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The synthesis of N-[p-(N-{3-[N-(2-amino-4-hydroxy-s>-pyrimidinyl)amino] propyl famine jbenzoyll-t-glatamie

aeid (IV), an analog of tetrahyvdrohomofolie acid, iz described.

Reductive alkylation was usei to join together

the properly protected isocytosine, malonaldehyde, and p-aminobenzoic acid fragments to give a product which,
in the form of the triformamidobenzoic acid XII, was coupled with diethyl r-glutamate using N,N'-carbonyl-

diimidazole.

Hydrolysis in concentrated HCl afforded IV,

Qualitatively, IV resembles tetrahydrohomofolic

acid in its inhibition of thymidylate synthetase, but ot of dihyvdrofolate reductase.

Tetrahydrofolic acid (fH,, T) serves as a onc-carbon
transfer agent in many biological systems.  Five-
membered cyclic compounds involving the N and NV
atoms of fHy and the one-carbon fragment arc intcr-
mediates in the one-carbon transfer at both the formyl
and hydroxymethyl oxidation level.?

Recently, homofolic acid has been synthesized.® The
tetrahydro derivative (II) of homofolic acid was found
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to be a quite specific inhibitor of the enzyme thymidyl-
ate synthetase.®” This inhibition may be a result of
inserting the additional carbon atom between N? and
N*, thereby altering the geometry of the one-carbon
transfer intermediates. Compound III, a pyrimidine
analog of fHy was also synthesized recently and found
to have some biological activity. Chemical cxperi-
ments demonstrated that the N7- or N-formyl deriva-
tive of III can form a five-mcmbered cyclic methenyl
compound (XIV). As a continuation of our folic acid
antagonist studies, it was interesting to prepare IV,
which is related to III as tetrahydrohomofolic acid (11)
is related to fH, (I). This paper reports the synthesis
of N-[p-(N-{3-[N-(2-amino-4-hydroxy-5-pyrimidinyl)-
amino Jpropyl}amino)benzoyl]-L-glutamiec acid (IV) and
some of its properties,

The general scheme of synthesis of IV resembles that
of ITT* in that mild reductive alkylation conditions werc

(1) This work was performed under the auspices of the Cancer Chewno-
therapy National Service Center, National Cancer Institute, National
Institutes of Health, Public Health Service, Contract No. PH-43-64-500.
The opinions expressed are those of thie authors and are not necessarily those
of the Cancer Chemotherapy National Service Center.

12) For a recent review of folic aci] metabolism see M. Friedkin in Ann.
Rev. Biochem., 32, 185 (1963).

(3) (a) J. 1. DeGraw, J. P. Marsh, Jr., . Al. Acton, O. P. Crews, Jr., (.
W. Mosher. A. N. Fujiwara, and L. Goodman, J. Org. Chem., 80, 3104 (1963):
(1) L. Goodman, ¢ al., J. Am. Chem. Soc., 86, 308 (1964).

(4) G.I. Tong, W. W. Lee, and L. Goodman, {bi., 86, 5604 (1964).

used:  first, to combine the malonaldehyde and p-
aninobenzoic acid fragments, and then to join that
product to 2-acetamido-j-umino-4-hydroxypyrimidine?
to give the honmopteroic acid unalog VIII. In the casc
of IIT it had been possible to employ a p-aminobenzoyl-
L-glutamic acid fragment. When rigorously purified
3,3-dicthoxypropionaldehyde® was used in the first
step of the synthesis to give V, it was easy to obtain
pure formamide (VI), convert it to the aldehyde (VII),°
and then to VIII without purification of the inter-
mediates (gee Chart I).
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Khim. Nawk, 5667 (19621: Chem. Abstr., BT, 16378 (1962),
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eharacterized) were not as labile as the corresponding formamidoacetaldebyde

isee footnote 7 in ref 41,
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The diamido ester VIII was hydrolyzed by heating
at 65-70° in 12 N HCI to afford the amino acid IX as
the trihydrochloride, analytically pure without re-
crystallization. Hydrolysis of VIII with 0.5 N NaOH
also afforded IX, but with some N7-formyl acid XI as
by-product. The migration of the formy! group from
N1t of VIII to N7 of XI during treatment with base was
similar to that observed for the corresponding formyl
derivatives of tetrahydrofolic acid” and III.# When
VIII was first converted to the triamido ester X and
then hydrolyzed with 0.5 N NaOH, the N'-formyl acid
XTI was the principal product. Either the acid IX or
the mixture of IX and XI were satisfactory for the
next step in which all the amino groups were formylated
by treatment with formic acetic anhydride in pyridine
to give XII.

The best yields in coupling the triformamido acid
XII to diethyl -glutamate were obtained when X1I was
heated at 45-50° for 1 hr with 1 equiv of NN ’-carbonyl-
diimidazole® in N,N-dimethylformamide followed by
reaction with 1.2 equiv of diethyl glutamate at room
temperature for 20 hr. The reaction of the acid XII
with N,N’-carbonyldiimidazole was evidently slow
because the use of either shorter reaction time or lower
reaction temperature diminished the yield of XIII,
Other coupling methods using the acid chloride, or the
mixed anhydride as described by Erlanger and col-
leagues,® gave very poor yields of XIII. Hydrolysis
of the amido ester XIII in concentrated HCI at 37° for
1.5 hr'® gave the desired acid IV in reasonable yield.

No evidence for the formation of the cyclic methenyl
derivative XV was observed in the 12 N acid hydrolysis
of XIII to IV, contrary to the case of the lower homolog
IIT.¢ Another set of experiments also showed that IV,
unlike II1, did not readily form a stable cyclic methenyl
derivative. Each of the compounds, III, IV, and IX,
was reformylated in formic acid at 100° and the ultra-
violet spectrum of each product in 0.1 N HCI was
examined at intervals. The spectrum of the product
from III indicated that the cyclic methenyl derivative
X1V had formed immediately. On the other hand, the
spectra of the products from IV and IX indicated the
absence of cyclic methenyl derivatives (XV and XVI)
and supported the presence of normal N-formyl groups.
The spectra of all three products (from I1I, IV, and IX)
did not change much over an interval of 1 day. These
results indicated that the formation of a six-membered
methenyl ring is not as favorable as formation of a
five-membered one. However, a cyclic intermediate
may have been involved in the transfer of the N!-
formy! group from VIII to the N7 position in XI during
base hydrolysis.

The biological activity of IV has been determined in
several microbiological and enzyme systems.!! The
results are given in Tables I and II, together with
previous data for II* and III¢ for comparison. Thus,
IV was a poorer inhibitor than II aud III against
Streplococcus faecalis, Lactobacillus casei, and Pediococcus
cerevisiae. Compounds III and IV were about equal

(7) J. C. Rabinowitz, Enzymes, 2, 185 (1960).

(8) R.Pauland G. W. Anderson, J. Am. Chem. Soc., 82, 4596 (1960).

(9) B. F. Erlanger, W. V. Curran, and N. Kokowsky, ibid.. 81, 3051
(1959).

(10) R. B. Merrifield and D. W. Woolley, ibid., 78, 4646 (19586).

(11) We express our appreciation to Drs. R. L. Kisliuk, and M. L. Fried-
kin, Department of Pharmacology, Tufts University School of Medicine,
wlio obtained the microbiological and enzymatic data metioned liere.
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TaBLe I
INHIBITION OF MICROBIAL GROWTH®

—————0.5 max inhib conen, mug/ml

Compd 3. faecalis L. casei® P. cerevisiae®
114 0.7 6 >1,000
11T 0.5 20 1,500
v 4.5 40 >10,000
@ Assay procedures are those nsed in ref 3b. ? Folate, 1.0

mug/ml.  © Calcium dl-L-5-formyltetrahydrofolate, 1 mnug/ml.
¢ Data from ref 3b.

Tasre 1T
INHIBITION OF ENzZYME PREPARATIONS"

0.5 max inhib conen, M————

Dihydrofolate Thymidylate

Compd reductase’ svntlietase®
11¢ Lo 2 X107t
11T 3.6 X 10-® 3 X 1073
v No inhib at 1073 ~2 X 10~

¢ For the assay procedures, see ref 3b. ® From monse leukemia

cells; dihydrofolate, 3 X 105 M. ¢From E. coli;
hydrofolate, ca. 3 X 1074 M. < From ref 3b.

dl-L-tetra-

in their ability to inhibit thymidylate synthetase;
however, only III was an inhibitor of dihydrofolate
reductase. Qualitatively, IV resembled tetrahydro-
homofolate (II) in its inhibition of thymidylate syn-
thetase, but not of dihydrofolate reductase.??

Experimental Section!?

3,3-Diethoxypropionaldehyde has been prepared from 1,1-di-
ethoxy-3-butene by ozonolysis®®* and from 1,1-diethoxy-3,4-di-
hvdroxybutane by oxidation with lead tetracetate® according to
the procedure described for the preparation of 2,2-diethoxyacet-
aldehyde.'* We tried several modifications of the oxidation of
1,1-diethoxy-3,4-dihydroxybutane, including the nse of periodate;
all of these gave product containing some 3-ethoxyacrolein which
was detected by its absorption at A 242.5 mu (e 13,900).5 The
purest 1,1-diethoxypropionaldehyde was obtained by a slight
modification of the literature method.'* After the reaction,
the mixture was filtered, and the filtrate was concentrated at 35°
(20 mm) to one-fourth volume, dilnted with 5 vol of ether,
filtered, neutralized with K,CO; solntion, and distilled to afford
a 589 yield of 1,1-diethoxypropionaldehyde, bp 74-75° (19-20
mm), containing only 19, 3-ethoxyacrolein.

Ethyl p-(3,3-Diethoxypropylamino)benzoate (V).—Reductive
alkylation of 0.495 g (3.0 mmoles) of ethyl p-aminobenzoate and
0.46 g (3.15 mmoles) of 3,3-diethoxypropionaldehyde by the
literature method for the preparation of ethvl p-(2,2-diethoxy-
ethylamino)benzoate* afforded a crystalline residue after
work-up. Recrystallization from 7 ml of hot methanol and 4 ml
of water afforded 0.38 g (4297) of V as yellow crystals, mp 65-67°,
and a second crop, mp 56-66° (total, 57¢), snitable for nse in
the next step. Two recrystallizations from aqueous methanol

(12) Melting points were determined with the Fisher-Jolins apparatus
and were corrected. Paper chromatography was done by the descending
technique on Whatman No. 1 paper, except solvent A, which was done on
Sehileicher and Schuell No. 2496 acetylated paper. Tle spots were detected
by visual examination under ultraviolet light. Adenine was used as a
standard; the spots were located relative to Raq 1.00. Tle solvent systems
were: (A) benzene-water-methanol (2:1:6), (1) water, (C) 1-butanol-
acetic acid—water (5:2:3), (D) benzene-water-methanol (2:1:8), (E) 5%
aqueous disodium hydrogen pliosphate pH 8.9, (F) 1-butanol-water (satu-
rated). Anhydrous MgS0O4 was used as the drying agent.

(13) S. Hattori, Yuki Gosei Kagaku Kyokai Shi, 19, 453 (1961); Chem.
Abstr., 56, 20926 (1961).

(14) H. O. L. Fischer and E. Baer, Helv. Ckim. Acta, 18, 514 (1935).

(15) We performed similar reductive alkylation experiments with dimethyl
p-aminobenzoylglutamate, using 3 3-diethoxypropionaldehyde from early
batches, before we appreciated the adverse effect of the impurities in 3,3-
diethoxypropionaldehyde. Thus we obtained the glutamate analogs of V,
VI, and VII. The last compound exhibited an ultraviolet spectrum with
unexpected byv-product absorption at 310 mu. Since the glutamate analogs
were all syrups it was necessary to turn to the benzoate series where V was a
erystalline solid that could be purified.
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afforded the analytical sumple of Vi up 68-68.5% AN (u)
2,05 (N11), 5.92 and 7.79 (ester), 8.0 and 9.45 (COC); A«
2251 (e 3050), 307 (27,000); it moved as ashigle spot i solvent
A with R 0.74.

Anal. Caled for CellaNOg €, 6510 1, S.04;
Found: €, 65.0; 11, 8.32; N, 4,82,

Ethyl p-iN-(3,3-Diethoxypropyl)formamido|benzoate (VI).-

A ~ohutiocof 9.14 g (31 mmoles) of Vi drey pyridine wis treated
with i =olution of formie acid anhydride according to the Hiera-
ture procedure for the prepariation ol dimethyl N-{p-| N-(2,2-
diethoxyethyDiormamidotbenzoytH-L-glntamatre® (o afford, after
work-up, n residue of 0.1 g (1007 of VI ax an orange-yellow
oil: A% () 5.80, 3.91 (ester and amide): AEUY 266 mp (e
16,200): it moved us a single spot i1 solvents A wd B with
2an 088 and 1.77, respectively. A portion of the oil was farther
dried at H56° (0.1 nmn) for 4 hr for analvsis.

dnal. o Caled for CllNOg G, o300 H, 7.79: N, 433,
Fonnd: €, 63.2; 1, 7.75; N, 4.43.

Ethyl-p-|N(2-Formylethyl)formamido|benzoate (VII).--A =o-
hation ol 0,65 g (20.9 nnwoles) of VI« 30 ml of 907, fonaie
aeid was alowed to stand for 30 amin ot room temperature,
then poured into 150 ml of iee water sind extracted with (wo 300-
tal portime of benzene. The benzene =olutione wis washed onee
with 100 mb ol sniurated NaHCO, solution, twice with 200-nd
portions of H,0, dried, trented with Norit, filtered, audd evaporated
in vao (o afford 7.44 ¢ (10091 of V1T as a yellow oil; A% ()
3.68 (Cl1O), 5.78-5.94 (C=0 of exter, uldehvde, and amide):

Mt 266 mu (e 15,400); it moved as n single spot in solvenis A
and Bowith Ra 102 and 1.27, respectively. A sample of oil was
dried at 56° (0.1 mm) for 4 e and analyvzed.

dnal. Caled for CutlpNO €, 62,60 L, 6.07; N, 5.062.
Fomal: €, 62.0: 11, 6.16: N, 5.60.

Allowing the hydrolyvsis (o proceed for 1 I did not affect the
quality of the produet. Reaction of VIT with 5,5-dimethyl-1,5-
evelohexnnedione gave a 905 vield of the dimethon, mp 140.5-
141.5°.

dnal. Caled Tor CopllypNO7 €, 6801 11, 7200 N, 274
Fomnd: ¢ 67.8; 11, 7.42; N, 2.58.

The 2,4-didtrophenyllivdrazone of VII was alzo prepared.
Tt had mp 100-102°, resolidified av 107-145°, remelred at 145-
1446°.

Adnal. Cualed for CylluNzOz: G 5801 11, 4460 N, 163,
Foind: C, 52.6; 1, 4.40; N, 16.2.

Ethyl p-(N-13-[N-(2-Acetamido-4-hydroxy-5-pyrimidinyl)-
amino] propy! | formamido)benzoate (VIII).—The reductive alkyl-
atimc ol 0.69 g (4.1 amoles) of 2ancetamido-H-umino-4-hydroxy-
pyrimidinet and FOSE g (4.3 naooles) of VII te N, N-dimetlyvl-
Foranmide with 0346 g of 57 Pd-C wax completed after 15 hr
at room temperature and guve, after work-np using the saume
procedare as for V, a gam. This wis recrystallized from 25 ml
of hot ethyl acetate to afford 1.18 g (719) of VIII as a yellow
powder, mp 157-158.5°. Similar material from an earlier run
was recrystidlized from acetone to give (he analytical sample of
VI mp 160.5-161°; A2 (w) 3.2 (N, 5.84, 5.95, 6.10 (ester
and amides): AEOT 27y B (e 22,600), 310 shoulder (~9000):
it moved as o single spot in solven(s C and D with R 142 and
162, respectively.

Anal. Caled for CyllaN;O5 €, 56.0; H, 5,78
Fowd: C, 573, 57.0; 11, 5.87; 5 Tl: N, 17.4.

[)-(N-{3-[N-(2-Amino-4 h)droxy 5-pyrimidinyl )Jamino]propyl |-
amino)benzoic Acid (IX). A. Acid Hydrolysis.-—A solution
of 2.05 g (5.1 mmoles) of (he dimaido ester VIIT hic 100 ml of
HCE 2 V) was stirred udd heated ac 63-70° under nitrogend for
F7 hr. The pariially ervstalline rdxture was kept at 0° for 5
hrwnd therc the precipttate was collected, washed with cold 12V
HOE wd dried to alford 1.60 g (80¢,) of IN.3HCI as a white
eryv=talline 1)(»\\(1(1 mp 234-236° (yellowing at 226°); AL
() 3.04, 5.22, 3.26 (OF, NH), 5.7-4.15 (NI *, COOH), 581,
594 (COOLL rad 1)_\1111]1(11](L vings: ALY 226 mu (e 15,000),
268 (10,500), 302 (9200); AEC085 mig (e 21,400); it moved as a
strgle spot insobvents IS, G, and I with /a0 1.4 (blie fluorescene),
1.24, sond 11O (flnorescent ring aroand spot), respectively.,
The analytical sample was dried over P.O; for 5 hr at 56° wd
<1 b

dnal. Caled for CllN;O33HCE  C, 40.7; 1, 4.88; Cl, 25.8;
N, I7.0. Foand: €, 40.9; T, 5.08; Cl, 25.8; N, 16.8.

B. Base Hydrolysis.—A ~olution ol 5.25 (13.1 1wanoles) of
VI in 15t nd of 0.5 8V NaOH was heated at 60-65° meder nitros
gen For 1) hr treated with charcoal, filtered, and diluted wath 115
1ad of water, Ple lloate was cooled aracice hach arad sccidibied

N, T4

N, 17.5.
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to pl 45 with 1TV HCL After 3 hy, the precipitate was ool-
teeted, washed successtvely withh wider nal aeetone, and dried
i racio to adford 556 g of aomixture of IN (mostly iy and X1 ng
231-252.5° dee, s indicated by vluaviolet wialy=is and puper
chronattogriphy i solvent 15 (whieh showed two spotst flyg
F.22 fongor spot, INO aed 1SG (miror spot, XD Faransdysis, a
portion of the product mistnre was dissolved in 0.2 8 NyO1H
and reprectpitated at plt 4.5 o give the aeid 1X as mcoff-white
powder, mp 246 ‘_’»l\'° (decomposed; hrowning begins «t 200°
AN fd 20N, 502, 3.2 (NH, O11), 5,95 (COOT: it moved us
one <pot i sobvends l (O and D) with Faa 1.25, 157, aud 1,05,
respectively. The sumple wax dried o 36° ¢ Fmno foar 15 hrover
1.0, for malysis,

dnal, Cided Tor CullpNOq-083100L00: ¢, 5440 L 576,
N, 22,6, Foand: ¢ 048, M, 5.82; N, 22.6.

p-t N-13-IN-{2-Amino-4-hydroxy-5-pyrimidinyl)formamido]-
propyliaminojbenzoic Acid (XI).---A =olution of 0,40 g (1.0
naole) of the dinmido ester VILLin S wd of pyridine wies Tormyl-
ated by the procedare used to prepare VIto alford 044 g (1030,
of o =ohid yvellow Toanc thad had the ndrved, e, cad uliraviole
INZOP 266 1ap e EN000) and 305 shonlder ( ~T600)] specii
compatible with stractare X and was homogereoas in solvents
Cardd D with B BR2 and £.68, respeetively. This fornccoald
not be ervstallized.

A solutioncof 1,35 g 40,82 mmole) of the triamidoester Xoin 10al
of 0.5 .V NuO1E was treated by the procedare described for the
preparationcof 1X to afford 0.160 g (5977) of the monofornumnido
acid XT, mp 206-210° (softening frora 157°). Two reerystallizie-
tons from nethanol-water (5:13 guve the analytienl sunple of
X1 ap 1571769, resolidified a¢ 177°, remelted i 210-2217

et 3.0, 32 (N, 36042 (COLH), 602 (parimidines:
224 nw te 1\4(\(\\, 270 (11L,000), 302 shonbder ( ~72005:
AETOST g (e 23,3007 1 moved we ore =pot i solvents F, O
and D owit Hag 1 ‘) P24, i 1.20, respectively,

dnal. Caled for (1111,\ H( _’ll (J C, 400, H, 0750 N,
1.1 Foand: O, 470 11 551 0.4,

p-(N-{3-(2-Formamido-4- hydroxy 5-pyrimidinyl)formami(loi-
propyl | formamido)benzoic Acid {XII}.-A =nzpensionc of 357 g
(115 naaolest of the unblocked acid IN hie pyridine wis tresded
with a fornde weetic anhyvdride wdsture as deseribed Tor VI o
vield, after work-up sadd trittwntion with hot 2-1aethoxyethanol,
394 @ (RSO 1ol the triformanido aeid N1T as a pale vellow erysu -
e 1)(»\\'(1(.1 ap 2745 2767 deer Abe () 2.93( \IH, 5.01 (aetd,
aantdess; NI O262 yuw (e 16,5000 ANE MO8 g (e 17,6009, ’4'»
shoalder { ~ 10,5001 Tt moved as lsmgl( <pot in .~ulvu]t~ I"
Dwith 2240 0.1 7 blne thorescercee) and 113, respectively.

dunal, Cided for CullpNGOg: €, 52,70 11, 4420 N, DN
Found: €, 52,6, 52.50 11, 4.06, 480 N, IS0,

Diethyl N-;y-tN-{3-{N-{2-Formamido-4-hydroxy-5-pyrimi-
diny!)formamido]propy!l {formamido‘)benzoylj -L-glutamate (XIII).
~The wiforncuaido aetd XID (850 g0 b mmoles) was
dissobved he20thiad of diy V,N-(li1(((lll) Hormamide by heating on
A stewe bitle Phe solttion wis cooled (0 1o (eraperature,
corebined with 066 g 4.1 ynoles) of NN -carbonyvidinaidie-
zole, and heaied ot 45-50° for Fla with protection frojo moistire,
To this sohitioa, cooled 10 roma temperature, was added n freshly
prep: (1((1 solation of Lot g (4.9 1canolex ) of diethy] v-ghitarwte @
b ml of N.N=dvaethyifonamoide, wad the resultand solution wies
stirred {or 200 b at roore temperatare with protectione frong
aoisture. The solutionr was treated with  clwreont, Bhered,
and evaportded aevaeso, The 1(~i(l(14 wis partitioned between
100 1ol of CILCL and 25 ml of 1.0 by gentle stirring. Fhe
agacons phise was farther extreted with two 50-ml portions of
CH.Cl.  The corabhed CHLCly extrcets were dried, Gltered, mad
evaporated {vacao tosusyrap. A solutiorcof this syrup in 2 ml
of CHCle was added dropwise to 250 ml of cther with stirring.
The precipiiute wis 11-i1‘nm1(-(1, collected, washed with ether,
and dried to yvield 144 g (6190 of the diethyl ester (XII1), np
S6-03°. Forcaeldysis, « ~u>1ple wis reprecipitated Trora ether to
Farnish a pale yvellow lm\\d(r g 92-08°: Aty 501, 52
(NH, OH), 5.74, 6.00 (esters, mnides); Al 262 mu (e l\ 4007,
300 shoulder ¥ ~9200), T ~olvenl‘ F, it bas Ry 138 with «
trace of Anorescerce nt Ry 0.69: in solvent D), o 153 (uajor
spot) mdd 10O (nrace thorescence). This saople was wndyzed
wdter drvivg for 15 hr over Po; at 56° (1 mm %

AlHtl/. (l:ll(‘(l (o (Eﬁll;(p\’ﬁ“} (l. 71’} Il. -").(‘):11 \_ i4.7.
Fomal: €, 54060 T 5830 N, 1505, 15.1, 15,2,

Where the saeid NTT was ullu\\ul Lo resel \\1l,l> Feguiv of NyN'-
carboryldiimiduzole (o 43- 50 Tor 30 mbc e I-nethyl-2-pyrroh-
done before the coretion with diethot glatamate, the vield of
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XI1I was 37¢,. When XII and N,N'-carbonvldiimidazole were
allowed to react in N,N-dimethylformamide for 1 hr at room
temperature, the yield of X1II was 119;,. When the acid XII was
treated with 1.05 equiv of SOCL, in N,N-dimethylformamide at
room temperature for 15 min and then allowed to react with
diethyl glitamate and triethylamine for 20 hr at room tempera-
ture, a very small amount of XIII was formed, as indicated by
paper chromatography. The mixed anhydride method?® was also
tried. A mixture of XII and 1.1 equiv of triethylamine in N/N-
dimethylformamide treated with 1.2 equiv of isobntyl chloro-
formate at room temperature for 45 min followed by 2.5 equiv of
diethyl ghitamate hydrochloride and 2.5 equiv of triethylamine at
room temperature for 21 hr yielded 897 of XIII.

N-[p-(N-{3-{N-(2-Amino-4-hydroxy-5-pyrimidinyl )amino] -
propyl |amine )benzoyl]-L-glutamic Acid (IV).—A solution of 1.00
g (1.74 mmoles) of the triformamido ester XIII in 25 ml of 12 &
HCI was hvdrolyzed at 37° for 1.5 hr under N. and evaporated to
a syrup in vacuo at 25°. The svrup was dissolved in 25 ml of
water, treated with charcoal, and filtered. The filtrate was
adjusted to pH 2.5 with 1 ¥ NaOH and decanted from a small
amount of vellow gummy precipitate. The supernatant liquid
was adjusted to pH 4 and cooled in ice for 30 min. The precipi-
tate was collected, washed with Hy() and ethanol, and dried to
vield 0.45 g (57% as 1V-1.33H;0) as a white powder, mp 164~
168°, which gradually acqnired a pink color during subsequent
handling, perhaps because of air oxidation. Two recrystalliza-
tions from H,0 afforded IV as a pink powder: mp 165-167.5°;
Aot (w) 3.0 (NH, OH), 5.73, 5.88 (COOH): NoL!' 222 mu (e
14,800), 257-260 plateau (11,000), 295 shoulder (7200): N
295 mu (e 25,800); {«]?20 —9° (¢ 1.0, 1 ¥ HCl); it moved as a
single spot in solvents E, D, and C with Raq 1.86 (blue finores-
cence), 1.05 (spot with fluorescent ring), and 0.95 (spot with
fluorescent ring), respectively.

FLUORENE NITROGEN MusTarDps, II 593

Anal. Caled for ClgH24N605'1.33H'}_O: C, 500, H, 589;
N, 18.4. Found: C, 50.1,50.1; H, 5.83,6.02; N, 18.3, 18.4.

Comparison of Ease of Cyclic Methenyl! Derivative Formation.
-—Compounds III, IV, and IX were each dissolved in 97-100%,
formic acid in the proportion of 0.25 mimole to 5 ml of aeid and
heated on the steam bath for 1 hr.'* The solution was evapor-
ated to drvuess in vacuo. The gummy residue was triturated in
CHC]; or ether and again evaporated to give a foam or powder.
The spectrum of the product in 0.1 ¥ HCl was measured at inter-
vals. The results are given in Table I11, and should be compared
with the maximum (313 my) for the methenyl compound XIV.4

TasLe III
ULTRAVIOLET SPECTRA AT pH 1 AFTER FORMYLATION
Amax, mu for product from——-—
Tjme 111 v 1X
0.25 hr 317 268 269
1 day 313 268 270
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Iu a continuation of earlier work, synthesis of a number of new N-2-fluorenyl mustards and snch analogs as
bis-2-bromoethylamino- and bis-2-halopropylaminofluorenes with various substituents in the 7 position is re-
ported. Dimethyl snulfoxide is found to be a good medium for di-2-hydroxy ethylation; higher yields were ob-

tained in shorter times than in the nsual media.

Biological data are presented showing that some of these

compounds, particularly with activating groups in the 7 position, inhibit some tumor systems and have relatively

low toxicity.
ties in neutral and acidic solutions are recorded.

Since the only N-2-fluorenyl mustard (reported
earlierte) that showed any tumor inhibitory effect, and
that minimal, was the one with a 7-dimethylamino
group,? we felt that other electron donor groups,
particularly in the 7 position, might confer interesting
biological properties on compounds in this series.
Table I lists data concerning the new chloro and bromo
mustards, the corresponding bis-2-halopropyl com-
pounds, and their precursors.

Table II presents the results of biological testing for
some of these compounds as supplied by the Cancer
Chemotherapy National Service Center and by the
Chester Beatty Research Institute. In particular,
three of the compounds gave total inhibition of the
Walker rat tumor 256.

(1) (a) Paper XXIin this series by H.-L. Pan and T. L. Fletcher appeared
in J. Med, Chem., 8, 491 (1965). (b) Supported in part by a grant (CA-
Q1744) from the National Cancer Institute, National Institutes of Health,
and in part by Research Career Development Award 5-K3-GM- (now CA-)
14,991 (T. L. F.). (c) For part I, see T. L. Fletcher and W. H. Wetzel, J.
Org. Chem., 28, 1348 (1960).

(2) This was obtained and tested only as an impure oil.

Synthesis of several new 7-amido-N-flinoren-2-ylamines is described. Ultraviolet spectral proper-

An improved method of di-2-hydroxyethylation in
dimethyl sulfoxide (DMSO) was used in two cases as
described below, and we suggest that such use of
DMSO may be valuable with amines having low solu-
bility in the usual media. In this work we found a
simpler approach (A in the general chlorination proce-
dure) with high yields, for chlorinating the more stable
compounds. Syntheses of the new 7-nitro- and 7-amino-
N-2-fluorenylformamides, -propionamides, -urethans,
and -N’-n-propylureas are reported. All of these 7-
amino derivatives (plus the previously reported 7-amino-
N-2-fluorenylacetamide), except the formamide, gave
analytically pure di-2-hydroxyethylated and di-2-chloro-
ethylated derivatives.

We also have extended the ultraviolet spectral data
recorded in our first paper with similar information
about the new compounds, including the effect of
various concentrations of acid in causing a character-
istic increase in complexity of the spectra. The latter
effect depends markedly on the nature of the substit-
uents in the 7 position. Examination of the spectral



