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Ir(lll) complex [Cp*(PMej3)IrMe(CH,Cl,)][BAr{] (1) was used to introduce deuterium stoichiometrically into substituted naphthalene/benzene templates
and several “druglike” entities. The exchange process is tolerant of a wide array of functional groups. Labeling of warfarin using subatmospheric
pressures of T, led to specific activities and total activities rivaling current functional group directed tritium labeling methods. When paired
with the appropriate deuterium donor, Cp*(PMes)Ir(H3)OTf (4) was found to deuterate a number of organic compounds catalytically.

The aggressive goals of drug development require fast andhave been previously reported but require either exceptionally
efficient isotopic labeling in the early stages of the drug low temperatur® or a water-soluble substratéWe report
discovery process. Heys made significant progress towardhere the use of cationic Ir(lll) species for tritium labeling of
these demands when he implemented an Ir(l) catalyst that

can label druglike substrates with high specific activity (4) Alaimo, P. J.; Bergman, R. @rganometallics1999, 18, 2707—
tritium gas! Unfortunately, this method is limited to 2717

substrates that have certain coordinating functionalities on 95§5) Tellers, D. M.; Bergman, R. Gl. Am. Chem. S0@000,122, 954—

the aromatic ring (e.g., amides)? (é) Tellers, D. M.; Yung, C. M.; Arndtsen, B. A.; Adamson, D. R.;

The C-H bond activation of simple organic substrates Bergman, R. GJ. Am. Chem. So@002,124, 1400—1410.

. .. . 7)Klei, S. R.; Tilley, T. D.; Bergman, R. GOrganometallics2002,
with cationic Ir(lll) complexes has been extensively ,,(dSer = R Tiley g g !

studied? 1 however, these complexes have not yet been (8) Burger, P.; Bergman, R. G. Am. Chem. S0d.993,115, 10462~
applied to tritium labeling® Deuterium labeling reactions 10‘(15)3Buchanan 3. M. Stryker, J. M.; Bergman, R.JGAM. Chem. Soc
1986,108, 1537—1550.

(1) Heys, JJ. Chem. Soc., Chem. Commuad®892, 680—681. (10) Arndtsen, B. A.; Bergman, R. Gciencel995,270, 1970—1973.

(2) Hesk, D.; Das, P. R.; Evans, B. Labelled Compd. Radiopharm. (11) Klei, S. R.; Golden, J. T.; Burger, P.; Bergman, RJGMol. Catal.
1995,36, 497—502. A: Chem.2002,189, 79-94.

(3) Shu, A. Y. L.; Chen, W.; Heys, J. R. Organomet. Cheni996, (12) Golden, J. T.; Andersen, R. A.; Bergman, RJGAmM. Chem. Soc.
524, 87+93. 2001,123, 5837—5838.
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“druglike” compounds and catalytic H/D exchange with functional group compatibilities. Moieties such as sulfonyl,
deuterated organic solvent at moderate temperature. amide, ether, nitro, phenoxy, carboxylic acid, and tertiary
The stoichiometric H/D(T) exchange reactivity of the amine are tolerated reasonably well (entries71 10),
Ir(1ll) complex [Cp*(PMe&s)Ir(Me)(CH,CI,)][BAr¢] (1) was whereas alcohols bearing erH undergo oxidation and side
investigated first. Deuterium gas was initially employed to reactions occur with aliphatic amines and isolated double
facilitate characterization while examining functional group bonds!3 Thioethers and heterocyclic nitrogen compounds do
tolerance. Table 1 summarizes the reactioh with a variety not exchange because of their irreversible binding to the Ir
center. Similarly, addition of coordinating solvent leads to a

_ significant reduction in exchange reactivity (entries 8 and

Table 1. Deuterati ¢ Naphthvl and Phenvl Substrat 9). Although typically these Ir(lll) complexes are very
able 1. Deuteration of Naphthyl an enyl substrates sensitive to the steric environment in the substfatehere

1. 10 min, is significant labelingortho to phenoxy groups (entries 1
or O 1. CHChR @i and 3). This is most likely caused by coordination of the
vl CH/A T2 Dptlam Dy, 1 atm phenoxy group to the Ir metal, directing the activation of
X=N:B 1h n=0, $ ortho positions in analogy to previously reported methéds.
The H/D exchange of druglike compounds was investi-
gated to extend the application of these Ir(lll) complexes to
1 A 1-0H 2 (19%) 110 templates frequently encountered in the pharmaceutical

3 (23%) : - o
5. 7 (58%) industry (Table 2). Labeling efficiencies ranged from good

2 c NHAcC 3, 5 (58%) 1.00

4 (42%) "

entry substrate R D position? D equivP

- 0, . . .
3 c 1.3-OH g’?z'iogw’) 0.84 Table 2. Deuteration of Commercial Pharmaceutiéals
0
4 A 1-OCHj3 3,4,6,7 0.83 entry substrate and D location® D equiv.?
5 A 1-COzH 3, 6 (46%) 0.80 1 66% 1.1
7 (54%) ‘ >
6 A 1-NOz, 2-CHs 6 (41%) 0.79
7 (59%) BOC CF;
7 C SO,CH3 3, 5 (66%) 0.64 _N
HsC > o o
4 (33%) 18% 16%
8¢ C SO,CH3 0.62 BOC-Fluoxetine
od C SO,CH 0.20 2 Distributed in both 0.87
2 3 ' O #C aromatic rings
10 A 1-N(CHj3); Ar and/or CH3 0.47
11¢ A 1-CH,N(CH3),  NCH,D 0.28 ~ Chs
12f A 1-CH(OH)CH3  unknown 0.77 OH Ph O
139 A 1-CH,CH=CH, unknown 0.22 5 Warfarin 048
14 c 1-Br, 4-NO, aromatic 0.05 H ph} '
15 A 2-SCHs nla nla o %thh 100%
16 B 2-CH3 n/a n/a Ng
aocation percentage in parentheses determinegHb)MR. P Deute- Phenytoin
rium equivalents based on mass spec isotopic envelope (i.e., number of 4 42% 0.40
protons exchanged, max 1.1).€110 Torr D 914% dioxane/CkCls. Qﬁ
€ Majority of product was demethylated amine bound td Majority of
substrate converted to ketone (1-acetonaphthdrf&)bstrate bound to Ir; HCO 25% 8%
byproducts formed during reaction (including oxidize@t 0O compound). 25%
Nabumetone

alocation percentage in parentheses determinetHoMMR. P Deute-
of organic substrate$.All of the reactions give a product rium equivalents based on mass spec isotopic envelope (i.e., number of

mixture consisting of a combination of deuterated and Protons exchanged, max 1.1).
nondeuterated substrates (e.g., entry 1 was 2y %166 d,

25% o, and 7% d by mass spectrometry). These results
reveal some interesting isotopic substitution patterns an

dto excellent. As expected, most of the H/D exchange occurred
in aromatic positions. However, tiemethyl andO-methyl
(13)Klei, S. R.; Golden, J. T.; Tilley, T. D.; Bergman, R. G. Am. moieties of entries 1 and 4 were activated to a modest extent.

Chem. S0c2002,124, 2092—2093. It is noteworthy that aliphatic secondary amines (and primary

a5 aaprenz. J. . W.; Jacobsen, Agew. Chem., Int. Ed. Endla98 amines by extension) can be protected as carbamates to make
(15) Salter, R.; Moenius, T.; Ackermann, P.; Studer, M.; Morgan, A.; them amenable to this labeling procedure (entry 1).
Chapelle, M.J. Labelled Compd. Radiophar2001,44, 956—957. i ihili
(16) Generally, 4.5—7mol of Ir complex and NaBAr(both 1.1 equiv) Warfarin was useq to .t(.aSt the feaSIb”I.ty C?f the Ir(lll)
were weighed in a small round-bottom flask (2&5 mL), dissolved in exchange process with tritium gas. The tritiation produced

150uL of CHxCly, and stirred for 10 min. A solution of the substrate-@ 8.37 mCi of FH]Warfarin at 2.82 Ci/mmol using 194 mCi

umol, 1 equiv) was then added, and the reaction mixture was stirred for 20 3 :
min, followed by exposure to 1 atmjDgas for 1 h unless otherwise (3'31ﬂm0|) of T gas.’H NMR spectroscopy confirmed that

indicated. All manipulations were performed in a tifybox. all tritium atoms were incorporated into the aromatic position.
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It is interesting to note that a scale-up to 1.1 Ci of T
(conventional limit for a tritiation, with no Kdilution) would
produce 48.4 mCi at a specific activity of 16.2 Ci/mnibl.

This is comparable and in some cases superior to the current

Ir(1)-H/T exchange technolog§/*81°

Unfortunately, the precursor df, Cp*(PMe)Ir(Me)OTf,
suffers from thermal and air instability, necessitating its
storage under an inert atmosphere-d40 °C. However, the
thermally and air-stable complex Cp*(Pbje(Me)Cl (2)°
was determined to be equally capable of formihgvhen
mixed with NaBA¢. When this compound was applied to
the deuteration of warfarin, 0.94 equiv of deuterium were
incorporated. This is comparable to the activitylofTable
2, entry 2) and therefore demonstrates the utilit2afs a
robust replacement for Cp*(PMyr(Me)OTH.

To extend the above methods to catalytic H/D exchange
reactions, Cp*(PMgIrCl; (3) and Cp*(PMe)Ir(H3)OTf (4)
were investigated as catalysts. A variety of deuterated

solvents were screened as deuterium sources, and THF and

benzene were used as model substrates. Reactions3with
performed in organic solvents gave little to no deuterium
incorporation. Exchange reactions into THF withDgave
comparable results with both complexes. Methathaave
no deuterium incorporation into benzene with either catalyst,
but surprisingly, high incorporation (95%) was observed in
methanol-d with catalyst4. The GH;OH signal in'H NMR
spectrum grew during the course of this reaction, rather than
the CHOH signal, suggesting the involvement of a C—H
bond activation step in the catalytic cycle rather than acid-
catalyzed exchange reaction. Acetoreftovides even
higher deuterium incorporation (99%) into benzene at 135
°C.

The aromatic compounds shown in Table 3 were then
screened for H/D exchange usidgnd acetone«dMost of
the substrates showed satisfactory deuterium incorporation
The catalyst tolerated various functionalities, such as hy-
droxy, alkoxy, amide, carboxylic acid, and ester groups.
Steric hindrance lowered deuterium incorporation into the
ortho position, and coordination of Lewis bases to the Ir
center shut down reactivity. However, sterically hindered

Table 3. Substrate Screen with Catalybt

5 mol% Cp*PMeslr(H3)OTE
acetone-dg, 20 h

R-H R-D

% Dinc % Dinc
substrate substrate

135 °C 75 °C 135°C 75°C
0
99 99 Ar: 43 Ar: 22
N(CH3)2 Me: 32 Me: 18
CH; 0: 57 0: 32
©/ m: 98 m: 93 ws o044
p o p: 97 p: 94 m 97 m: 87
m CHz 50  CHg 11 ©/ \H/ o o7 0 89
. . o} .
CHy 0:10 09 CHy:85 CHg 27
m: 99 m: 99
p: 99 p: 99 .
0:72 012
CHy: 0 CHy: 0 m- 35 m: 18
CH3: 38  CHy23 p: 26 Pt 11
T o5 o 16 COOH: 99 COOH: 99
m, p: 95 m,p: 98
CHs: 0 CH3: 0
. . Ar: 62 Ar: 44
! 4 o, p: 19
SiCHyly O P P @A/Y CHy: CHy: 0
m: 99 m: 92 2 2
CHy0  CHyO COOH: 99 COOH: 99
CHj3: 0 CH3: 0 072 o 21
OH o, p: 96 0, p: 98 m: 35 m: 24
m: 96 m: 99 p: 26 p: 21
OH: 99 OH: 99 CHO: 61  CHO: 25
2 5:98 5: 96
HO OH  24,6:96 2 4,696 N 0
OH:99  OH: 99 ‘ = 0
6 4
5
OCH;4 0,p:9  0,p 97 U '; g; m: 2313
m: 97 m: 98 p..
©/ CHy:41  CHy 35 CHy 93 CHy 27
o} o: 36 0: 47 |
_CHs m: 72 m: 81 L
o p: 80 p: 89 ¢ %8 98
CH3 19 CHj3 16 Q

of the reaction was slower, but deuterium incorporation was
comparable to reactions at 1356 (Table 3). Even at 25C,
83% incorporation was observed in benzene after 1 week.
Lowering the catalyst loading to 1 mol % gave 79%

-deuterium incorporation into benzene after 3 d at 75 °C.

In summary, we have developed methods for fast and
efficient stoichiometric D(T) incorporation in pharmaceutical
compounds and catalytic H/D exchange into aromatic
compounds in acetond-at moderate temperature. Further
experiments directed at understanding the selectivity of these

bases such as 2,6-lutidine exhibited satisfactory deuteriumreactions are in progress.

incorporation into the methyl groups and the aromatic
positions. Benzaldehyde showed low deuterium incorporation
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