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19. ABSTRACT (continued)

nonlabeled starting material, and the reaction sequence performed from begfnning to end
on the exact scale that was planned for the master run. Any problems which were dis-
covered in the tracer run were worked out, and then the tracer run was repeated, 1f

necessary, or the master run was done, .

The final products were analyzed for chemical and radiochemical purity, and specific
activity. Procedures used for the analyses included TLC-radio-scan, autoradiography,
HPLC, UV, and NMR and mass spectrometry where required. In addition to analyzing the
compounds when they were first prepared, they were also analyzed prior to shipment to

approved investigators. .

The labeled compounds were stored at the Research Triangle Institute and sent to
{avestigators upon request of the Prcject Monitor. An up-to-date list of compounds in
inventory was provided to the Project Monitor each month.

During the report period of March 23, 1991 to March 22, 1992 the syntheses of
8-[4-amino-l-nethylbutyl)aninol-z.6-d1methoxy-4-methyl~5-[3-(trifluoromethyl phenoxy]-
[4-13C]quincline succinate ([13CJWR-238605), 8-[(4-amino-1-methylbutyl)amino}-2,6-
dimethoxy-4-methy)-5-[3-(trifluoromethyl) [6-3H]phenoxy]quinoline succinate ([phenoxy-6-
31]wR-238605), 8-[(4-amino-1-methylbutyl)amino -5-(l-hexoxy)-6—methoxy-4-methyl[14C{~
quinoline (DL} tartrate (54-14Q]NR-242511) and [16-14C)artelinic acid were completed. A
total of 31 aCi of [4-14CJWR-238605 was prepared with specific activity of 21 mCi/mno)
(37 pCi/mg), a total of 165 aCi of [phenoxy-6-3H]WR-238605 wes gre ared with specific
activity of 165 wmCi/mmol {284 pCi/mgg, a total of 23 aCt of |4~ 4C§UR~242511 vwas prepared
with specific activity of 21 mCt/mmol and a total of 2,3 mCi of [16-14C]Jartelinic acid
was prepared with specific activity of 12 mCiémmol (29 uCi/mg). Development work was
fnitiated on the syntheses of [14CIHI-6 and [3H]CEES.




Foreword

During the peribd March 23, 1991 to March 22, 1992, the Research Triangle
Institute worked on a project entitled 'Radio;hemically—Labeled Conpounds
Synthesis lLaboratory®. Ur. Robert E. Engle of Walter Reed Army Institute of
Research was tha Contracting Officer's Technical Representatives.
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net constitute an official Department of the Army endorsement or approval of
the products or services of these'orﬁanizatioas. _

The follewing conventions are usad in this repert {n order to avoid
confusion between nonlabeled and labeled compounds: (a) unless otherwise
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cozpounds, wiil be preceded by an appropriate undif!er.in brackets, {.e.
{14c)-10 or aldehyde [14C}-19, etc. Spgc!fiefs will be included when required
for clarity, 1.e. [1,2-3H]-10, [2-3H]-10, etc.

The terms HPLC-RAH and TLC-RAM are used when radfoactivity monitors are

used as detectors with otherwise conventional HPLC or TLC analyses. -
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1.0 Summary |
During the report pericd of March 23, 1991 to March 22, 1992 the syn-

° theses of 8-[4-aminc-1-methylbutyl)amino]-2,6-dimethoxy-4-methyl-5-[3-(tri-
fluoromethyl)phenoxy] [4-14C)quinoline succinate ([14CJ4WR-238605), 8-[(4-aminc-
l-sethylbutyl)aaino] -2.6-d!n:ethexy-4-nethﬁ-5- {3-(trifluoromethyl) [6-3H]-

° phenoxy]quinoline succinate ([phemx&-6-3H]HR-238505), 8-[(4-amino-1-methyl-
5utyl Jaatnol-5-(1-hexoxy} -6-methoxy-4-sethyl [14clquinoline (RL) tartrate
([4-“&:]&&-242511) and [15-14C]artelinic acid were cozpleted. A total of

e 31 mCi of [4-14C]1WR-238505 was prepared with spectific activity of 21 wC!/mmol
(37 gti/mg), a total of 165 mC! of [phencxy-6-3H]WR-233605 was prepared with
specific activity of 165 Ci/mmo} (284 xCi/mg), a total of 23 mCi of [4-14C]-

® WR-242511 was prepared with specific activity of 21 mCi/mmol and a total of
2.3 ot of [16-14C]artelinic acid was prepared with specific activity of
12 nCi/e0t (29 3C1/2g). Cevelcopment work was initiated on the syntheses of

¢ [14cIHI-6 end [IH]CEES.
A total of nine shipaents were made to 1n§estigators is designated by the
Project Officer, Or. R. R. Engle.

®

®

o

. .




2.0 Synthesis of Labeled Compotnds
2.1 WR-238605: 8-[(4-amino~1-methylbutyl)aminn]-2,6-dimethoxy-4-methyl-5-

[3-(tr1fluoromethyl)phenoxyl[4-14clqu1ndl1ne Succinate: [4-14C]-

WR-238605 ([14¢]-14) B ,
The method used to prepare [4-14C]WR-238605 1s outlined in Chart 1. A

total of 31 mCi was prepared with specific activit& of 21 nCi/mmbl

(37 pCi/mg). This material was assigned lot no. CT-5949-51.

A large amount of quinoline [14c]f5 was needed because it {s an inter-
mediate for the syntheses of both [14C]wR-238605 and [14CJWR-242511 (section
2.3), consequently 1 Ci of sodium [l-l‘C]acetafe([l‘cjvl) was required as
starting matertfal. Because 1t is not'prudent to use this much radioactivity
fn the early steps of this reaction seﬁuence. 1t was décided to prepare
[14c]-4 1n three batches. In the first run with 300 aCi of [14C]-1, we
encountered wmajor difficulties and chtained cn'y 10.7 mCt (3.6% radicchemical

yleld) of [14C]-4. A repeut tracer run, which gave a 17% yield of [14c]-4, - '

did not point out any lajorbproblens with the chemistry o these steps, but
indicated some changes with the mechanics of carrying out the reactions were
warranted. A second batch of 300 sC1 of [14C]-1 was carried through the
sequence and afforded a 23% radiochemical yleld of [14C]-4. The third batch
of [14c)-1 (400 wC1) gave a 28% radiochemical yield of quinoline [14C]-4. The
overall yield of [14C)-4 was 192 mC1 (19.2% radiochemical yield) from the one
curfe of [14C]-1. A portion of this material (45.7 mCi) was set aside for the
synthesis [4-14CJWR-242511 (see later) and the remainder was used for the
synthesis of [4-14C]WR-238605. Base catalyzed reaction of [14C]-4 with
3-(trifluoromethyl)phenol afforded an 88% radiochemical yleld of nitrogquino-

1ine [14c)-5.
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The reduction of the nitro group of [14C]-5 was done in three batches,
again because of the large amnunt of materfal. The first portion was reduced
to the 8-amino derivative [14C]-6 followed by conversion to the é-phthalimido
derivative [14C]-7 tc yleld 48.5 mCi of product. Reduction of the second por-
tion gave the desired [14C]-6 plus approximately 20% of an unknown impurity.
This mixture was treated with phthalic anhydride to forn [14C]11. It appeared
that the fmpurity also formed a phthalimido derivative, suggesting that 1t {s
a partially reduced ring system that also has an B-amino group. This mixture
of phthalimido derivatives was purified by coluan chromatography to yield
28.7 wCi of [14c]-7. The third portion of [14C]-5 was reduced and converted
to [14C]-7 to yleld 48.8 xC1 of product. The total yfeld of [14C]-7 was ivé
126 wCi which is an 88X radiochemical yield from nitroquinoline [14c]-§.

The conversion of [14C)-7 to N-oxide [14C]-8 was carried out in three
portions because of the variability experienced with this reaction. Treatment
of a 20.3 »Ci portion of [14C]-7 with m-chloroperbenzotc acid (WCPBA) gave
12.3 wCt (61% yield) of [l4cj-g after purification‘by chromatography on
alumina (basic, Act III). A sccond portion (48.8 mC1) of [14C]-7 was simt-
larly oxidized, but gave only 14 mC1 {14% yteld) of [14C]-§ after purification
by chromatography. The lower yield was attributed to the fact that this
material was allowed to stay on the column longer than the first run, and
decomposed or irreversibly bound to the alumina. A test was run using three
equal portions of [14¢]-8 and three different workup procedures: 1) a quick
flﬁsh through an alumina column, 2) a slow (~ 2 h) flush through an alumina
column [same size as In (1)], and 3) an extraction of the chloroform reactianf
mixture with 15% potassium carbonate solution. The radiochemfcal recovaries
of these three procedures were as follows: 1) 51%, 2) 18%, and 3) 100%. It is

obvious from these results that conact of [14C]-8 with alumina lowered the




yleld. The results of the test indicate that alumina should not be used to
remove the excess MCBA from the reaction mixture., It does not explajn.
however, how other groups (Starks!) and the original literature2 procedure
were able to obtain high yields of N-oxide wifh the alumina procedure. The
results of the iest also suggests tiat our past experience of inconsistent
results with this reaction ware related tu the alumina chromatography and not
the quality of MCPBA., It also should be pointed out that while the
fadiocheuicél recovery is high with the extraction process, the radiochemical
purity.is ~ C0% because extraneous radiosctive materfals are not removed as
with the alumine chromatography. On thaz basis of the above test, the third
portion (56.9 mC1) of [14C)-7 was converted to the N-oxide [14C]-8 and worked
up by the hasa extract1on method to give 56.7 aC1 of material of ~ 90X radio-
chemical purity. The tctal yield froa all three runs is 82 aCi (65% yield) of
[14c]-8. The N-oxide [i4C]-8 was treated with phosphorus oxychloride to
obtain the 2-chloro compound, {14¢]-9 tn 74% radiochemical yield (61.5 mCi).
The 8-amino group of [14¢]-9 was deprotected with hydrazine to obtain [14c]-10
(61.0 mC1, 95X radiochemical yfeld). Displacement of the 2-chlero atom with ‘
sodium methcxide in DMF gave [14C]-11 (46.6 uC1, 763 radiochemical yield).

This last step was carried out using sodium methoxide prepared by the treat-
ment of methanol with sodium hydride. This method did not give the N-formy!
by-product obtained fn prior syntheses where the sodium methoxide was prepared
by reaction of sodium with methanol. The two methods give comparable results, -
but both methods have been found to be labor intensive. The sodium-methanol
method required a chromatography to separate the N-formyl by-product from
[14c]-11 with subsequent basic hydrolysis of the by-product to give additional
[14C)-11. The method using sodium hydride-methanol went to = 35-90! comple-
tion and required chromatography to separate [14C]-11 from unreacted [14c]-10




which was recycled to form (14c]-11. The work up of the sodfum hydride method
is very tedious because of formatfon of emulsions.

The alkylation of [14c]-11 gave [14C]-12 in 89% radiochemical yield
(41.3 mCi) which upon treatment with hydrazine gave the free base [14C]-13 in
39% radfochemical yleld (36.8 mCi). Treatment of [14C]-13 with succinic acid
afforded, after purification, 835 mg (31 mCi) of [4-14C]WR-233605 ([14C]-14)

with specific activity of 37 xCi/mg, 21 1aCi/mmol.
2.2 WR-238605: 8-[(4-Amino-1-methvibi‘))amino}-2,6-dimethoxy-4-methy}-5-

[3-(trifluoromethyl) [6~3H]phenoxy]quinoline Succinate: [phenoxyys-3H]->

WR-238605_([3H]-14)

[phenoxy-6-3H]WR-238605 ([3H]-14) was syrthesized by the scheme outlined
fn Chart 2. A total of 124 wC{ was prepared with specffic activity of
165 oCi/mmol (284 aCi/mg). This material was assigned ot no. CV-6949-145.

Two problems were encountered in the prevaration of [phehoiy-5-3ﬁlwﬂ-
238605 which are believed to be reiated to the radiochemical stability of
intermediates [3H]-7 and [3H]-13. During the initial master synthesis,
quinoline [3H]-7 with specific activity of about 73¢ mCi/mmol completely
decomposed to a less polar éoupound upon standing for 48 h. This probiem was
overcome by convert1n§ (3H)-7 to N-oxide [3H]-8 immediately after its prepara-
tion. Similarly, the quinoline free base [14c]-13 with specific activity of
about 700 mCi/mmo) nearly completely decomposed within a few hours of its
preparation. This problem was overcome by reductng'the specific activity of
[3H]-13 1n the second master synthesis. '

In the second master synthesis a sample of {odophenol 16, prepared by the

reaction of 3-trifluoromethylphenol (15) with sodium fodide and sodium hypo-

chlorited 4, was catalytically reduced with‘tritiuu and Pd/C to give 530 mCt
of [3H]-11. After dilution with nonlabeled 17, it wes allowed to react with
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fluoroquinoline 4 to give [3H]-5 tn 85% radiocheaical yleld. Catalytic
reduction of nitroquinoline [3H]-5 followed by fmmediate treatment with
phthalic arhydride gave protected aminogquinoline [3H]-_7,.1n 80% radiczhemical
yteld. This materfal was converted to N-oxfde [3H]-8 (81% radfochemical
yield) which was treated with phosphorus oxychloride to obtain 2«chlnroqu1no- ’
1tne [3H]-9. Treatment of [3H]-9 with hydrazine removed the phthaﬂmir_jo
protecting group to afford amine [3H]-10. [3H]-1g was treated with sodium
methoxide to displace the 2-chloro function to give 2-methoxy quinoline
[34])-11 in 528 radiochesmical yleld from [3H]-8. Alkylation of [3H]-11 with
4-1odophthalimfdopentane gave [3H]-12 fn 84% radfochemfcal yfeld after puri-
fication by chromatography. This compound had specific activity of about
340 oCi/mmol. This sacple was diluted with an equal amount of non]abeled 13
prior to removing the phthalimide protecting group. This was dcne because, as
mentioned ‘above. previously when the protecting group was rewcved from [3H]-12
which had a specific activity of about 700 mCi/mmol, the [3H]-13 formed nearly
coq:létely decomposed within a few hours. It was expected that (3H]-13 with
specific activity of about 100 mCi/mmol would be more stable, Treatment of ’
the mixture of [3H]-12 and 13 with hydrazine followed by workup and treatment
with succinic acid afforded 436 mg of [3H]-14 as tan crystals with m.p. 146-
148°C. The specific activity was determined to be 284 xCi/mg (165 mCi/mmol)
giving a total of 124 sC1. | |
2.3 WR-242511: B-[(4-aAmino-1-methylbutyl)amino]-5-(1-hexoxy)-6-methoxy-

4-methy1[4-14c]quinoline (DL)-Tartrate; [4-14c]wR-242511 (f14c]-23)

The method used to prepare [4-14CJwR-242511 ([“c]-g;) fs outlined in
Chart 3. A total of 23 mci of [4-14C]WR-242511 was prepared with specific
activity of 20.9 wCi/mmol (39.9 xCi/mg). This materfal was assigned Lot no.

LF-6797-73.
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The synthetic scheme outline fn Chart 3 differs from the pub)ished
scheme5 1n that fluoroquinoline 4 replaces chloroquineline 24 {Chart 4) as
the intermediate for preparing hexoxyquinoline 19. This was done for several
reasons: (a) we have experience in preparing [13¢]-4; (b) [14C]-4 was reguired
for the synthesis of [14C)JwWR-238605 (See earlier),‘and ecoromfes could be made
by preparing a large batch of'[14cl-5 and using it for both syntheses; (c) the
number of steps with radfoactive material to fnterasediate 18 fs reduced; and
(d) 1t was anticipated that the fewer steps, plus the expectation that the
flourine of 4 would be more susceptible to nucleophilic displacement than the
chlorine of 24, would lead'to a better yield of 19.

Reaction of [14C]-4 with sodfum hexoxide fn hexanol afforded a 92%
chemfcal (82% radiocﬁenical) yield of quinoline [14c]-19 after purification by
chromatography. [14C]-19 was diluted with an equal weight of nonlabeled 19
and reduced by using platinum oxide as catalyst in a stainless steel bomd
(glass Viner) in a hydrogen atmosphere at 45 psi. Vork-up by'fiﬁtratlon‘df
the reaction mixture through Celite and rinsing with THF gave quantitative
chemical and radiochemical ylelds of amine [14c)-20. [14C]-20 was allowed to
react with 4-iodo-l~phthalilidppentane and N,N-d{{sopropylethylamine in
acetonitrile. The reactfon was followed by TLC and additional 4-fodo-1-
phthalimidopentane and N,N-df isopropylethylamine was added during the course
of the reaction. The thoroughly dried crude product was purified by column
chromatography to give [14C]-21 in 73% radiochemical yfeld. Treatment of
[14C)-21 with hydrazine to rewove the phthalimido protecting group (88% crude
chemical yield) followed by tre&tuent with a solutfon of DL-tartaric acid in
ethanol ylelded the target compound [14C]-23 of 99.5% radiochemical purity fn
82% radiochemical yield after crystaliization from ethanol.
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2.4 WR-255633: [16-14C)Artelinic Acid ([14c]-32)
The scheme used for the synthesis of [16-14C]artelinic acid ([14¢]-32) is
shown in Chart 5. The synthesis of [16- i4C]artemisinin ([14C]-29) follows

the method of Avery.6 A total of 2.3 mCi of material was prepared which had
specific activity of 58 uCi/mg.

The original focus of the development work was on making the alkylation
of 217 to give 28 reliable, especially with respect to the conshmption of 27

because the separation of 27 from 28 is difficult. The usual precautions for

L = . .
B S S T ey Sy w T R Y Ty
AR S -5 ~ R A SRR Tl e by W e

N TR e S

moisture sensitive reactions were taken; thus, all equipment was oven dried,
the solvent, THF, was freshly distilled from benzophenone ketyl, the diisopro-
pylamine was distillad from calcium hydride and stored over molecular sieves
under an argon atmosphere, the normality of the butyl 1ithium solution used to
prepare the 11thium di{sopropylamide (LDA) was determined by titration prior
to use, and the methyl fodide was disttlled and stored over copper.

When these precautions are taken the alkylation of 27 was reasonébly
relfable giving a product ratio of 27 to 28 of about 3:97 when run in the

normal way, However, when the reaction is run using the vacuum line techni-

s o,

557 aof 3

- ques necessary for the radiosynthesis, the product ratio was erratic varying

from nearly all 28 to nearly no 28. Since in using the vacuum line technique,
the reaction 1s run under reducéd pressure (the vapor pressure of THF) 1t was
thought that the problem may be cdue to the large head space on the vacuum
1ine. After reducing the head space by using a smaller reaction flask and
adding an adapter, the 27:28 ratio varied in three runs as ~ 0:100, 30:70 and
15:85. Further modification of the mechanics of carrying out the reaction
which involved addition of 27 to the LDA solution via a side-arm adapter in a

closed system rather than by cannula, resulted in consistent 27:28 ratios of

1:9, or better. Attempts to convert unreacted 27 to 28 by realkylating the




-

a) LDA, CHyl

b) 040,

c) BHT, SiOz, 3M H,50,
) uocu,

) 5% KOH/CH;OH

Chart §

c}-33
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reaction mixture was unsatisfactory. The 1:9 ratio of 27 to 28 was considered
acceptable when 1t was found that ozonolysis of a sample of 28 containing 12%
of 27 as an fmpurity gave essentially the same yfeld (16%) of purified
artemisinin (29) as did a pﬁre sample of 28.

Further study of the alkylation was carried out, however, in an attiempt
to make the reaction more efficient with respect to the labeled starting
material [14C)methy! fodide. The aikylation of 27 1s norsally carried out
with a 2.5 fold excess of methyl {odfde.6 Two experiments were carried out to
determine 1f better utilization of [14C]néthyl fodide could be achieved by
reacting the anfon of 27, first with ons equivalent of [14C]mathy! fodide
followed by 1.5 equivalents of nonlabeled methyl fodide. In the first experi-
ment, a 1:1 aixture of 28 to 27 was realized after reaction of 27 for 1 h with
one equivalent of methy! 1od1de; After addition of the remaining 1.3 equiva-
lent of methyl fodide, HPLC analysis showed a 95:5 ratfo of 28 to 27, which is
nearly identical to the results obtained when the 2.5 equivalents of methyl
fodide are added 1n one portion. In the second experiment, a 3:1 ratio of 28
to 27 was realized 1 h after the first addftion of methyl fodide. This ratio
did not change after the r§action was allowed to continue for an additional
1h The reaction went to 95% completion upon the addition of 1.5 equivalents
wore of methyl fodide. The results from these two experiments 1nd1cafed that
the stepwise procedure had the potential for fncreasing the utilization of
[14C]m=thy) 1odide, however when this procedure was used n a master synthe-
sis, only 38% incorporation of the labeled methyl fodide was realized. We did
not use, and do not plan to use the stepwise procedure {n other preparations
of [14c])-28. ‘

In a master synthesis, alkylation of 27 with 2.5 equivalents of
[14C]methyl fodides gave 34 mC1 (85% radiochemical yield) of crude [14c)-28

¢ R AR A e BRI L R0 4 £ R i § 60,01
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which was 87% radfocheaically pure. Two radicactive impurities are formed in
this reaction which have HPLC retention times similar to that of [14C]-28. We
speculate that one of these fmpurities is the C-9 eptimer of 28, and the other
1s the dimethylated product.

A portion (1.12 mCi) of the crude [14C]-28 was mixed with 409 mg of
nonlabeled crude 28 prepared by the same method as {ts labeled counterpart.
This material was used for a tracer study of the ozonfzation reaciion.
Purification of crude tracer [14¢]-28 by flash chromatography gave 226 mg (55%
chenical yfeld) and 0.77 mC{ (68% radiochemical yigld) of partially purified
tracer [14C]-28. Purification of the master preparation of [14C]-28 by this

same method gave 56% chemical and 60% radiochemical recovery of purified
[14c)-28. Since the flash chronatogfaphy reshlted 1n 30-40% loss of product,
while only marginally improving its purity, the crude [14c]-28 from a second
master run was purified by filtering through a pad of silica (230-400 mesh)
via aspiration. The recovery was 87%. ' '
Ozonolysis of tracer [1%0]-28 gave a 29% yield (45 ag) of 515»14']-
artemisinin ([14C]-29) with a chemical purity and radiochesical purity of 78%
and 95% (area ratfos), respectively, after flash chromatography. This
material was further purified by preparative HPLC (Waters preparative RCM,
25 x 2C0 mm, C18, 45% H20-CH3CN, 9.9 mi/min, 210 nm). Sample injectfon size
was 15 mg. A total of 22 mg (143 chemical yield) containing 139 aCi (13%
radiochemical yield) of [16-14C]artemtsinin ([14C]-29 was realized. This
sample was shown to be contaminated with {16-14C]deoxyartentsinin ([14c]-33,
however. The presence of [14C]-33 was discovered when sodium borohydride
reduction of tracer [14c]-29 to give [16-14C]deoxyartemisinin ([14c]-30)
fafled to give as clean a product as in the past. Investigation of the

reason(s) for the failure of this reduction revealed that the reversed phase
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HPLC system uced to ana\yze and pur{fy [14c]-gg did not separate art:nfsinin
and deoxyartemisinin., These two compounds, however, are easily sepurated by
normal phase HPLC (Waters Resolve spherical siifca, 5 g, 3.9 x 150 mwu, 10%
EtOAc-Hexane, 1.2 mL/ain, 33 tg 6.22 min, 29 tg 8.16 min). It was established
later that [16-14C]artemfsinin ([14C]-29) of purity suftable for further
transformation conld be obtained by careful flash chromatography alone,
Ozonfzatfon of master [14C]-28 afforded a 14% radiochemical yield of [14c]-29
which was > 98% radiochemically pure after two flash chromatographies.

A portion of the purified [14C]-29 was dfluted with nonlabeled
artemisinin for use in a tracer study of the synthesis of [16-14C]artelinic
actd ([14c]-32). Sodiua borohydride reduction of [14C]-29 went, as expected,

!
to give a 72% yield of [16-14C)dihydroartemistnin (F14C)-30). Reaction of

{14C]-30 with methyl 4-(hydroxymethyl)benzoate afforded methyl arteltnate
([14c]-31) in 72% radiochemical yleld after chromatography. Alkaline
kydrolysis of [14¢]-31 afforded a quantitative yfeld of tracer [16-14C]-
artelinic acid ([14¢]-32) which was 95% radfochemically pure. Recrystal-
11zation of the preduct from methanol-waterS fafled to fmprove fts purity, but
purification was achieved by preparative HPLC to afford a 59% radiochemical
yleld of product which was > 99% radiochemically pure, .

The master synthesis of [16-14CJartelinic acid was complieted by the same
wmethod used for preparing tracer [14c]-gg. Sod{um bhorohydride reduction of
master [14C]-29 gave a quantitative yield of crude [14C]-30, which upon
treatment with -éthyl 4-(hydroxymethyl)benzoate and boron trifluoride etherate
gave ester [14C]-31 in 66% radiochemical after purificailon by flash chroma-
iography. The purified materfal was hydrolyzed and the product purified by
preparative HPLC to give 2.3 wCi (66% radiochemical yield) of [16-14¢]-
artelinic acld with specific activity of 58 aCi/mg.
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2.5 WR-249655: l-(Z-Hydroxyimino[14C]methyl)-l-pyridlno-3-(4-carbamdy1-1-
. pyridino)-2-oxapropane Dichloride ([14CIHI-6, [14C]-49)

The synthesis scheme for preparing [14C]HI-6 fs shown in Chart 6. The
scheme essentially follows a recently reportedd svnthesis of [14C]JHI-6, but
uses the modification of Starks Associates] which avoids the use of the car-
cinogenic bis(chloromethyl) ether. The starting material N-methyl[14(C]-
formanilide is coimercially available, and has been purchased.

Inftial attempts to prepare pyridine-2-carboxaldehyde (43) gave only a
trace ylelds of product. Purification of 2-brumopyridine (40) and N-methyl-
formanilide (42) by fractional distillation gave somewhat {mprcved yields
(15%), but which were still far below the litcrature yields of 80%.8 The
yirld was further improved by reverse addition, {.e. the solution of 2-bromo-
pyridine was added to the solution of n-butyl 1ithium. These yields (40-50%),
however, were still considerably below the literature yield. Interestingly,
the expected side product, N-methylaniline was obtafned in 92% yfeld which
tndfcated that N-methylformanilide had almost completely reactad. A tracer

experiment was done to determine the fate of the [14c] formy) group of [1%¢]-

42.

The results of the tracer run are shown in Table 1. Two radioactive side
producfs were revedled, one of which was purified an& tentatively identified
as 2-pyr1d|ne[14C]nethanol ([14C]-50) on the basis of 1ts lH NMR spectrum.
Confirmation of this structure, however, requires further analyses. The
origin material could not be 1solated fn a pure enough form to allow identi-
fication. The results of the tracer run indicates that reaction 1s complete
after 3.5 h, but not after 1 h when 21% of the starting N-methyl[14c]form-
anilide ([14C)-42) remains. It 1s interesting that the ratio of aldehyde

[14c)-43 to by-product [14C)-50 s relative constant prior to workup during
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Table 1

Distribution of Radioactivity by TLC-RAM Analysis
% Side Product £ Aldehyde % Starting Mat.

Time (h) % origin __[14c]-50 2 _[14c]-43 [14c]-42 Comment
46 1 15 21 ‘ prior to
. workup
3.5 . 49 19 28 1 prior to
‘ workup
3.5 6 14 72 1 after
. workupl
3.5 9 , 27 63 0 after

isolation of
crude product?

1. Workup involves: a) acidification with aqueous hydrochloric acid..
3; :::;:g:::g ::Eﬁ ::a::: c) bastfication with potassium carbonate,
2. The crude prodict was isolated by dryihg the final ether extract,
-;:;ﬁg::t;:ge:hzizgl::gzu:? the flash evaporator and drying the

the course of the reaction being 1.4 at 1 h and 1.5 at 3.5 h, Prior to work-
up, nearly half of the radfoactivity {s at the origin. After workup, ;here is
only 6% of origin materfal in the ether layer, but 33% of the recovered amount
of radfoactivity (23% of the starting amount of radioactivity) was in the
aqueous layer and 1s prestmably mostly origin material, The fact that the
percent of [14C]-43 in the ether layer 1s reduced from 72% to 63%, while the
amount of the impurities appears to increase {s believed to be due to loss of
- [14¢]-43 by volatization during drying under high vacuum. This is supported
_ by the fact that only 70% of the starting amount of radioactivity was re- _
' covergd. The distribution of radioactivity, based on the beginning amount of
radioactivity, was as follows: 30% in aldehyde [14C]-43, 13% tn alcohol

{14c]-50, 4% in origin material, 237 in the aqueous waste and 30X unaccounted, .
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The formation of [14C]-50 suggest that aldehyde 43 s under going a bese
catalyzed Cannizzaro dismutation reaction under the reaction‘conditibns (see
below), and that the water soluble radicactivity {is due, at least in part, to
[14C)-51. It appears that 50 is formed at a constant rate during the reac-
tion, since the ratio of [14¢]-43 to [15¢]-50 is similar 2% 1 and 3.5 h. The

'2'©in—.——_ @W*’@wﬁ

amount of [142]-51 cannot exceed the amount of [14C]-50, so wuch of the origin
uaterial exhibited prior to workup may be due to an intermediate that goes to
aldéhyde 43 during workup, or the TLC-RAM analysis could be misieading because
of loss of volatile [i4C]-43 and [14C}-50 from the TLC plate.

In sutmary, the tricer reaction showed that the yield of aldehyde 43 was
reduced because of 1ts volatility, and because 1t was consumed fn a side reac-
tion. We plan to repeat the tracer experiment taking precautfons to minimize
losses due to volatility. We also plan to confirm the structure of 50 and

explore methods to minimize its formation.

2.6 2-Chloroethyl [2-3H]Ethyl Sulfide; [ethyl-2-3H]CEES ([3H]-55)

Preliminary investigation of the scheme outlfnéd in Chart 7 for preparing
{ethy1-2-3H]CEES ([3H]-55) has been started. Gas chromatography methods for
following the reaction of mercaptoethanol with ethyl tosylate (53) and for the
conversion of 2-hydroxyethyl ethyl sulfide (54) to CEES have been developed.

Reaction of 2-mercaptoethanol with ethyl tosylate in the presence of

potassium carbonate atforded an 80% yield 54 after {solation by vacuum

transfer,
At present, we are {nvestigating the conversion of 54 to CEES by reaction

w'th thioﬁyl chloride by a 11terature method.9
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Chart 7

CToCH,OH —2 «  CT,CH,OTosy!

{?H)-52 *H)-53
H}-53 b CT2CH,SCH,CH;0H
tH)-54

PH-58 —S—e  CT,CH,SCH,CH,CI
(*H}-55

g onQrsom

b) HSCH,CH,OH, K,CO3, CHCl
¢) SOCh
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3.0 Shipments
A total of nine shipments were made to investigators as authorized by the

Project Monitor during the period March 23, 1991 ~ March 22, 1992 (Table 2)..

4.0 Inventory ;
A list of the compounds held in {nventory March 22, 1992 by the Research

Triangle Institute for the USARMDC is given in Table 3.
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APPENDIX




Synthesis Report
WALTER REED ARMY INSTITUTE OF RESEARCH
Contract No. DAMD17-89-<~9062

WR-238605

g:[i&-Anino-l-nethylbutyl)anino]-%Aﬁ-dﬁnethoxy~4»nethyl»

3-trifluoromethyl}phenoxy] [§-19C)qutnol ne Succinate

Lot No. CT-6949-61

March, 1992
Charles E, Twine
John A, Kepler

Research Trisngle Institute
Post Office Box 12194
Research Triangle Park, North Carolfna 27709
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[1-14C)Acety! Chloride ([14c]-2)
Into a 25-ml recovery flask containing a magnetic stirring bar was placed

sodfum [1-14CJacetate (482 mC1, 659 mg, 8.04 mmol). To this was added NaOH
solution (800 pL, 2.14 M). The flask was attached to the high vacuum

manifold, the H20 vacuum transferred out and the residue dried for ~ 1 h at
195°C. Note: The NaOH treatment 1s to neutralize any free [1-14C]acet1c acid
that may be present. In an earlier run, we found that 300 mCi of the sodium
[1-14CJacetate contained 30 mCf of volatile radfoactivity. The flask was
allowed to cool to ambient temperature before removing it froa the manifold.
Benzoyl chloride (12 ml) was added to the reaction flask which was fitted with

a simple Clatsen distillation head connected to a vacuum distillation adapter.

A drying tube containing Drierite and activated charcoal granules was attached .
to the side arwm of the vacuua distillation adapter. A pear-shaped flask was 3
attached to the vacuum distillation adapttr‘as the recetver. This receiver

was cooled to -30°C. The reaction flask was heated fn an of} bath until the

benzoyl chioride started to reflux into the bottom of the Claisen head. The

reaction flask was cooled to ambient temperature and nonlabeled acetyl

chloride (71 pL, 1.0 mmol) was added. The reactfon mixture was heated as

before. The reaction mixture was cooled and a 2nd addition of nonlabeled

acetyl chloride (71 sL, 1.0 mmol) was made. The mixture was heated as before

while collecting the acetyl chloride in the receiving flask at -30°C. The

recefver was allowed to warm to room temperature and wefghed. A total of

660 mg (84% yield) of‘acetyl chioride was collected. The product was used as

collected in the next reaction.

Chemical Source & Catalog No. Lot No.
Sodium [1-14C]Acetate Sigma 31,158-8 0214 9209
Benzoyl Chloride Aldrich B1269-5 4028 LL

Acetyl Chloride Aldrich 23,957-7 00225 MV
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4-Chloro-[2-14¢)2-butanone ({14c]-3)
Aluminum chloride (2.6 g) was weighed into a 100-mL round bottom flask

containing a magnetic stirr!ng bar. Methylene chloride (~ 60 mL) which had
been dried by passing 1t through basic A1203 was added to the fl;sk. The
mixture was cooled to -20°C while a slow stream of ethylene was passed into
the mixture via a fritted glass gas introduction tube. The [1-14C]Jacetyl
chloride (660 mg, 8.4 mol) was dissolved 1n CH2Cl2 (5 mL) and added via .
syringe into the gas introductfon tube. The tube was rinsed with additional
CH2Cl2 (2 x 1 mL). Ethylene was passed into the feaction mixture fo =~ 2,25 h
while keeping the mixture at -10°C. The reaction was allowed to warm to room
tesperature, and after stirring for 30 min was poured onto fce containing
concentrated HC1 (15 mL) and extracted 4 X with CHpClp. The combined CHCl2
extracts were washed with 6 N HC1, Hz0, saturated MalCO3 solution and dried
over NagS04. The dried solution was counted (325 aCi)‘and then the CHaCly was
stripped. The residue was vacuum transferred to give 89) ng of [}4C-3) as a
colorless 1iquid which was used as §s in the next reaction. A residue
containing 39.7 wCi did not vacuum transfer., The CHyClp that was removed by
stripping was counted and found to contain 21.6 mCi of radfoactivity. This
solution was carefully concentrate to a volume of ~ 5 mL and used fn a

separate reaction to prepare the nitroquinoline {14C]-1.

Chemical Source & Catalog No. | Lot Ko.
‘Aluminum Chloride Fisher A-575 880667 |
Methylene Chloride Fisher D-37 | 913251
Alunina, basic Act.l Woeln B 1385
Ethylene | Matheson 08227
Hydrochloric Acid Fisher A-144 A . FL040398
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5-Fluoro-6-methoxy-4-pethy)-8-nitrof4-14CYquinol ine ([14C]-4)

To the 25-mL recovery flask containing chloroketone [14c]-3 (890 g,
8.39 mmol) prepared above, was added 3-fluoro~4-nethoxy-6-n1trbanﬂir.e
(1562 m3, 8.39 mmol), As205¢XH20 (1.45 g, 6.29 smol) and H3PO3 (6 aL). The
flask was fitted with a Liebig condenser (air cooled) and a nitrogen line.
The mixture was heated at 72-75°C for 8 h, After the reaction mixture was
cooled, nonlabeled 3 (150 mg, 140 sL) was added and the mixture heated for
5 h. The reaction mixture was cooled and a second sample of nonlabeled 3
(150 mg, 140 sL) was added and the mixture was heated for 6 h. The progress
of the reaction was followed by HPLC (5 p Spherfcal S102, 3.9 mm x 150 wm, 93%
hexane-EtOAc, 2 mL/min, UV X 254 mu). The reaction was wirxed up by pouring |
onto ice containing NHqOH (20 mL) and extracting 4X with CHpCl12. The combined
CH2C12 extracts were not dried but were stripped to leave a brown residue of
{mpure [14C]-4, which was dried on the vacuum manifold.

The CHaCl2 solution of chloroketone [14C)-3 reroversd 41 the previcus
reaction was also taken through the nitroquinoline prepar:stion sequence
described above. The products from the two reactions were combined. This
materfal was flash chromatogravhed on a column of S102 (4 x 20 cm) using BOX
CHaC12-hexane (1000 mL), 85% CHaCla-hexane (1000 mL) and th:n 90X CHCl2-
hexane (1000 mL) as eluants and collecting fractions of 25-30 wl. The
fractfons were analyzed by HPLC (same system). Fractions 25-42 were combined
and stripped to give 973 mg (96.9 mC1) of pure [14c]-4. This material was
combined with [14C]-4 (32.1 mC1) from two other preparations and used in the
next reaction. The {mpure fractions were combined and carried ihrough the next

reaction sequence separate from the pure fractions,
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Chemical , | Source & Catalog No. Lot No.
3-Fluoro-4-methoxy-6-nitroaniline  WRAIR | BH 49612
Arsenic Pentoxide Fisher A-53 790650
Phosphoric Actd (85%) Fisher A-242 720489
Amoon{ua Hydroxide Fisher A-669 860116
Methylene Chloride ~ Fisher 0-37 913251
S111ca Gel-60 E. Kerch 9385-5 30283
6-Methoxy-4-methyl-8-nitro-5- (S;tri fluoromethylphenoxy) [4-14C]quinoline

([14¢]-5) |
To a solution of [14C]-4 (1.291 g, 5.47 mmol, 129 =C1) in acetone (30 wi)

was added K2C03 (3.93 g) and m-hydroxybenzotrifluoride (1.0562 g). The result-

fng mixture was heated at 65°C for 6 h. HPLC [5 s spherical S107, 3.9 m= x
150 mm, 93% hexane-EtOAc, 2 mL/min, UV ) 254 ms] indicated the reaction was
complete. The acetone was stripped and the residue taken-up 1n CHpCl2 aﬁf
washed with Ho0. The H20 layer was extracted 3% with CHaClz. The combined
CHaCl2 extracts were washed twice with 102‘ ¥2C03 solution, dried over Na;S504
and stripped to leave 2.06 g (127 uC1) of dirty yellow solid. The solid was
pixed with a small amount of [14C]-5 from a previcus preparation.and rinsed
once with 75% hexane-CHz2C12 (3 ml) and twice with hexane. The resulting solid
was dried on the vacuu-‘ manifold to give 2.243 g of pale yellow crystals, mp
211-213°C (std. mp 212-213°C). This uterﬂl was divided into tﬁree batches

"and e.ch carried through the next reaction.

Chemi-y! Source & Catalog No. Lot No.
Acetone Fisher A-18 911267
Potassium Carbonate Fisher P-208 905633
m-Hydroxybenzotrt “*voride Aldrich 15,603-5 01718BY

Methylene chloride * Fisher D-37 , 913251
Sodium Sulfate Fisher S-421 884476
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8-Amino-6-methoxy-4-methyl-5-(3-trifluoromethylphenoxy) [4-14Cl1quinoline

([14c)-6)

In a 25-mL glass-lined stainless steel bomb were placed P02 (75 mg) and

THF (2 mL) which had been distilled from benzophenone ketyl. The Pt02 was

treated with hydrogen at 50 psi for 20 min, The crystalline [14C]-5 (773 wp,
2.04 mmo), 49 mCi) was added to the bomb., Additiona) THF (20 ml) was added
and the resulting mixture was stirred with hydrogen at 50 psf for 16 h. TLC

(S102: Et20-NH4OH, 30:0.25) {ndicated the reaction was complete. The reacifon

was filtered through a short column of S102 (~ 3 mL) using additional THF.

The resulting black solution was stripped. The residue was dissolved in 2
sma1! amount of THF and filtered through a 0.45 sm Teflon filter. The
solution uasbsttll black. It was stripped to leave a dark re;idue. 807 mg,
which was {mmediately used in the next reaction. This reaction was repeated a
total of three times with each being carried through the next reactfon

separstely,
Chemical Source & Catalog No. Lot No., -
Platinua(1V) Oxtde Aldrich 20,603-2 02506KT
.Tetrahydrofuran Fisker 7-397 911249
Hydrogen, prep. Matheson ' J10-04i8-82'~
S1lica Gel-60 E. Merck 9385-5 30283

6-Methoxy-4-methyl-8-phthalimido-5-(3-trifluoromethylphenoxy) [4-14c]-
quinoline ([14¢)-7)

The black restdue of [14C]-§ from the previous reaction was dissolved in
xylene (50 mL) and phthalic anhydride (363 mg, 2.45 mmol, 20% excess) was
added. This solution was heated at reflux for 5 h while collecting K20 that
forwed with a Dean-Stark trap. TLC (S102:Et20-NHgOH, 30:0.25) tndicated the
reaction was complete. The reaction was poured Into CHaCl and washed thrice
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with 102 KOH solution and once with Hz0. The solution was stripped (aspirator
and then vacuum puzp), and the residue was flash chromatographed on a column

. of $102 (2.5 x 15 ca) using CHC13 as eluant. The pure fractions were combined
and stripped to give 976 mg (48.5 mCi) of [14c]-7. This reaction was run
three tizes to cbtain a total of 126 mCi of [14¢)-7.

Chemical Source & Catalog No. Lot No.
Phthalic Anhydride Mallinckrodt 2828 NTD
Xylene Fisher X-5 911304
Methylene Chloride Fisher D-143 915700
Potassium Hydroxide Mallinckrodt S-420 907057

§-Methoxy-4-methy)-8-phthalimido-5-(3-triflucromethylphenoxy) [4-14€]quinal ine-
1-oxide Ethanolate ([14¢]-8) | '

To a solutfon of [14C]-7 (56.9 mCi) in CHCI3 (20 mL) cooled to 0°C was
added a solutfon of m-chloroperoxybenzoic acid (MCPBA) 1n CHCl3 (10 mL + 3 x

| 0.5 ml. rinses). The solution was allowed to warm to room temperature and was
stirred for 2 h. TLC (S102: CHpCl2-CH3OH, 25:0.75) indicated ~ 20X desired
 product. Additional MCPBA (420 mg) was added at G°C and the i xture allcwed
to warms to. room temperature and stir for 16 h. TLC (same systew) fndicated

= 90% product. Additinonal MCPBA (200 mg) was added at 0°, and the mixture was
stirred for 20 h at room temperature. TLC (same system) indicated little |
dumge from the previous sample. The reaction was worked up by washing twice
with 158 K2C03 solution (see note below).” The CHC13 solution was dried,

A “Note: During the course of running this reaction and other similar reactions
to prepare 8, we have shown that both S102 and A1203 should be avoided tor the
cleanup of the N-oxide product. This material is decomposed by chromatography
on efther Al1203 or $102. The amount of decomposition is a function of how

~ long the 8 remains on the colum,.
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counted (56.8 mC1) and stripped. The resfdue was dissolved {n EtOH (29 mL)
and the solution stripped to leave a pale yellow crystalline solid. .The solid
was combined with materfal (70.7 uCi) from two other preparations and used in

the next reaction, Chea!cal ' Source &
Catalog No. Lot No.
m-Chloroperoxybenzoic Acid  Aldrich C6,270-0 6720KK
. Chloroforn 8J048 88216
Ethanol . Asaper 91HISY

2-Chloro-6-methoxy~4-methyl -8-phthal{m{do-5-(3-trifluoromethylphenoxy)-
[e-McTqutnol e ([14c)-9) | -

To a solution of [14c]-8 (1.698 g, 3.15 wmol, 70.7 mCi) fn CHCI3 (40 mL)
was added POCl3 (4.83 g, 31.5 mmol) dropwise over 15 afn, The resulting
solution was stirred at room tesperature overnight. TLC (S102: CHaCla-CH3OM,
25:0.8) indicated the reaction had gone to 85% completfon. Additfonal POC13
(600 L) was added and the resulting solution stirred for 20 h at room
temperature. TLC (seme system) indicated ~ 2% of [14C]-8 was still present. -
~ Additional POC13 (350 pl) was added and the resulting mixture stirred for 2 h
at §0-65°C and then 16 h at room tesperature. The reaction mixture was poured
'overlice. and the pH was adjuqted to 12 with 20X NaOH, This mixture was
extracted thrice with Et20. The combined Et20 extracts were washed once with
H20 and once with saturated MaHCO3 solutfon. The resulting €t20 extract was
carefully concentrated to dryness overnight with a stream of nitrogen. The
residue was chromatographed on a column of $102 (230-400 mesh, 25 ml) using‘
first CHzCl2 (300 wL) and then CHoClz-WeOH (25:0.8, 200 mL as eluants and
ccellecting 8 mbL fractions. The fractions (4-8) contatning pure product were
combined, counted and stripped to afford 1.254 g (53.5 mCi) of [14c)-9.
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. Chemical So.~ze « Catalog No. Lot No.

. Chloroform 8J049 : B8B216
Phosphorus Oxychloride Aldrich 32,045-5 00830CX
Sodium Hydroxide Fisher SS-254 874986
Ethyl Ether Fisher E-138 92144215

_Sod{um Bicarbonate Fisher §-233 720392
Ethanol Aaper 91K1SV

8-Anino-2-chloro-6-methoxy-4-methyl-5-(3-* +i fluoromethylphenoxy) [4-14C]-
quinoline ([14¢)-10)
To a suspensfon of [14C]-9 (1.254 g, 2.45 mmol, 53.5 aCi) in EtOH (45 mi)

was added a solution of KHoNH2 (98%) (400 xL) dissolved in EtOH (4 =L) over

5 min. The MHNHp residue was rinsed !n with additional EtOH (1 mi). The
resulting mixture was heated at 60-65°C for 1 h. TLC (S102: 80% CHCl2-

Ahexane) indicated the reaction was complete. This reaction was coxbined with

a similar reaction that contained 10.7 mCi of [14C]-9. The resulting mixture
was stripped avd the residue chromatographed on S102 (56 g, 17 x 4 ca&} using
CHaCl2 as efuant and collecting fractions of = 25 .-L.' Th2 product was in
fractions 2-5. These were combined, counted and str‘lpbed to obtain 1.061 g
(61 =C1) of yellow solid.

Chemical Source & Catalog No. Lot Mo,

Ethanol Aaper 9IHISY

Hydrazine (98%) ‘ Aldrich 21,515-5 : 043067Y

Methylene Chloride Fisher D-143 915700

Siltca Gel-60 E. Merck 9385-5 3083
8-Amino-2,6-dimethoxy-4-methyl-5-(3-trifluoromethylphenoxy) [4-14¢]quino} ine
([14c)-11) '

‘Sodium hydride (80% of) dispersion) (166 mg, 5.44 mmol) was weighed into
a 50-sL flask fitted with an adapter to allow work under an inert gas (Argon).

.
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The NaH was washed twice with hexane and then blown dry. Dimethylformamide
(4.5 cl) was added follcwed by methyl alcohol (97 =g, 3.05 wmol, 10% excess,
123 pL). The resulting mixture was stirred for 1 h at room teq)ércture. A
solutfon of [1%C]-10 {1.051 g, 2.77 mmol, 61 WC1) 1n DNF (2 ml) was added.
The residue of [14C]-10 was rinsed in with DMF 73 x 0..5 ml). The resulting.
reaction mixtu.-e was stirred overnight at room temperature, TLC (S102: 80%
CHaClp-hexane) indicated ~ 655 [14C]-11 present. The reaction mixture was
hsated &t 40-45°C for 3 h and alluwed to stand overnight it roo- temperature,
TLC analysis (same system) indfcated the reaction was 77% complete, Addi-
tional NaOCHj was prepared from NaHi (66 mg) and CH30H (50 sL) in DMF (2 mi)
and this was added to the above reaction. The reaction was then heated at
45°C for 1 h. TLC analysis (same system) showed no change from above., Th.
reaction mixture was poured into 1ce water and extracted with CHaCla. An
esulsfon formed which was very difficult to br’eik. Filtration through two
glass fiber fiiter pads (at the same time) broke the emulsfon. The mixture
was extracted 5X with CHzCl2. The coabined CHaC12 extracts were stripped and
the resfdue chromatographed on a column of S102 {4 x 18 cm) using 80% CHpCl2-~
hexane as eluant and collecting fractions of =~ 25 mL. Fractions 8-21 contain-
ing pure product were combined, counted (36.6 mCi) and stripped. Fractions
4-7 were not puve, but were combined, counted (15.1 mCi) and stripped. These
impure fractions were rechrogatoqraphed on a column of $102 (4 x 17 cm) using
70% CHaClz-hexane as eluant. Fractions containing pure product were combined,
counted (7.9 mCi) and stripped. Fractions :;ntalning impure product were
combined, counted (5.8 mCi) and stripped. This material was carried through
another NaOCH3 treatment. After chromatography an additional 2.1. mCi of
[14C]-11 were obtained. The total yield of [14C]-11 was 46.6 mCi (76%
radiochemfical yield).
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Chemical _ Source & Catalog No. Lot No. ;’
Sodium Hydride Aldrich 25,399-5 008044W
Methano) Aldrich 32,241-5 022118Y H
Dimethy formantde Aldrich 22,705-6 03417X :
St11ca Gel-60  E. Merck 9385-5 30283
Kethylene chloride Fisher D-143 915700
Chloroform : Fisher C-607 911637
Chloroform 8J048 86216
Hexane BJ216 BB673
Ethyl Acetate BJ100 ’ £8880
Methanol | ST 911664

Qﬁ-nimthoxy4-nethyl-8-(4-phthal1m€do-1-lethylbutylanine)-!-(:!-triflunmf
sethylphenoxy) [4-14C]quinoline ([14¢]-12) '

A mixture of [14¢]-11 (792 mg, 2.10 wmol, 46.6 mCi), 4-1odo-1-phthal-
imidopentane (720 mg, 2.i0 mmol) and ditsopropylamine (213 mg, 2.10 m0),
294 L) 1n acetonitrile (4.2 =) was heated at 80-85°C for 10 h. TLC (S102:
80% Etr20-Hex) indicated the reaction was ~ 43% complete. Additional
alkylating agent (360 mg) and amine (147 pl) were added. The mixture was
heated for 8 h at 80-85°C. TLC (same system) indicated the reaction was ~ 70%
complete. Additional alkylating agent (360 mg) and amine (147 L) were added.
The mixture was hea’ed for 8 h at 80-85°C. TLC (same system) indicated ~ 85%
product and 123 [14C]-11 to be present. Additional alkylating agent (180 mg)
and amine (74 pl) followed by heating 10 h at 80-85°C gave a mixture of ~ 89%
product and ~ 5% [14C]-11. Additional alkylating agent (120 mg) and amine
(50 aL) followed by heating for 8 h at 80-85°C gave a mixture of = 92% product .
and 3% [14c]-11. Additional alkylating agent (80 g) and amine (34 pL) were
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added and the mixture heated for 4 h at 80-85°C gave a mixture of 95% product i
and 3% [14C]-11. Additional alkylating agent (80 mg), amine (34 sL) and CH3CN E
(400 sL) were added and the mixture was heated for 5 h at 80-85°C. TLC (same 1
system) indicated 1ittle change from the last TLC. The reaction was uofked up
by pouring into H20 and extracting 4X with CHaCl2. The combined CHaCl2
extracts were stripped to leave 2.446‘0 of dark ofl. This was flash
chromatographed on a S102 column (2.5 x 19 cm) using 75% CHzCl2-hexane as
eluant. The pure fractions were combined, counted (19.4 wCi) and stripped.
Note: If at all possible, do not leave any [14c]-11 unreacted as 1t {s very

difficdlt to separate this from the alkylated material.

The fractions containing product and small amounts of the starting
material were combined, counted (25.8 mCi) and stripped to leave a residue.
This residue contained » 5% of the unalkylated amine. This material was
treated with the same alkylating conditions as the sbove described alkylation
reaction. After chromatography of this second alkylatfon reaction, a total of
41.3 mCt of pure [14¢]-12 was obtafned. This was used n the next reactfon.

Chemical Source & Catalog No. Lot No.
Difsopropylamine Aldrich 11,0019 01021 8P
4-1odo-1-phthaliaidepentane Ash Stevens AP-lef-zoo
Acetonitrile - BJO1S - BAlB1
Mettylene chloride 0-143 915700
St11ca Gel-60 E. Merck 9385-5 30283
Hexane 8J216 - 88573

Ethyl Acetate T BIGY . BRSSO
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8-[(4-Amino-1-methylbutyl)amino]-2,6-dimethoxy-4-methyl-5-[(3-trifluoro-

methy1) Jphenoxy][4-14¢]quinoline Succinate ([14c)-14)

A solution of [14C]-12 (4.3 mC1) 1n ethano) (20 mL) was treated with

hydrazine (98%, 250 ul). The resulting solution was heated at 65-70°C for

10 h. TLC (S102: CH30H-NH4OH, zsgx) fndicated = 103 of [14C]-12 remaining.
Additional hydrazine (50 pL) was added and the mixture heated at 65-70°C for
3 h, TLC (same system) indicated =~ 8% of [14C]-12 remaining, Additional
hydrazine (100 pL) was added and the mixture heated at 65-70°C for 6 h. TLC
(same system) indicated = 2% of [14C]-12 remzining. Additional hydrazine
(100 sL) was added and the mixture heated at 65-70°C for 10 h, The reaction
was worked up by siripping the ethanol. The resulting white solid containing
some yellow 011 was extracted = 15X with Etz0-hexane (4:1, 150 mL total). The
extract was stripped and then dried on high vacuua (0.05 Torr at 40-50°C)'for
2 h to resove any resaining hydrazine. The resulting yellow of! weighed
1.050 g and contained 42 mCi of radfoactivity. This -athtal was flash
chromatographed on 2 column of S102 (4 x 15 cm) using the so'vents shown in

the following table.

Volume (mL) 591!555 Fractions (~ 25-30 mL)
400 EtOAC ' 1-10
200 2.5% CH30H-EtOAC 1n-1
200 5% CH30H-EtOAC 18-
200 103 CH30H-EtOAC . 24'- 30
200 203 CH3OH-EtOAC - 3 - 36
205 40% CH3OH-EtDAC SR Y 'Y
220 50% CHyOH-EtOAC . - 4348
250 '§5% CH30H-EtOAC 49 - 58

300 60% CH3UM-EtOAC - 59-179
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Fractfons 24-72 were cozbined, counted (36.8 mCi) and stripped. The

“residue was df3solved in Et20 (10 mL) filtered through a cotton plug into a

S0 mL centrifuge tube and blown to dryness with a stream of Nz. The residue
of brown of1 weighed 890 mg. This was dissolved in Et20 (11 mL) and treated
with succinic acid (227 mg, 1.92 mmol) dissolved in CH30H (0.8 mL) and EtOH
(2 mL). This solutfon was blown to dryness with a stream of N2. A seed
crjstal of unlabeled WR-238605 was added and the resulting mixture was sonf-
cated with Et20 (15 wl) for = 2 min. The resulting suspension was cnetrifuged
and the supernatant removed with a pipette. The tan powdery residue was
rinsed twice with Etz0 (3 ml) in the same manner. All the Et20 solutio.ns were
combined. The tan powder was dried on higfn vacuum manifold overnight and the
combined Et20 washes stored in the freezer overnight. A second ci'op of solid
formed in the Et20 wash. It was collected and rinsed as above; HPLC [Accu-
sphere CN, 5 5, 3.9 ma x 25 cu, cugauzmmzo.mg WNH4CO2 (adjusted to pH 3
with formic acid), 20:50:20) 1ndicaied the two crops had the same purity.
Crop 2 was slurried in Et20 and transferred {nto the tube containing crop 1.
The combined solid was dried on the high vacuum manifold. The mother liduor
and Et20 washes from these two crops were combined, counted and found to _
contain 22 mCi. This solutfon was blown down and converted to the free base
with saturated NazC03 solutfon. The NapC03 solution was extracted with
CH2C12. The CHCl2 extract was concentrated with a stream of N2 and put
through a small column of S107 (3 al) using EtOAc followed by a step gradient
of 10, 20, 30, 40 and' 60X CH3O0H 1in EtdAc as eluant. The fracticons contajning
pure [14C]-13 were coxbined and stripped. The resulting ol (~ 450 mg) was |
dissolved fn Et20 and filtered through a 0.45 gm Teflon filter into a 50 mL
centrifuge tube. This solutfon was treated with succinic acid (115 mg,

0.97 mmol) dissolved in CH30H (0.4 wL) and EtOM (0.6 ®mL). The vesulting
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mixture was concentrated in a stream of Nz to an ofly residue. To this
residue was added Et20 (20 mL) and a seed crystal of 14 and the mixture was
sonicated for ~ 2 min, The resulting tan solid was collected, washed twice
with Et20 and dried, TLC (same system) indicated the purity of thfs material
and that of the combined first two crops were the same (O 971). They were
slurry cozbined with Et20 and then dried on the vacuum manifold. An
uitravloiet spectrum of the combined materfal indicated a chesical purity of
~ 93%. This {s possibly due to the presence of excess succinic acid. The tan
sc11d was combined with a previous preparation of [14¢]-14 [CT-6639-85-1,

1.9 aCi, 72 mg] and the resulting mixture recrystallized from hot isopropanol,
The sazple was allowed to cool in the refrigerator overnight. The first corp
was collected, rinsed with Et20 and dried on the vacuum manifold. The mother
1iquor combined with the Et20 rinsés was allowed to stand overnight., A second
crop wag collected, rinsed ijth Et20 and dried. The two materials had the
sume uelting'pcint. They were combined by dissolving in CH3OH, filtering
through a small cotton plug and concentrated to dryness with a stream of Np.
Et20 (20 mL) and a seed of 14 were added and this mixture was sonicated for

~ 2 min. The resulting tan solfd was collected, rinsed twice with Et20 and
then dried on the vacuum manifold to give 825 mg of 11ght tan powder, p 145-
147°C (ref, sample wp 145-148°C). This material had a UV purity of greater
than 99% (263 EtOH). Radiochemical purity was determined by radfo-TLC to be
o as follows: 99%, S102[CH3OH-NHeOH (25:1), Rf 0.41]; 991, S102[CH3OH-HOAC
(8:1), Rf 0.56], Radiochemical purity was also determined by HPLC as folloﬁs:
983 Accusphere CN, 5 », 3.9 mm x 25 cm [CH3OH:CH3CN:0.01 M NH4CO2 (adjusted to
pH 3 with formic acid), 20:50:30]. This material was given Lot no, CT-6949-
61.




Cheaical
WR-238605
Ethanol |
Hydrazine (98%)
Eihyl Ether
Hexane )
Ethyl Acstate
Succinic Acld
Methanol
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Source & Catalog No.
WRAIR
Aaper
Aldrich 21,515-5
8J107
8J216
8J100 .
Columbfa
8J230

Lot No.
BN# BJB3119
O1H 1SV
043067V
BAG94

88673
88880~
$-1220
BC024
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Synthesis Report
WALTER REED ARMY INSTITUTE OF RESEARCH
Contract No. DAMD17-89-C-9062

WR-238605 |
8—[{4-A-1no-l-nethylbut 1) amino]-2,6-dimethoxy-4-methyl-
5- (3-trifluoroaethyl)f6-3ulph¢uoxy]quinoline Succinate
Lot Mo, CT-6949-145
March, 1992
Charles E. Twine

John A, Kepler

Research Triangle Institute
Post Office Box 12194
Research Triangle Park, North Carolina 27709
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2-lodo-5-tr{fluoromethylphenol (2)

A solution of 3-trifluorophenol (1) (3.0 g, 18.5 muc') in CH30H (50 mL)
was cooled to 0°C. To this was added a solution of potassium iodide (2.79 g,
. 18.6 wmol) in sodium hydroxiﬁe solution (1.85 mL, 10 N). The resulting
mixture was warmed to 43°C and a solution of sodfum hypochlorite (Clorox,
34.5 g) added dropwise at such a rate 2s to prevent the build up of a red
color, 1.e., the reaction mixture remained yellow. The addition was stopped
wnen ved color no longer formed when a drop of Clorox was added. The reaction
was stﬁrred'at 43°C for 1 h after the Clorox addition was stopped. The
reaction mixture w3s cooled to room temperature which caused a precipitate to
form. A 10X solution of scdium thiosulfate (20 wl) uas4added. This caused
the precipttQ% tc dissolve to leave a clear.r yellow solution, The mixture
was stirred for 15 min. before adjusting the solution to pH 7 with 5% aqueous
HCl. The mixture was extracted with Et20 (2 x 75 mL) and the combined Et20
extracts washed with saturated NaCl solution (2 x 50 m) and dried (MgSO4).
The Et20 was stribped t3 leave a yellow ofl., &C (CC-200, 90°-210°C)
indicated the product was ~ 62% pure. The of] was chrowmatographed on a column
of 5102 (2.5 x 19 cm, 230-400 wesh) using 75% CHCl3-hexine as eluant. The
fra;tions containing pure product were combined and stripped to give 1.55 g
(26% yield) of pale yellow crystals, mp 44-46°C,

Chemical Source & Catalog No. Lot No.
3-Trifluorepheno) Aldrich 15,603-5 - 0317318BY
- Sodium Iodide Aldrich 32,245-8 . 06523CT

Sodium Hypochlorite Clorox
(5.25% solution) _

Reference

1. Edgar, K. J.; Falling, S. N., J. Org. Chem. 1990, 55, 5287.
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3-Trifluoromethyl [6-3H]phenct ([3H]-3)

A mixture of 6~fodo-3-trifluoromethylphenol (15.0 mg) and Pd/C (10X,
6.4 13) in NaOH solutfon (600 sL, 1.0 N) was treated with tritium gas' for 4 h.
The reaction mixture was filtered through Celite (0.5 &l) followed by rinsing
with H20 (3 sL). The resulting solution was not made acidic. The flask
contatning the solutfon was attached to the high vacuum man{fold and the H20
vacuum transferred from the solution. Ethanol (~ 3 al) was vacuum transferred
into the flask containing the reaction resfdue and the resulting solution
stirred for 10 min, The EtOH was then vacuum transferred out of the reaction
flask and fresh EtOH transferred in. This was done for & total of four EtOH
exchanges. The residue remaining after the fourth EtOH exchange was rinsed
into a 100 =L volumetric flask containing unlabeled 3-t_rifluomnethylphenol'
(243 g, 1.50 mmol) using ELOH that contafned HC1 (1 ml, 1.0 N). The result-
ing solution was counted (530 mC1) and then stripped. The residue was rinsed

with acetone (9 mL) into the reactfon flask for the next reaction.

Chemical : , Source & Catalog Mo. Lot No.
6-Iodo-3-tri fluoro- RTI LF-6376-)1
wmethylphenol

Palladium on Actfvated Aldrich 20,5699-9 02803 MmN
Carbon (10%)

Tritium NEN 2870-005
Ethanol Aaper 91H1SU
Acetone A-18 911267

G-Hethbxy-l-neth‘yl -8-n1tro-5-(3-trifluoromethyl[6-3H]phenoxy)quiroline |
([3H]-5) | |

To the acetone solution of [3H)-3 preparcd above was added 5--fluoro-6o
methoxy-4-methyl-8-nitroquinoline (356 mg, 1.50 wmol) and Ksz; (1 g), and the
resulting mixture was heated at 65°C for 6 h. TLC (S102: 25% EtOAc-hexane)

R it e R VAL
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indicated no [3H)-3 remaining. The acetone was stripped. and'the residue was
dissolved in CH2Cl2 and washed with H20. The HzoAlayer was then extracted 3X
with CHaCl2. The combined CHaCl2 extracts were washed twice with 102 K3C03
solution, dried over HazS04, counted (505 =C:) and stripped. The residue was
dried on the vacuum manifcld over the weekend to give 470 wg of yellow

crystals, These were used as {s in the next r2action.

Chemical A Source & Catalog No. ng_gg;
Acetone Fisher A18 . 911267
Potassium Carbonate Fisher P-208 905633
w-Hydroxybenzotrifluoride Aldrich 15,603-5 | 01718 BY
Methylene Chloride Fisher D-37 913251

Sodium Sulfate Fisher S-421 , 884476

8-Amino-6-methoxy-4-mathyl-5-{3-trifluorcmethyl [6-3H]phenoxy)quinol ine
([34]-6) | '

In ¢ 25-m. glass-}ined stafniess steel bowd was placed Piag (60 mg) and
THF (2 el) which had Deen Jdistilied from beazophenaﬁe ketyl. Thé Pt02 was
reduced with Hp (50 psf) for 1 h. Yo the resulting slurry was added the solid
[38]-5 prepared above and THF (15 mL) to wash in any residue of [3H]-§; This
mixture was treated with Hy (50 pst) for 16 h. TLC (51022 80% EtzO»hexane)
indicated two materfals present but no [3H]-5 preseat. The mixture was
treated with Hy (50 psi) for 4 A, TLC (same system) indicated product with
szall amount (~ 3%) of unknown material present. Tﬁe mixture was stivred with
H2 (50 psi) for 3h. TLC (same system) indicated no change from previous
sample. The reactfon mixture was filtered through S102 (5 mL) using addi-
tional THF. The THF solution was strlppéd and the residue immediately used in

the néxt reaction.
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Chemical Source & Catalog No. Lot Mo, .

Platinum(IV) Oxide Aldrica 20,603-2 OZSOGKT'

Tetrahydrofuran Fisher T-397 911249

Hydrogen, prep. Hatheson J10-0448-B2 }

Silica Gel-60 _ E. Merck 7734 9622428
6-Methoxy-4-methy)-8-phthal imido-5-{3-trifluoromethy] (6-3H]phenoxy)quinoline

([341-7)

The residue of [3H]-6 from the previcus reactfon was dissolved n xylene
(70 mL) and phthalic anhydride (258 mg) added. This solution was heated at.
reflux for 6 h while collecting the H20 formed with a Dean-Stark trap. TLC
(S102:80% Etz0-hexane) indléated the reaction was cceplete, The vylene was
stripped using a vacuum pusp and the residue'disso!ved fe CHoC12 and washed

thrice with 10X XOH and once with H20. The CH2C12 was stripped and the
resulting residue flash chromatographed on-a cclumn at S102 (2.5 x 10 cw)
using EtOACc as eluant. The fractioni éontaining pure praduct were combined,
counted (402 wl1) and stripped to leave 708 mg of tan soi{d. Thfs was used as
1s in the next reaction. | o
Chemical Source & Catalog Mo, - Lot No.
Phthalic Anhydride Mallinckrodt 2828 | NTD.
Xylene Fisher X-5 , 911304
* Methylene Chloride Fisher D-143 915700 . J
Potassium Hydroxide = Mallinckrodt 6984 KTy ‘%
Sodium Sulfate Fisher 5-420 907057 Eg
6-Methoxy-4-methy1-8-phthalimido-5-(3-trifluoromethyi[6-3H]phenoxy)- i
quinoline-1-oxide ([3H]-8) o Hg
To a solution of [3H)-7 (708 mg) in CHCY3 (15 mL) at 0°C was ‘addéd . L
m-chloroperoxybenzoic acid (MCPBA) (361 mg, 20% excess) in CHCl13 (7 mL + 2 x :
@ ;
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0.5 mL rinses). The resulting solution was allowed to warm to room tempera-
ture and stirred for 16 h. TLC (S102: CHzClz-CH;OH. 25:0.75) indicated the
reaction was ~ 46% complete. Additional HCPBA (330 mg) was added and the
resulting solution stirred at 40-50°C for 6 h, TLC (same system) jndicated
the reactfon was ~ 60% complete, Additional KCPSA;(ZZO ®g) was added and the
resulting mixture stirred at room temperature for 16 h., TLC (same system)
indicated ~ 67% product to be present. Additionai MCPBA (100 ®g) was added
and the mixture stirred at 50°C for 2 h, TLC (same system) 1ndlcateq - 71%
product and ~ Qf [3u]-7 presant. Additional NCPBA (300 mg) was added and the
mixture stirred at room tecperature for is h. TLC (same system) fndicated no
change from the previous sample. The reactfon sclution was washed twice wfth
103 KOH solution and once with H20 {sce note beiow)." It was then counted
(325 mC1) and stripped. The residue was dissolved in EtOH (20 ml) and this
solutfon was stripped to leave 643 mg of yellow crystals., This matcrial was
used as 1s in the next reaction.

Chemical . Source & Catalag No. tot No.

w-Chloraperoxybenzofe Actd  Aldrich €6,270~0 6720KK
Chiorcfors Fisher C-606 911746
Ethanol  Mper oKy

2-Ch1oro-6-methoxy-4-nethyl-8-phthal1!ido-5-(3-tr1fluoromethyl[§:3ﬂl-
phenoxy)quinoline ([3H]-9)

To a solutfon of [3H]-9 (643 mg, 1.19 mmol, 325 mCi) dissolved in CHCl3
(1C mL) was added POC13 (1.82 g, 11.9 s, 1.12 L) over 30 min. The -
resulting solutfon was heated at 65°C for 1.5 0, . TLC (S102:CH2CY2-CH30H,

*Note: Do not attempt to purify this material by chromatography on either
A1203 or $S102. This leads to decomposition which {s a functlon of how long

the materfal stays on column,




TN SRR S W TOTTRS T T LTS, Yy S T S W AP W B s s e b g

60

25:0.8) indfcated the reaction was complete. The reactfon mixture was poured
over ice and the pH adfusted to 12 with 20% HaOH. The’resulting solution was
extracted 4X with Et20. The combined Et20 extracts were washed with H0,
 saturated NaHCO3 solution, saturated NaCl solution and dried (NazSO4). The
dried solution was stripped to give 678 mg of solid which wa§ used as s In

next reaction.

Chemical Source & Catalog No. . Lot Mo.
Chloroform c-606 B 911746
Phosphorus Oxychloride Aldrich 32,045-5 - 00830GCX
Sodium Hydroxide ‘ Figsher $5-254 874936
Ethyl Ether Fisher E-138 921442-15
Sodium Bicarbonate Fisher §-233 720392
Ethanol - per 91HISY

B-Anlno-g-chloro-s-aetﬁoxy-d-aethyl-5f13-tr1f1uorowethji[é-‘ulpheﬁoxy)-
- quinoline ([3H]-10) o

To a suspension of [31]-9 (578 mg) in ELOH (25 mL) was added over 20 uin
NHoNHp (983, 1.3 wl). The resulting mtxture wes heated at 65°C for 1.5 A,
TLC (S102:80% CHpClz-hexane) indicated the reactfon was complete. The
reaction was allowed to stir overnight at room teupefature. AThe EtOH was
stripped from the atxture and the residue was extracted ~ 20X with CHzCla.
The CHaCl2 extracts were filtered through a short column cortaining $102
(1 mL) and sand (1 mL) into a 100 mL volumetric flask. This extract was
counted (348 mC1) and then stripped. The residue of aaine [3H]-10 was
tmmedfately taken to the next reaction. 4

Chemical Source & Catalog No. Lot No.

Ethanol Aaper » 91H1SV

Hydrazine (98%) Aldrich 21,515-5 043067Y
Methylene Chloride Fisher D-143 915700

St1ica Gel-60 E. Merck 9385-5 30283
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8-Amino-2,6-dimethoxy-4-methyl-5-(3-trifluoromethyl[6-3H]pneroxy)quinoline

([341-11)

A suspension of scdium methoxide was prepared as follows: Sodium hylride

(80% of1 dispersion, 68 mg, 2.27 mmol) was weighed into a 50-mi flask fitted
with an adapter to allow working under an {nert gas (argon). The MaH was
washed twice with hexare and then blown dry. Dimethylformaaide (2 mL) was
added followed by CH3OH (40 mg, 1.25 201, 51 pl). The resulting sixture was
stirred for 1 h and then the [3X]-10 prepared above was added in DMF solution
(1 =L plus 3 x 0.5 wl rinses). The resulting>dark feaction mixturs was
stirred overnight at room temperature. TLC (S10p: 80% CHpClp-hexane) indi-
cated an‘r,J:l mixture of preduct and starting material [3H]-1g. The mixture
was warmed at 40-45°C for 2 h, TLC (same system) now {ndicated ~ 60% product
and 9% [3H]-10. Additional NaOCH3 was prepared from MaH (44 mg) and CH3OH
{41 aL) and this was transferred as a slurry in OMF io.thg reaction mixture.
The resulting mixture was heated at 40-45'C for 2 h.‘ TLC {same system) indi-
cated no change from the previcus sample. The reaction mixture was poured
over ice and was extracted 5X with CHpC12. The combined CHpCly extracts were
washed once with H20, dried over RapSO4 and stripped, xith the last traces of
DNF being removed by a vacuum pump connected 2 the rotary evaporator. The
H20 layer from the above extraction containing some emulsion was filtered
through two stacked glass fiber filter mats topped with ~ 50 sm of Celite.
The filtrate was extracted 4X with CHxCl2. The combined CHaCl extracts were
washed twice with H20, dried (Naz504) and stripped. The residues from the two
sets of CHaC12 extractions were combined and chromatographed on $102 (25 g)
using 80X CHaClz-hexane (75 mL), CHaCl2 (25 mL), CHC13 {pentzne ;tabilized,
25 mL), CHC13 (EtOH stabilized, 25 mL) and CHzCl2-CHaOH, 1:1 (25 mL) while
collecting 25 mL fractions. Pure product was found only fn fraction 2, which

'
.
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was counted (168.5 mCi) and then stripped to obtain 223 mg of Cirty yellcw

A [ v R R A s

solid. This was used as s in the next reaction.
Chemical Source & Catalog No. Lot No. e;
Sodium Hydride Aldrich 25,399-5 00804 M4 i
Methanol Aldrich 32,241-5 02211 BY
Dimethylforsanide Aldrich 22,703-6 0341 TX
Silica Gel-60 E. Merck 9385-5 30293
Nethylene Chloride Fisher C-143 915700
Chloroform Fisher C-607 811791
Chlorofora BJ 048 88216
Hexane 8J 216 88673
Ethyl Acetate 8J 100 BB3830
Methano! 8 230 8C024

2,6-Dimethoxy-4-methyl-8-(4-phthalimido~1-methylbutylami nb)-5~ (3-trifluoro-
methyl[6-3H]phencxy)quinoline ([3H]-12)

A mixture of [3H])-11 (233 w3, 0.59 mmol, 169 mCi), difsopropylamine
(61 mg, 0.6" mmo), 84 pl) and 4~iodo-1-phthalimidopentane (205 mg, 0.60 mxol)
1n CH3CA (2 L) was heated at 80-85°C for 12 h. TLC (S102: 80% Etz0-hexane)
indicated = 57% product and ~ 303 [3H]-11 present in the reaction mixture.
Additional alkylating agent (103 wmg), difsopropylamine (42 sL) and CH3CN
(0.5 mL) were added and the mixture heated at 80-835°C for 5 h. TLC (same
system) indicated ~ 72% product and ~ 17% [3H]-11 present in the reaction
mixture. Additional alkylating agent (103 mg), amine (42 sL) and CH3CN
(0.5 mL) were added and the nixture heated at 80-85°C for 10 h. TLC (same
system) indicated ~ 84% product and ~ 8% [3H]-11 present. Addfitional
alkylating agent (103 mg) and amine (42 L) were added and the mixture heated
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at 80-85°C for 10 h., TLC (same system) 1:dicated no change frem previous
sample, Additional alkylating agent (205 wg), amine (&4 xL) and CH3CN .
(0.5 mL) were added and the mixture heated at 8C-85°C for 10 h. TLC (same A
systenm) fndicated no change from previous sample, The resction mixture was
poured into H0 and extracted thrice with CHz 12, The combined CHpCl2 P

extracts were dried (NagS03) and stripped. The residus was chromatographed on

$102 (15 mL) using 80% CHpClz-hexane as eluant. The fractions containing
radfochenically pure product were cosbired and stripped to give 750 mg of
yellow ofl. TLC (same syste;) irdicated this materfal was radiochemically
pure but contained some unlateled fmpurities {stained by I2). This paterial
was rechromatographed on a column of $102 (20 x 2.5 cm) using 75% CHClz-
hexane and changing slowly to 100% CHoCl2 and finally to 505 EtCAc-CHaC12 as
eluants. The fractions contatning pure product were combined (149 mC1) and
stfipped to obtain a residue of 263 mg of yellow of! {specific activity of
~ 338 uCi/ms0l), | '

Chemical ' Source & Cataloq No. Lot No.

Difiscpropylamine Aldrich 11,0019 . 01021 8P
4-Iodo-1-phthalimidopentane Ash Stevens ‘ AP-VIII-200

Acetonitrile ' 8J015 : BA-181 '

Methylene Chloride D-143 915700

Silica Gel-60 " E. Merck 9385-5 30283 e
Hexane | B216 . 88673

Ethyl Acetate 8J100 - BB880 e

8-[(4-Amino-1-methylbutyl)amino]-2,6-dimethoxy-4-methy)-5-13-trifluoro-~

methy1[6-3H]phenoxy]quinoline Succinate ([3H]-14)
The [3H]-12 (263 mg, 0.44 mol, 149 mCi) prepared above was mixed with

unlabeled free base (13) prepared from a standard sample of WR-2386C5 of
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(256 mg, 0.44 mmol). The resulting mixture fn EtOH (35 mL) was treated with
NH2NH2 (98%, 29 mg, 0.88 mmol, 100% excess, 28 sL). This solutfon was heated
at 65-70°C for 2.5 h. TLC (S10: CH30H-NH4OH, 25:1) indicated only 8% desired
product to be present. Additional NHoNH2 (170 pL) was added and the mixture
was heated at 65-70°C for 2.5 h and then stirred overnight at room tempera-
ture. TLC (same system) indicated ~ 5% of [3H]-12 st111 present. Additfonal
NH2NH2 (50 pL)‘ was added and the mixture heated at 65-70°C for 3 h. TLC (same
system) fndicated ~ 2% [3H]-12 st{11 present. Add{tional KHzHH2 (50 aL) was
added and mixture stirred for 16 h at room temperature. TLC (sane system)
indicated no change from the previous sample, The reaction mixturs was
stripped to remove the EtOH. The residue was extracted ~ 12X with 80% Et20~
hexane (~ 60 mL total). These extracts were f{ltered into a flask through a
cotton plug covered with 1.25 cm of sand. The f{ltrate was stripped and the
residue dissolved fn Et0Ac and washed thrice with Hp0. The solution was dried
(NazS04) and counted (146 mC1). To this EtOAc solution of [3H]}-13 was added a
solution of succinic acid (104 mg, 0.88 smol) dissulved in CH3ON (3 mL). The
resulting solgtion was stripped to ~ 3-4 mL. The concentrated solution was
filtered through a 0.45 ym Teflon filter fnto a 50-ml centrifuge tube and then
evaporated to dryness with a stream of nitrogen. The residue was dr:ied on the
vacuum manifold for 1 h. To the resulting dark oil was added Et;0 (S -L) and
2 sm11 seed crystal of unlabeled WR-238605. This mixture was sonfcated for
~ 2 »in. The mixture was centrifuged and the supernatant separated from the
tan solfd with a pipet. The peliet was wasﬁed-3 x & mL of Et20. The solid
was dried on the vacuum manifold for 16 h to gﬁe 435 mg of tan crystals, wp
146-148°C (reference sample mp 145-148°C). This materfal had a UV purity of
1003 (26 EtOH). Radiochemical purt ty was determined by radio-TLC to be as
follows: 972, S102[CH30H-NHeOH (25:1), Rf 0.32); 98% S10,{CH30H-HOAC (8:1),
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Sotirce § Catalog No.

WRAIR
AapeAr
Aldrich 21,515-5

8J107
BJ216
8J100
Columbia
8J230

Rf 0.56]. Radfocheaical purity was also determined by HPLC as follows: 98%,
Accusphere CN, 5 5, 3.9 mm x 25 ca [CH30H:CH3CN:0.01 M NH4CO (adjusted to pH
3 with formic acid), 20:50:30]. [3H]NMR (500 mHz) indicated the presence of

enly a trace amount of the [5-3H)}isomer. This materfal was given lot no.

© Lot No.

'BM# BJB3119

S1HISU
043067V
BAG94
BB673

 BB88O

$-1220
gCo2e -
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Synthes{s Report

WALTER REED ARMY INSTITUTE OF RESEARCH
Contract No. DAMD17-89-C-9062

8-[(4-An1no-1-nethxlbuty1)auino]-5-(1-hexoxy)-6-nethoxy-4- ‘
methyl{4-13C]quinoline (DL)-Tartrate
. {quinoline-4-14CJWR-242511

Lot No. LF6797-73

July, 1991

Louise Fudala
John A. Kepler

Research Triangle Instifute
: Post Office Box 12194
Research Triangle Park, North Carolina 27709
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Synthetic Scheme
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5-Hexoxy-6-methoxy-4-methyl-8-nitro[4-14¢]quinoline, ([14C]-5)

To a solution of 5-fluoro-6-methoxy-4-methyl-8-nitro-[4-14C]quinoline

(288 mg, 0.97 mmol, 45.6 mCf, 47.6 mCf/maol) {n hexanol (9 mL) was added
sodium hexoxide (51 mg Na in 5 mL of hexanol; 2.48 mL, 44 mmol/mL, 1.1 mmol). -

The mixture (under N2) was immediately placed in an 80°C oil bath. After

45 lfn. HPLC analysis (Waters gBondapak C18, 10 s, 90% CH3CN-H20, 1 al/min,
254 nm) fndicated that the reactfon was complete. The mixture was allowed tb.
cool to room temperature. The solvent was removed on the rotary evaporator
(0.5 Torr, 33°C) and the residue was dried under high vacuum (15 h). The
residue was dissolved in EtOAc, filtered through Celite and cdncentfated td a’
deep red ofl. The ofl was purified by column chromatography (5102, 5 g, '
230-400 mesh, 15 wm ID) with hexane as the {nitial eluent (200 mL; to wash off

excess hexanol) then 4% EtOAc-hexane. The fractions containing product were

-~

combined, and the solvent was removed on the rotary evaporator to give 283 g
of yellow crystals (37.5 mCi, 82% yfeld). This waterial was used fn the next ]

reaction without further purification.

Chemicals and Sources

Hexanol ~ Aldrich 02906 TV

Sodium Aldrich 00228 Kv

Ethyl Acetate Burdfck & Jackson AvVao2 )
Methylene Chloride Burdick & Jackson AZ323

Silica Gel E. Merck 30269

8-Amino-5-hexoxy-6-methoxy-4-methyl[4-14C1quinoline, ([14¢1-6)

Platinum oxide (90 mg) and THF (2 mL; distilled from benzophenone ketyl)
were placed 1n a 25 mL stainless steel bomb (glass liner) and the'PtOZ was
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prereduced with hydrogen @ 45 psi for 30 min. A solution of 5-hexoxy-6-
methoxy-4-methyl-8-nitro[4-14C]quinoline (283 mg, 0.89 mmol, 37.53 mCi) and
s-hexbxy-ﬁ-methoxj-4-iethyl-a-nitroquinolipe (280 =g, 0.88 mmol) 1n THF (9 mL)
was added to the Pt suspension and the mixture was allowed to stir for 16 h
under a hydrogen gtuosphere (45 psi). TLC ana1ys§s (5102; CHaCl2-CH30H, 50:1)
showed the reduction to be complete, The mixture was filtered through Celite,
rinsed with THF, and was concentrated to a brown ofl (567 =g, 36.8 mCi, 98%
yield). The product was used in the next reaction without further

purlfication.
Chemicals gnd Sources

Platinum Oxide Aldrich 02506 KT
THF _ . Burdick & Jackson AW370
Hydrogen Matheson J10-0175-A4
Methylene Chloride Burdick & Jackson AZ323
Methanol Fisher 911128
Celite - Fisher §04725

5-Hexoxy-6-methoxy-4-methyl-8-] (1-methyl-4-phthalimidobuty))amino] [4-14c]-
quinoline, ([14¢]-7)

A mixture of 5-hexoxy-6-methoxy-4-methyl-8-amino{4-14C]quinoline (567 mg,
36.8 mCi), 4-1odo-1-phthalimidopentane (755 mg, 2.17 mmol), and N,N-di1sopro-
pylethylamine (376 pL, 2.16 mmol1) 1n CH3CN (5 mL) was allowed to reflux under
argon for 10 h, Additional 4-fodo-1-phthalimidopentane (399 mg) and N,N-di-

tsopropylethylamine (200 uL) were added, and the mixture was allowed to reflux

overnight. Radio-TLC analysis (S107, 80% CHC13-EtOAc) of the reaction mixture

showed 10% starting material still present. A second addition of 4-iodo-1-
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phtha]imidopentane (399 mg) and N,N-dﬂsopropylethylanine (200 L) was made,
and refluxing was continued for 9 h. TLC analysis (same system) of the reac-
tion mixture 1ndicated 2% starting material an'd 94% product present. After d
cooling to room temperature, the reaction mixture was diluted with CHzCl2 and
was washed with water (20 mL). The layers were separated and the H20 phase
was extracted with CHaCl2 (3 x 20 mL). The CHQCIz layers were combined and .
washed with H20 (3 x 30 mL), dried with MgSO4, filtered and concentrated to an
ofl (water aspirator, 99°C). The o1l was dried on tlie vacuuz pump (1 Torr,
{i 25°C, 16 h). The dried oil was purffied via column chromatography {oven dried ¢
1 $102, 10 gm, 230-400 mesh, 15 mm ID) using a gradient mobile phase [20%

" hexane-CHaCl2 (200 mL), 10% hexane-CHC12 (150 wL), CHzCl2 (200 mL), and 0.5% .
CH304-CH2C12 until elutfon was complete]. The fractions were analyzed by TLC °
(S102, 1% CH30H-CH2C12) and those containing pure product were combined to
glve 771 mg (26.7 w1, 73% yield) of [14¢)-1. |

' -
_ Chemicals and Sources
4-lodo-1-phthal {midopentane Ash Stevens BM07623
N, N-Df{sopropylethylamine Aldrich 04718 JW hd
Acetonftrile Burdick & Jackson AZ 387
Methylene Chloride Burdick & Jackson AZ 323
Magnesfum Sulfate J. T. Baker 337111 *
Hexane Burdick & Jackson A2 715'
Methanol . Fisher - 911129
~ stHca Gel E. Merck 30269 ¢
L
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- 8-[(4-Amino-1-methylbutyl)amino]-5-(1-hexoxy)-6-methoxy-4-methy![4-14¢]-

quinoline (DL)-Tartrate; [4-14c]wR-242511 ([14¢]-8)
5-Hexoxy-6-methoxy-4-methyl-8-[(1-methyl-4-phthalimidobutyl)amino)]-

[4-14C)quinoline (771 mg, 26.89 mCi) was dissolved in absolute ethanol
(16 wL), and hydrazine (343 mg, 10.71 smol) was added. The mixture was
refluxed for 2 h under argon. The ppt that forwed was femoveg by filtration
and rinsed with ethanol. The filtrate was diluted with deidnized water
(50 mL) and concentrated (1 Torr, 25°C). The residue was dissolved in hexane
(5 mL) and concentrated (water aspirator, 25°C). The residue was dissolved in
CH2C12 (20 mL) and the solution was washed with 25% aq. NaOH (2 x 15 mL) and
néo (2 x 10 ﬁL). The aqueous layers were backwashed with CHzCl2 (2 x 15 mL).
The organic layers were combined and dried over potassium carbanate (1 h),
treated with charcoal, filtered through Celife. and concentratedt The
residual ofl was dissolved in hexane (5 mL) and conﬁentrated. Ti.* resfdue was
dried on the vacuum pusp (1 Torr, 45°C, & h; then ! Torr, 25°C, 20 i) to yield
502 mg (88% crude chemical yield) of [}4C]-2 as an amber.oil.

A hot sclution of 241 mg (1.6 mo!) of (DL)-tartaris acid in absolute
ethano) (20 mL) was added to a hot solution of [14c]-8 in absolute ethanol
(10 mL). The mixture was allowed to stir and cool to room temperature over a

-3 h perfod, then in an {ce bath for 1 h., The yellow solid was removed by

filtration and rinsed with cold ethanol, diethyl ether, and petroleum ether
and allowed to air dry overnight. The solid was dissolved in ethaﬁol and

treated with charcoal. The mixture was filtered through Celite with rinsing
with hot ethanol. The filtrate was allowed to cool td room temperature wltﬁ

stirring, and placed {n the freezer for 15 h, . The yellow solid was collected

“by filtration, rinsed with cold ethanol, diethyl ether, and petroleum ether,
and dried on a vacuum manifold for 16 h to give 575 mg (22.95 mCt, 85% yfeld
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of [14c]-9. The specific activity was deternined to be 20.9 ®Ci/mwol, The
chemical purity was 99.9% and the radiochemical purity was 99.5% by HPLC
(Spherisorb CN, 5 s, 4.6 x 300 ms, CH3OH-CH3CN-0.01 M NHgHCO2 (ad). to pH 3
with formic acid) 20:50:30, UV-254 and p-RAM, 1.0 el/min]. This compound was

entered into inventory as lot no. LF§797-73.

Chemicals and Sources

Absolute Ethanol Aaper 6/18/90
Hydrazine . Aldrich 01427 KX
Hexane Burdick & Jackson AZ 716
Methylene Chloride Burdick & Jackson AL 323
Sod{um Hydroxide E. Merck 8251
Potassium Carbonate Fisher 893233
Charcoal Norft A-S711
Celite Fisher §04725
(OL)-Tartaric Acid Aldrich 03322 8w
Diethyl Ether Fisher 905785-15
~ Petroleum Ether Fisher 902863
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Contract No. DAMD17-89-C-9062
[16-14c)artelinic Actd, [16-34C]wn-255663
Lot No. LF-7044-94

March, 1992

Louise Fudala
John A. Kepler

Research Triangle Institute
Post Office Box 12194
Research Triangle Park, North Carolina 27709
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2.5, 5-Trimethyl-2-(2'-(4°-(1'*'-carbory[2' ' '-14c]ethyl)-1° R-methyl-3°-

trimethylsilylmethylenecyclohex-2°-yl)ethy})-1,3-dioxane ([14c]-. :

Note: A1l glassware and glass luer syringes with needles were cven dried and
cooled over Drierite. Syringes were filled with N2 before use. The starting
material, (1), was predried before use by diss»lving in hexane and stripping
to dryness 3X, then put on the rotary evap.;ator under vacuum {bath 28°C)
overnight.

A solution of 1 (300 mg, 0.76 mmol) in 1.5 mL of hexane was placed in an
L-shaped powder addition tube (LSAT). The tube was fitted to a 3-neck flask
fitted with two stopcock adapters and a magnetic stir bar. The tube {s fitted
so that the °L°® points downward and the solution will not spill iInto the
flask., The flask was attached to the vacuum aanifold via the stopcock adapter
{CSA) fitted to the central neck of the flask, The system was kept under an
argon atmosphere during assembly. THF (4 ml, freshly distiiled from sodium
benzophenone ketyl) was added via syringe thrmough the cide arm stopcock
adapter (SSA). The THF was cooled to 0°C and diisopropylamine (226 aL,

1.6 mmol, 2.2 eq.; distilled from CaH) and n-Buli (1 =i, 1.6 M, 2.2 eq) were
added via syringe through SSA. After stirring the resulting mixture for

15 min at 0°C under argon, the solution of 1 was slowly added by turning the
LSAT upward, The LSAT was rinsed by cooling 1t with dry fce in 1ts downward
position and then transferring the condensed solvents back to the reaction
flask by turning 1t upward., The LSAT was rinsed twice, The LSAT and SSA were
replaced with stoppers. The argon flow was stopped, and the reaction flask
was evacuated after being cooled with 1iquid nitrogen. [14C]Methyl {odide
(100 »C1, 55 mC1/mmol, 1.82 mmol, 2.5 eq.) was vacuum transferred to a flask
containing P205 ana after 5 min, was transferred to the reaction flask. The
CSA was closed and the mixture allowed to stir at ambient temperature for 1 h
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under the vapor pressure of THF.
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ol g
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The volatiles were removed by vacuum

transfer into a flask coataining N-methylpiperidine (5 eq) to trap unreacted
{14C)methyl {odide for disposal. The yellow gumy residue was dissolved in

10 sl of CHCl3.

10 wl of cold saturated aqueous KH4Cl solution,
extracted with CHC13 (3 x 10-15 mL). The organic layers were combined and
washed with saturated NaCl solution (10 L), dried over NaSOy, and filtered.
The f!ltrate was stripped to dryness and placed under vacuum to dry. The
dried residue was dissolved in 80% hexane-1% HOAc tn EtOAc and flushed through

a pad of silica gel (230-400 mesh) via aspiration.
60% hexane-1% HOAc tn EtCAc.

The solution was placed in a separatory funnel containing
The KH4Cl solutfon was

The pad was rinsed with
Evaporation of the filtrate gave 317 mg (1003

crude cheaical yteld) of [14C)-2 which had 34.1 uC1 (853 radiochemical yield)

of radioactivity.
purtficatton.
Material
1
Difsopropylaaine
n-Butyl Vithium
(14CIMethyl fodide
Tetrahydrofuran
Hexane
N-Methylpiperdine
Phosphorous pentoxide
Silfca gel
Acetic acid
Ethyl acetate
Sodium sulfate
Acetyl chioride
methanol

Lot Mo,
JIN13-86-1

01021 BP
13308 Jv
CLS-50-306-89-09
911249

88676

03116 OF

02001 Px

30283

FL-04-039

83280

CO4PB294

00225 MV

8coze

This product was used in the next reaction without further

Source
Stark Assoctates

Aldrich 11001-9

Aldrich 18617-1

Cheasyn Science C1024
Fisher T397-4

Surdick & Jackson 216-AL
Aldrich N7260-9

Aldrich 21470-1

€. Merck 9385-5

Fisher A386-212

Burdick & Jackson'100-4L
J. T. Baker JT3898-1
Aldrich 23957-7

Burdick & Jackson 230-4L
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[16-14c]Artemisinin ([14¢]-3)1
Note: tood iights are cut.

Tc a 250 mL two-neck flask was added [14¢]-2 (317 mg, 0.77 smol,
34.1 mCt) in CH2C12 (85 mL). The second neck was fitted with a filtering

flask on line to a KI trap to trap excess ozone. A slow stream of argon was
introduced through a gas dispersion tube as the flask was cooled to -78°C (dry
fce-fsopropanol). Oxygen was passed through the flask, then ozone was ailowed
to bubble through the run mixture (3 mia 20 sec, 70 volts, 7 psi, 0.4 L/min).
The excess ozone was purged from the system with argon. While still at -78°C,
the reaction mixture was treated with BHT (32 ag fa 1 mL of CH2C12), S102

(8.4 g, 230-400 mesh), and 3 M H2S04 (2.9 mL). The resulting mixture was
allowed to warm to room tesperature. The flask was wrapped with foil and
stirred for 16 h under argon at rooa tesperature. The mixture was treated
with %a#C03 (2.5 g) and stirred for 1 h. The mixture was filtered and rinsed
with 903 CHxC12-EtOAC (100 ml) and evaporated to dryness. The crude material
(251 mg, 24.98 aCi) was purified by flash chromatography (20 mm ID, Baker
flash $10; 40 pm, 200 al 953 hexane-ELOAC, = 800 mL 90T hexane-EtOAC). The
fractions wers analyzed by TLC (S102, 608 hexane-EtOAC) and normal phase HPLC
(Waters Resolve spherical stlfca, 5 g, 3.9 x 150 mm, 903 hexane-EtOAc,

1.2 sl/nin, 210 nm). The yleld of [14c]-3 was 28 mg (13% chemical yield),
4.85 aCi (143 radiochemical yield) with & purity of 933. This materfal was

used in the next reaction.

Materta) Lot Mo, Source
Butylated hydroxytoluene (SHT}  39F-0197 Sigma 8-1378

Silica gel 3c283 €. Merck 9385-5
Sulfuric acid FL-04-0390 Fisher A300C-212

Sodium bicarbonate 30018023 EM Science $X0320-1
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L Methylene chloride 83568 Burdick & Jackson 300-4L
» Hexane 88676 Burdick & Jackson 216-4L
{ : - Ethyl acetate 88880 Burdick & Jackson 100-4L
| Baker flash $10; E37342 J. T. Baker 7024-01
i [16-14c]D1hydre “teatsinin ([14C]-4)
§ A solution of [14C)-3 (27 mg, 4.6 mC1) 1n 3 mL of CH3OH was placed 1n a

. Material Lot o,
Methano! 8C024
Sodium borohydride 02320 PX
Hexane 88676
Stlica g2l 30283
Ethy! acetate 88830
Acetic acid FL-04-0390

10-aL {lask and cooled to 9°C in an 1ce bath. Sodium borohydride (62 mg,
1.68 ma0l, 9 eq) was added to the solution and the mixture was allowed to stir
for 2 h at 0°C under N2. At 2 h, TLC (S107, 60% hexane-EtOAc) analysis
indicated the reaction was complete. The reaction mixture was quenched with
207 HOAC-CH3GH (500 sL} and allowed to stir for 16 min. The mixture was
stripped to & white sciid which was extracted with EtOAC (3 x 7 ml). The
. EtOAc extracts were filtered and the filtrate stripped and dried under vacuum
to give 61 mg (4.6 mC1) of crude [14C)-4 as a white powder. This material was
“used in the next reaction without further purification,

Saurce
Burdick & Jackson 230-4L
Aldrich 19807-2

Surdick & Jackson 216-4L
E. Merck 9385-5

Burdick & Jackson 100-4L
Fisher A38C-212

Methyl 4-(10-dihydroartemfsininoxymethyl)benzoate [14¢]-5

To a 50-aL flask contatning a suspension of 4.5 mg (0.19 mnol) of [14¢-4]
3 prepared above in 6 al of anhydrous ether was added *14.4 mg, (0.638 mrol,
3.5 eq) of methyl 4-(hydroxymethyl)benzoate and 37 L, (0.228 mmol, 1.2 eq) of
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BF3eEt20. The solution became clear and colorless upon the addition of the
BF3eEt20. The resulting mixture was allowed to stir for 24 h at room '
temperature under N2. The reaction progress was followed by TLC (S102, 60%
hexa.e-EtOAC) which showed ft to be incomplete at 24 h. The mixture was
allowed to continue to stir and at 43 h, Te (same systea) analysis indfcated
the reaction was complete. The reaction mixture was added to a separatory
funnel contatning 10 mL of aqueous 5% NaHCO3 solution. The ether layer was .
further washed with 5% aqueous NaHCO3 solutfon (2 x 10 mL) and washed with
water (2 x 10 al). The ether layer was dried over Na2S04 and filtered. The
filtrate was stripped to give a clear colorless glass which was purified by
flash chromatography (10 mm 1D, S102, 230-240 mesh, 60% hexane-EtOAc). The
fractions were analyzed by TLC (same system). The pure fractions were

cosbined and evaporated tc give 54 mg (3.5 oCt) of [14C)-5.

Materia! Lot No. Source
Methy-p-(hydroxymethyl)benzoate 00416 PX Aldrich 26647-7
BF3eEt20 08823 AY Aldrich 21660-7
Ether 921442-15 Fisher F138-4
Sodiua bicarbonate 3001802 EM Science SX0320-1
Sodium sulfate . E30163 J. T, Baker JT3893-1
Silica gel 30283 E. Merck $385-5
Hexane 88676 Burdick & Jackson 216-4L
Ethyl acetate 88820 Burdick & Jackson 100-4L

[16-14c]Aartelinic Actd ([14c]-6)

To a 10-mL flask containing f14c]-5 (54 mg, 0.12 mmol, 3.5 mC1) was added
53 KOH/CH30H (11 ml). The resulting mixture was allowed to stir at room
temperature under N3, After 4 d TLC (S102, 60% hexane-EtOAc) analysis showed
43 of [14C)-5 remaining. After 5 d 2% of [14C]-5 remained by TLC analysis.
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At 6 d TLC analysis tndicated 1% of [14C]-5 and the reaction was worked up.
Acefic acid (82 ml, 11.5 eq) was added to the mixture and it was allowed to
stir for 0.5 h. The mixture was stripped to a white solid residue which was
partitioned between H20 and ether and washed with H20 (2 x 5 m), The echer
layer was dried over NaS0¢ and filtered. The filtrate was stripped and
placed under Mgl; vacuum to dry. The crude product was purified by prep HPLC
~(Waters prep RCM gBondapak Cig, 10 s, 25 x 200 mm, 65% CH3O0H-0.1 M CH3COZNH,
(aq).‘9.9 al/min, 235 m); The injections were made in CH3OH after filtration
through 0.45 sm nylon filter. The fnjection size was 18-20 mg. The pure
fractions were cosbined to fecover 39.7 mg (2.31 =C1; 76% yield) of pure
[14CJartelintic actd. Tbe-product was diluted with 34.3 mg of cold artelinic
acid to yiald 74 my [16-14C)artelnic actd with specific activity of
12.4 aC1/c0l. The chesical purity was 99.9% and the radiochesical purity was
1003 by HPLC (Waters pBondapack, C18, 10 s, 3.9 x 300 ws, 655 CH3OH-0.1 M
CliaCO2MHy, 1.5 ai/min, UV-235 and RAN, tg = 9 min 24 sec, tg std 9 min 6 sec).
The product was eatered in fnventory as lot no. LF-7044-94, |

Material Lot Mo, Source
Potassium hydroxide 897898 Fisher P250-3
Methanol 80024 Burdick & Jackson 230-4L
Hexane ' 82676 Burdick & Jackson 216-4L
Ethy! acetate 88880 Burdick & Jackson 100-4L
Ether , 921442-15 Fisher F138-4
Acetic acid ' ~ FL-04-039 Fisher A38C-212
‘Amson{um acetate 10115k Aldrich 23807-4

: WR-255663 04131 WVRAIR

i |

} Reference _

r 3 1. Avery, M. A. Final Report on Contract DAMD17-88-C-8048, February 3,

! 1990, "
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