst i tmgmgﬁﬁ{?ﬁg?@p@@gggbggv“ antg sucﬁgaghgﬁdeaza aza variants such
as 8-aza oREemhi n@,i$¥H, BGzCasalkyl AFHLaCHONE; BHOOH;,car bocycl i ¢ anal ogues
such as formycin V\/nere the 7- eaza variants can be substituted in the 7
position wilth' Fal o MR nyl, Cl-C6-al kenyl or Cl-C6-alkyl. In a

furt her pr I q nesdne ~@pal ogues

whi ch cont %H@@gleedﬁiﬂﬁsgﬁg&%@ oxygnw gggel%;&] _ﬁ‘}’ﬁo?ﬁ%eoxﬁr i bose,

hexitol, alRg iR®|= o eB@IHY:‘éyé||nd"ep@habﬁ€ly|§én§!écd)H§€dH§yC| ic, LNA and
provided that if R5 = CH,, T = O, U = in each case denotes OH, V =0OH, W =
CONHz, X =0 and Y = O then R5' and R5" are not simultaneously CHOH,

or a salt or optionally a reduced form thereof.

10 In a preferred embodiment the compounds according to the invention contain
adenine analogues such as Cg-substituted and Ng-substituted adenine,
deaza variants such as 7-deaza, aza variants such as 8-aza or combinations
such as 7-deaza or 8-aza or carbocyclic analogues such as formycin where
the 7-deaza variants can be substituted in the 7 position with halogen, C4-Ce-

15 alkinyl, C4+-Ces-alkenyl or C4-Cg-alkyl.

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

tricyclic sugars instead of ribose.

20 In particular (di)phosphate oxygens can also be isoelectronically substituted
such as for example O™ by S™ and/or by BH3, O by NH, NCH3 and/or by CH»
and =0 by =S.

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

25 least one residue U = BH5".

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



tricyclic sugars instead of ribose. 20 In particular (di)phosphate oxygens
can al so be isoelectronically substituted such as for exanple 0- by S
and/or by BH3 , 0 by NH, NCH3 and/or by CH2 and =0 by =S. In a preferred
enbodi mrent at | east one residue U of the conpound according to the
invention is different fromOH and particularly preferably at 25 | east one
residue U = BH3. Especially preferred 9] odi nents are the derivatives borano
carbaNAD, c-pentyl NAD, pyrrolyl NAD; 'ffuranyl NAD, carbaNADcycl ophosphate,
-11- carbaNADP, pyrrolidinyl NAD as well as test elenents which contain
them HO @athalWADPPpyitblidingl NAB@well @stigst dleddnt\whidhantakithebur ano
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20

pyrrolidinyl NAD

Biochemical detections of 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

N N



1 11 NI-0 to*e O pyrrolidinyl NAD 5 Bi ochem cal detections of anal ytes,
for exanple paraneters in body fluids such as blood, serum plasna or urine
or in sanples of waste water or foods are of major inportance in

di agnostics. In these tests the analyte to be determned is brought into
contact with a suitable enzyne and a coenzyne. Hence, another subject
matter of the present invention is an gazyme 10 coenzyne conpl ex consisting
of a compound according to the inventf conbination with a suitable
enzyne. Any biol ogical or chem cal substances that can be detected by a
redox readtomglwnseehydregenased EaC. fahdl4if)ekactatg. dedydsdgenase whi ch are

bst r at f nt t d t 15
enzynes. ¢ nABRGbg 2ol A4t el ey SO0y e Tad 41 uEBGEI0l | act o
d, I I bi
o "oy b basPREEt 1, P Blognb i Bodlacd 8 3ot hongecor el ©
pyruvat e, ?nydrasogxﬂuqatateid@wdrog@raése)@okbntmaehydlé)genbaembmdeiay;w ogenase

(LDH), carbon oxide etc. 20 For the detection of enzyne substrates the
test el®nerfe d@meﬁgdw@mn@a%d@mWfaﬁemm(E§%eh ﬁim Further det ecti ng

examl o denyiPBITREAREL B it s S aEEose SR Fap TR is”

(EEC1.1.1 cﬁlblestémbﬁlﬁﬁsdgﬂ)@ﬂogslﬁé}%@ an(ﬁol@aﬁsféra’lse%kuch ds és;?éﬁate@' ate
dehydrogenase (E.C. 1.1.1 cerol dehydrogenase. (E.C. 1.1.1.6), alcohol

dehydr ogensalanipg. ammo&ansfg}aseaqjmacleotldase or creatine kinase.

For the detection of enzymes the test element preferably contains an
10  enzyme substrate suitable for detecting the enzyme, in addition to the

coenzyme.

Another subject matter of the present invention is the use of a compound

according to the invention or of an enzyme-coenzyme complex according to

the invention to detect an analyte in a sample by an enzymatic reaction. In
15 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
20  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
25  (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.



hydr oxybut yr at e dehydr ogenase, sorbitol dehydrogenase or amno acid 5
dehydrogenase e.g. L-am no acid dehydrogenase (E.C.1.4.1.5). Further

sui tabl e enzynes are oxi dases such as glucose oxidase (E.C.1.1.3.4) or

chol esterol oxidase (E.C 1.1.3.6) or am notransferases such as aspartate or
al ani ne am notransferase, 5'-nucleotidase or creatine kinase. For the
detection of enzynes the test elenent pgreferably contains an 10 enzyne
substrate suitable for detecting the énzyne, in addition to the coenzyne.
Anot her subject matter of the present invention is the use of a conpound
accordi ng tAlighid testvean bensed todetact @anzanalyte de whjchetheorgaigert sdfoor di ng to
the invention tc1 det ect .an%%ai]aa;t&ii nu@ sanpl e b'){ .an.enzymati c reaction. In
15 this corfi@RIRIBRreFRNIR e [ArBHOLR SGIUYEBLL SUPPRNSIAR N PAR ARUEGHE Xse

dehydr ogen . étgg—n ki ri | a ' coenzynmne
i.e. in thﬁo&n&)un a%d(‘l%ro g?r:%bf%g ﬁ(lggi n %ﬁ?gﬁqygéﬁﬁsﬁt& Pgﬁ Q/\nd%‘tl%\}é?he

anal yt e (i falsdvpossibleytiveusesa any testyimavhicibsasethe) reageny issapplieddbya e- cat al ysed
reaction (if the atnagétéie JEEF‘ an enz met) can iﬂagri@g‘gi {)I e be 20.detected in
any des? r eFABemEleSEAEPc AP FaHyqT Rpg%ampte beadest HYPSOMMRRINS @Peact i ons
that are kngyn | | d—gyvm/ in the
coenzyne is pré %@%Hﬁdﬁé’%’gbé% aﬁ@ép]ttﬁ%ta#wn%% ods. &%%r{lf)!:é;ffqlgg?%gt@i on

met hods f orexaxsinple i ncl ude the neasurenent of absorption, fluorescence,
circular dichroism(CD), optical rotary dispersion 25 (ORD), refractonetry

etc. The change in the coenzynme is particularly preferably detected by
Fl uorescence neasurenegnt i s hi sensitive

measuring the fl uorescence. I
and enabl eg&. QﬁL"@Eﬂ%@tWQ'ﬁﬁéRFb?PW¢'BRP“%%éﬁmpé\% @HQCWPOW‘F%Q;&{% yte in
m ni at uri zeghS43eARo beldsed as a detection reagent (cf. DE 102 218 45 A1),

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

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

Another subject matter of the present invention concerns a reagent kit and its

15 use to detect 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,

20  alcohol, cholesterol, triglycerides, ascorbic acid, cysteine, giutathione,
peptides, urea, ammonium, salicylate, pyruvate, 5'-nucleotidase, CK, 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.

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

in a dry or liquid test.



A liquid test can be used to detect an analyte in which the reagent is for
exanpl e present in the formof a solution or suspension in an aqueous or
non-aqueous liquid or it is present as a powder or |yophilisate. It is,
however, also possible to use a dry test, in which case the reagent is
applied to a 5 carrier, a test strip. The carrier can for exanple be a test
strip conprising an absorbent or/and-$@ellable material that is wetted by
the sanple liquid to be examned. A gel matrix in which an enzyme-coenzyne

conpl ex i s, , . . . i r eagent
(et be 1oAnBr3EbRct adeh of tHR S i ol iR et orhB U 2 e
into the mitibiométrgar phiotometrit détecttmmpbandnalytersuciya testtstdp conits on or,
after the polynerization, the matrix can be contacted with a sol ution of

t he coenzy@Campeund as stadad aboye asrreceendyme and fovyiableaaymeHF@idi ng

enzyme- coe e . I pnvention
concerns a%ﬁég@&cﬁ%tr?éﬁﬂﬁpp @9%@ oﬁg%i ?gé%'g?é%ﬁ/%ﬁ% %ggaéiﬁg%tr”g!igent Kit
can comt ai SuitablTRatEHAIREE0 feH exaniple BdseleatedTidra tellalos] prabties ettizyme and a
suitabl e reaction buffer. Suitable enzynmes have al ready been described. The

reagent kit according to the invention can be used in a wde variety of
ways and can be used to determ ned anal ytes such as glucose, lactic acid,
mal i ¢ aci d Angitheraublect roatigrafiibe presentdrvention camprigesca metbed fefscor bi ¢ aci d,
cysteine, gl utathion ept | pmoni um  sal icyl ate, pyruvate,

5' -nucl eot ?Jﬁﬁes@haa% g'?_%ﬂ% %ﬂ{agﬁépggﬁgg}eggr de etc. A reagent kit is preferred
whi ch cont gays c@nta@ﬂﬁ@@@ﬁin%l@qmﬂﬂbrtésttéleﬁiéﬁt bh¥Ritfer® Rititdodling &5 the .
dehydrogenase (E C 1.1.1.47) to detect glucose in blood. 25 The reagent Kit
according to t iwentior sompiisiihateeenzynetanddet ect an analyte in a dry or

i qui d1ot eSt(b) detecting the analyte e.g. on the basis of the change in the coenzyme.

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

of the sample.

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

to the invention.

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

20 examples.



-16- Anot her subject matter of the present invention concerns a test strip
for the fluoronetric or photonetric detection of an analyte. Such a test
strip contains a conmpound as stated above as a coenzyne and a suitable
enzynme or an enzyne substrate inmobilized on an absorbent or/and swell able
material. 5 Suitable materials can for exanple be selected from cell ul ose,
pl astics etc. Another subject matter of the present invention conprises a
met hod for detecting an anal yte conprildimg the steps: (a) contacting a
sanple with a test elenent or reagent kit according to the invention
conprising a coenzyne and 10 (b) detecting the analyte e.g. on the basis of
t he change Figutd® coenzyne. Another advantage of the invention is that the
fl uorescence em ssion of the coenzynmes exhibits a bathochrom c shift and
hence there is lowinterference wth the fluorescence em ssion of other
materials of the test elenent or/and of the sanple. 15 Al preferred
enbodi ment Figrelsubj ect matter of the present invention that are shown are

al so inten | 8C: of i nvention such as
e.g. pref eftﬁgakiﬂ%mﬁeh‘%%g%?g{?Yi‘ﬂ%ﬁ%‘hgﬁg’@%%ﬁﬁgﬁto t he invention. The
invention is to be elucidated in nore detail by the followng figures and
20 exanples. -17- Figures Figure 1 Diagram of the process for synthesizing

car baNAD (@iglye 2 Figure 2
5  Graph of the results of stressing NAD at 8°C and 37°C.

Figure 3
Graph of the results of stressing carbaNAD at 8°C and 37°C.

Figure 4

Diagram of the process for synthesizing borano NAD by alkylating ADP,
10 wherein in the case of Y = BHj3, 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

15 structural formulae.

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

Figure 7 _
20 Fluorescence spectra of NADH and pNADH as a GlucDH complex (emission
spectra).



5 Gaph of the results of stressing NAD at 8C and 37C. Figure 3 G aph of
the results of stressing carbaNAD at 8C and 37C. Figure 4 D agram of the
process for synthesizing borano NAD by al kylating ADP, 10 wherein in the
case of Y = BH3, only the beta phosphate of ADP was al kylated. Figure 5
D agram of the process for synthesizing pyrrolidinyl NAD (pNAD). Conpound
nunbers and yi el ds of the respective ;\Egction steps are stated next to the
15 structural formulae. Figure 6N6B orption spectra of NAD and pNAD
(figure 6A) and NADH and/or pNADH (figure 6B). Figure 7 20 Fl uorescence
spectra of NADH and pNADH as a G ucDH conpl ex (em ssion spectra). -18-
Figure 8 Flmgumaence spectra of NADH and pNADH as a G ucDH conpl ex
(excitation spectra) ure 5 Conparison of the stability of NAD and
PNAD.  Fi gLﬁl@orggﬁemqm @%NAD;H%%D&{MH@& dEIwePHLOMRIRKD (fi gure 10A)

and of NADIzIe @fjlatlgn Sp(él\lﬁgyl (figures 10B and 10C).

Figure 9
5  Comparison of the stability of NAD and pNAD.

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

Figure 11
10  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
15  5) as examples. Additional derivatives can be prepared using appropriate
processes of synthesis. The corresponding amino alcohols used as starting
reagents are known in the literature:
2-amino-1,4-anhydro-2,3-dideoxy-L-threo-pentitol: Huryn, Donna M;
Sluboski, Barbara C.; Tam, Steve Y.; Todaro, Louis J.; Weigele, Manfred
20  Tetrahedron Letters (1989), 30(46), 6259-62.
3-amino-, (1R,3S)-cyclopentanemethanol, Beres, J.; Sagi, G.; Tomoskozi, |.;
Gruber, L.; Gulacsi, E.; Otvos, L.; Tetrahedron Letters (1988), 29(22), 2681-
4.



Figure 11 10 Fluorescence spectra of NADH and cNADH as a d ucDH conpl ex.
Exanpl es Experinental preparation of stable NADI NADH derivatives The
preparation of stable NAD/ NADH derivatives is shown on the basis of

car baNAD (conpound 9, figure 1) and pyrrolidine NAD (conpound 18, figure 15
5) as exanples. Additional derivatives can be prepared using appropriate
processes of synthesis. The corresponding am no al cohols used as starting
reagents are known in the literature:-19-

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

Sl uboski , Bgrbprap Qrah&'ﬁafcﬁfm;\m Todaro, Louis J.; Wigele, Manfred 20
Tet rahedr on Letters (1989), 30(46), 6259-62. 3-am no-,

(1R 3S)-cycl opent anenet hanol, Beres, J.; Sagi, G; Tonoskozi, I|.; Guber,
L.; &ulacsi, E.; Gvos, L.; Tetrahedron Letters (1988), 29 22) 2681- 4.
-19- A) Prépar 4R- ehresd-ciss6:dilydroxy-2-azabicyclo[2.2.1]Jheptan-3-one (1)
R-(-)-exo-cis-5,6-di hydroxy 2-azabi cycl o[ 2. 2. 1] hept an-3-one (j) A sol ution
of 16.4 g (147 rrm)l) 1R-(-)-2-azabicyclo[2.2. 1] hept-5-en-3-one in 400 m

e o i naAEdor 81 ﬁﬁ%@ﬁ‘*ﬁﬁvﬁ& TRy dzdloy Tt 2 Mk Barsdonedn 11 ask.
15 m (1. 2 4009h) adtofte s Saded 8 HisoRMichl oo 518 (T AATGIFR- e/ t - but anol i s

added within 15 m noﬁ%ﬁ e cooling on ice. ﬁf?% xture guently
stirred oveonphgline-al-oxidenn Bérrpledaomsed Water soa \Zelrrt)und-bodmmmlﬂ

distillatiq a rotary.e IS stirred w.t 0,1 m and again
distilled anmPﬂ %"PFBPQW a£§ rSQﬁBPO” ol sdymdeHaoxide;ig ?‘%ﬂ i’é‘éﬁﬂfg
added within 15 min while cooling on ice. The mixture is subsequently stirred

overnight at room temperature.

The solvent is removed by distillation in a rotary evaporator. It is stirred with

10 100 ml and again distilled off in a rotary evaporator. Afterwards it is dissolved
in 600 m! deionised water and 35 g activated carbon is added. The mixture is
stirred vigorously for 1 h and then filtered over a Seitz K 250 deep-bed filter.
Water is removed from the filtrate by distillation in a rotary evaporator. The
product is used without further purification.

15  TLC (Merck silica gel 60 F-254): 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 20 g potassium chloride in 400 ml deionised water. Solution 3: Dissolve 0.3 g
ninhydrin in 10 mi 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.



in 600 mM deionised water and 35 g activated carbon is added. The m xture is
stirred vigorously for 1 h and then filtered over a Seitz K 250 deep- bed
filter. Water is renoved fromthe filtrate by distillation in a rotary
evaporator. The product is used without further purification. 15 TLC (Merck
silica gel 60 F-254): ethyl acetate |I nethanol | glacial acetic acid 7:2:1
Rf 0.75 (starting material), 0.53 (1). . Staining with TDM/ devel opnent in a
chl ori ne chanber. * TDM reagent: Sol utBn 1: 10 g

N, NN, N -tetranet hyl -4, 4' -di am no-di phenyl nethane in 40 m gl acial acetic
acid and 200 m deionised water. Solution 2: 20 20 g potassiumchloride in
400 m dei dhi sdR-(xpex0-ciSe8,GidinretBylnibthyténexlioxg-23azabichgd{2.2.1}n 10 n
glacial acetic acid and add 90 m deionised water. Finished reagent: A

ni xture of sol epPtIN-B-@RR (2 and addition of 6 M of solution 3. -20- Il 1
R-(-)-exo-cis-5, 6-di net hyl met hyl enedi oxy- 2-azabicyclo[2.2.1 ] heptan-3-one
(2) The crude product 1 is boiled under reflux for 1 hin 200 mM absolute

ethanol . Al %ruéﬁ‘ﬂr&@ucﬁolois. gil%%ilﬁ'@e??éﬁuﬂo?ﬁtmgﬁ?% Qﬂ?@%&ﬁﬁ?gﬁ%dﬁ@ (2.2

mol ) 5 pyri di ne hydrochl oride, m Xxture is X for a

further 15 Afign.addiig 400 adqdB8126 rhol)dimetioxypisdnecshidi 250y (R2mmeaibonat e
solution, the solution i s evaporated to_dryness under a vacuumin a rotary
evapor & or pyriding hydreghleride.dhmmixtige s beted paderareflyyifona éuthen theminl uti on

and 75 m r at ed i car ol utjan, ar ded to the
resi due anﬁ%%@gq%@ﬁﬂﬁ#@%@%gﬁgﬁpg’ @"@ggéﬁ §?ﬁ9@%§38@9& qeer extraction
by shaki ng sblutiop is @vhpvRfed € BhaREs AvdeR ad/aicuday ine rotahcévdptra®rsepar at i on
t akes place. The organic phase is separated and the aqueous phase is
extract ed 560 mal Chloroform, 150 ml saturated sodium chloride solution and 75 ml
saturated sodium hydrogen carbonate solution are added to the residue and
10 it is transferred into a separating funnel. After extraction by shaking it is

allowed to stand overnight during which phase separation takes place.

The organic phase is separated and the aqueous phase is extracted for a
further two times with 200 ml chloroform in each case. The combined organic
phases are dried over magnesium sulfate. After removing the desiccant by

15 filtration, the solvent is removed by distillation under reduced pressure on a
rotary evaporator. The crude product (24.9 g = 92 %) is used without further

purification.

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

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

41.5 g (190 mmol) di-tert-butyl 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
25  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



further two tinmes with 200 ml chloroformin each case. The conbi ned organic
phases are dried over nmagnesium sul fate. After renoving the desiccant by 15
filtration, the solvent is renoved by distillation under reduced pressure on
a rotary evaporator. The crude product (24.9 g = 92 % is used w thout
further purification. TLC (Merck silica gel 60 F-254): ethyl acetate /

nmet hanol / gl acial acetic acid 7:2:1_§q_0.84. Staining wwth TDM /

devel opnent in a chlorine chanber). 20 I'Il. 1

B a5 chBoRyar s WashBAabt T8 g ebicraforty, The ey Krsmoves fom - put y!

di car bonat ?né‘ﬂﬁra@e By g?istglgtign gﬁ?éa ré&uc@mﬁ%re%ﬁ 8960 diasoratdt, gded under

argon to a solution 135.7 crude product 2 in 450 m

absol ut e clehudeoprduct iBhdried far ®0emirsatotd hrdxar 281dAGFE. Itisfusexd withidwid stirring
until the gas evol utign ceases. The mxture is filtered over a columm that
is filled WReraUEicalion.ca gel 60 and equilibrated with -21 chloroform It
is washed with 100 ml chloroform The solvent is renoved from the filtrate
by distillation under reduced pressure on a rotary evaporator. The crude

product; i s g M ] : . i | further
purifi c?at i (-)[ﬂ'.d @\WPTFI? S('%&r@%s(ﬂ: i2§g)'gr%ﬁ§|6%é%t§g%e:xlab'teh3§iFl@(%%\f{%@ﬂ“ﬁ%xane 3:2
Rf 0.85. SwithiTDi / devetopiddht indegkloripeehaniberp chl ori ne chanber). V.
(-)-(1R 2R 3S,4R)-4- (N-tert-butyl oxycar bonyl)am no- 2, 3-di net hyl -

met hyl enedi oxy- 1- (hydr oxynet hyl ) cycl opent ane (4) The crude product 3 is

di ssol ved at room tezr,g'eratu 10 tetrahydrofuran while stirring

and 80 m Wi oI 4B ARAS 4RIt Notert-buPleRyCRanYDAmH0S Sdnethyle um
borohydride is n?&ﬂ?iiel?édio%-ﬁﬁ\%rBng%EWlS@%Iopentane (4)

The crude product 3 is dissolved at room temperature in 400 mi

10  tetrahydrofuran while stirring and 80 ml deionised water is added. After
cooling to 4°C 5.3 g sodium borohydride is added all at once and stirred
overnight during which the mixture is allowed to slowly heat up to room
temperature. 100 ml ethanol is added and it is stirred for 6 h at room
temperature. The solvents are removed by distillation under reduced

15  pressure on a rotary evaporator. 300 ml saturated sodium chloride solution
and 650 ml 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

20  solvent is removed by distillation under reduced pressure on a rotary
evaporator. The crude product (42.2 g) is purified by means of column
chromatography and silica gel 60 (column h = 93 cm, d = 10 cm) eluant THF
/ hexane 1:3, then THF / hexane 2:3), flow rate 3 I/h. 40 ml fractions are
collected. The fractions are monitored by TLC (Merck silica gel 60 F-254:

25  ethyl acetate / hexane 3:2 R; 0.45. Staining with TDM / development in a
chlorine chamber). The solvent is removed from the combined product

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



overni ght during which the mxture is allowed to slowy heat up to room
tenperature. 100 m ethanol is added and it is stirred for 6 h at room
tenperature. The solvents are renoved by distillation under reduced 15
pressure on a rotary evaporator. 300 m saturated sodium chloride solution
and 650 m ethyl acetate are added and it is transferred to a separating
funnel. The organi c phase is separatedo2and the aqueous phase is again
washed with 350 m ethyl acetate. The conbi ned organi c phases are dried
over magnesi um sul fate. After renoving the desiccant by filtration, the 20

solvent is,je IShbl L,at i tar

evapor at or ‘HE%E@ 5‘3%‘*&%%3&#%@%&3‘ 8[@%%#&%@%@ iﬁéﬁ%@%?"é@r u m%

chr omat ogr aphy aﬁ'é|(5 a gel 60 (columm h =93 cm d = 10 cn) eluant THE /
hexane 1:3, th nTHEI‘Eexane 2:3), flowrate 3 1/h. 40 m fractions are
coll ected. The fractions are nonitored by TLC (Merck silica gel 60 F-254: 25

ethyl acetate / hexane 3:2 Rf 0.45. Staining with TDM/ devel opnent in a
chl orine clémt&ejonigédwatenand then §@mbiriftuoroaceticrarcid andiadddd pe dd 0%

(526t g gl € e AR Sy Y SRl e
e S BB PR o0l pepdcgone o

t enper at ur eardlit isrgvaponatiedrurederiaseacyuash enyeetdtany es@poraton 200 mé. 200 ni
dei oni sed v?t,er_ Is added and it i s evaporated under vacuumon a rotary

evapor at or .deejsed walgy; isosiyadded anfdt i§ fgain QYRRATataUNGer; 3 Vaghim .
ey oo el SOl Tne oD Rl O BIgRREHE. LS
filtrate i swvatepin aduttcasanidobath dnéBfiltered. The filtrate is applied to a Dowex 1X8
10  (100-200 mesh, OH form) ion exchanger column (15 x 4.9 cm) and eluted
with water during which the product elutes after about 150 ml in a volume of
300 mil (pH 10.4). The fractions are monitored by TLC (Merck silica gel 60 F-
254: butanol / glacial acetic acid / water 5:2:3 R¢ 0.42, staining with TDM /
development in a chlorine chamber). The solvent is removed from the
15 combined product fractions by distillation in a vacuum on a rotary evaporator,

yield: 5.2 g colourless oil.
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

20  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 m! water are added, it is
transferred to a separating funnel and washed three times with 500 mi
chloroform each time. 300 ml and 50 g active carbon are added to the

25  separated aqueous phase which is stirred for 1 h at room temperature and
then filtered over a Seitz K 700 deep-bed 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 m| water and 70 g



10 (100-200 nesh, OH fornm) ion exchanger colum (15 x 4.9 cn) and el uted
with water during which the product elutes after about 150 m in a vol une of
300 M (pH 10.4). The fractions are nonitored by TLC (Merck silica gel 60 F-
254: butanol / glacial acetic acid / water 5:2:3 Rf 0.42, staining with TDM
[/ devel opnment in a chlorine chanber). The solvent is renoved fromthe 15
conbi ned product fractions by distillatjon in a vacuumon a rotary
evaporator, vyield: 5.2 g colourless 6i43- VI . Zincke salt of the

ni coti nam de (6) 58.6 g Dinitrochl orobenzene is nelted under nitrogen and

t hen 29. 32 gpdimndetrafiaoiotherate imddded abradre temiperatute whilbstitreg). filtve 2. 5 hat

110C. 500 mM of .a, 20 3:2 (y/v), ethangl / ter yu xture | s added through a
reflux cool ECRitats is reenys&ll f&%@eﬁﬁﬁ%}i\ﬁ@}ﬁf-iﬂ%c'yéﬁyﬁ%%'ﬁ s forned.

After stir rﬂeﬁ%\fé\ﬂed);‘i’ilgﬁggg,tw%?ﬁ’é@s Mtﬁ@&h?g‘répg)&uﬂ%?a%tog\% ARG Rith /| wat er

and 100 m water ar’e trans 0 a separating funnel and

washed t hr ediethyhrethenanil dridd for 24dhinca bighr vaceanh at 40%C (el 21.1ana3 90).g acti ve
carbon are added to the 25 separated aqueous _phase which is stiyred for 1 h

at roon? t enpl2e HagienwAe moRiared by IkedMsrek sicagel 80k-266: ldapobld filter.
The fi Itrat@abig| ggﬁsﬁaﬁg%%ﬁa}%@ to about 100 M on a rotary

evapor at or uring t'enperature nust not exceed 20C It is
diluted with 300 M water and 70 g -23- sodiumtetrafl uoroborate is added at
roomtenperature while stirring. The precipitate is recrystallized from

net hanol / v er(-)-(AtR 2R, 38 4R) - (Rt erioxamidopyeidlian -§1) 12,3 dihpdroxyashed with a
smal | anount of acetone and then with diethyl ether and dried for 24 hin a
hi gh vacuum at (hydroxymethyl)cyclopeuntane (65 =carbarnicotinamidee nonitored by TLC

(()I\/gg)ck silica %%Ln%?\uii@és‘%aeb:“ég‘éb%lnm glacial acetic acid /water 5:2:3 Rf =

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

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

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

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

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

evaporator. Yield 7 g.



VIl. (-)-(1 R 2R 3S, 4R) - 4-(3-carboxam dopyri din-1-yl)-2, 3-di hydroxy-1 -

(hydr oxynet hyl ) cycl opentane (6) = carba nicotinam de nononucl eoside =
carbaNWN 10 A solution of 4.5 g (31 nmol) cyclopentylamine 5 in 110 m

absol ute nethanol is added dropwi se within 90 mnutes to a solution of 15.3
g (40.7 mml) of the Zincke salt 6 in 110 m absol ute nethanol while
stirring at roomtenperature. 1 m dipgapropylethylamne is added and it is
then stirred for two days at roomtenperature 500 M water is added,

et nyl ene. Mol FATRZRAS RS hariBmaRe BRI 2 Eitidroatets ot oo

agueous phase gho@.gh}aﬁéﬁilg%étﬁpl)cyeﬁﬁier&aﬁé 61caPbd NMNaRBnBpRBIPRGES - The

residue is taken u wat er and purified by col unm chromat ography
on Sephadex C25 (Na+ form): colum 70 x 7.5 cmelution of buffer A
(deionised water) to buffer B 0.35 M 20 NaCl in water, flowrate 200 m/h.
15 m fracrAmmtum@‘m)ml@dnoenhamkyqlnhmrldeoarexHSBynmUme(terﬂOsphataﬂa gel 60

F- 254: but a ial acetic ac ter The solvent is
r enoved fr@ﬁﬁ?ﬂ@tg)oﬁ‘gpr?ewm ?9&?7?@"&?) ?%W%&'ﬂ%‘@mh a vacuum on
a rotargy e‘éﬁﬂ?&l%tu%rtnm l%?. %PHQ@’I’{HQ gﬂﬂeﬂ%l‘g%eat'(?’cbﬁh(‘j PHr EtW'th 500
m hot et hano ho I'tered an to stand for 12 room

t enper at ur eoorttermpreeatupe.t300emil svatemis\esdedywliild ¢oalingoon medarichthes ol vent i's

renmoved fromthe filtrate ly st| I | ation under a v?cuum on ?tary
evapor at or mbAUEe is quJoora 0\ r @1vacuum on a rotary evaporator. It is

Eh(z)sR pﬁgt gsl)t?riéetrﬁ&? ﬁyc?)é@erur’l gﬁgﬁ”ﬁ g?&l aad?%ﬂg&%ﬁm%wé Eé%l%:ggne A m xture of
20 M phospghmsmatogréphy onlSephddel C25 (NE@H#TMrmprfmﬂpﬂmat&S k9 cm,
10  elution of buffer A (deionised water) to buffer B) 0.60 M ammonium acetate,
flow rate 200 ml/h. 15 ml fractions are collected and monitored by TLC
(Merck silica gel 60 F-254 plates: isobutyric acid / ammonia / water 66:1:33,
Rf 0.25). The solvent is removed from the combined product fractions by
distillation in a vacuum on a rotary evaporator. The residue is dissolved in
15 100 ml water and lyophilized. This procedure is repeated three times. Yield
40q.

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

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

stirred for 2 days at room temperature.

The pH is adjusted to 6.5 using an aqueous 10 % KHCO3; solution while
cooling on dry ice / acetone. It is diluted with 500 ml water and carefully

25  concentrated to dryness in a vacuum on a rotary evaporator. The residue is
dissolved in 150 ml deionised water and purified by column chromatography
on Sephadex QAE 25 (NEt3H+ form): column 65 x 4.5 cm, elution of buffer A

(deionised water) to buffer B) 1 M triethylammonium carbonate, flow rate 200



added at OC to a suspension of 7 g (27.7 mmol) carbaNMN in 80 ml 5 anhydrous
trimethyl phosphate. It is stirred for 2 h at OC and then for 2 h at room
tenperature. 300 mMl 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 nmeans of columm chromatography_
on Sephadex C25 (NEt3H+ form: col um ggng 9 cm 10 elution of buffer A
(deionised water) to buffer B) 0.60 M nium acetate, flowrate 200 m/h.
15 mM fractions are collected and nonitored by TLC (Merck silica gel 60

F- 254 pl at edd/h: |1§otmlhfr9cim$anedcdlleatﬁdnam@momtar@;d bgdLC @derckriilica @&l)60 The
solvent is fromthe co ned rodut c distillation in a
vacuom on” E-25 bt St Ao R B Rl Hiter BRI KA, 15100 o1 et br
and |lyophilized. This procedure is repeated three tines. Yield 4.0 g. IX
carbaNAD (9) A solution of 1.25 g (30 nmmmol) AMP norpholidate in 40 nl

absol ute Difpg s%lvé&ﬂ%?erﬁb?@d‘bi%ré(ﬂllbhbﬁ frbr R céABMEdRBTBAIAL KaQic iy m Xt ur e

of a solution of 20 car baNWN nonophosphate in 40
absol ut e Dmlﬁstdiatioﬁm mvacesmmma)rotarﬁ e@/apenantma’he realdabsshmsel\@denom trile.
The m xt ur

Lo 6.5 usi NGO Ralssane ePnifaedrihi prerbcbie fvepsatebren gt digd ce 7

acetone. Ity 4§ diluted with 500 M water and carefully 25 concentrated to
dryness in a Vacuumon a rotary evaporator. The residue is dissolved in 150
m dei oni sed water and purified by colum chromatography on Sephadex QAE 25
(NEt 3H+ form: colum 65 x 4.5 cm elution of buffer A (deionised water) to
buf f er B) Exdminationyobtheostabilitysoficarba®AD | ow rate 200 - 25-

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

Buffer A: 100 mM KHPO,4 + 10 mM tetrabutylammonium hydrogen sulfate,
pH 6.9
buffer B: buffer A + acetonitrile 1:1
flow rate 1.0 ml/min detection: 254 nm

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

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

in figures 2 and 3.

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



m/h: 15 mM fractions are collected and nonitored by TLC (Merck silica gel
60 F-254 plates: isobutyric acid /ammonia / water 66:1:33, Rf 0.47). The
solvent is renoved by distillation fromthe conbi ned product fractions by
distillation in a vacuumon a rotary evaporator. The residue is dissolved in
5 100 mM water and |lyophilized. This procedure is repeated three tines.
Yield 1.1 g. Exam nation of the stabi &éty of carbaNAD A 10 nM sol uti on of
carbNAD and/or NAD is stressed at pH 84Yin 0.1 M potassi um phosphate buffer.
The content is determ ned by neans of HPLC 10 chronat ography after 0.25, 75
and 175 h. Bjuf Peeparatio®Oofhpyiblikdinyl-NAD M t et r abut yl anmoni um hydr ogen
sulfate, pH 6.9 buffer B: buffer A + acetonitrile 1:1 flowrate 1.0 mImn
detection: 254 nm 15 RP18 colum L 125 dianeter 4.6 mmgradient: in 40 mn
to 35 % buff er snthdig F PNAD Mist stage (éempomedeo)y o 0 % buffer A within 3
m n. The HPLC aiea percentages after stressing for the various tines are
shown in figures 2 and 3. 20 The occurrence of deconposition products
(nicotinam de, ADP-ribose, AMP, ADP and the unknown deconposition products
for NAD and the unknown deconposition products Y1 and Y2 for cNAD) show
that cNAD is very stable conpared to NAD. -26- B) Preparation of
pyrrolidinyl-NAD 1. Synthesis of pNAD 1st stage (conpound 10)

; W
5 3
O N
0
G~ :
o)\o
L
5 (10)

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

10  stirred further overnight at room temperature, the mixture was poured into
1000 ml saturated sodium chloride solution and extracted with ethyl acetate.

The ethyl acetate was dried with Na,SO,4 and subsequently evaporated.

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

The crude product was directly processed further after TLC and MS

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



N NN OQ O O5 (10) Trans-N1t-BOC O nesyl-4-hydroxyl-L-prolinol (35.4
g, 120 mmol) was dissolved in 500 Ml DM and sodi um azide (15.6 g, 240
mmol ) dissolved in 75 m water was added and heated for 5 h to 70C. It was
subsequently 10 stirred further overnight at roomtenperature, the m xture
was poured into 1000 m saturated sodium chloride solution and extracted
with ethyl acetate. The ethyl acetateowas dried with Na2SO4 and
subsequent|ly evaporated. 32.8 g (> 100 9% residue was forned (theoretical
val ue: 29 31) Jfg%pégge product was directly processed further after TLC and
M 15 roni F6PFY Re in |ayer chromatography on a KG 60 F-254 plate (nobile
sol vent: ey lEfqss-abgo/ sprayed with ninhydrin) was carried out for the
nonitoring: trans-Nt-BOC O nesyl -4-hydroxy-L-prolinol Rf: 0.49 -27- product
Rf: 0.78 MIheSdemity af4he Prhedudd evas algo abnfitreed by INMR amadysisso confirmed by
NMR anal ysis. "trans- Nd- BOC- 0- nesyl - 4- hydroxyl -L-prolinol is comrercially
avai lable from 5 Sanochem a Pharmazeuti ka AG Cat. No. P-719.

*trans-N-t-BOC-O-mesyl-4-hydroxyl-L-prolinol is commercially available from
5  Sanochemia Pharmazeutika AG, Cat. No. P-719.

Il.  Synthesis of pNAD 2nd stage (compound 11)

\\+ N

AN
N 0
o ___ o

b 0™
.

(10) (11)

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

15 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.



1. Synthesis of pNAD 2nd stage (conpound 11) MN\- N M NO OO O (10)
(11) Conpound 10 (120 mml) was m xed in 500 mM nethanol with 2.0 g Pd- 10
carbon (10 %9 and hydrogenated for 12 h at 30 nmbar. In this process the
reaction flask was flushed several tines with H2, the catal yst was renoved
by suction filtration and it was concentrated. A colourless oil was forned
(the oil should be inmediately processeg _further due to its high
air-sensitivity). 15 M5 ESI ES+ 217 present TLC (isohexane / ethyl acetate

1/1 /1 KG 254 F/ni nhydrin oduct remains at . the start. The identity of
the productillnaSyath '§&ffﬂmﬁb03ﬂ$/5tﬁm(ﬁﬁmﬂﬁ§f'£d 12hg- 111. Synthesis of pNAD
3rd stage (conpound 12) / \ \ ~ P C 5 (11) (12) 120 mmol of conpound

11 (MN 216.28) was m xed in 500 n1 di oxane containing NaHCO3 (11.0 g, 130
mol ) and Fnoc chloride (33.8 g, 130

o v Do
* Y b
i

5 (11) (12)

120 mmol of compound 11 (MW: 216.28) was mixed in 500 ml dioxane
containing NaHCO3; (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

10  purified over a silica gel column (isohexane and isohexane / EE 8/2 — 1/1).
The main fraction yielded 39.0 g = 74.1 % * (theoretical value = 52.6 q).
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.

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



mol ) and stirred overnight at roomtenperature. The resulting salts were
renoved by filtration, the solution was evaporated and the residue was 10
purified over a silica gel columm (isohexane and i sohexane / EE 8/2 - 1/1).
The main fraction yielded 39.0 g = 74.1 % * (theoretical value = 52.6 Q).
TLC (KG 60 F254 nobile solvent isohexane / ethyl acetate 2:1): Rf 0.13 M
ESI ES+ 439 / + 339 The identity of theggproduct was also confirned by NWVR
analysis. 15 * Yield refers to the educt of the 1lst stage. -29- |IV.

Synt hesis of pNAD 4th stage (conpound 13) NOO O 11 O11 1\ II\ 5 (12)
(13) Compound _12 fromstage,3 (7.08 g, 16.1 was di ssolved in 80 n
trimethyl }5\405§N§f|'ée%lﬁ(9f§?lg§@cﬁ}grﬁtﬁgegﬁﬁmqmgi n an i ce bath. POCI3

m xed with trinmethyl phosphate (13 ml freshly distilled POCI3 in 13 ni
trimethyl phosphate) was added to a dropping funnel and added in portions 10
within 20 mi n under argon. The tenperature increased in an exothernal
reaction to up to 5C. Subsequently 2.6 m pyridine was added and it was
stirred for a further 40 min at OC and under argon. The reaction sol ution
was carefully 3gd dropwi se to 800 m ice-c gd 1 M triethyl amoni um

hydr ogen car bo ay solution (pH = 8). After { addi tion 15 was conpl et ed,

it was stirred a further 1 h. The slight
subsequent |y 1
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Compound 12 from stage 3 (7.08 g, 16.1 mmol) was dissolved in 80 ml
trimethyl phosphate and subsequently cooled to 0°C in an ice bath. POCl;
mixed with trimethyl phosphate (13 ml freshly distilled POCl3 in 13 ml
trimethyl phosphate) was added to a dropping funnel and added in portions

10  within 20 min under argon. The temperature increased in an exothermal
reaction to up to 5°C. Subsequently 2.6 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

15 was completed, it was stirred for a further 1 h. The slightly turbid solution was
subsequently added (rapidly) dropwise to 1 | saturated NaCl solution. 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

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



stirred further overnight to inprove the crystallization. The precipitate
was renoved by filtration. The residue was desalted over a D aion col um.
For this purpose 500 g D aion was added to isopropanol / water 1/1 and
allowed 20 to swell overnight. Diaion was filled into the colum and rinsed
with water. A -30- slurry of the residue was forned in 100 mM water pH 3.5
(acetic acid) which was subsequently @plied to a colum and rinsed with
water (pH 3.5) until it was free from’Sodi um chloride. The substance was
then eluted fromthe colum with 25 % i sopropanol (pH 3.5). The solution
was evapor alwey phthe rssiﬁt@rwaatmmﬁchm Tibml watgreptd 3. éacetR@Idj)lwhlﬁhz 6 g =

31.3 % TLC RP8 E254 / t [1 ESI T t f
the pr oductamsibsecyept Applied 5 caliein Ay msed Wity Woler B AR BRLE L XaD 11
stage (COWR;@é’é“ﬁeé‘ﬂﬂonNstluH'n @hl@nde 'Phe@ub@tan@a@tésl%n(é!ﬂthd fi*orm"l\hg‘ xture of
conmpound 13 from stage 4 (4.10 g, nmol ) met hanol and 83 m 25
% anmmoni a vaduraniwithe2 %mwrmncm(ph'kﬁoﬁ) Tmmwmmwasmdpemigd)nmaed in a

vacuum at roomten$ éture The residue was taken up in 200 ml water and
stirred outhighvaeu SOQNtAMRGsatfeet hyl  acetate. |nsol ubl e conponents
were renoved by filtration; the clear water

Residue=2.6g=31.3%

TLC RP8 F254 | MeOH / water 9/1

MS ESI ES-517.13

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

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

(13) (14)

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

20 phase was separated and again evaporated at room temperature.



20 phase was separated and agai n evaporated at roomtenperature. -31-
Residue = 2.56 g = 100 % Ms ESI ES - 295 In order to renove the NH3 cations,
the residue was dissolved 2 x in Hunig's base and agai n evaporated each
time in a high vacuum 5 VI. Synthesis of pNAD 6th stage (compound 15) N p N
| -N- No t OP-OOOii ONONN OPOI O +f 4~0 00 (14) (15
The Zincke salt (2.66 g, 8.99 mmol) was, submtted partly dissolved in 50 mni
met hanol and conpound 14 from stage 5 3&.‘56 g, 8.31 mmol) dissolved in 10 50
m et hanol was added dropw se while stirring. The m xture coloured red and
sl oW y di sRelsides. = Rt56hgs 80 Ps ed further overnight at roomtenperature and

t he preci pb}gﬁ \E%i rf%goved by filtration. The filtrate was evaporated in a
vacuum ta B m water and extracted three tines with ethyl
acetate. 15 The ethyl acetate phase contains the by-product dinitroaniline,

the water |PBARR t6P&BIEThE REHAEARNS! tr¥esidiR WasRistoR@ 2 RGK HRAgs - The

wat er phase
base and again evaporated each time in a high vacuum.

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

(14) (15)

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

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

acetate.

15 The ethyl acetate phase contains the by-product dinitroaniline, the water
phase contains the product and the remaining Zincke salt. The water phase
was evaporated in 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

20  product remained dissolved. This solution was applied to a Diaion HP20
column (1000 ml) that had been rinsed with water and was rinsed two times
with 1000 ml water. Subsequently it was rinsed with water / 5 % isopropanol



was evaporated in a vacuum at roomtenperature and 10 ml water was added to
the residue that was obtained, which was stirred for 10 mn on a nagnetic
stirrer and insol uble conponents were renoved by filtration. The 20 product
remai ned di ssol ved. This solution was applied to a Diaion HP20 colum (1000
m) that had been rinsed with water and was rinsed two tines wth 1000 m
wat er. Subsequently it was rinsed with \gater /' 5 %isopropanol -32- and
positive fractions (detected by TLC RPSNEOH /| W 9/ 1) were evaporated at
roomtenperature. The residue was triturated with i sopropanol and suction
filtered wand pdsitive ftactiont @letgdted blycl.C RS MeSH / §0@rawens 5 TLC RP8 254
MeOH / W9/1 MS ES - 400%&/ ES + 4%0 al.so exhibits the double mass The

i dentity of€@REraied @t EROMAEMPSIBUR e YR, WRRITLRRled With 1soprenancly nt hesi s
of pNAD st %@ti@ﬁgﬂ%ﬁiﬁ‘%ﬂﬁhe%idHfaietllnyl'e%e]r. N...O NNO/NP-~0O\J OO

Oo cow Vv

Residue =1.60g=479%

5 TLC RP8 254 MeOH / W 9/1
MS ES —400.1/ ES + 402.0 also exhibits the double mass

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

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

N
N
N N o
1, o i
O—pP-0 {

A )
A

10 (16)

A mixture of AMP acid (adenosine monophosphate-free acid) (10 g,
27.5 mmol) in 60 ml methanol (dried with sodium) and 5.3 ml (60 mmol)
morpholine (freshly distilled) was stirred until a clear solution was formed.
Subsequently 17 g (82.5 mmol) N,N'-dicyclohexyl carbodiimide (DCC) was
15  added and stirred overnight at room temperature while excluding moisture.
The precipitate (DCH) that was formed was suction filtered and the filtrate
was rotary evaporated at 30°C. Subsequently it was stirred out with 150 ml
H20 / 150 mi diethy! ether and again filtered. After phase separation the
aqueous phase was again extracted twice with 75 ml diethyl ether each time.
20  The aqueous phase was subsequently rotary evaporated at room

temperature. The residue was dissolved a further two times in pyridine and



A m xture of AMP acid (adenosi ne nonophosphate-free acid) (10 g, 27.5 mmol)
in 60 mM nethanol (dried with sodium and 5.3 m (60 mml) norpholine
(freshly distilled) was stirred until a clear solution was forned.
Subsequently 17 g (82.5 mmol) N, N -di cycl ohexyl carbodiimde (DCC) was 15
added and stirred overni ght at roomtenperature while excluding noisture.
The precipitate (DCH) that was fornmed_.ggs suction filtered and the filtrate
was rotary evaporated at 30C. Subsequently it was stirred out with 150 ni
H20 / 150 |et é thg&yand agﬁ n flltq{ed After phase separation the
aqueous phg?g gainfomRyy exapatatedin g Nigh VaGKIMY “gi et hyl et her each ti me.
20 The aqueous phase was subsequently rotary evaporated at room
tenperature. The residue was dissolved a further two tinmes in pyridine and
-33- each Wi syamdsis FFHN, AE%H@t#Schﬁp&dﬁcﬁW)Vacuum VII. Synthesis of
pNAD 7th stage (conpound 17 o~ M (15) (16) (17) 5 A mxture
of AMP norphol i date (conpound 16 fronlstage 7a) (2.53 g, 3.61 mol),
conmpound 15 fromstage 6 (1.60 g, 3.98 mol), M 2 solution in formam de

0.2 M (27.1 m, 5.42 mol.) and anhydrous MgSO4 (0.87 g, 7.95 ) were
stirred overnight at roomtenperature and after this tine wer rgely

converted d erm ngd by TLC (RP8, / \Mr@ The 10 reacyiofi m xture
was precipifate 'J.bp=a>cgton|trlle ’S_J_I‘Dn ere_o Pge e 5.3 ¢

t
(theoretical yieyd 2.64 Q) 729. 3 :zl}‘o’d
of AVP nor phol i ’__ﬁ\e ES - Cj}@"’ o+

(15) (16) (17)

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

10 reaction mixture was precipitated with acetonitrile and suction filtered.

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

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

TLC RP 8 F254 Rf 0.085

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

sieve was added.

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



400.2 / ES + 402.1 residues of conpound 15 (stage 6) TLC RP 8 F254 Rf 0.085
15 * In order to prepare this solution 2516 ng anhydrous WMhC 2 was di ssol ved
in 100 M 99.99 % formam de while stirring and subsequently 4A nol ecul ar
si eve was added. ** The residue was further processed as a crude product.

-34- VIlI. Synthesis of pNAD 8th stage (conmpound 18, pyrrolidinyl-NAD) N N
\N" ON'"OOOON~CNNJ NO‘--'Og-_pr$pO4 OO0 (17) (18) 5.0
m trifluoroacetic acid (TFA) was adde 45 500 ng conpound 17 from5 stage 7

(crude product, contains about 50 %salts) and stirred for 1 h at room
tenperature and subsequently concentrated by evaporation. 500 ml col ourl ess
oi | was foMihdSynthésisofNIAD 8B stage feompmrthd48 pyitolidinylINABH3 necessary)
2 Portions of 200 ng and 300 ng were each purified in 2 separation steps:

10 First separation step: Fractogel EVMD S03-s columm: D (inner) = 14 mmL
(packing) = 85 mm 1. Conditioning (flowrate 5 m/mn) a) 100 mM H20 b) 200
m 0.25 MH2SO4 15 c¢) 100 m HZ%:CQ 200 M 1 M ammoni a sol ution

N
i

=N

4
pan O : e S
T o — 0 e
N —ﬁ_—o—ll;_o o =N 0" 0 o
o o} o ] ] w0
O0—p—0—P—0
o N 1 | ‘o
o )

N

(17) (18)

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

5  stage 7 (crude product, contains about 50 % salts) and stirred for 1 h at room
temperature and subsequently concentrated by evaporation. 500 ml
colourless oil was formed as the residue
MS ESI ES — 729.24 (addition of NH3 necessary)

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

10 First separation step:

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

. Conditioning
(flow rate 5 ml/min) a) 100 ml H.O
b) 200 ml 0.25 M H,SO4
15 c) 100 ml H20
d) 200 ml 1 M ammonia solution
e) 100 ml H,O

Il. Separation: a) apply 200 ml substance dissolved in 5 ml H,O
b) elute with a gradient of H,O — 0.2 M NH4HCO3;
20 solution. (mobile solvent A = 250 ml H,O submitted
in an Erlenmeyer flask and stirred on a magnetic stirrer,

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



e) 100 M H2O0 Il. Separation: a) apply 200 ml substance dissolved in 5 n
H20O Db) elute with a gradient of H20 0.2 M NH4HCO3 20 sol ution. (nobile
solvent A = 250 ml H20O submitted in an Erlenneyer flask and stirred on a
magnetic stirrer, punped onto the colum at a rate of 5 mM/mn -35- nobile
solvent B = 0.2 M NH4HCG3 solution punped at 2.5 m/mn to A). II1.
Fractionation: a) fractions each of 3_?{5_ b) 1st peak inpurities 5 ¢) 2nd
peak after about 70 ml prelimnary eluate = substance |IV. Reconditioning:
a) 100 M 1 M ammonium solution_b) 100 mM H20 2nd separatjon step: 10

Di ai on HP20, col um D (i nner nobilggomant B(p ek Mii:hi@ssaleliar ed with 100
H20 and 100 Ml H2O0/ 5 %i so ol,. uhstance already elutes with the
wat er phase; only inpuriti esBQ&@%Bp‘%tgs%ﬂﬁ/rﬁ'Hq?I@' i sopropanol fraction. 3
fracti ons were obtained according to analytical HPLC. F1 = 13.5 ng 15 F2=
5.5 mg  F3|i lFractiohafiohal affra&tidnséach ¢f3 th|% The identity of the

pyrrolidinyl NAD (conpound 18) was confirmed by NVR anal yses.
b) 1st peak impurities

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

substance

IV. Reconditioning: a) 100 ml 1 M ammonium solution
b) 100 ml HO

2nd separation step:

10 Diaion HP20, column D (inner) = 30 mm L (packing) 130 mm eluted with
100 ml H20 and 100 ml HO / 5 % isopropanol.
The substance already elutes with the water phase; only impurities are

present in the isopropanol fraction.

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

Total=30.5mg=12.2 %

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

analyses.

20  Glucose dehydrogenase assay for pNAD

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

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

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

80 mM. pNAD and NAD concentrations of 0.05-0.5 mM were used. To this,
25 10 mg/ml (pNAD) or 0.002 mg/ml (NAD) [83 or 0.017 uM respectively]

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



20 d ucose dehydrogenase assay for pNAD In order to exam ne the role of pNAD
as a cofactor for glucose dehydrogenase (A ucDH), a glucoseDH activity
assay in 0.1 MTris/0.2 M NaCl (pH 8.5) buffer was carried out. The
concentration of glucose was 80 nmM pNAD and NAD concentrations of 0.05-0.5
mM were used. To this, 25 10 ng/nl (pNAD) or 0.002 ng/m (NAD) [83 or 0.017
pM respectively] @ ucDH was added. Thg assay was carried out at room
tenperature and the -36- enzymatic rea ?I on was nonitored by recording
absorption spectra at regular tine intervals. The values shown in table 1
refer to aenzyvatipreagtionnwas manitoned by regording absorplivre spectiy RAEgUia) U m %

mom & oSrIRsBoT e et AR TNEDy TifBrD 2l AP 0024 0. 00015 10

NI 10 ng/ mmeagu?@,ﬁghpgftgmmgctra of pNAD and pNADH Absorption spectra of
NAD and pNAD and/or NADH and pNADH are shown in figures 6A and 6B. NAD and

pPNAD exhi bit an absorption maxi nrum at 260 nm pNADH i.e. pNAD after the
G ucDH activity assay exhibits a red shift 10 of the absorption maxi num by
about 10 nr’ﬁahlégure 6B) conpared to NADH. Fl uor escence spectra of NADH and

pPNADH as vePH-—corplexes—are—addi-Henaly gtHes—F—and—,8. The
spectra we e(P)N@é&ﬁ‘ﬁgs L Walded afte/?aFH!é't!SI ucDH Héﬁlqp'gllui%gay Fi gure
7 shows enTSSTRRsTPRBTT @ [0 539 100 0.02 mg/mi
0.4 NAD 1656 100 0.002 mg/ml
0.05 pNAD 0.00017 0.00003 10 ul 10 mg/ml
0.4 pNAD 0.0024 0.00015 10 ul 10 mg/ml
5

Absorption spectra of pNAD and pNADH

Absorption spectra of NAD and pNAD and/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
10  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

15 370 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.

20



NADH / pNADH- G ucDH conpl exes at excitation wavel engths of 340 and 15 370
nm The em ssion spectra of NADH and pNADH at 370 nm excitation wavel ength
are simlar. Figure 8 shows an excitation spectrumfor an NADH /

pNADH G ucDH conpl ex at an emi ssion wavel ength of 460 nm pNADH exhibits a
broader excitation spectrumthan NADH The spectra were also recorded after
A ucDH activity assays. 20 -37- InvestBdation of the stability of pNAD In
order to exam ne the stability of pNAD conpared to NAD, the same anounts of
NAD and pNAD were each taken up in 0.15 MKPO4, | M NaC buffer (pH 7.0)
and i ncubajggestigdtitin of fite efsiTBP6f pNAD of NAD and/or 5 pNAD were nonitored
by HPLC. Fi gure% shows the percentage areas of the (p)NAD anmobunts conpared
to the (p) NAD anpbunts at time zero. The figure shows that pNAD is very
stabl e conpared to NAD. C) Preparation of carbaNAD cycl ophosphate (19) HZN N
0 0 ~ J1 Nhzorderdorxaminethe stabdityod pPNADHcopared {PNADLhesame (0. 1 mol )

05' - (hydr oxy- nor.phol i .n0- pho ryl)-02,03; hydr axy- ryl, osi ne,
N- cycl ohex -WgﬁgNﬁr@?EHﬁ‘g@ﬁ%ﬁécﬁa&@ékﬁx ”Bye?bohiwﬁgﬁmﬁ Mi\fqeé]di hydr at e
(dried by gpedg qt.cb?%dﬂinfct]b d &t 5P C. (MY ddImSdsifidn of NADNBhd/GREM  Soc.
83; 1961; 663- 69%;', 4 ny (0.%% mol ) car baNNhFén%no%ﬁosphate and
subsequent IpNAIS wege dngniteagd dyi HifLSuFigure 9 shows the percentage areas of the

(p)NAD amounts compared to the (p)NAD amounts at time zero. The figure

shows that pNAD is very stable compared to NAD.

C) Preparation of carbaNAD cyclophosphate (19)

0
HN )
2 N o O ST ONH
N Y F-0—p-0 P ’
\e \ N-© O-P-0—f N

: O;P.O HO OH

O/ \O—

10 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 mmol)
carbaNMN monophosphate and subsequently 25 mg dry magnesium sulfate

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

20 B gradient for 60 min: Eluant A: 0.1 M triethylammonium 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 at 260 nm. The main



15 were added to 0.74 ml of a 0.2 manganese chloride solution in absolute
formam de. The m xture was stirred under argon for three days in a cl osed
reaction vessel and subsequently added to 10 ml acetonitrile while stirring.
The precipitate was renoved by filtration, purified by RP chromatography on
a RP 18 Hypersil ODS, 250 x 21.2 mM 5 pmcolum using a 0 % B to 100 % 20 B
gradient for 60 mn: Eluant A 0.1 M 'Eg'ge:t hyl amoni um acetate, eluant B:

1:4 mxture of 0.1 Mtriethylamonium acetate and acetonitrile, flow rate:
10 mM/mn. The elution was nonitored by detection at 260 nm The main -38-
fraction wdeaction was eallegird andpaphilized Stimesws orderdpdemove thenove t he

ree oot o Y BEABEhERT adtile RS HEARRR MG wi8 RofRR e LEP e 0 ) GF
10 mg. 5 Dirddr #H@ WAt DBwek S0aNHIENARE s (1BSBqUZANyante thY lithibirPsdlt. tyisldNHz - LN N
-OOPOO-OHO O 0=,P-OHO OH O Three tines Tyour units ribonucl ease T2 were

p

added withilf®mgh at 37C to a solution of 2.2 ng carbaNAD cycl ophosphat e
lithiumsalt (19) in 1 m Bis-tris- propane buffer (0.02 M pH 7.5). The

m xture was kept overnight at 37C. 10 The enzyne was denatured by heating to

65C for_ 20 yang After,.filtrati ification was carried out by RP
chromatsogréglhy Pdﬁpa'ﬂtp'lg ﬁ?ﬁ%&gﬁﬁp @g@; 250 x 21.2 mm 5 pmcolum using a
H,N

gradient of 0 %B to 100 % B for
0
2~ Q9 @/‘LNH
N\Q \ N> 0 O_Ilg_o__ﬁ_o N+, 2
HO ©
O_._____\p—o HO OH

\
0]

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.

10  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 ym 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 mi/min. The

15 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).

20



60 mn. Eluant A: 0.1 Mtriethylamonium acetate; eluant B: 1:4 m xture of
0.1 m triethylamonium acetate and acetonitrile; flowrate: 10 m/mn. The
15 elution was nonitored by detection at 260 nm The nmain fraction was
collected and | yophilized 5 tines in order to renove the triethyl-anmoni um
acetate. Mass spectrum (MALDI Applied Biosystens Voyager System 6327:

cal cul ated 742.45, found: 743.17). 20-389- E) d ucose dehydrogenase activity
assay for cNAD A glucose dehydrogenase activity assay for cNAD conpared to
NAD was carried out as described under B) for pNAD. For this purpose

gl ucose dghyd ' f nd 0.002 ng/ m (NAD)
[0.83 5 angl?o{?i‘?&g%ﬁg@gggﬁ?g%%ﬁ gﬁygeggéyewggunts used and the
results are shown in table 2. Table 2 (¢c)NAD (mM Um %activity [G ucDH|
used 0.05 NAD 430 100 0.002 ng/m 0.1 NAD 556 100 0.002 ng/m 0.05 cNAD

2.7 0.63 OAJgEI)g@ésé deydrogérdaebadtivityHssay FoneMAD cdmpétesidioflADwapect ra of
cNAD and cNADH 10 Figures 10A, 10B and 10C show absorption spectra of NAD

and cNAD. famedeutas desesibefiamdesis fanPBAELFer this PHIRSRIEIUEPS©60 nm Fi gure

cach - casedPlRdBaBhESY e i UL OYRD] ARER. B0 M INARE T B3 e © "
absor psi onand 0.017 uM respectively] were used. The amounts used and the results

are shown in table 2.

Table 2
(c)NAD (mM) U/ml % activity [GlucDH] used
0.05 NAD 430 100 0.002 mg/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/mli

F) Absorption spectra of cNAD and cNADH

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

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

stated in the legends.

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

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



maxi mum of cNADH exhibits a red shift of 20 nm Further absorption spectra
15 for NADH and cNADH are shown in figure 10C in which different conditions
for the associ ated gl ucose dehydrogenase activity assay were sel ected as
stated in the | egends. Figure 11 additionally shows fluorescence spectra of
NADH and cNADH as @ ucDH conpl exes. The spectra were recorded at an
excitation wavel ength 20 of 370 nnlaf%ﬁr a gl ucose dehydrogenase activity
assay. NADH as wel |l as -40- cNADH exhi BFt an increase of the fluorescence
signal when treated with GucDH -41- Cains 1 Test elenent for

det er m ni ngNADH exhibitear: ingpeass oltheifluoseseanceysignal syherdeeatednwijre or a
substrate fqr BFFh an enzyne and (ii) a 5 conpound of the foll owm ng general
formula (1) HEPPhe coenzyme: AY V Z Vo U7X2 U\x( \T (I) in which A
= adeni ne or an anal ogue thereof, 10 T = in each case independently denotes
0, S, U=in each case independently denotes OH SH, BH3 , BCNH2 , V =1in
each case independently denotes OH or a phosphate



group, W= COOR, CON(R)2, COR, CSN(R)2 in which Rin each case 15

i ndependently denotes H or C-C2-alkyl, X1, X2 = in each case independently
denote 0, CH2, CHCH3, C(CH3)2, NH, NCH3, Y=NH S O CH2, Z = a residue
conprising a cyclic group with 5 C atons which 20 optionally contains a

het eroat om sel ected fromO0O, S and N and optionally one or nore
substituents, and a residue CR42 where4n-CR42 is bound to the cyclic group
and -42- to X2 where R4 = in each case independently denotes H F. O, CH3,
provi ded that Z and the pyridine resgﬂ%ﬁ?@re not Iinked by a 5 glycosidic
bond, or a salt or optionally a redu ormthereof. 2. Test el enent
according to claim1l for determ ning glucose conprising glucose

dehydr ogenase and a conmpound according to the general fornula (1) or a salt
thereof as a coenzynme. 10 3. Test elenent according to claim1 or 2,
characteri ded Test élementiorsdgierminingan apalyre spmpsising:{iea coepamee gr oup

i Si F, Cl-C2- al kyl Gh . i | f . d
Chlori nat od or AERENGsRt Siyie ond sHBSEE oRs O iRz he, N8 HOE o Cran
accordigng to oggmpbuhB®fthéfdiwing §eRe@P il (19 a8 the coenzyme:

A
Y / |
V +
Z| /N\
T U
\') O\P// \p /XZ
/ >x7 N\

in which
= adenine or an analogue thereof,
10 = 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
15 independently denotes H or C4-Cz-alkyl,
X1, X2 = in each case independently denote O, CHz, CHCH3, C(CHj3)s,
NH, NCHj,
= NH, S, O, CH,,
Z= a residue comprising a cyclic group with 5 C atoms which
20 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



conpound of the following formula (P) as the coenzyme: AY V ZIV oU P/ X2 U
\ X~ T (1") in which 20 A = adenine or an anal ogue thereof, -43- T = in each
case independently denotes 0, S, U = in each case independently denotes OH,

SH, BH3 , BCNHZ , V = in each case independently denotes OH or a phosphate

group, 5 W= COOR, CON(R)2, COR, CSN(R)2 in V\/nich R in each case

i ndependent |y denotes H or Cl-C2-al kyl 4 X1, X2 = in each case independently

denote 0, CH2, CHCH3, C(CH3)2, NH, NCH8,  Y=NH, S, O CH2, 10 Z = a

saturated or unsaturated carbocyclic or heterocyclic five- nmenbered ring, in

particular a conpound te Xzt he general fornmula (Il) C(R4)2--, ~ R5 ,s= 15

(11) Tn which a singl ¢fe 40 BBRLEB A ENRNP LehBledeANFRE], and R5™,
CHa,

provided that Z and the pyridine residue are not linked by a
5 glycosidic bond,

or a salt or optionally a reduced form thereof.

2. Test element according to claim 1 for determining glucose comprising
glucose dehydrogenase and a compound according to the general

formula (1) or a salt thereof as a coenzyme.

10 3. Test element according to claim 1 or 2,
characterized in that
the substituents on Z are selected from the group comprising F, Cl and
C4-C2-alkyl which is optionally fluorinated or chlorinated or/and OH-
substituted, O-C¢-Cz-alkyl.

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

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

v \// \/

in which

20 A= adenine or an analogue thereof,



R4 = in each case independently denotes H F, O, CH3, R5 = CR42, 20 if a
single bond is present between R5' and R5", then R5' =0, S, NH,

NC - C2-al kyl, CR42, CHOH, CHOCH3, R5" = CR42, CHOH, CHOCH3, if a double
bond is present between R5' and R5", then R5"= R5" = CR4, 25 R6, R6' =in
each case independently denote CH, CCH3 or a salt or optionally a reduced
formthereof. 5. Test elenent accordingasto one of the claims 1 to 4 in which
W= CONH2 or COCH3. -44- 6. Test elenment according to one of the clains 1 to
5inthe formaqof a test strip. 7. Test elenent accqording to one of the
clains 1 to 6, 1 Char ad@@?PE@@SPH“@%“(*\?"E'MQGBH%@' gs a dehydr ogenase

| ected f I : ' t- el
(B 1ot 1 o7 Y o7T e B tRaeherdonty behofes H, SR BHE JBERMELT 09P0Ro°
dehydr ogenase (\E=C. 1. in ®aGh caselincdépendiatly dengtusaOr ¢ifa Phosphdtel) ,

al pha- hydr oxybut yrat e dehydrogenase, sorbitol dehydrogenase or am no acid
dehydr ogenase 10 suct¥r@dPL-ani no aci d dehydrogenase (E.C. 1.4.1.5). 8. Test

el enent_ accordi to aj I t. . (o)
charact®rized il that Qﬁer@ﬁéﬁ}% %c%ég(%kﬁﬁﬁﬁ%iga@%%%é&&rrpound of
the general fornula (lindépendently denotes H or C-Cz-alkyl,

X1, X2 = in each case independently denote O, CH;, CHCHj;, C(CH3),,

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

membered ring, in particular a compound of the general

formula (Il)
Rs
C(R4)
4 Z\Re/ \Re'

\

Rsl— X ] Rsll

15 (mn
in which a single or double bond can be present between RS
and R5",
R4 = in each case independently denotes H, F, Cl, CH,,
R5 = CR4,,

20 if a single bond is present between R5' and R5", then
R5 = O, S, NH, NC4-C,-alkyl, CR4,, CHOH, CHOCHj,
R5" = CR4;, CHOH, CHOCH3,
if a double bond is present between R5' and R5", then R5' =
R5" = CR4,

25 R6, R6' = in each case independently denote CH, CCH;

or a salt or optionally a reduced form thereof.

5. Test element according to one of the claims 1 to 4 in which
W = CONH2 or COCH3



AVYZ VoT WP 12 U\x( \T 15 (I1") in which A = adenine or an

anal ogue thereof, T = in each case independently denotes 0, S, 20 U =1in
each case i ndependently denotes OH, SH, BH3 , BCNH2 , V = in each case

I ndependent|ly denotes OH or a phosphate -45- group, W= COOR CON(R)2, COR
CSN(R)2 in which R in each case independently denotes H or Cl-C2-al kyl, X1,
X2 = in each case independently denoteyf, CH2, CHCH3, C(CH3)2, 5 NH NCH3,
Y=NH S O CH2, Z = a saturated or unsaturated carbocyclic or

P ey el b L irtel bR atling o b B SAIAL 18 BRPLToth orsedf™er ™

strip.

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

10 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"):

A
Y / ‘
V N+
o
T U
\") O\P// \P X

15
("
in which
= adenine or an analogue thereof,
= in each case independently denotes O, S,
20 = in each case independently denotes OH, SH, BH3, BCNH,',

= in each case independently denotes OH or a phosphate



(I'') in which a single or double bond can be present between R and R5",
15 R4 = in each case independently denotes H F, O, CH3, R =CR42, if a
single bond is present between R5' and R5", then R5 =0, S NH,

NC1- C2-al kyl , CR42, CHOH, CHOCH3, R5" = CR42, CHOH, CHOCH3, 20 if a double
bond is present between R5' and R5", then R" _ R5" = CR4, R6, R6' = in
each case independently denote CH CCH3gs provided that if RS = CH, T =0, U
= in each case OH, V= OH W= CONH2, §(: 0O and Y =0, then RS and R5" are
not 25 sinmultaneously CHOH, or a salt or optionally a reduced formthereof.
-46- 10. Conpound accéFQHpng to claim9, characterized in that at |east one

residue U is dififeren Mo (R - W : IR if @aeh@diade9 or 10, 5
characterized I'V‘;l] t hat bacédj‘q’east gﬁé cr;esf ue ﬂlq)g(ﬁ%%@mléﬁ%goh?gg’ﬁd accordi ng
to one of the clains thdepehilently dehotes Mor Qp@¢-Blkgl, COCH3. 13. Conpound
according to one of the clainms 9 to 12, 10 which_i or D rano NADP
or a salt or aXefated %%P@%M@rp.en%entjfy denote O, &'B. Cﬂ&-l;;%(()l—ﬁ?,

5 NH, NCHj,
Y = NH1 Si O! CHZ!
Z= a saturated or unsaturated carbocyclic or heterocyclic five-

membered ring, in particular compounds of the general

formula (I1)
yd Rs\
CR4)
4 Z\RB Ra'

\

R5I— C_ X ] R5"

(1)

10

in which a single or double bond can be present between R5'
and R5",
15 R4 = in each case independently denotes H, F, Cl, CHs,
R5 = CR4,,
if a single bond is present between R5' and R5", then
R5' = 0, S, NH, NC;-Cp-alkyl, CR4,, CHOH, CHOCHs,
R5" = CR4;,, CHOH, CHOCHj,
20 if a double bond is present between R5' and R5", then R5' =
R5" = CR4,
R6, R6' = in each case independently denote CH, CCHj3
provided that if R5 = CH,, T =0, U =in each case OH, V =
OH, W =CONH,, X=0and Y = O, then RS and R5" are not
25 simultaneously CHOH,

or a salt or optionally a reduced form thereof.



14. Conmpound according to one of the clainms 9 to 12, which is c-pentyl NAD,
c-pentyl NADP or a salt or a reduced form thereof. 15. Conmpound according
to one of the clainms 9 to 12, 15 which is pyrrolyl NAD, pyrrolyl NADP or a
salt or a reduced form thereof. 16. Conpound according to one of the clains
9 to 12, which is furanyl NAD, furanyl NADP or a salt or a reduced form
thereof. 17. Compound according to o of the claims 9 to 12, 20 which is
pyrrolidinyl NAD, pyrrolidinyl NADP or a salt or a reduced form thereof.
-47- 18. Conpound according to one of the clains 9 to 12, which is carbaNAD

cycl ophosphet eCopfpduntiddeonding té @ldim@@, a reduced formthereof. 19.
Enzynme- coenzyne corr&ls_ex 5 conposed of a conmpound according to one of the
clains 9 to lecharactesizedriathain with a suitable enzyme. 20. Conpl ex according

to claim19, [ I LN i s a dehydrogenase sel ected
from gl ucose déﬂ@&gﬁé@%kﬁ&é@ |%%Ef1ier%nﬁfr‘§ﬂﬁ , lactate dehydrogenase
(EEC1.1.1.27, 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),

al pha- hydr axyb@oyiptiuddisduoading eo aksem $or h0f ol dehydrogenase or am no acid
dehydr ogenase selected from L-am no acid dehydrogenase (E.C.1.4.1.5).
5 characterized in that

at least one residue U = BH5'.

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

13. Compound according to one of the claims 9 to 12,

10 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,
15 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 9to 12,
20 which is pyrrolidinyl NAD, pyrrolidinyl NADP or a salt or a reduced form

thereof.



15 21. Use of a conpound according to one of the clains 9 to 18 or of a
conpl ex according to claim19 or 20 to detect an analyte in a sanple by an
enzymatic reaction. 22. Reagent kit containing a conpound according to one
of the clains 9 to 18 and optionally a suitable enzynme or an
enzynme-coenzyne conplex 20 according to claim19 or 20 as well as a
suitabl e reaction buffer. 23. Reagent_kyt according to claim 22,
characterized in that the enzyne is a dehydrogenase sel ected from gl ucose
dehydr ogenase (E.C.l.l.l 47), lactate dehydrogenase (E. C 1.1.1.27,

1.1.1.28), late 25 deh dro nase { gl ycerol dehydrogenase
(E.C 1.1 1@? ?’Iogn%%wbcf etge%é&g%%‘sigi é? al pha- hydr oxybut yrat e
- 48- dehydr ogeRaich |SSéHrBéNND SN sHcpPRaRs Q;a%aﬁmmoﬂg iseitdearddneegase
selected fromL-am no acid dehydrogenase (E.C.1.4.1.5). 24. Use of a test
el ement accor difergn thereek of the clains 1 to 8 or of the reagent kit
according to claim22 or 23 to determ ne anal ytes selected 5 from gl ucose,
| actic acid, nalic acid, glycerol, alcohol, cholesterol, triglycerides,

ascorbi c agi stei ne | ut at hi one, peptides, urea, ammonium salicylate,
pyruvat e, é L'??%XB}%%%'EQY”&‘?B%‘PP ki nase (CK), |actate dehydrogenase

(LDH) and car begnfisddta g&npﬁ/ﬁﬁ@‘é@cér@ﬁn &5 bNtheeElamibib 46GAMPr i sing the
steps: 10 (a) contacting a sanple with atest elenent according to one of

the clains 1 conbination withaesuitable eazyroedi ng to claim 22 or 23, conprising
a coenzyne and (b) detecting the analyte.

20. Complex according to claim 19,
characterized in that
the enzyme is a dehydrogenase selected from glucose dehydrogenase
10 (E.C.1.1.1.47), lactate dehydrogenase (E.C.1.1.1.27, 1.1.1.28), malate
dehydrogenase (E.C.1.1.1.37), glycerol dehydrogenase (E.C.1.1.1.6),
alcohol dehydrogenase (E.C.1.1.1.1), alpha-hydroxybutyrate
dehydrogenase, sorbitol dehydrogenase or amino acid dehydrogenase

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

15 21. Use of a compound according to one of the claims 9 to 18 or of 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

20 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
25 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



26. Method according to claim25, 15 characterized in that the analyte is
detected photonetrically or fluoronetrically.

-48 -

dehydrogenase, sorbitol dehydrogenase or amino acid dehydrogenase

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

24. Use of a test element according to one of the claims 1 to 8 or of the
reagent kit according to claim 22 or 23 to determine analytes selected
5 from 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.

25. Method for detecting an analyte comprising the steps:

10 (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,
15 characterized in that

the analyte is detected photometrically or fluorometrically.





