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directed Irreversible Inhibitors of Dihydrofolic Reductase. X.

Derivatives of 2-Amino-5-benzamidopropyl-4-pyrimidinol (1,2).

B. R. Baker and James K. Coward

Since 2-+amino-5-benzamidopropyl-6-methyl-4-pyrimidinol (VII) was a reasonably good
reversible inhibitor of dihydrofolic reductase, the benzamido group was substituted with
p-bromomethyl (XVIIa), m-bromomethyl (XVIHa), and p-bromoacetyl (XIXa) groups;
these compounds, and the corresponding 6-phenylpyrimidines, were synthesized from
the proper 2-amino-5-aminopropyl-4-pyrimidinol (V) by devising methods that were
compatible with the high reactivity of the halogen. Compounds XVI-XIX showed in-
activation of dihydrofolic reductase; the fact that p-nitrobenzyl bromide inactivated the
enzyme as rapidly as XVII and XVIII and phenacyl bromide inactivated the enzyme as
rapidly as XIX indicated that these inactivations proceeded by a random bimolecular
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mechanism and not the desired active-site-directed mechanism.

Over thirty candidate active-site-directed irre-
versible inhibitors for dihydrofolic reductase were
synthesized and evaluated (3) before successful ones
were found. These irreversible inhibitors (I-IH)
were successfully designed (4,5) after the hydro-
phobic bonding region on dihydrofolic reductase was
discovered (6) and its parameters studied (3, 6-13).
By allowing the 5-phenylbutyl group of I and II to
complex to the hydrophobic region of dihydrofolic
reductase, the 6-phenylalkyl group was projected
into a hydrophilic region of the enzyme and formed
a covalent bond with the enzyme (4); similarly, the
6-phenyl group of III was complexed with the hydro-
phobic region on dihydrofolic reductase, then the
enzyme was alkylated by the 5-side-chain (5). If
only one large side-chain was present which carried
the alkylating function -~ such as the 6-methyl analog
of INH -- little irreversible inhibition was seen (5)
since the 5-side-chain was complexed to the hydro-
phobic region, an area on the enzyme not apt to have
polar groups.

Prior to the discovery of the hydrophobic bonding
region on dihydrofolic reductase it was noted that
the 5-benzamidopropyl-4-pyrimidinol (VIla) was as
good an inhibitor of dihydrofolic reductase (14) as
2-amino-5-(3- anilinopropyl)-6-methyl-4-pyrimidinol
(15,16). Since candidate irreversible inhibitors de-
rived from VII had certain operational advantages
from the synthetic standpoint, a series of such com-
pounds were made and enzymically evaluated. After
the discovery that IIl was an active-site-directed ir-
reversible inhibitor of dihydrofolic reductase, the

corresponding 6-phenylpyrimidines (b series, Chart
I) were also synthesized and evaluated enzymatically.
The results are the subject of this paper.
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The synthesis of the p-aminobenzamidopropyl-4-
pyrimidinol (XIVa) was previously described (14).
The m-amino isomer (XIIIa) was synthesized simi-
larly by reaction of the free base of Va in aqueous
acetone with m-nitrobenzoyl chloride, followed by
catalytic reduction of the resultant m-nitrobenzamide
(IXa). Numerous attempts to convert XlIla and XIVa
to the bromoacetamides, XVa and XVIla, were unsuc-
cessful. The arylamino group reacted sluggishly
with bromoacetic anhydride and mixtures were ob-
tained that also contained bromoacetyl groups on the
2-amino group of the pyrimidine; this sluggishness
is probably due to the strong electron-withdrawing
power of the carboxamido group as previously ob-
served with the sulfonamido group (17).

The N -bromoacetyl derivatives, VIa and VIb,
could be prepared by selective acylation of the
aliphatic amino group of V (17) in aqueous acetone
with p-nitrophenyl bromoacetate (18).

A different type of candidate irreversible inhibitor
was synthesized via a-ethoxy m- and p-toluic acids

Irreversible Enzyme Inhibitors. LXXXIX.

189

(19). The respective acid chlorides were condensed
with the two pyrimidylpropylamines (V) in aqueous
acetone to give X and XI. The ethoxymethyl group
of XI (14) and X was converted to bromomethyl de-
rivative (XVII and XVIII) with 10% anhydrous hydro-
gen bromide in glacial acetic acid.
p-Acetylbenzoic acid was synthesized by acid hy-
drolysis of p-acetylbenzonitrile (20), which in turn
had been prepared from p-bromoacetophenone (21).
The acid chloride was used to acylate V to give the
two p -acetobenzamidopropyl -4 - pyrimidinols (XII).
Selective bromination to XIX was achieved by pro-
tonation of the aminopyrimidines (XII) in glacial
acetic acid containing 10% anhydrous hy._ogen bro-
mide followed by addition of brumine at ambient tem-
perature. In the case of the 6-phenylpyrimidine,
XIX, erratic combustion analyses were obtained on
the sulfate salt. Therefore XIX was derivatized by
reaction with thioacetamide to convert the bromo-
acetyl group to a 2-methyl-4-thiazolyl moiety (22).
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TABLE 1

Reversible Inhibition of Dihydrofolic Reductase by

o]} ﬁ
N)t[(CHa)3NHCR2
NHz/kN R

No. R, R, mM Conc. Percent Estimated (b) Estimated (c)
Inhibitor Inhibition (a) [1/S)o. 5 Kj (mM)

Via CH; ~CH,Br 10 d,e) 39 3000 3.0

Vib C¢H; -CH,Br 4.0 (d) 23 1300 1.3

Va CHj C¢H; 0.48 50 80 (f) 0.80

Xa CH;, m~C¢H,CH,0C,H; 0.95 50 160 0.16
XVIa CH,4 p»-C¢HCHyBr 0.40 50 65 0.065
XVIIb C¢Hs p-C¢H,CH,yBr 0.50 (d) 26 , 230 0.23
XVIIIia CH, m-Ce¢HyCHyBr 0.50 50 83 0.083
Xvaib Ce¢Hs m-C¢H,CH,Br 1.1 50 180 0.18
XIXa CH; p-C4H,COCH,Br 0.083 50 14 0.014
XIXb C¢H; »-C¢H,COCH,Br 0.50 (d) 30 200 0.20

(a) The technical assistance of Barbara Baine, Maureen Baker, Ann Jaqua and Gail Salomen with the

enzyme assays in Table I and II is acknowledged.

The dihydrofolic reductase was a 45-90% ammonium

sulfate fraction from pigeon liver that was isolated and assayed with 6 uM dihydrofolate and 12 uM TPNH

in 10% N,N-dimethylformamide at pH 7.4 as previously described (15). (b)
of inhibitor to 6 puM dihydrofolate giving 50% inhibition.

The ratio of concentration
(c) Estimated from Kj = Ky x [I/S)y.5 and Ky, =

1 x 107¢ M; this equation is usually valid when the substrate concentration is greater than four times Km

(24,27). (d)
(14).

Maximum solubility. (e)

RESULTS

The results of reversible inhibition of dihydro-
folic reductase by the candidate inhibitors are listed
in Table I. Substitution on the benzamido group of
the 6-methyl-4-pyrimidinol series (VIIa) had little
effect on reversible binding except in the case of
the p-bromoacetyl derivative (XIXa); the latter was
a 6-fold better reversible inhibitor than the parent
VIla. In contrast, the p-bromoacetyl group (XIXb)
had little effect on the binding of the benzamido group
in the 6-phenyl-4-pyrimidinol series.

The 5-bromoacetamidopropyl-6-methyl-4-pyrimi-
dinol (VIa) was a weak reversible inhibitor as ex-
pected from the earlier observed weak inhibition by
2 - amino-5-acetamidopropyl-6-methyl-4-pyrimidinol
(14). The 6-phenyl analog (VIb) was 2-3 fold more
effective than VIIa as a reversible inhibitor, as pre-
viously noted with some 6-phenyl-5-anilinopropyl-
pyrimidines (12).

The result of studies of these compounds as ir-
reversible inhibitors are listed in Table II. A few
words about the kinetics of irreversible inhibition
are in order (23,24). If inactivation of an enzyme
proceeds by the active-site-directed mechanism, the

See reference (17) for preparation.

() Data previously reported

equation is represented by 1) and the rate of enzyme
inactivation by 2).

/\,,, kg N\ _
E+I-X &2 E I X —> E---1+ X 1)
dE
- = =IKk(E - I-X 2
at 3 [ ] )

The rate of formation (k;) of an enzyme-inhibitor
reversible complex, E---1-X, is a rapid diffusion
process on the order of nonaseconds; the equilibrium
value is measured by the binding constant, Kj =
ko/ki. The inactivation rate is a relatively slower
process on the order of minutes. Therefore the rate
of inactivation of the enzyme is dependent upon k;
and the concentration of the reversible complex as
expressed in 2). The amount of reversible complex
is in turn dependent upon K;j and the inhibitor con-
centration, as expressed in Table II, footnote (b).

The active-site-directed irreversible inhibition,
as expressed in 1) and 2) must be differentiated

from random bimolecular inactivation, which is
shown in 3), and its rate expression 4):
N\
E+I-X-Ks E T+x 3)

dE _ )
- & = kB 4)
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TABLE @I

Irreversible Inhibition of Dihydrofolic Reductase by

OH 0
1l
N)I(CH2)3NHCR2
NHz/kN R

No Set R, R, Estimated (a) mM Conc. Percent Time Percent
’ K; (mM) Inhibitor E---1I (b) (min.) Inactivation (c)
XVIla A CHg p-CgH,CH,Br 0.065 0. 080 55 60 near 0
XVTIIla g {CHs m-CgH,CH,Br 0.083 0.18 68 60 37
XVIIb C¢Hy  m-CgHCH,Br 0.18 0.18 50 60 38
XVIDb c {CeHs p-CgH,CH,Br 0.23 0.18 44 60 38
XVIIiIb CgHjs m-CgH,CHyBr 0.18 0.18 50 60 37
XVvIb D CgHs p-CgHCHyBr 0.23 0.18 44 60 42
XX »-NO,CgH,CHyBr poor ? 0.18 ? 60 55
XIXa E CHg »-C¢H,COCH,Br 0.014 0.014 50 60 7
XIXb F CeH;  P-CgHCOCH,Br  0.20 0.20 50 60 83
XI1Xhb G { C6H5 p-061{‘COCH2Br 0.20 0.20 50 20 56
XX1 Phenyl Bromide poor ? 0.20 ? 20 53
XIXb H { Ce¢Hg p»-CgH COCH,Br 0.20 0.040 17 60 61
XX1 Phenyl Bromide poor ? 0.040 ? 60 58
Via I CH;, -CH,Br (d) 3.0 4.0 57 60 0
Vib d CgHj -CH,Br 1.3 1.0 43 60 0

(a) From Table I. (b)

Percent of enzyme complexed reversibly with inhibitor as calculated from [EI] =

{E{]/(1 + K;j/1) where EI = fraction of enzyme reversibly complexed, Et = total enzyme, and I = concentration

of inhibitor (23,24). (c)

Dihydrofolic reductase from pigeon liver was incubated at 37° in 10% N,N-di-

methylformamide at pH 7.4 in the absence of TPNH as previously described (28); in each case an enzyme

control was run that showed only 0-5% thermal inactivation. (d)

Note that 3) is directly dependent upon inhibitor
concentration, whereas 1) is dependent upon the
amount of complex. The amount of complex in 1).
is in turn dependent upon Kj, but process 3) is not
dependent upon Kj. Therefore, one can distinguish
the active-site-directed inactivation of 2) from the
random bimolecular inactivation by changing I in
I-X so that the I does not form a complex. For
example, the bromomethylbenzamido-4-pyrimidinol
(XVIIb), which inactivates dihydrofolic reductase,
should be compared with p-nitrobenzyl bromide (XX)
which presumably does not form a reversible com-
plex with the enzyme (see Table II, set D). Note
that XX inactivates the enzyme even more rapidly
than XVIIb; therefore, the latter is inactivating by
the bimolecular mechanism 3), else XX should have
been much less effective (23,24). Therefore all of
the benzyl bromides (XVII) in Table II that show
inactivation of the enzyme most probably do so by
the random bimolecular process 3).

The second class of irreversible inhibitors studied
were the pyrimidyl phenacyl bromides (XIX); these

See reference (17) for preparation.

should be compared with phenacyl bromide (XXI)
(Table II, Sets G and H). Note that phenacyl bromide
(XXI) gives the same rate of inactivation as XIXb;
therefore the pyrimidyl phenacyl bromides (XIX) in-
activate by the random bimolecular mechanism 3)
(25).

Although the 5 -bromoacetamidopropyl-4-pyrimi-
dinols, VI, were poor reversible inhibitors of the
enzyme (Table I), they were investigated as irre-
versible inhibitors at concentrations sufficiently high
to convert about 50% of the enzyme to the reversible
complex of equation 1) and 2); no inactivation oc-
curred (Table II, Sets I and J). That bimolecular
inactivation by mechanism 3) was not seen is prob-
ably not due to the lower chemical reactivity of the
halogen of Via and VIb, Compounds XVIIa and XVIIla
were 120 and 76-fold, respectively, more reactive
with 4- (b -nitrobenzyl)pyridine than the standard
TPCK = L-1l-chloro-4-phenyl-3-tosylamido-2-buta-
none (28); since 4-(bromoacetamido)salicylic acid
was 28 times as reactive as TPCK it can be esti-
mated that VIa and VIb would be on the order of 4-10



Vol.

Baker and J. K. Coward

B. R.

192

*areapAyouol ()
“I9jem UM uoun[ip usy) ‘sanoy g 0] 06 3B JOUBUISAXOYlOW-Z Ul IPIWEBIIOBOIY} YHM OXIX JO uoroeax Ag (b) -'n poyjeuwr £q JIXX O} UOISIDAu0D Aq
poz1aajoeleyd SBM 1onpoxd 9YyJ, SI[NSOJ UOIISNUIOD OI3BIId aAeS 1By} I1es ajeyng  (d) - poyew Aq pajerost jonpoad ng ‘g poylowr £q unx uondoedy (o)
‘$YE PUNOY  cLcpg :pOTRD dutwolg (u) -sisAjeue sutmoxg (w) CpIoe OLINJInS snoonbe gy T 0} UOIINOS Syl JO UOIHIppR Aq JOUBRYISAXOYJOWI-Z WOJIJ
pazIeIsfiosy (]} proe OlInjms ojow /¢ surgjuod () "9°ye punod °L°yg :°pore) dutwoag () -proe o1jeoe jeroe[d woyy pozITIeIsdaosyg (1)
‘}{eS 9pIWOIqOIPAH (Y) “(B[X) [Rlieojew Suljie)s oyl Joy (H]) 2ouaIajar 23g (8) uomezZI[eISAID JO IalBm JO SJOW /g WM () [oueyleAxoylow-gz
snoanbe woay pazi[[e}sAroey (8) [ouryle snosnbe woaj pazifeisfiody (p) ‘ouexolp snosnbw %0¢ wroay pazifeIsfIoey (0) UOTIBZIISIOBRIRYD IO
TejuowrIadxa 908§ (q) “OIL uo sjods 213uls ST pPoAOW pue 2InjonIjys poufisse 119y} Yilm 9[qryedwod jo[oTAeIjIn pue poaxexyul aaed spunodwod [y (e)

S° SN
g g1 80°g 6 %9 8°e1 00°¢ 8 %9 (3) 082-8L2 £9 ® Y49 -d SHOD XX
G9T-CST (d) o9 (0) J d-ag*uooo™®o- B cle} axIX
(w) g "ge 66°¢ 9'1¥ (w) L °2e €T’y (") 8°1¥% 282-082 (1) 66 I d-ag*uoootu®n- tHO BXIX
(w) 101 0L'% 1°6% (w) g-g1 TP G) 0°6¥ () 2¥1-0%T o) g6 i w-agiyomdo- ‘o qIIAX
(u) 0°21 E°¥ S T¥ 2°21 68'¥ W 8- 1% (1) 252-0832 (1) 88 a w-1gH o o- Lt o) eOIAX
(ur) 1°G1 oL'¥ L'8% (w) g g1 179 D) 0°6% (1) 91-99T o) 88 q d-ag*uom®o- %o qQIIAX
He-z1 1S°¥ 9°TI% 2721 6C'¥ W 8-1¥ (1) c$2-€¥2 W) Lo 3 a d-agiaoru’o- 'HO BIIAX
2°22 9L°9 Z°L8 £°22 LS°9 @) 2°LS {P) ¥52-252 69 o) w-tNtto- tHD 116
3P 99°¢ $°L9 221 89°¢ L°L9 (3) pLZ-€L2 L8 g ¢-fHo00M%D- fH%D qIx
£°91 9€°9 S '6S 2°91 0% 9 (1) 068 (@) 192-852 28 g ¢-SHD0OM%D- 'HO BIIX
8'€1 15°9 9°L9 8¢l 6%°9 089 (9) 682-08% c8 q ¢-sutootuom®n- £ o) arx
9°¢T 1£°9 0°89 g-er ¢ 9 0°89 () 6£2-L£3 Gg a w-SHOOHOM?D- Supio ax
G879 9°29 20 "2 829 (p) 522-£22 8% q w~HtD OO0~ 'HO 15°¢
9°LE G0°g 2°19 8 LT 18°¥ 1°19 (0) pLZ-€L2 {2) 29 a w-2oN"HD- b2 e} ax1
0°12 186 0°¥%S 1°'12 JA R ¥°¥S (©) 0¥1-8¢1 (d) gL q w-tON™D- tHO ex1
S LY 10°S 609 8 LI L8°% 1°19 (o) 162-682 96 q d-*oN"HD- %o qmIA
() 022-S12 g v g0~ B Lo} qIA
N H o) N H o) . PIeIX ' )
punog -po1Es 0. "d'W % POYIOI L2t | q (e) "oN
sosA[euy
'y 2/_\NIZ
O
SHOHNE(CHD)
1]
0 HO

jo uorjeredard JO SPOYIP PpUE SIUEBISUOD [BOISAyYJg

oI a1dvdL



June 1967

times less reactive than the benzyl bromides, XVIIa
and XVIIIa. Therefore some additional factor plays
a part. in the difference in bimolecular inactivation
of the enzyme by XVIIa and XVIHIa versus VIa and
VIb.

EXPERIMENTAL

Methods.

Melting points were taken in capillary tubes on a Mel - temp block
and are uncorrected. Infrared spectra were taken in potassium bro-
mide pellets with a Perkin-Elmer 137B or 337 spectrophotometer.
Ultraviolet spectra were determined in 10% ethanol with a Perkin-
Elmer 202 spectrophotometer. Thin layer chromatograms (TLC) were
run on Brinkmann silica gel and spots were detected by visual exami-
nation under ultraviolet light. The presence of active halogen was
detected with p-nitrobenzylpyridine as previously described (17).

2-Amino-4-hydroxy-6-phenyl-5-pyrimidylpropylamine Dihydrochloride
(Vb).

A mixture of 4.8 g. (20 mmoles) of IVb (26), 250 mg. of platinum
oxide catalyst, 200 ml. of 83% aqueous ethanol, and 3.4 ml. of 12
N aqueous hydrochloric acid was shaken with hydrogen at 2-3 atmos-
pheres until 60 mmoles had been absorbed, which required about 4
hours; during this time, IVb dissolved. The catalyst was removed
by filtration and the filtrate spin-evaporated in vacuo. The glassy
residue was dissolved in a minimum amount of water, then several
volumes of acetone were added; yield, 5.07 g. (80%) of material
suitable for further transformation. An analytical sample was obtained
by a similar recrystallization as white crystals, m.p. 189-196° dec.

Anal. Caled. for CyHyCLLNGO: C, 49.2; H, 5.71; N, 17.7. Found:
C, 49.0; H, 5.88; N, 17.6.

2-Amino - 5 - bromoacetamidopropyl - 6 - phenyl - 4 -pyrimidinol (VIb)
(Method A).

To a magnetically stirred solution of 317 mg. (1 mmole) of Vb in
0.67 ml. of 3 N aqueous sodium hydroxide and 0. 50 ml. of water was
added 3.5 ml. of acetone followed by 260 mg. (1 mmole) of p-nitro-
phenyl bromoacetate (18). An immediate yellow color developed, then
within 5 minutes the product began to separate. After 45 minutes,
the mixture was filtered and the product washed with water. The
product was leached with hot ethyl acetate to remove any residual p-
nitrophenol leaving 311 mg. (85%) of a nearly white solid, m.p. 215-
220° dec.; the solid showed one spot on TLC that gave a positive p-
nitrobenzylpyridine test for active halogen (17). No suitable solvent
for recrystallization could be found. Since the product gave erratic
combustion results, it was characterized by reaction with pyridine as
follows: *

2-Amino-5-[3-(a-pyridiniumacetamido)propyl]-6-phenyl -4-pyrimidinol
Bromide.

A mixture of 50 mg. (0.14 mole) of VIb and 25 ml. of reagent
pyridine was stirred for about 20 hours at ambient temperature.
During this time, the product separated. The product was collected
on a filter, washed with benzene, then recrystallized from 80% aqueous
ethanol; yield, 27 mg. (43%) of white crystals, m.p. 192-193°.

Anal. Caled. for CyHypBrN;Op H0: C, 51.9; H, 5.23; N, 15.2.
Found: C, 51.5; H, 5.42; N, 15,0,

2-Amino - 5 - (p-nitrobenzamidopropyl)-6-phenyl-4-pyrimidinol (VIIIb)
{Method B).

To a solution of 634 mg. (2 mmoles) of Vb in 1.33 ml. of 3 N
agueous sodium hydroxide and 1.0 ml. of water containing 318 mg.
(3 mmoles) of anhydrous sodium carbonate was added 7 ml. of acetone.
After the addition of 557 mg. (3 mmoles) of p-nitrobenzoyl chloride,
the mixture was stirred at ambient temperature for 5 hours, during
which time the product separated. The product was collected on a
filter and washed with water; yield, 754 mg. (96%), m.p. 285-287°
dec. Recrystallization from 50% aqueous dioxane gave yellow crystals,
m.p. 289-291° dec. See Table II for analytical data.

2-Amino - 5 - (m-aminobenzamidopropyl)-6-methyl-4-pyrimidinol (XII)
{Method C).

A mixture of 315 mg. (1 mmole) of IXa, 100 ml. of 85% aqueous
ethanol, 0.17 ml. (2 mmoles) of 12 N aqueous hydrochloric acid, and
50 mg. of Fh palladium-cbarcoal was shaken with hydrogen at 2-3
atmospheres until 3 mmoles were absorbed (about 20 hours). The

.dissolved in hot, dilute aqueous ammonia.
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filtered solution was spin-evaporated in vacuo. The residue was
The resulting solution
was spin-evaporated in vacuo to remove excess ammonia, then the
product began to separate. The mixture was cooled overnight at 5°.
The product was collected on a filter and washed with water; yield,
207 mg. (69%), m.p. 250-253°. Recrystallization from aqueous ethanol
gave white crystals, m.p. 252-254°. See Table III for additional data.

2-Amino-5-(p-bromomethylbenzamidopropyl) - 6 - methyl-4-pyrimidinol
(XVIa) Hydrobromide (Method D).

A mixture of 344 mg. (1 mmole) of XIa and 10 ml. of glacial acetic
acid containing 10% hydrogen bromide was refluxed for 2 hours during
which time the starting material dissolved and the product separated.
The mixture was cooled, then filtered. The product was recrystallized
from glacial acetic acid; .yield, 350 mg. (77%) of white crystals, m.p.
243-245°. See Table HI for analytical data.

2 -Amino -5 - (p-bromomethylbenzamidogropyl)-6-phenyl-4-pyrimidinol
(XVIb) Sulfate (Method E).

To a solution of 203 mg. (0.5 mmole) of XIb in 5 ml. of glacial
acetic acid contalning 10% anhydrous hydrogen bromide was refluxed
for 4 hours. Since the product did not separate on cooling, the so-
lution was spin-evaporated in vacuo. The glassy residue was dissolved
in about 2 ml. of ethanol, then the solution was added to 10 ml. of
1 N aqueous sulfuric acid. After standing overnight at 5°, the mixture
was filtered; yield, 208 mg. (88%), m.p. 150-157°. Recrystallization
by solution in 2-methoxyethanol, then dilution with several volumes of
1 N aqueous sulfuric acid gave white crystals, m.p. 166-167°. See
Table IIf for analytical data.

2-Amino - 5 - (p-bromoacetobenzamidopropyl) - 6 - methyl-4-pyrimidinol
(X1Xa) Hydrobromide {Method F).

To a solution of 164 mg. (0.5 mmole) of XIa in 4 ml. of glacial
acetic acid containing 10% anhydrous hydrogen bromide was added 0.5
ml. of 1 M bromine in glacial acetic acid. After 20 hours the solu-
tion was poured into 50 ml. of ethyl acetate containing 46 mg. (0.5
mmole) of phenol as a bromine scavenger. The product was collected
on a filter and washed with ethyl acetate to give a quantitative yield,
m.p. 227-228°. Recrystallization by solution in 2-methoxyethanol
containing a few drops of 10% anhydrous bromide in acetic acid fol-
lowed by addition of ethyl acetate gave 162 mg. (62%) of white crystals,
m.p. 230-232°. See Table IIl for analytical data.
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