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was triturated with acetone. The insoluble ammonium chloride
was removed by filtration and evaporation of the filtrate gave
the oily product; yield, 112 mg. The crude product was dis-
solved in ether and a small amount of methanol. Dry HCI
was bubbled through the chilled solution, and the white salt was
collected by filtration; yield, 65 mg. (32.4%); m.p. 180-183°
(oil bath): Ames mu (e X 1079): pH 1, 254 (9.35); pH 7, 257
(9.35); pH 13, 263 (10.0); 5, cm.~t (KBr): 3400 (OH), 3000~
2700 (NH;™), 1690 (C=N *H), 1570 (C=C).

Anal. Caled. for CsH,CIN:O: C, 41.83; H, 5.26; Cl, 15.44.
Found: C, 41.65; H, 5.05; Cl, 15.23.

Reagents and Assay Procedure.—Adenosine and adenosine
deaminase were purchased from the Sigma Chemical Conipany.
The general method of assay has been described by Kaplan®
and involves measuring the rate of disappearance of the absorp-
tion band of adenosine at 265 mu. All enzymatic reactions
were performed in 0.05 M phosphate buffer at pH 7.6 and 25°.
The substrate and the stock solutions of all reagents were pre~
pared in 0.05 M phosphate buffer at pH 7.6. For the assay,
the cell contained a total volume of 3.1 ml. which was 0.066 mM
with respect to adenosine. To study inhibition, appropriate
amounts of buffer were excluded from the cells and were re-
placed by an equal volume of a solution of the inhibitor in phos-
phate buffer.

Results and Discussion

Previously it was found* that V and VI were competi-
tive inhibitors of adenosine deaminase with K, values

(9) N. O. Kaplan in "Methods in Enzymology,'" Vol. 11, 8. P. Colowick
and N, O. Kaplan, Ed., Academic Press Inc., New York, N. Y., 1955,
p. 473.
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of 3.0 X 10-% M and 9.8 X 10—° A, respectively.
Enzymatic evaluation of compounds VII-XI revealed
that they were all essentially noninhibitory at con-
centrations 2-3 times that of the substrate. These re-
sults establish that adenosine deaminase has little bulk
tolerance for groups on the 6-amino group of the
purine nucleus. For example, the replacement of the 6-
amino group by a 6-methylamino group increased the K;
by a factor greater than 3. Thus, it would appear that it
will not be feasible to prepare active-site-directed irre-
versible inhibitors at the 6-position of the purine nucleus.
It might be suggested that even though the enzyme has
little bulk tolerance for branch chain groups at the 6-
position of the purine nucleus, it might tolerate straight-
chain groups. Therefore, the 6-n-propylamino analog
(XII) was synthesized, and it, too, was essentially nonin-
hibitory at concentrations 2-3 times that of the sub-
strate. Consequently, adenosine deaminase has little
bulk tolerance for either branched or unbranched groups
on the 6-amino group of the purine nucleus. Finally,
it was found that 7-(3-hydroxypropyl)-6-aminopurine
(X1II) was noninhibitory against adenosine deaminase.
This fact may be rationalized if it is assumed that the
enzyme has little bulk tolerance for a group at the 7-
position of the purine nucleus or that an essential bind-
ing group at the 9-position is absent. At the present
time, however, it is not possible to answer this question
unambiguously.
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The binding of 2-amino-5-(3-anilinopropyl)-6-methyl-4-pyrimidinol (IV) to dihydrofolic reductase is tightened

by introduction of carboxyl (V) or carboxyglycyl groups (VI) in the para position.

Since the benzene ring of

IV probably binds to the enzyme in a charge—transfer complex with the benzene ring being an electron acceptor,
the electron-withdrawing p-carbonyl group of V and VI could tighten binding by making the benzene ring a

better electron acceptor.

Strong evidence to support this hypothesis has now been obtained by comparison of

IV-VI and the p-(4-chloro-3-oxo-1-butenyl) (X) and p-(4-chloro-3-oxobutyl) (VIIIb) derivatives of IV as in-

hibitors of dihydrofolic reductase.

The pyrimidyl analog of tetrahydrofolic acid (III)?
binds to folic reductase (K; = 2.0 X 10~%) better than
the substrate, folic acid (K, = 10 X 10~%). Removal
of the carboxy-1-glutamate residue as in IV* increases
K; to 63 X 10~%; it can be calculated readily from
—AF = RT In K that the loss in free energy of binding
by removal of the carboxy-rL-glutamate is only 229
of III. About one-half of the binding of the carboxy-
L-glutamate residue is due to the p-carboxyl as shown

(1) This work was supported in part by Grants CA-05867 and CA-06624
fromn the National Cancer Institute, U. S. Public Health Service. J. H.
Jordaan is indebted to the Atomic Energy Board of the Republic of South
Africa for a fellowship.

(2) For the previous paper of this series, see B. R. Baker and B.-T. Ho,
J. Pharm. Sci., 83, 1137 (1964).

(3) Papers V1 and VII of this series: B. R. Baker and C. E. Morreal, ibtd.,
51, 506 (1u62); <bid., 52, 840 (1963).

(4) Paper X of this series: B. R, Baker, I). V. Santi, P. I. Alinaula, and
W. C. Werkheiser, J. Med. Chem., T, 24 (1964).

by K; = 13 X 10~¢ for V.* The a-carboxyl of III
would appear not to contribute to binding since the
K; of VI is also 13 X 107%; thus the other half of the
binding of the carboxy-L-glutamate residue of III is
due to the y-carboxyl.* Evidence was presented that
both the p- and y-carbonyls were probably complexed
to the enzyime by hydrogen bonding.*

It was pointed out* that it should be possible to ob-
tain an active-site-directed irreversible inhibitors$
of folic reductase if the proper type of functional group
for formation of a covalent bond could be placed on
IIT positioned where the p- or y-carbonyl normally
occur. Several chloromethyl ketones (VIII and X)
were synthesized to evaluate this possibility, since
halomethyl ketones have been previously used for

(5) B. R. Baker, Cancer Chemotherapy Rept., No. 4, 1 (1959).
(6) B. R. Baker, J. Pharm. Sci., B3, 347 (1964), a review.
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anchoring active-site-directed irreversible inhibitors. %
During the course of the above research problem
it became apparent fromn other information that the
anilino group of I1I and IV was not binding through
the NH group as previously suggested,* but that the
benzenc ring wag the site of binding, perhaps as an
clectron acceptor in a charge-transfer complex with
the enzyme.?  If such were the case, then the incereased
binding of V and VI compared to IV may well not have
been by hydrogen binding of the p-carbonyl,* but by a
net inerease n binding of the benzene ring as an elee-
tron acceptor, due to the clectron-withdrawing proper-
ties of the p-carbouyl group. Comparative enzyme
evaluation of compounds IV-VI, VIIla~d, and X as
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reversible inhibitors of dihydrofolic reductase indicated
that the inercased binding in the charge~transfer com-
plex 1s the better alternative to account for the tighter
binding of V and VI compared to IV.

(7) . R. Baker, . I'. Patel, arld 1. I, Alwauka, J. Phagcm. Svei., 52, 1471
(1v86:3),

i8) (6o =clivelluen awd 10 Shaw, Béovhomistoy, 2,252 (10153).

My Paper XTI of this series: I, R, Daker, BT [To, and (L Culeds,
Itroeypdiv Chemn., 1, 88 (116.4).
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Chemistry.—Pyrunidy! analogs (111-V1) of tetra-
hvdrofolic acid have been  svuthesized  previonshy
by the reductive  condensation  of  an  arviamine
(1) with 2-acetamido-4-hydvoxy-6-methyl-3-pyrimidyvi-
propionaldihyde (I by sodium borohydride.**  In
ardrr to svnthesize a chloromethyl ketone such as
VILL it wonld be necessary cithir to introdnee the
chloroacety] proup last in direet or indireet fashion or
to block the ketone tunction so it could not be redneed
by the sodium borohyvdride,  There are many rontes
wvatlable for synthesis of chloromethyl ketones such
as halogimation of o methyl ketone, treatinent of an
acid  chloride  with  diazomethane, then  hydrogen
chloride, or treatment of chloroacctyl chloride with a
dialkvleadminni:  these methods wonld have gnestion-
able compatibility  with structures such as IV oand
V. The reeently deseribed Wittig ronte to vhloro-
mcthy]l ving! ketoues by condensation of aldchydes
with  triphenyl  chlomacctonyl  phosphorane (X111
appeared attractive,™ providing the resultant vinyl
group(=) could be reduced without affecting the
ketone or halogen funetions: the dioxolane blocking
group, as i NIV, scrved admirably sinee the ketone
was obvionsly blocked, but, Iess obvious, the halogen
i= tremendousty deactivated and should survive steps
suchas XTIV to XNVIand T to VIIL

The first nicniber of thir sevies (VIIIa) started with
the  commermally  avaitable  d-amino-e-chloroaccto-
phenone (XVIT:. Conuversion of XVII to the dioxo-
lane (XVia) was cffected smonthly in boiling benzene
i the presence of cthylene glycol and 1 equiv. of p-
toluenesilfonie acid under constant watir renmval
conditions: conversion to the free base gave pure
crvstalline  dioxolane bazse (XVIa) m 799 yickd.
Reduetive condensation ot XVVIa with 1 in wethanol
with sothnne borohydride gave Vil whieh cervstal-
hzed from the reaction mixtiure m analyvtically pire
fornt in 614 vicht,

I order to find appropriate conditions for renioval
ol the dioxolane group of VIia to wive the chloro
ketone VI, o kinctic mm was made in 0.1 & HCIL
the maction was veadily followed by the appcearance
of w new peak of VIIIa at 349 mg, which was complete
in 1 hr.at 40° Preparatively, the reaction was rmn
with 0.025 N HCLin 759 aqieous ethanol at the boiling
point Tor b hr. affording VIHIa in 9390 vickd. The
componnd cxhibited no melting point below 3007,
but was unifornr on thin layver chromatography and
vave proper combustion values.

p-Nitrobenzaldehyde (Xla), in which the aldehyde
carbon Is strongly clectrophilie, reacted readily with
tripheny! chibbroacctonyt phosphorane (XIID) in re-
fluxing benzene to give NIH i 85¢, yicld, as previonsly
described. ™ Treatment of X1Ib with ethylene glycol
in benzine o the preseuce of a catalytic quantity of p-
toluenesulfonte acid imder constant  water removal
conditions atforded 817, of pure, erystalline dioxolanc
(XIVh). Scleetive hydrogenation of the nitro gronp
ot NIVD withont concomitant reduction of the double
hond was performed in cthyl acetate in the presence
ol Adams eataly=t.  Sinee B3 min. was required for
redhitetion of the nitro group, but 48 hr. was required
[or complete reditetion of the double bond, the rrystal-
Jine p-uminastvryvldioxolane (NVY was readily isolated

Sl R L Thaise od OOV Claapand, F Ol Clio o, 28, 2116 £ 10405,
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TaBLE I
InuisITION OF (DIHYDRO)FOLIC REDUCTASE BY
OH
)\/E@H»BNH@R
N# |
N
NthN CH,
———Dihydrofolic reductase’——-
Inhibitor:
substrate
Inhibitor P for 509% Folic reductase”
Conipd. R conen., mM inhibition inhibition Ki X 108
III —CONH‘CHCOOH 0.10 50 16 2.0
CH,CH,COOH
VI -CONHCH,COOH 0.16 50 27 13
XIX -CONH(CH,);COOH 4.8
A% -COOH 0.077 50 13 13
IV H 0.60°"° 43 130 63
VIIIa —~COCH,(C1 0.075%" 20 30
VIIIb ~(CH,),COCH,Cl1 0.090%° 43 20
VIIIc -(CH,),COCH,C1 0.0234 50 3.8
VIIId ~(CH,),COCH,C1 0.10%° 35 32
X -CH=CHCOCH,CI 0.018¢4 50 3.0
XVIII -CHgn 0.07%¢ 0 >46

@ Dihydrofolic reductase from pigeon liver was a 45-90%, saturated ammonium sulfate fraction prepared and assayed as previously
described!? by noting the rate of change in optical density at 340 mu [M. J. Osburne and F. M. Huennekens, J. Biol. Chem., 233, 969
(1958)] with a Cary 11 recording spectrophotometer on a 0-0.1 optical density slide wire; tuvette concentrations of dihydrofolate [S.

Futterman, ¢bid., 228, 1031 (1957)] and TPNH were 6 and 12 pM, respectively, in Tris Buffer pH 7.4.

with rat liver folic reductase using folic acid as substrate at pH 6.1.

methylformamide. ¢ Near saturation concentratinn.
pure in good yield. That the compound was the styryl-
dioxolane (XV) and not the phenylethyldioxolane
was shown readily by short acid hydrolysis to remove
the dioxolane group. The resultant p-aminostyryl
chloromethyl ketone showed a new peak of the conju-
gated system at 365 my; if the double bond had been
reduced, no absorption peak at longer wave length
than the 286-mu peak of XV could be expected since
the ketone and aminophenyl groups would not be con-
jugated. Reductive condensation of XV with I
proceeded to crystalline IX in 809 yield; short acid
hydrolysis of IX afforded the desired styryl chloro-
methyl ketone analog (X) which had no melting point
below 350° but showed the conjugated carbonyl peak
at 402 my.

When the hydrogenation of the nitrostyryldioxolane
(XIVb) was continued after the reduction of the nitro
group, a fourth mole was gradually absorbed over 48
hr. The resultant aminophenethyldioxolane (XVIb)
was an oil that was uniform on thin layer chroma-
tography and gave proper combustion values; it
was reductively condensed with I to give the crystal-
line pyrimidyldioxolane (VIIb) in 309, yield. When
VIIb was treated with hot 0.1 N HCI, the dioxolane
blocking group was removed; although a long wave-
length peak in the ultraviolet was not formed in the
ketone of VIIIb due to lack of conjugation with the
anilino group, that the reaction had proceeded could be
shown by the loss of the dioxolane C-O-C band at 9.61
w and generation of ketone C=0 at 5.78 x in the infrared.

Similarly, p-nitrocinnamaldehyde (XIb) and 4-
(p-nitrophenyl)-2,4-pentadienal (XlIc) were converted
to crystalline XIIc and XIId, then to the desired
pyrimidyl chloromethyl ketones, VIIIc and VIIId,
respectively.

Enzymic Evaluation.—In Table I is listed a summary
of the results of inhibition of dihydrofolic reductase

» Value previously reported*

¢ Previously reported.i2 ¢ Cuvette also chntained 109 N,N-di-

7 Maximum concentration allowing full light transmission.

from pigeon liver by the compounds in question, using
dihydrofolate at pH 7.4 as the substrate; also listed are
the results previously obtained with some of the com-
pounds with a different assay, that is, folic reductase
from rat liver using folic acid as substrate at pH 6.1,
Except for the p-carboxy analog (V), the same order of
effectiveness was noted for the two assays; V is rela-
tively more potent as an inhibitor in the dihydrofolate
assay which might be attributable to the pH difference
since the carboxyl of V would be fully ionized at pH
7.4, but not at pH 6.1.

Comparison of the ketone VIIIb with the parent
anilino compound (IV) shows that the —(CH,),CO-
CH.Cl group tightens the binding from 130 to 20
for the ratio of inhibitor:substrate (see Table
I); the most likely explanation is that the CO group of
VIIIb hydrogen bonds with the enzyme. A previous
cowmparisont of the parent anilino compound (IV) with
its p-carboxy (V) and p-carboxyglycyl (VI) derivatives
indicated that the glycyl carboxyl did not contribute
to binding since the latter two compounds had K;
13 X 10~% in the folic acid assay at pH 6.1; however,
in the dihydrofolic assay, these two repeatedly gave a
twofold difference in binding with V being superior
(Table I). When the results with IV, V, VI, and
VIIIb are considered together, the best current ration-
alization is as follows. (a) Both the glycine carboxyl
of VI and the ketone CO of VIIIb can hydrogen bond
to the enzynie even though their chain lengths differ
by one atom. (b) The p-carboxylate of V nakes the
anilino group a better electron acceptor than the p-
carboxamido group of VI even though the Hauunet
a-values’ indicate the reverse when a p-NH is not
present.

(11) L. P. Hanmett, ' Physical Organic Chemistry,” McGraw-Hill Book
Co., Inc., New York, N. Y., 1040, pp. 184-207.
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The current results clearly point out again one of the
major difficulties in rationalizing the effect of a given
structural change; only a net change is measured and,
if two cqual and opposing effects occur, one assumes
that the structural change causcd no cffect. This
phenomenon had been  encountered  carlier i the
study of the hinding of the pyrimidyl moicty of IV?2
and only becomes apparent when studies on additional
compounds show an inconsistency, as in thy present
case.

Another example arvises by comparing VIlle, VIIId,
HI, and IV, Since VIIIc and VIIId bind better than
IV, it would appear that the ketone group of VIIlc
and VIIId hydrogen bond to the enzyme at the same
place as the y-carboxyl of I11; the oxohexane VIIIe with
its shorter side chain binds better than the oxooctanc
VIIId. The fact that the oxohexane VIIIe binds
better than the prototype carboxy-r-glutamate in-
hibitor (111} can be interpreted by the assumptinn
that binding by the three carbonyl groups of III is
weak compared to a tight binding by the ketone group
of VIIlce. Thathydrophobie binding'* ¢ by the methyl-
ene groups of VIIIe and VIIId was unmimportant was
shown by the poor binding of the n-butyl analog
(XVIII) compared to VIIIc or VIIId. Also against hy-
drophobic binding being a factor of iinportance was the
fact. that the hexvl ketone (VILce) complexed to the
enzyte about 8 times better than the octyl ketone
(VILLd); if hydrophobic binding werc a factor, the
reverse order of binding (VIIId better than V1IIe)
should have been observed.

The chloroacetyl side chain of VIIIa tightens binding.
compared to the anilino compound IV, the binding of
V1lla being ahnost as good as the p-carboxy dervivative
V; thus, the COO~ and COCH.CI groups have similar
effects which might be direct hydrogen bouding or
might be an clectron-withdrawing effeet that increases
the effectiveness of benzene binding, That the latter
explanation is more tenable can be gleaned by com-
parison of the acetyl (VIlIa), oxobutyl (VIIIb), and
oxobutenyl (X) derivatives: of the three compounds,
X is by far the most effective inhibitor and 1s, in fact,
the most effective compound in Table 1. Several
possible explanations cuierge for consideration.

(a) The mnsaturated ketone (X) is a better in-
hibitor than either the oxobutane (VI1Ib) or the acetyl
derivative  (VIIIa). indicating that the combined
effects of both VIIIb and VIIIa arc acting; that is.
(1) the CO of X hydrogen binds to the enzyme in the
saimne way that the CO of the oxobutane VIIIb, and
(2) the C==CC=0 group of X has better eclectron-
withdrawing powers than the C=0 of VIIla, presum-
ably incrcasing the binding of the benzene ring as an
clectron acceptor.  (b) The electron-rich locus on the
enzyme which binds the anilino group of IV could be
an indole, which is nearly twice as large as the aniline
residue; therefore, the total tighter binding of X eom-
pared to 1V, VIIIa, VIIIb, and V may be duc to a more
favorable charge—-transfer complex between indole and
the - -CeH,C==C ~-C==0) moicty than indole and the

CeHL,CHL.CHL.CO moiety.

A2y Paper X1 of this sevies: I R, Baker, V-T0 o, awd T Neslson, /
Heterseyelic Cher, 1, 79 QLU5 ).

(I3 R A, Walluee, AL N Rurde, mwd O Niewanl, Biocherdstry, 2,
X214 11h63).

(14) G Newethy and Ho AL Scherwg, 4. hys. Chem,, 66, 1773 (19625,
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Experiments will be attempted to distinguish be-
tween these two explanations, such as replacement of
the ~CeHy gronp of IV with groups such us crotonyl-
phenone. biphenyl, fluorenone, and acctonaphthone.

Al the chloromethyl ketones in Table 1 were in-
vestigated as possibhy active-site-directed trreversible
inhibitors of dilivdrofolic reductase from hoth pigeon
liver and £ el B. A 45909, ammmonium snlfate
fraction®™ i the 0.05 M Tris buffer of pH 7.4 was in-
cubated for 1 hro at 37°, then chiled overnight at
3-3%. The enzyviie solution was filtered throngh a
Celite padd. An abiquot of the filtrate containing di-
hydrofolic reductase was incubated at 37° with or
without 24 w3/ TPNH and 50 w3/ of mhibitor for 1 hr
The dihydrofolic reductase content was measured
from aliquots removed at 2 and at 60 min. No decrease
in dihydrofolic reductase concentration was obscerved
after 60 nun., with or without 50 w3/ concentration of
the inhibitor, =

The failime of any of the four chloromethyl ketones
to activate hreversibly the two folic reductases can-
1ot be attributed to the mactivity of the halogens;
these chloromcethyl ketones reacted with thiosulfate at
about the same order as 4-(iodoacetanndo)salicylic
acid, an irneversible imhibitor of lactic and ghutamic
dehydrogenases.*#  Therefore, the failure of the chloro-
nmethy! ketones conld logically be attributed to failure
to bridge to a nucleophihic site on the enzyvine™ or
the wrong nucleophilic character of the nucleophilic
site™ Sinee (a) both the a- and y-carboxyl of 111
apparently can hydrogen bond to some site on the
enzymie which must have sufficient nucleophilic char-
acter for binding, and since (b) compounds VIlla--c
should have the proper bridging capacity to the sites
binding the a- and y-carboxyl, it follows that the hy-
drogen bonding sites may be of poor nucleophilicity
for the chloromethyl group.  1or example, the scerine
or threonine OH group might be good for hydrogen
bonding to ~-COO - or ~CONH, groups, but would have
poor nucleophilic character for reaction with a chloro-
niethyl ketone. A side chain related to VIIT with a
sulfonyl fluoride or high-encrgv  phosphoryl group
might be a better cholee and ix being pursucd syvn-
thetically.

Experimental

Melting points were taken in capillary tubes i1 a Mel-"Temp
block; all melting points below 230° are corrected. Infrared
spectra were dctermined in KBr disks with a Perkin-Elmer
137B spertrophotometer unless otherwise indicated. Ultra-
violet spertra were iletermined with a Perkin-Elmer 202 spentro-
photometer. Thin layer chromatograms were run on Brinkmann
silica gel G.

2+(p-Aminopheny!)-2-chloromethyl-1,3-dioxolane (XVla). --
To a solution of 1.7 g. (10 nunoles) of 4-amino-ae-rhloroacetio-
phenone in 30 ml. of benzene was added 0.70 g. (11 mmoles) of
cthylene glveol and 1.9 g. of p-toluenesulfvnic acid.  The mix-
ture wus refluxed with magnetic stirring under a Dean-Stark
trap for 3 hr. when uno more wuater collected. The mixture
was shaken with 120 ml. of ice-cold 0.1 ¥ HCIL. Tle separati:d
benzene layer was waslied with two 30-ml. portions of water,
dried with MgSQy, then spin evaporated ¢n vacuo. The crystal-
line residue wns reerystallized fromr inethanol-water; yield,

{13) ‘T'his tvpe of meabation procellure has been previously employed for
the sty of irreversible inlibitors of laetic deliydrogenase anil glutawis:
dehydrogenase; ey, tu) I R, Baker, W, W, Lee, amul . Toux, J. Theort.
Bivl. 8, 45D (1962); L) 1. R Baker, Biovkem. Pharmacol., 11, 1155 {1062
ey B R Baker amd R. P Patel, . Pharm. Sct., 82, Y27 (1963),
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TasBLE II
PaysicaL CoNsSTANTS OF AROMATIC PRECURSORS
% M.p., ————Caled., % Found, % <
Compd. m n Method® yield °C. c H N C H N AEOH mu (e X 1079
i
NOQQ(CHZCH),,, CCH,CI
XIIb 1 A 85 116-118° 306(19.1)
XIIe 2 A 64 148-150 57.3 4.00 5.57 57.5 4.12  5.58%  224(7.3),345(30)
XI1Id 3 A’ 62 178-179 60.6 4.36 5.05 60.7 4.21 4.b1 281(7.2),379(46.4)
0O 0
\/
NO, (CH= H)mCCHzcl
XIVb 1 B 81 155-156  53.4 4.49 5.19 53.5 4.61 5.13  222(9.4)302(13.1)
XIVe 2 B 91 148-149 56.9 4.77 4.74 57.0 4.94 4.67 242 (16.4), 337 (18.8)
XIvd 3 B 01 146-147 50.7  5.01 435 60.1 522 4.47 280 (18.6),372(29.8)
1
0O 0
N/
NO;,@(CH.Z)nCCH.ZCl
XVIb ... 2 C 93 0l 59.6 6.67 5.79 59.8 6.89 5.61 238(10.1),276(8.3)
XVIe ... 4 C 80 oil/ 62.3 7.47 5.19 61.7 7.21 4.75 241(13.4),274(14.9)
XVid ... 6 C 04 oif 64.5 8.12 470 647 830 4.59 236 (9.8),201 (1.5)

¢ See Experimental. ° Refluxed 3 hr. in benzene.

MeOH.

1.70 g. (799%); m.p. 97-98°; Amax 2.88 2.95, 3.04, 6.03 (NH),
6.22, 6.62, 12.03 (phenyl), 9.87 u (C-0-C); \EH 242 myu (e
12,300).

Anal. Caled. for CoH1.CINO,: C, 56.2; H, 5.66; N, 6.55.
Found: C, 56.1; H, 5.52; N, 6.29.

5-(4-Nitrophenyl)-2,4-pentadien-1-al (XIc).—A suspension
of 6 g. (34 mmoles) of 4-nitrocinnamaldehyde (XIb) in 20 ml. of
acetaldehyde was cooled in an ice bath at 0° and stirred mag-
netically. Then 0.5 ml. of 259, methanolic NaOH solution was
added dropwise, and stirring continued for 30 min. The reaction
flask was fitted with a downward condenser, 15 ml. of acetic
anhydride was added, and the mixture was heated at 120° for
1 hr. It was cooled and 60 ml. of water carefully was added,
followed by 15 ml. of 4.35 N HCL. The mixture was refluxed
for 30 min., cooled, and left overnight. The product was filtered
off, washed with 20 ml. of water, and recrystallized from ethanol-
water; yield of yellow crystals, 6.10 g. (88%;); m.p. 105-106°;
Amax 8,96 (C=0), 6.16 (C=C), 6.62 u (NO); AE°¥ 339 mu
(e 13,940).

Anal. Caled. for CuH¢NO;: C, 65.0; H, 4.46; N, 6.90.
Found: C, 64.8; H, 4.46; N, 6.79.

Similarly, p-nitrobenzaldehyde was converted to p-nitrocin-
namaldehyde (XIb) in 579, yield, m.p. 141-142°,

Chloromethyl 4-(4-Nitrophenyl)-1,3-butadienyl Ketone (XIIe).
—A mixture of 5.32 g. (30 mmoles) of XIb and 10.59 g. (30
mmoles) of triphenyl chloroacetonyl phosphorane was dissolved
in 50 ml. of methanol and heated at 50° with stirring for 36 hr.
The mixture was cooled, and the crystalline product was collected
on a filter and washed with 10 ml. of methanol. Recrystalli-
zation from benzene gave 4.82 g. (649,) of yellow crvstals, m.p.
148-150°; Apay 5.89 (C=0), 6.23 (C=C), 6.62, 7.46 u (NO,);
AEOH 994 mu (€ 29,770).

Anal. Caled. for CHCINO;: C, 57.3; H, 4.00; Cl, 14.1;
N, 5.57. Found: C,57.5; H,4.12; CI, 14.1; N, 5.58.

Other ketones prepared in this way are listed in Table IT under
method A.

2-Chloromethy!-2-( p-nitrostyryl)-1,3-dioxolane (XIVb).—
A mixture of 2,9 g. (12.8 mmoles) of p-nitrostyryl chloromethyl
ketone (XIIb). 20 ml. of benzene, 10 ml. of ethylene glycol, and
20 mg. of p-toluenesulfonic acid was refluxed overnight; the
water formed in the reaction was continuously removed with a
Dean and Stark trap. The cooled mixture was washed with
two 50-ml. portions of water and dried (MgSO,). Removal of
the solvent in vacuo gave a yellow crystalline residue which was
recrystallized from ethanol; yield, 2.8 g, (81%); m.p. 155-156;
AR 222 mu (e 9426), 302 mu (e 13,090); Amox 6.29, 6.78 (phe-
nyl), 6.68, 7.50 (NOy), 9.7-9.8 » (C-0-C).

Anal. Caled. for C.H.CINO,: C, 53.4; H, 4.49; N, 5.19.
Found: C, 53.5; H,4.61; N, 5.13.

¢ Lit.1o m.p. 116°.
/ Moved as one spot on t.1.c. with 109 methanol in benzene.

dCaled: Cl, 14.1. Found: Cl, 14.1. ¢ Refluxed 4 hr. in

Other dioxolanes prepared in this way are listed in Table II
under method B.
2-(p-Aminostyryl)-2-chloromethyl-1,3-dioxolane (XV).—
A solution of 2.4 g. (8.9 mmoles) of XIVb in 200 ml of ethyl
acetate was shaken with hydrogen at 2-3 atm. in the presence of
60 mg. of platinum oxide catalyst. Approximately 3 moles
of hydrogen per mole was consumed in 15 min.; the reaction
then slowed down considerably and was stopped. The filtered
solution was concentrated in wvacuo. Recrystallization of the
product from benzene-petroleum ether (60-110°) gave nearly
white crystals; yield, 1.65 g. (77%); m.p. 94-96°; An.. 2.88,
2.95, 3.06 (NH), 6.21, 6.60 (phenyl), 9.5-9.8 u (C-0-C); AE3H
286 my (€ 33,700), A1 280 my (e 33,700).
Anal. Caled. for CHuCINO;: C, 60.0; H, 5.89; CI, 14.8;
N, 5.84. Found: C, 60.0; H,5.73; C], 14.8; N, 5.83.
2-(p-Aminophenethyl)-2-chloromethyl-1,3-dioxolane (XVIb).—
To a solution of 2 g. (7.47 mmoles) of 2-chloromethyl-2-(4-
nitrostyrvl)-1,3-dioxolane (XIVb) in 50 ml. of ethyl acetate and
150 ml. of ethanol was added 60 mg. of platinum oxide catalyst
and the mixture was shaken with hydrogen at 2-3 atm. until
hydrogen consumption ceased (about 48 hr.). The filtered mix-
ture was concentrated in vacuo. The remaining oil was dissolved
in 25 ml, of ethanol and refluxed with 1 g. of activated charcoal
for 1 hr. The mixture was filtered and removal of the solvent
in vacuo yielded a colorless oil which could not be crystallized;
yield, 1.68 g. (93%,); A= 2.86, 2.93, 3.08 (NH), 6.16, 6.61
(phenyl); AES 238 mu (e 10,100), 276 mu (e 8300).
Anal. Caled. for CH,,CINO: C, 59.6; H, 6.67; N, 5.79.
Found: C, 59.8; H,6.89; N, 5.61.
Other reductions carried out in the same way are listed in
Table IT under method C.
N-[1-(2-Amino-4-hydroxy-6-methyl-5-pyrimidyl)-3-propyl}-
p-amino-a-chloroacetophenone Ethylene Ketal (VIIa).—A mix-
ture of 223 mg. (1 mmole) of XVIa and 213 mg. (1 mmole) of
2-acetamido-4-hydroxy-6-methyl-5~-pyrimidylpropion-
aldehyde?® was dissolved in 25 ml. of methanol and sodium boro-
hydride (500 mg.) immediately was added in small portions to
the stirred solution. Stirring was continued for 18 hr., then the
precipitated product was collected on a filter. The product
was recrystallized from ethanol-water; yield, 240 mg. (61%);
m.p. 172-173°; AE9% 253 my (e 18,930); Amax 2.9-3.5 (broad
NH, CH, OH), 9.80 (C-0-C), 12.20 u (p-C¢H,).
Anal. Caled. for CsHCINGO;: C, 57.1; H, 6.12; N, 14.8.
Found: C, 56.8; H, 5.96; N, 14.7,
Other related reductive condensations carried out in the same
way are listed in Table ITI under method D.
N-[1-(2-Amino-4-hydroxy-6-methyl-5-pyrimidyl)-3-propyl}-
p-aminochloroacetophenone (VIIIa).—To a solution of 0.76 g.
(2 mmoles) of VIIa in 75 ml. of ethanol was added 25 ml. of 0.1
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N HCL The mixture was refluxed for 1 hr., then diluted with
100 ml. of water, cooled in an ice bath, and made slightly alka-
line with 0.1 V NaOH solution. Filter aid (3 g.) was stirred into
the mixture and left for 0.5 hr. The precipitate was collected
and washed well with water. The filter cake was then extracted
with five 40-ml. portions of boiling ethanol. The alcohol was
removed in vacuo and the yellow residue was recrystallized from
aqueous ethanol; yield, 0.62 g. (939); m.p. above 300° (dec.);
Amax 2.95-3.60 (broad OH, XH, CH), 12.30 (p-CsH,), 12.80 u
(C-Cl). See Table III for other data.
2-{N-[1-(2-Amino-4-hydroxy-6-methyl-5-pyrimidyl)-3-
propyl]-4-aminophenyljethyl Chloromethyl Ketone (VIIIb).—
A solution of 350 mg. (0.86 nunole) of XVIb in 25 ml uf 0.1 .V
aqueous HCl was heated on a steam bath for 1 hr. The pH
of the solution was then adjusted to 9 with 0.1 ¥ aqueous NaOH.
The product was collected on a filter, washed with 10 ml. of
water, recrystallized from ethanol-water, and gave light yellow
crystals; vield, 200 mg. (64%); m.p. >300°; Apax 2.90-3.40
(broad OH, NXH, CH), 5.79 (C=0), no C-0-C band near 9.6
i A1 940 my (€12,700), 279 mu (€ 6800); AR 217 mu (e 12,800),

max

265 mu (€ 7100).
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Other compounds prepared by a similar hydrolysis are listed

in Table III under method F.
2-Amino-5-( p-n-butylanilinopropy! )-6-methyl-4-pyrimidinel

(XVIII).—A solution of 1.49 g. (10 mmoles) of p-n-butylaniline's
and 2.23 g. (10 mmoles) of I in 100 ml. of methanol was allowed
to react for 30 min. With magnetic stirring 2 g. of sodium boro-
hydride was added in portions over a period of 30 min. After
being stirred overnight, 20 ml. of 5% aqueous NaOH was added
anll the niethanol was removed in vacuo. The solution was
diluted with 100 ml. of water and the pH was adjusted to 9 with
5% HCL.  The precipitated product was collected and recrystal-
lized from methanol-water; yield, 2.3 g. (73%,); m.p. 223-225°;
Amox 2.90-3.60 (broad OH, NH, CH), 6.17, 6.58 (NH, C=N,
C=C), 12.38 » (CoHsi-); NE' 265 mu (e 9300); AL7 240 my
(e 15,600), 291 myu (e 6300); A2'% 240 mu (e 17,200), 280 my
(e7900).

Anal. Caled. for CsH-eN,O: C, 68.8; H, 833; N, 17.8.
Found: C, 68.5; H, 8.50; N, 17.7.

(16) R. R, Read and D, B. Mullin, J. Am. Ckem. Soc., 50, 1763 (1928).

Synthesis of Fatty Acids with Smooth Muscle Stimulant Activity
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Miles-Ames Research Laboratories, Stoke Poges, Buckinghamshire, England
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12-Hydroxyheptadec-trans-10~enoic acid has been synthesized by reduction of the corresponding acetylenic
derivative with lithium in liquid ammonia at room temperature after pretreatment with lithium hvdride to avoid

hydrogenolysis.

This acid, which represents a fragment of a prostaglandin, has been found to be three times as
active as ricinelaidic acid in stimulating the isolated hamster colon.

Homologs and other derivatives, including

some containing an additional 6-oxo or 6-hydroxy group, have been synthesized and their activity has been de-
termined. The hydroxvacetylenic acids were synthesized »ia chloroalkynols from alk-l1-yn-3-ols and were
converted into hydroxyhxoacetylenic acids via reaction of the acid chlorides with cycloalkenamines.

Interest has recently been renewed in the pharmaco-
logical potentialities of fatty acids largely because of
the elucidation of the nature of the prostaglandins.?
Consideration of the structure of prostaglandin E; (1)
and of the pharmacologically active acids, notably
ricinelaidic acid (2), among those exainined for smooth
muscle stimulant activity,®* suggests that common
features may include a hydroxyl group at position 12
and unsaturation or structural rigidity between posi-
tions 8 and 11 in an unbranched aliphatic acid.

C;H, .CHOHCHQCH-J;[(CHMCOQH
HO 0]

1

¢
CSHHCHOHCH2CH=CH(CH? );CO?H
2

RCHOHC=C(CH,).CO.H
3

Synthesis of acetylenic acids of type 3 was there-
fore investigated. One previous example (3, R =
CeHy; n = 6) has been reported,’ synthesized in

(1) School of Pharmacy, College of Technology, Park Road, Portsmouth,
Hampslire, England.

(2) S. Bergstrém, R. Rylhage, B. Samuelsson, and J. 8jévall, dcta Chem.
Scand., 16, 501 (1962).

(3) N. Ambache, J. Physiol. (London), 146, 255 (1954): N. Ambacle,
M. Reynolds, and J. M. C. Whiting, thid., 166, 251 (1963).

(4) M. 8. Masri, [.. A. Goldblatt, F. DeEds, and G. O. Kobler, /. Pharm.
Sct., 51, 999 (1962).

(5) A. S. Bailey, V, G. Kendall, P, B. Lumb, J. C. Smith, and C. H.
Walker, J. Chem. Soc., 3027 (1957).

unstated yield by a route involving the reaction of
heptanal with lithium 8-chlorooctyne. From work with
dimethylundecynamide (described below) there was
reason to believe that higher alkynes might be unre-
active so the following route was examined. This was

RCHO —> RCHOHC=CH —> RCHOPyC=CH —>

4 5
RCHOHC=C(CH,),Cl1 —> RCHOHC=C(CH,),CN —>
6 7
RCHOHC=C(CH,),CO;Me —>

8

RCHOHCH—CH(CH.),CO,Me
9

Py = 2-tetrahydropyranyl

tested using the readily available hexynol (4, R =
CsHy) to give the ester (8, R = C;H;; n = 8). Dif-
ficulties arose when the route was extended to use oct-
1-yn-3-0l (4, R = C;Hy). This had been previously
prepared® by selenium dioxide oxidation of l-octyne.
This method is unsuitable for large-scale preparation
so the familiar reaction of sodium acetylide with an
aldehyde was used. However, it was found that with
hexanal, particularly commercial samples, the yield
and purity of octynol was very variable and frequently
only higher boiling unsaturated hydroxy ketones were
obtained. Similar difficulties were found with hep-
tanal,” or when ethynylniagnesium bromide was used.

(8) R. Truchet, Compt. rend., 196, 708 (1833).
(7) L. Crombie, personal communication, 1963.



