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A~-!kveral Moisoxaxotiac anabgus of a-unino-3chbrdJdibyd.5-i~~k acetic acid (1. AT-125) 
were prepad by mans of 1.3dipoiar cycbadditioa wtboddogy. The cbcmistry of kse compounds is 
discussed. and a posribk biological r&c of action of AT-125 presented. 

IS 1973 Martin CI al.,’ reported the isolation and struc- 
ture of a novel antimetabolite (aS.SS) a - amino - 3 - 
chloro - 45 - dihydro - 5 - isoxazole acetic acid (1. 
AT-125. Acivicin). This unusual amino acid, isolated 
from fermentation broths of Srreptomycts soiccus, dis- 
played significant activity against a number of tumors in 
experimental animals and is currently being developed 
by the U.S. National Cancer Institute for clinical cvalua- 
tion.’ To date, three total syntheses have appeared’ as 
well as certain analogues.’ 

The synthetic strategy we adopted is based on the 
empirical prediction (Cram’s ruk’) that reductive 
amination of a-keto acid 3 should proceed stcreo-selec- 
tively to afford the desired cryfhro-diastereomer (cf. 2). 
The requisite a-keto acid (3) could, in principle, be 
prepared by oxidation of the corresponding Q- 
hydroxyester 4. or by hydrolysis of kctaf 5 or thioketal6. 
It had been reponed previously’b that cycbaddition of 
chloronitrik oxide, generated in sifw from phosgene 
oxime (7a). to styrene gave a poor yield (6%) of adduct 
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&. We observed equally disappointing yields under 
homogeneous conditions. However, when a two phase 
(Et20/HIO/Na2C0,) system was employed in the 7r to 
b transformation the yield was improved to 32%. Fur- 
thermore, under these conditions, bromonitrik oxide and 
p-tohbenesulfonylnitrik oxide, generated from the cor- 
responding bromides, afforded evco hi&r yields. 67 and 
48%. of cycbadducts & and k, respectively. 

The cycbaddition of chloronitfik oxide to vinyl gly- 
colic acid (9). followed by esterifiation, afforded a- 
hydroxyester 4 as a mixture of diastereomen in only 
11.5% overall yield. Even more disappointing was our 
inability to oxidize this alcohol to a-kctoester h under a 
variety of conditions. Akhough the precise reasons for 
this lack of reactivity remain obscure, steric factors are 
certainly involved; coaversioo of the alcohol to the cor- 
responding tosylate required stirring with tosyl chloride 
in py-ridine for several days at room temperature. 

The second route to u-ketoester 3 required ketal 14. 
Treatment of dichloroacctic acid with NaOCH, folked 
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by csteriecation afTor& methyl glyoxylate dimethyl 
acetal‘ (11; Fig. 3). Dcprotoaation followed by conjugate 
addition’ to pllenyl vinyl sulf0xi&‘~ provided 13 in 
3896 yield after chromatography. Sulfoxkk eIiminath‘* 
at 17lP in the presence of CaCO, gave 14 in yields 
ranging from 15-3096. In view of the low yields obsmd 

io the cycbaddith of chbronitrile oxide to vinyl gly- 
colic acid we employed dibromoformoxime (7bb) for sub 
sequent studies. This decision was justifiable since it has 
been shown’. that hmo AT-125 is nearly as active as 
the nanual product. Reaction of 14 with excess 
dibromoformoxime produced isoxazohc 5 (66%). 
Attempts to sckctivcly hydrolyze ketal 5 to a-kctocstcr 
3b resulted in either 110 reaction, partial degradation to 

CI,CHcO,H 

c.Hws~ 

1. NaOCH, 

2-t 

Na IO, 
w 

0 

unidcntibbk products, or complete degradation, 
depending on tbc conditions employed. It would appear 
that tbc most reactive site in S is the imino bromide. 
Hydrolysis of this moiety to produce the corresponding 
isoxazolidoee ouckus would be expected to have dis- 
asterous consequences since it is known’ that a closely 
related substancz, tricholomic acid (IS) decomposes even 
at room temperature in dilute aqueous hydrochloric acid. 

Thioketal 16 was prepared from methyl crotonate by 
exhaustive thio&tion’O with methyl mcthanethios&onate 
employing Iithium diisopropyl amide as the base. Smooth 
cycbaddiia to 16 was observed using the two-phase 
procedure described above to allord 6 in 65% yield after 
chromatography. Even this substance faikd to undergo 
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hydrolysis IO the desired a-ketocster 3b under conditions 
which one might have expected to be sekctive for sulfur. 
For exampk, NBS in McCN/H,O OT NCS and AgNO, in 
McCN/HtO M lo rotal destruction. Tbc employment of 
Mel in acetone/H,0 at reflux or dimethyl sulfate in 
M&IN/HI0 at W resulted in no reaction. 

Although this study failed to provide a new total 
synthesis of AT-125, it did produce a number of closely 
related structures for biological testing. lsoxazolines 5.6, 
and 10 were evaluated” in the in t4ro murinc Ll210 
leukemia tube dilution assay with a 3day incubation of 
each compound with the cells. Each analogue was tested 
over a range of concentrations to a maximum of 
lO&mL. AT-125 was included as a positive control. 
The results are expressed in Table I as ID, and lDp0 
values. which are drug concentrations required to inhibit 
the growth of cells by 50 and !%I% respectively. Of the 
three substances tested, isoxazoline 10 is clearly the 
most interesting. Although not nearly as potent as AT- 
I25 itself this substance does show activity. When one 
takes into account further that 10 is actually a mixture of 
all four possibk diastereomers this activity could prove 
to be a significant kad. 
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Tabk 1. 

Compound WdrdmL) QdrJW 

AT-125 (1) 0.06 0.16 
10 3.00 8.1 
5 > 10.00 :’ IO.00 
6 > 10.00 > IO.00 

Studies on the mode of action of AT-125 at the mok- 
cular level have shown’ that it inhibits CTP synthetase as 
well as other enzymes which catalyze the transfer of the 
amino group of L-glutamine. It also causes effects on 
ribonucleotide pools which are consistent with inhibition 
of this enzyme and with the inhibition of another L- 

ghrtaminedepcadent enzyme. XMP aminasc. During the 
course of the present investigation, we became impressed 
by the fact that AT-125 incorporates certain structural 
features in common with several other substances (15. 
17-l)) known to bc specific inhibitors of pyridoxal dcpcn- 
dent enzymes. Thus, cycloserinc (IS),” Ocarbamoyl-D 
scrinc (1%). 0-acetyl-D-xrine (17b). and &halo-Dscrincs 
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acdk acid methyl ester (6). PrepamJ according IO tbc procedure 
for & from 16. (2.4782 g, 0.013 md), NarCO, (6.8409~. 
0.0645 moo. water (70mL) aMl ether (1OmL); and I)’ , 
(12.2605 & 0.066 mol) in ether (1% mL). AdditioD was performed 
over a period of 5 days. (6): 2.6893 g, 66.3S%; IR (neat) I725 cm-’ 
(s). 1605 cm ’ (w); ‘H NMR (XXI MHz) 65.32-5.41 (dd. Hi’). 3.8s 
(s. 3H). 3.57-3.69 (dd. III), 3.263.41 (dd. 1H). 2.24 (s. 3H), 2.22 
(s. 3H); mass spectrum mle 313 (M’. parent). 
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