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ORGANOMETALLIC COMPOUNDS IN HEPTAFLUOROBUTYRIC ACID

Robert P. Hanzlik, Robert A. Wiley, and Timothy J. Gillesse
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SUMMARY

The use of heptafluorobutyric acid (HFBA) as a solvent/
reagent for tritiation (or deuteration) or aromatic organic
and organometallic compounds is described. Typically the
substrate (0.1-1 mmole) and tritium oxide (5-25 ul, 5 Ci/qg)
are dissolved in 0.3-1 ml HFBA and heated at 130-145° for 4-7
days. Aromatic compounds bearing electron-donating substit-
uents are tritiated much more readily than those bearing electron
withdrawing substituents. Substrate decomposition was minimal,
and good to excellent yields of relatively pure tritiated
materials are obtained simply by cooling, neutralization, and
extraction. Detailed studies of deuterium exchange in HFBA-4
under analogous conditions are also reported.
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INTRODUCTION

In connection with a variety of drug metabolism studies under way in our
laboratory, we were interested in a simple method for tritiation and/or
deuteration of a wide variety of aromatic and organo-transition-metallic
compounds, Of the numerous methodsl for labeling organic compounds by exchange
procedures, the method of Garnett et al. employing a Rh catalyst in acetic
acid/water (1l:1) appeared attractive. Unfortunately, many of our compounds
were poorly soluble in this reaction medium, and only a slight improvement
in propionic acid/water (9:1) was noted. However, during these studies
(Table 1, expt. 1-3) it was noted that the specific activity of the products
varied in a fashion suggestive of electrophilic attack, i.e., MeO > H > NO,.
We therefore decided to investigate the possibility of carrying out the
desired tritium/deuterium exchange reactions directly under acidic conditions
without metal catalysts. Heptafluorobutyric acid (HFBA) was chosen as a
solvent/reagent system because it appeared to offer a number of advantageous
properties including relatively high acidity, excellent solvent properties,
a high boiling point combined with great thermal stability, ready commercial

availability, and the presence of only a single exchangeable proton per
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molecule. We have now carried out many deuterium and tritium exchanges on a
wide variety of substrates, and find that HFBA is indeed a convenient, mild

and effective reagent for this purpose.
RESULTS AND DISCUSSION

Inspection of the data in Table 1 indicates several key features of
tritium exchange reactions in HFBA. Thus, the specific activities obtained
are 10%-103 fold greater than those obtained in HOAc/HZO/Rhcl3 solution under
comparable conditions. Secondly, the specific activities decrease as the
substrates become less electron rich, as expected for electrophilic exchange
process (e.g., expt. 4-8). Very good specific activities are easily obtained
if the substrate has a large number of exchangeable protons, or is excep-
tionally electron-rich, or both (expt. 9,10).

For work involving radiolabeled compounds it is generally important to
know the location of the label in the molecule. To shed light on this aspect
of our tritiation reactions in HFBA, as well as to gain some insight to the
mechanism of the exchange reaction and the factors which govern it, a series
of deuterium exchange reactions was carried out and analyzed (Tables 2 and 3).
In general, deuterium exchange in HFBA-d was more facile than in D,0/DOAc
containing RhCl;, the recoveries of material were usually better, and the
exchange was more selective in that a narrower distribution of deuterated
species was produced. For example, as shown by the mass spectral data in
Tables 2 and 3, anisole incorporated 1.87 D/molecule in HFBA-4d (expt. 17,
and only 0.79 D/Molecule in the rhodium reagent (expt. 16) despite a larger
amount of exchangeable D being present in the latter case. Analysis of the
two deuterated aniscles by nmr indicated that in HFBA-d there was a 17:1
preference for exchange at ortho/para position relative to meta positions,

whereas this ratio was only 2.5:1 with the rhodium reagent.

N

L\\///“\\ NMe

A similar comparison using imipramine led to essentially similar

imipramine

conclusions (expts. 12-15). Nmr and mass spectral studies indicated that in

HFBA-d, exchange is confined to the aromatic protons. With the rhodium reagent
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the majority of the exchange also occurred at the aromatic positions. No
exchange occurred in D,0/DOAc in the absence of RhCl,. This result, combined
with the broad distribution of deuterated species formed in the presence of the
rhodium catalyst, is in agreement with the role of 7-complexation by rhodium
as proposed by Garnett and coworkers.2 In contrast, the relatively sharp
distribution of deuterated imipramine species produces in HFBA-~d (Table 3,
expt. 12) is more consistent with rapid electrophilic substitution of D for

H at the four ring positions ortho or para to the nitrogen, together with
slower exchange at the other four aromatic protons. This interpretation is
also supported by nmr studies; the aromatic absorption of material deuterated
in HFBA-d is a broadened but symmetrical singlet, whereas in undeuterated
imipramine it is a very broad and highly skewed "singlet".

As with the tritiations, compounds bearing only electron-withdrawing
substituents exchange relatively slowly, even in HFBA~d. Thus, bromobenzene
was inert in D,0/DOAc/RhCl;, but formed 5-10% of a d;, species in HFBA-d
(expts. 19 and 20). The organometallic T-complex MMT also underwent slow
but clean deuteration in HFBA-d (expt. 22): nmr analysis indicated a ring/
methyl peak integration ratio of 3.31:3.00 (& 4.60 and 1.94 ppm, respectively).
However, electron donating groups enhanced the exchange rates and showed the
expected directional effects. Thus, as shown by nmr analysis, 2-bromoaniline
was converted cleanly into [4,6—2H2]—2—bromoaniline (cf. ref. 3). Similarly,
salicylamide underwent exchange only at positions 3 and 5.

In conclusion, HFBA provides a convenient, mild and effective solvent/
reagent medium for the exchange deuteration or tritiation of a wide variety
of aromatic compounds and transition metal T-arene compounds. Except for
strongly electron-deficient compounds (e.g., 2-nitrobromobenzene), quite
reasonable specific activities may readily be obtained. As indicated in the
following manuscript,5 exchange tritiation of appropriate arylamines, followed
by application of recent advances in the chemistry of aryldiazonium compounds,

greatly extends the versatility of this exchange method.



R. P. Hanalik, R. A. Wiley and T. J. Gillesse

526

*s3Insda psysTtIaqndun ‘eraepn g pue BII93S .>w *A3tand
wm.mmOucoﬂumﬁﬂaAsm@cmm:@mamoum&ounonwuwmvamﬂwwm.uHMmmumcﬂoosm @muﬂﬁﬁmumwgowuuovaﬂw wm

‘9P TIOTYD0IPAY
pazTITTeISAIDdI FO PIOTIX wo *snoausbowoy jou ST qoﬁuummmn “(T:g) IS3eMm/pIde DII90P Ul ONmm.mHUsmAﬂ Z0'0 ST jusbeax nmm

0L TM 6Z + vdar T 2°0

Ve 34509 1547 00z ut SpTueTASTIRS Bul QOF i
0%L T g + H°0D%aD Tw g0 uT
7°6 vom PL [+4 susooaaagztAhdoadoutwy-z HW L9 0T
0%% Trl § + vadH Tu 60
€°0T »8L P9 STT ut outurexdIul Hw 69T 6
O%L Trl §Z + ¥EdH TW ¥°0
101 68 pS 091 uT SUTPINTOL-O HW 06€ 8
0%%L Trt ST + VEAH W SE£°0
z'8 S6 Ps S91 ur SutirUrowoIg-o Hu O0¥ L
aa0Qe S®B
09°0 £6 P9 ovT ‘SUTTTUROIITN Bur 00T 9
onoge Sse
L8°0 56 jo3°) obT ‘9TosTUROWOIE-C Bw Q0T [
0%z T g + vEdH TW G0 UT
¥0°0 06 P9 ov1 BUBZUIOIFTUOWOIF~O bw QOT 72
anoqge se
¢ 0T X ¥€°0 06< ps OET ‘9ULZUB qOIFTUOWOIF~C B 00T €
Proqe se
0T X 6°1 06< 145 OtT ‘suszusqowozg T 00T 4
0°L T § + pIusbrex W Tw 200
¢ 0T X 578 06< pPg 0eT ut grostueowoIg-o T 00T 1
SToum /THU (%) PI=®TX SWTT D, ‘dueg, SUOTI3TPUOD ‘83eIISANS 3dx3

A31TATIDY oTzTo9ds
SUoT3oeay SburUoXyg UMTITIL T oldel



527

Aeid

yrie

Exchange-Labeling in Heptafluorobut

.Hmconnmoﬂuuwmw:mo:m&~>:mﬂcmu=mmoﬁo>oﬁ>zvm2u

"3X93 UT UOTSSMOSTP 295y

ay3 3noybnoayl STQNIOSUT pautewsI pue pswiol 93e3rdiosad umoaq vy

€870

€T°T

1°0-607°0

L8°1

6L°0

(A

58°¢C

29°¢

oTnO8TOoW/g swojze
uotjeaodaooul

umTta93nag

08<

(74

9%

6L

Sy

6L

(%) PISTA

*dnjIom BUTINP TeACWSI JUSATOS YITM DIIANDOO SSOT JWOS,
O¥0d UT 0fQ %~9TOW 0S UT OFHE. fTOW W 2070,

ay zL szl

Iy 98 ov1

Iq 98 SET

4 98 GET

POT ovtT

[%:] S1t

P8 S11

P9 STT

ay cL q1t

ay zL a1t

Y zL ST
WL Do ‘duag

q

*DoGET ' usa® ‘A19307dwOD SATOSSTP 30U PIP JUSZUBOWOIL,
-dnyaom pue UOT3ORIIX

p-vEdH TW ¢°1 .uezz Bu Gpe
o%a T g0 + vdaH
Tw z°0 ‘oprwerdaryes bu goz

ste Jjuabess yy
Tw o°T ‘suszusqowoag bu gggz

P-¥Ye9IH
w Q-1 ‘euszuaqoworg bw oz

ofa M OLT + P-¥€aH
W z+Q ‘sur{lurocuwoig-o HuW 0Qf

pP-Y€dH W £ 0 ‘oTOSTUY bw g9g
piudbeax
W W 9°Q ‘sTostuy bw 19

mu:wmmwn i IW 0T
‘(9seq oe13) suTwexdrul Hw SpT

oa 1w sz 0 + ovod
™ T ‘IJH.outwexdtwi Hw gzT

pIuobedT W
w 01 ‘ToH.~durweadrwi bu gzt

0°%q W z°0 + P-VEJH
W 0°T ‘IDH.sutweadTwl bu gz7

SuUOT3TPUOD ‘a3eIijsqnsg

sucT30esd dbueyoxdy umtIsljneg g STJRL

(44

ic

0¢

61

81

LT

91

ST

Vi

€1

4

3dxd



528 R, P. Hanzlik, R. A. Wiley and T. J. Gillesse

Table 3. Distributions of Deuterated Species Produced by Exchange Reactions

Substrate

IMIPRAMINE 4, N a, a, a, a, 4, 4,
me 280 281 282 283 284 285 286 287
Control®  75.29  19.65 5.05
expt 12 3.31 8.67 24.10 50.25  13.64
expt 13 3.63  15.75  31.51 30.00 13.23 3.03  1.51  1.31
expt 15 56.77  33.28 9.94

ANISOLE 4, 4 4, a, 4,
me 18 19 10 L1 112
ControlP 92.21  7.78
expt 16 45.88  39.03  12.07  2.89  1.83
expt 17 6.60 26.49  41.46 23.67  1.76

3values reported represent the average of at least 5 scans (+ 5% RSD). The
designations dy, d,...4_ are nominal and have not been corrected for contri-
butions due to the natural occurence of '3C.

bUndeuterated standards.

EXPERIMENTAL SECTION
Tritium oxide (5 Ci/g) was obtained from New England Nuclear. Deuterium
oxide, heptafluorobutyric acid and heptofluorobutyric anhydride (90%) were
obtained from Aldrich. Mass spectra were determined on a Varian~-MAT CHS5B
instrument. Specific activities of tritiated materials were determined using
a Beckman LS-3133T scintillation counter and are relative to an unguenched

tritium standard.

Heptafluorobutyric acid-d. Heptafluorobutyric anhydride (14.3 g, 34.8 mmole)

was stirred and cooled with dry ice and D,0 (0.69 g, 34.8 mmole) was added
cautiously by pipet. After addition of D,0 the mixture was allowed to warm

slowly to room temperature.
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Exhange reactions in HFBA. Small scale reactions were run in 13 x 100 mm

culture tubes sealed with teflon lined screw caps. The tubes were placed in

a 15 cm length of galvanized pipe, capped at both ends and vented by a small
hole at the top end, and heated by immersion in a heating mantle filled with
sand. For workup, the cooled reaction mixture was transferred by pipet into a
separatory funnel containing ether or pentane and an excess of aqueous bicar-
bonate. After several such extractions, the combined organic layers were
dried (NaZSOk) and evaporated to recover the exchanged substrate. In most
cases, little or no purification was necessary; in others, preparative TLC,

sublimation, or acid-base extractions were used to obtain pure materials.
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