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with salt and extracted with CH.Cl,. The organic solntion was
washed with satnrared brine, and the solvent was removed under
reduced pressure: 3.4 g (37¢7) of ernde ethyl 3,5,5-triflnoro-4-
(triflnoromethyl)-2-uzidovalerate wax obtained. This material
was dissolved in 100 ml of absolnte tOT and hydrogenated for
18 I (1 g of 557 Pd-C). The filtered solution wax saturated
with ICl and evaporated to dryness. The residie wax dissolved
in 50 ml of concentrated HCL; the solntion was refluxed for 4 hr
and evaporated to dryness. The residne was dissolved in 50 ml
of absolnte 12tO11, 10 ml of dry pyridine was added, and the mix-
tare was kept in the refrigerator overnight. The precipitated
white crystals were collected by filtration and recrystallized from
[LO-11O1T to give 0.92 g (1397) of 5, mp 234-2:57°9 dec fxealed
tnbe). Anal. (Cell;FyNO,) C, H, N.

Oxidation of Methionine and Trifluoromethionine.-~To a
mixture of 15.0 mg of methionine and 12.5 mg of trifluoro-
methionine were added 0.022 ml of concentrated HCI, 0.15 ml
of H.0, 0.20 ml of MeOT], and 0.10 ml of 30¢; H.0s. The mix-
tnre wax left at room temperatnre for 3 hr, then freeze-dried.
The dry residne was taken np in 25 ml of citrate boffer (pIt 2.2,
and appropriate aliquots were analyzed on a Phoenix Scientific
Co. natomatic amino acid analyzer. Under these conditions,
all the methionine wax converted to the correspouding snlfoxide
and sulfone, whereas approximately 50 of the triflnoromethio
nine wax couverted into a derivative assumed to be the snlfoxide,
All produets now conld be clearly distingnished fram one another.

pK., Measurements.-—'T'he pA’, measipements were eanrried ont
4 deseribed by Walborsky and Lang.?

Growth Experiments with Various Strains of £. coli.-—The
following strains of E. coli were used in omr growth stadies:
E. coli B-14 Len~, E. coli Ky W-3100 (xtandard wild type ATCC
15153), E. coli Kip Val~ (isolated at Da Pont), E. coli B (wild (ype
ATCC 11303), and £. coli K;z;We 23-141 (RCr1 Met 7). Bacteria
were grown in a chemically defined medinm containing per liter,
7.0 g of NaaHPOy, 3.0 g of KITLPO,, 1.0 g of NHLCL 0.13 g of Mg-
S04 71O, at pH 7.0, and snpplemented ax required for the
varions danxotrophs with 20 ug ml of the amio aeids or their
fAnorinated analogs.  Growth was followed by determinations of
colls;ml of bacterial density with n Klett colorimeter nsing a green
filter.  Far total nmino aecid avalyses of bacterial proteins, the
haeteria were pelletted by centrifugation, and the pellets were
washed snecessively with 109, (richloroacetic acid and 11,0,
The =amples were then lyvophilized, hyvdrolyzed with 10 N HCL,
and analyzed in the n<nal manner.
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Amino acids are among the very few classes of com-
pounds which show any significant selective localiza-
tion in pancreatic tissue.™* A radioactive amino aeid
derivative, “Se-selenomethionine, has been used with
limited succesx to visualize the panereas of the human
being and the dog by isotope seanning techniques.*—6

1) () This work was supported Ly a grant (C-2981) Trom e UL S, Pulilic
Healtl Service, Natipnal Institutes o) Health. b)) To whom rejuests Yor
reprinls <l be seut,
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Burger, aml W, R Samdnsky, J. Med, v, Chene, 2, 425 (1960).

P20 LWL Peskin aml Codohinsou, b, S, ed. S, 249, 223 (16565
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Roentgenographic visualization of the panercas would be
a powerful diagnostic tool and in theory might be
achieved with a heavily iodinated amino acid provided it
retained its affinity for the pancreas after iodination.
There is an excellent veview of the literature by Peskin
and Johuson.?

We have prepared two iodinated  phenylalanine
dertvatives and have tested them for selective localiza-
tion in pancreatic tissue of the rat.  Initial work was
done with the known” 4-iodophenylalanine, which we
prepared from 4-iodobenzyl bromide by the diethyl
acetamidomalonate inethod. Tests on two rats showed
that the administration of 4-iodophenylalanine did
anse ab ercase in the iodine content of the rat pan-
creatie tissue (Table 1), although, as anticipated, this
iodine level was too low to produce radiopacity.

TasLe 1

Lonine CoNTENT OF Rar Tissie

Tia) JTTETN
$-Iodpphenylalaniue,
mg iv prosc

pline inddine p

Tissue fonml, me uf tis=ne

Controls (av of 11

samplex) Pancreas 1.9 = (.57 RS I
10.0 Pancrenx 2.0 .
66.20 Pancreas 4.3 1.1
Controls (av of 10

samples) Liver 4.1 £ 1.2 10 0
10.0 Liver 103
GO .25 Liver S0 3.2

» Average deviation.

ln theory a trilodinated phenylalanine should offer
a better chance of obtaiing the required iodine con-
centration. However, none of the possible di- ov tri-
iodophenylalanine isomers has been reported up to the
prezent time.  We succeeded in preparing one of these
3.4 5-triiodophenylalanine, from a condensation of di-
ethyl acetamidomalonate with the previously unkuown
3.4.0-triiodobenzyl bromide followed by work-up in
acid medium.

By far the most difficult =tep in this synthesis was
the preparation of 3,4,5-triiodobenzyl bromide (TIBB).
Low vields (159;) of TIBB were finally obtained by
treating 3,4.5-triiodotoluene with N-bromosnceinhmide
i the presence of relatively large wmounts of the cat-
alvst, dibenzoyl peroxide, added throughout the conrse
of the reaction.  The product was identified as the
dexired 1sonier by means of its chemieal properties and
nmr speetrum.  Once sufficient quantities of TIBB
were on hand, preparation of 3,4,5-trilodophenylalanine
(TIPA) proeeeded smoothly with good vields.

TIPA was tested for selective localization in pancre-
atie tissie of rats in the form of itsx somewhat more
soluble hydrochloride salt (TTPA-HCIL). Young adnht
female rats were starved for 24 hr, then fed nnd injected
either mtravenously or subcutancously with 35.3-66.0
mg of TIPA-HCI in propylene glveol solution.  Tach
animal was sacrificed 1 hr after injection, and the pan-
creax and liver were analyzed separately for iodine.
Control animals were treated by exactly the same

(6) M. €, Auderson, 1. M. Beal, D. N. 8iin, M. K. Copass, aml 1. 1..
Quinn. Depapyment of Saegery, NovthwesCern University Mediral Selinal,
Chicapn, T, perapnal commuuication.

Ty oy 110 L. Wheder awd 8, 11, Clapp, Ane, Chem. ., 40, 458 (1108
oy o N Zeller, GO Rammrhander, G AL Fleishier, 1 Ishimary, amd Vo
Zeler, Binchem. J., 98, 202 (1965).



Japunry 1068 NoTES 141
TanLe II
IopiNE CoNTENT OF RAT TissUE
Total
Todine iodine
3,4,5-Triiviloplienylalanine - 1{Cl added, found, loiline founul less nuanlity adidedl
(TIPA-HCD, mg Tisstie menuiv mequiv meluiv menuiv/g of tissue
Blank None 0.020 0.020
None C 0.022 0.022
Blank with KIO; None 0.316 0.336 0.020
None 0.304 0.329 0.025
Blank with TIPA.TICl None 0.201 0.208 0.007 -
Control Tissne Pancreas 0.018 0.018 0.21‘\
Pancreas 0.018 0.018 0.20]
Pancreas . 0.042 0.042 0.22% av 0.17
Control tissiie with KIO; Pancreas 0.540 0.552 0.012 0.13
Control tissne with TIPA-T1CI Pancreas 0.079 0.104 0.025 0.10)
35.3 mg of TIPA-HCl sc Pancreas 0.014 0.014 0.03)
Pancreas 0.024 0.024 0.12]
Pancreas 0.022 0.022 0.00 |
35.3 mg of TIPA-TICl iv Pancreas 0.020 0.020 0.18) av 0.13
Pancreas 0.021 0.021 0.19 |
Pancreas 0.019 0.019 0.11)
66 mg of TIPA-HCI iv Pancreas 0.034 0.034 0.19)
Control tissne Liver 0.034 0.034 0.022
Liver 0.036 0.036 0.026
35.% mg of TIPA-THCI »e Liver 0.033 0.033 0.019
Liver 0.038 0.038 0.021

procedures except that pure propylene glyeol was used
for the injections.

The results (Table 1I) show that there is no measur-
able difference in the iodine concentration of pancreas
or liver of animals injected with TIPA HCI compared
with eontrol animals.

Experimental Section®

4-Iodophenylalanine —4-lodobenzyl bromide was treated with
sodium ethoxide and diethy!l acetamidomalonate using standard
procedures,® and the ester thus obtained was hydrolyzed by
hoiling in 6 N HCI for 8 hr. Recrystallization from H,O gave
pure 4-iodophenylalanine.”

Anal. (CyH,INO,) C, H, N.

3,4,5-Trilodobenzyl Bromide.—A solution of 10.89 g (0.0232

mole) of 3,4,5-trilodotoluene!® and 4.12 g (0.0232 mole) of N-
bromosuccinimide in 110 ml of CCl, was treated with four portions
of 0.1 g each of benzoyl peroxide during 23 hr of refluxing and
stirring. The solution was then filtered hot and the precipitate
was washed with 40 ml of CCl,. This solid (2.82 g) was discarded
since it all dissolved readily in warm H,O. The filtrate plus
CCl, washing stood at 25° overnight with formation of 2.40 g of
precipitate. When washed with warm H,0, a small amount
dissolved leaving 2.08 g of tan solid, mp 168-172°, which proved
to be moderately pure 3,4,5-triiodobenzyl bromide. Analytically
pure product (1.17 g) of white needles, mp 176-178°, was obtained
after two recrystallizations from CHCls. Additional quantities
of this material (total 159}) were obtained from the mother liquor
after repeated recrystallizations from CHCls.

Anal. (C7H4BI‘I@) C, H, BI‘, I

In hot alcoholic AgNQjs, 0.0549 g of this material gave 0.0176
g (949%) of pure AgBr as evidence for the location of the bromo-
substitiient on the side chain rather than on the ring.

Coufirmation of structiire was obtained from the nmr spectrum
(values in ppm, downfield from TMS) in CDCl;, which shows
two peaks of equal intensity, at 4.22 ppm (CH,) (calculated for

(8) Melting points were observed in open glass capillary tubes in a stirred
silicone bath, and the readings are corrected. Elemental analyses were per-
formed at the Department of Chemistry, University of Virginia, Charlottes-
ville, Va., except the analysis of 3.4,5-trilodobenzyl bromide, which was_per-
formed by Galbraith Laboratories., Ine., Xnoxville, Tenn,

(9) C. Kaiser and A. Burger, J. Am. Chem. Soc., 79,343657(1957).

(10) H. L. Wheeler and L. M. Liddle, Am. Chem. J., 42, 441 (1909).

CeH;CH,Br, 4.40 ppm by Shoolery’s rules') and 7.83 ppm (2
aromatic, o-H).

3,4,5-Trilodophenylalanine —Equimolar quantities of 3,4,5-
tritodobenzyl bromide (2.58 g), diethyl acetamidomalonate
(1.02 g), and NaOC,H; were dissolved in 100 ml of absolute
EtOH. The clear faintly yellow solution was stirred and refluxed
for 7 hr, then evaporated under N,, with gentle heating. The
residue was triturated with cold water, filtered, and dried to give
3.06 g of white sandy crystals. After three recrystallizations from
absolute EtOH, 2.32 g (72%) of pure diethyl (3,4,5-triiodoben-
zyl)acetamidomalonate was obtained, mp 176-177.5°,

Anal.  (CieHisItNO;) C, H.

A mixture of 52 ml of AcOH, 82 ml of concentrated HCI, and
1.73 g of the ester was refluxed for 24 hr and the acids were dis-
tilled until 90 ml of distillate had been collected. To the cooled
material in the distilling flask, 500 ml of H.O was added, and the
mixture was boiled until the solid largely dissolved. After filter-
ing and cooling, a precipitate (1.3 g) was collected, then redis-
solved in 700 ml of boiling 0.14 N HCl. The solution was brought
to pH 5 with K>COj3, and the white powdery precipitate was col-
lected. After one recrystallization by the same procediire, 0.96
g (709) of analytically pure product was obtained (mp above
250°) and dried at 80° for 24 hr in vacuo.

Anal. (CHI;NO,) C, H.

Analysis of Rat Tissue for Iodine.—The method of Zak,
et al.,'? for the determination of protein-bound iodine was
modified and used. Each tissue was placed, immediately after
removal from the animal, in a 300-ml tared electrolytic beaker,
weighed, then dried overnight at 110° and reweighed. To each
beaker were added 40 glass beads, 2 ml of 0.59; aqueous Na,Cr(),,
and 50 ml of 289, HCIO; solution.!? The solutions were boiled
for about 90 min until the tissue had been digested. After cool-
ing, 25 ml of distilled H,O was added to each beaker to give a clear
vellow solution. When rat livers were analyzed, it was necessary
to triple the quantities of reagents used for digestions and titra-
tions.

Titration.—To each beaker was added 5 ml of 49, HCI, 5 drops
of 39, ammonium molybdate, and 2 g of KI. The iodine was
then titrated with 0.1 N sodium thiosulfate. Just before the
end point, when the color of the solution had become a light
yellow-tan, 3 ml of starch solution was added. All samples gave
clear end points.

(11) L. M. Jackman, "Applications of Nuclear Magnetic Resonance Spec-
troscopy in Organic Chemistry,” Pergamon Press, Inc., New York, N. Y.,
1959, p 59.

(12) B. Zak, H. H. Willard, G. B. Myers, and A. J. Boyle, Anal. Chem.,
24, 1345 (1952).
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Because of the reported role of asparaginase in cer-
tain  asparagine-requiring tumors,2~* the study of
analogs of this amino acid seemed desirable. We
have prepared the asparagine analog N2-hydroxyas-
paragine through an extension of a general procedure
for a-N-hyvdroxyamino acids published previously.>®

Attempts to prepare the benzal nitrone of suecinic
acid or of diethyl succinate from their respective a-
bromo compounds were unsatisfactory, as was an at-
temptled condensation of G-benzaldoxime with «-
bromosuccinamic acid.  The reaction succeeds through
the methyl ester (1) of the latter, in the presence of 2
equiv of sodium methoxide. Condensation with the
8-benzaldoxime probably occurs after formation of -
bromosuceinimide to give the imide derivative of the
nitrone (2).7  Dilute hydrochlorie acid led to cleavage

CHLCONIL Cll——COn,
! 1 NT
BrCHCOOCH; CH;CH=N CH——C0/
Q)
1 2
CILCONTI, CH,CONT,

l |
ITOHNCIHCOOH - TICl <— CilI;,CIT=NCHCOOH

(9]
4 3

of the nitrone to 2-hydroxylaniinosuccinimide which was
identified in the reaction mixture by pmr. It failed to
open without further decomposition. Treatment of 2
with only 1 equiv of base (pH 9.5) did not give com-
plete opening of the imide, but maximum yield of open-
ring material could be achieved by maintaining the pH
at 11-12. This nitrone of 2-aminosuccinamic acid (3)
proved to be homogenous by thin layer chroma-
tography. Cleavage of the nitrone 3 was then effected

(1) Tlis investigation was supported in part by funds from the National
Caneer Institute (Grant No. CA 08748).

(2) 11, A. Campbell, L. T. Masliburn, .. A. Boyse, and L. J, Old, Bio-
chemistry, 6, 721 (1967).

3) L. J. Oul, E. A, Boyse, H. A. Camipbell, R. S. BBrodey, J. Fidler, and
Jo DL Teller, Lancet, 1, 347 (1967).

() E. A. Boyse, L. J. Old, 11. A. Campbell, and L. T. Maslhiburn, J.
LErptl. Med., 136, 17 (1067).

) 1i. Buelider, J. Org. Chem., 32, 261 (1967).

(6) E. Buehler and G. B. Brown, ibid., 32, 265 (1967).

(7) 1. Sondheimor aml R, W, Holley, /. . Chem. Soc., 79, 3767 (1H57).
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by treatment with 1 N HCI at rvoom temperature.
The compound thus formed, N*=hyvdroxyasparagine
(4), was isolated ax its hyvdrochloride. The produet
gave a positive Iehling’s test and could not he ervstal-
lized either as its hydroehlovide or the free hasc,
Chromatography showed oune major =pot. Catalyvtic
hydrogenolysis led to asparagine, with not more than a
trace of isoasparagine, as determined by paper chroma-
tography or by clectrophorvesis.  As expected™ treat-
nient of 2 with concentrated agueous annmonia gave the
diamide, which on treatment with 1 N HCE wove 2-
hydroxvlaminosuccinamide.

Optical activity, retained from L-asparagine to L-a-
bromosucciuamic acid,® was lost during the formation
of the nitrone. Thus, in this reaction series, T-uspara-
gine leads to racemie hydroxylamino compound.

[ preliminary assays the presence of 2 molar equiv
of vr-N-hvdroxyasparagine did not inhibit the hy-
drolysis of L-asparagine by L-asparaginase.  The agsay?
iucludes recovery of mnmonia by acration at pH 11, and
in the absence of the enzyme the analog releases slightly
over 1 equiv of anunouis. In the presence of guines
pig serum L-asparaginase or Ischerichia coli 1-nsparag-
inase (RC-2)* no additional annuonia was released
from the analog. Tests were made at hoth pIT 5.0
(0.1 M acectate) and pH 8.5 (0.1 37 borate) at 37°.

Although it is unstable in strong alkali, we find that
N-hydroxyasparagine ix considerably move stable than
indicated by Uniery® for o presmined N-hydroxyas-
partic acid.

We thank Dr. H. A, Campbell for the assay wich
asparaginase.

Experimental Section™

Benzalnitrone of Succinimide (2)—To a solution of 8.5 g
(0.043 mole) of i-a-bromosuccinamic acid prepared from 1.-
agparagined in 20 ml of MeOH was added an excess of CTL.N,
in 100 m! of dry ether. The reaetion mixture was tuken to dryness
under vacuum and the cride ester was dissolved in 50 ml of
EtOH and added to a solution of g-benzaldoxime!! (3.3 g) and
NaOCH; (2 g of Na) in 100 ml of MeOH. After standing at
room temperature overnight, the reaction mixture was concen-
trated ¢n vacuo and the residite was taken np in 200 ml of 1.0,
Neutralization with AcOII vielded a precipitate (7 g, 73¢.)
which was recrystallized from MeOH; mp 187-192° dec. _Anal.
(CuiH1,N:03) C, H, N.

Benzalnitrone of 2-Aminosuccinamic Acid (3).-—-To 2.55 g (0012
mole) of 2 was added 60 ml of 0.2 ¥ NaOH plus enough additional
alkali to bring the solution to pH 12.  After 17 hr at room tem-
perature, the solution wus adjusted to pH 3 by the addition of
1 N HCL On standing, glistening plates sepurated (1.5 g, 53¢
which after recrystallization from absolute EtOH melted at
175-176°. Thin layer chromatography on silica gel with BuOI11-
EtOH-H,O (3:1:1) and with uv light or Tollens reagent for
visualization indicated one component. Anal. (C)11,.N:())
C, H, N.

N2-Hydroxyasparagine Hydrochloride (4).—'T'o 1.3 g of nitrone
3 was added 10 ml of 1 ¥ HCl. The HCI was then removed under
vacuum below 30°. The residue was dissolved three times in
10 ml of EtOH and taken to dryness in vacio. The resulting white
gum was taken up in 10 ml of EtOH, filtered, and precipitated
by the addition of ether. After repeating this twice the residue

(8) 3. Kallenberg, Ber., 50, 90 (1917).

(9) T. ¥. Emery, Biochemistry, 2, 1041 (1063).

(10) Where analyses are indicated only by symbols of the elements ar
functions, analytical results obtained for thuse elements were within 0.4
of theoretical values.

(11) E. F, Schoenewaldt, R. 13. Kinnel, aud P, Davis, J. Org, Chem., in
press (private comnmunication). Since that procedure is superior (o that of
Sele and Buehler, mentioned in footnote 32 of ref 5, the latter has hecn
withdrawn from pub)ieation.



