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with TLC on silica gel with dimethylformamide (R; 0.9) or aqueous
80% methanol (R 0.8). Attempted recrystallization usually resulted
in partial decomposition, as shown by TLC. The analytical sample
was dried for 9 h at 0.1 Torr at 100 °C. The compound darkened above
240 °C but did not melt up to 400 °C; 100-MHz 'H NMR (Me,SO-dg)
4 8.55 (s, 1, NCHN), 8.10 (s, 1, CH=CBjy), 7.64 (broadened s, 1, NH),
7.18 (broadened s, 1, NH), 3.42 (s, ~10, NH, BOH, and H20 from
solvent); on addition of methano!l dropwise, the & 7.64 peak broadened,
shifted downfield, and disappeared, and the & 7.18 peak broadened
somewhat without shifting; 1TH NMR (CD30D) & 8.31 (brd s,
CH=CB,), 8.20 (s, NCHN); IR (KBr) 3205 brd s, 1656 sh, 1587 s, 1477
s, 1456 s, 1395 sh, 1339 s, 1270 brd s, tapering off with some irregu-
larities to 950, 909 m, 803 m, 722's, 691 m cm~1; UV (H20) 203 nm (e
19 550), 233 (16 870), 284 (8850), 302 (10 700); UV (0.1 N HCl) 225
nm (e 17 150), 283 (12 650), 300 (10 460); UV (0.1 N NaOH) 228 nm
(e 19 400), 288 (10 610). Anal. Caled for CgHgBoN4O3: C, 35.03; H, 3.92;
B, 10.51; N, 27.22; mol wt 206. Found: C, 35.24, 35.08; H, 3.74, 3.92;
B, 10.44; N, 27.15. 27.08; mol wt (dimethylformamide) 220, (methanol)
235,
4-Amino-6-trimethylenedioxyboryl-7-hydroxy-7,8-dihy-

dro-7,8-borazaroquinazoline (8a). 4,6-Dichloro-5-{2,2-bis(tri-
methylenedioxyboryl)vinyl]pyrimidine (6a) was used in place of the
ethylenedioxyboryl analogue 6b in the procedure described for the
preparation of 8b Instead of methanol, the product was dissolved in
500 mL of chloroform, concentrated under vacuum to crystallize it,
yield 70%, and recrystallized from chloroform and finally from tolu-
ene/absolute ethanol. The compound tenaciously retained 1 mol of
chloroform, as shown by the persistent 1H NMR peak at 6 8.35. After
prolonged drying (56 °C, 30 h, 0.1 Torr) the NMR evidence of chlo-
roform disappeared, but the analysis suggested the persistence of 7
mol % CHCl;. The product did not melt at up to 300 °C; 'H NMR
(MeoSO-dg) 6 8.92 (brd s, 1, NH), 8.44 (s, 1, NCHN), 8.05 (s, 1,
CH=CBy), 7.21 (brd s, 2, NHy), 6.41 (s, 1, BOH), 4.07 (t, 4,
OCH,CHy), 1.97 (m, 2, CH,CH,CH,); IR (KBr) 3497 s, 3279 5, 3096
5, 2959 s, 1587 s, 1475 s, 1464 s, 1441 5, 1323 5, 12858, 1152 5, 1099 s,
1066 s, 961 m, 903 s, 83& m, 803 m, 745 s, 719 s, 692 s, 657 sh, 638 s
em™! Anal. Caled for CoH12BoN4Os + 0.07 CHCls: C, 42.82; H, 4.78;
B, 8.50; Cl, 3.02; N. 22.02 (calcd for CoH1oBoN4Og: C, 43.97; H, 4.92;
B, 8.80; N, 22.79). Found: C, 42.44; H, 4.82; B, 8.47; Cl, 3.02; N,
21.91.
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Reaction of Tertiary Glycidamides with Boron Trifluoride Etherate.

Evaluation of the Potential for Rearrangement with Amide Group
Migration!
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The reaction of a series of tertiary glycidamides with boron trifluoride etherate in benzene, methylene chloride,
or chloroform was studied. The major process observed with (E)- and (Z)-N,N-dipheny!-3-phenylglycidamides
(1a,b) as well as (E)- and (Z)-N,N-diphenyl-3-methyl-3-phenylglycidamides (1¢,d) was stereospecific intramolecu-
lar Friedel-Crafts cyclization to give the corresponding 1,4-diphenyl-3-hydroxy-2(1H)-quinolinones (2). A similar
reaction was observed in the rearrangement of (E)-N-phenyl-N-methyl-2-methyl-3-phenylglycidamide (1g), al-
though condensation with benzene solvent was also found in this case. The reaction of N,N-dialkyl-3-methyl-3-
phenylglycidamides (le,f) with boron trifluoride etherate led to formation of the corresponding N,N-dialkyl-2-

hydroxy-3-phenyl-3-butenamides (5d,f). Finally (E)-

and (Z)-N,N-dimethyl-2-methyl-3-phenylglycidamides

(1h,i) gave fluorohydrin (7a) along with its BF2 derivative (7b). Under more severe conditions 1i was converted to
N,N-dimethyl-2-phenylacetoacetamide (9), the product anticipated from amide group migration, along with N,N-
dimethyl-3-phenyl-3-methylpyruvamide (8), formed by a-methyl migration.

Since House’s? discovery of ketone migration in the boron
trifluoride induced rearrangement of «,3-epoxy ketones, at-
tention has been given to studies of rearrangement of various
other a,83-epoxy carbonyl systems, including glycidic esters,?

0022-3263/78/1943-0954$01.00/0

glycidic thiol esters,* and «,8-epoxy diazo ketones.® The re-
action is of some mechanistic interest2-46 in that it involves
migration of an electron-deficient carbonyl carbon to a posi-
tive migration terminus. Recent work suggests that the
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BF3-induced rearrangement of glycidic esters is a concerted
process proceeding with inversion of configuration at the
migration terminus.4c.62

B R’/
R// /()\ ) ’
N BROEL, pa b cow
//// \ Y,
R 0z coz

Z= Ar,OR, SR, CHN,

A study of the boron trifluoride induced rearrangement of
glycidamides has not been reported, although examples of the
reaction of glycidamides with aluminum chloride,” hydro-
chloric acid,®® and sulfuric acid® are known. Thus N-
methyl-N-phenyl-3,3-dimethylglycidamide is converted to
3-hydroxy-1,4,4-trimethyl-2(1H)-quinolinone in the presence
of aluminum chloride.” Blicke and Faust® found that the
3,3-diphenylglycidamide is isomerized to diphenylpyruvamide
when heated with HCl. Tung and Speziale® observed stereo-
specific conversion of (E)- and (Z)-N,N-diethyl-3-phenyl-
glycidamides to the corresponding erythro and threo vicinal
diols or chlorohydrins using aqueous sulfuric acid and hy-
drochloric acid in benzene or methanol solvents. In these cases
the amide carbonyl function was not found to migrate. Indeed
only one example of amide migration is known. This was ob-
served in the base-induced benzilic acid rearrangement of
a,B-diketo amides to a-hydroxymalonamides.!®

We have thus undertaken a study of the boron trifluoride
induced rearrangement of tertiary glycidamides with a view
to evaluating the potential for amide migration in this system
as well as to explore the synthetic utility of the process. At the
outset it was recognized that the amide function is relatively
basic and would thus compete effectively with the epoxide
oxygen for the Lewis acid catalyst. Thus initially we examined
the reaction of boron trifluoride etherate with relatively
nonbasic amides, including N-phenyl- and N,N-diphenyl-
glycidamides. «-Methyl- as well as 8-methyl-substituted
glycidamides were also studied in view of the observation by
Kagan? that, whereas ethyl 3-phenylglycidate did not undergo
rearrangement with ester migration, ethyl 2-methyl-3-
phenylglycidate as well as ethyl 3-methyl-3-phenylglycidate
did give ester migration products in high yield. In general we
found a wide variety of products, including fluorohydrins,
2-hydroxy-3-butenamides and their BF; complexes, and both
intra- and intermolecular Friedel-Crafts condensation
products. In one instance a 8-keto amide was obtained as a
result of migration of the amide function. However, it appears
that rearrangement with amide migration is not a pathway of
major importance in the reaction of tertiary glycidamides with
boron trifluoride etherate.

Results and Discussion

The required glycidamides were prepared by Darzens
condensation of a-chloro tertiary amides with aldehydes and
ketones using potassium tert-butoxide as the base.%1! (E)-
N,N-Diphenyl-3-phenylglycidamide (1a) was also obtained
by m-chloroperbenzoic acid!? epoxidation of (E)-N,N-di-
phenylcinnamamide.

The major process observed in the rearrangement of
N,N-diphenyl tertiary glycidamides was intramolecular Fri-
edel-Crafts cyclization, resulting in stereospecific formation
of 3-hydroxy-4-phenyl-2(1H)-quinolinones. Of interest in this
connection is the fact that formation of comparable intra-
molecular cyclization products was not found in the BF;-
induced rearrangement of S-phenyl thiolglycidates* or related
phenyl oxygen glycidate esters,3P and such cyclization is
probably not an important mode of reaction in these cases.
Treatment of (E)-N,N-diphenyl-3-phenylglycidamide (1a)
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with boron trifluoride etherate in refluxing benzene led to
(E)-1,4-diphenyl-3-hydroxy-2(1H)-quinolinone (2a) in 87%
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yield. Quinolinone 2a was also obtained in high yield when the
reaction was carried out in methylene chloride at room tem-
perature for 30 min. The quinolinone assignment for 2a was
based on conversion to the corresponding fully aromatic
quinolone 3 by pyrolysis of acetate 2b or alternatively by
heating tosylate 2¢ with sodium hydroxide or sodium acetate
in ethanol. The structure of 3 was established by independent
synthesis involving treatment of N,N-diphenyl-3-phenyl-
propiolamide with boron trifluoride etherate in benzene.1?
The E configuration of 2a was inferred from the fact that
relatively low temperatures (250 °C) were sufficient in the
acetate pyrolysis of 2b. Furthermore, comparatively severe
conditions were needed in the base-induced elimination of
tosylate 2¢ to give quinolone 3. It was necessary to use excess
sodium acetate in refluxing ethanol for 48 h to accomplish
complete conversion of 2¢ to 3.

Using the same reaction conditions employed with (E)-
glycidamide la in benzene solvent, the Z isomer, 1b, was
converted to (Z)-1,4-diphenyl-3-hydroxy-2(1H)-quinolinone
(2d) in 75% yield. Assignment of the Z configuration to 2d is
supported by the observation that the tosylate derivative 2e
underwent facile elimination to quinolone 3 by treatment with
sodium acetate in refluxing ethanol. The (Z)-tosylate 2e was
completely converted to quinolone 8 within 1 h. Under the
same conditions less than 20% of (E)-tosylate 2¢ was con-
verted to quinolone 3. Vicinal coupling constants for 2a (14
Hz), 2b (13 Hz), and 2d (7 Hz) are in agreement with the ste-
reochemical assignments. The closeness found for the values
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of 2¢ (7 Hz) and 2e (5 Hz) have precedent in earlier work on
E and Z isomers of 3-methylamino-4-phenyl-2(1H)-quinoli-
none.!5

NMR analysis of the crude reaction mixture obtained from
the BF3-induced rearrangement of (Z)-glycidamide 1b did not
indicate the presence of any (E)-quinolinone 2a. Similarly,
(Z)-quinolinone 2d was not found in the rearrangement of
(E)-glycidamide 1a. Thus the formation of these quinolinones
appears to be highly stereospecific. The generation of (E)-
quinolinone 2a from (E)-glycidamide 1a and (Z)-quinolinone
2d from (Z)-glycidamide 1b suggests that the epoxide ring is
opened with inversicn of configuration at the 8 position.

The boron trifluoride induced rearrangement of (E)- and
(Z)-N,N-diphenyl-3-methyl-3-phenylglycidamides (lc,d)
proved to be somewhat less stereospecific. Both quinolinone
isomers were isolated from the rearrangement of each of these
glycidamides. However, one isomer, 2f, which is presumably
(E)-1,4-diphenyl-3-hydroxy-4-methyl-2(1H)-quinolinone,
was the major product obtained from (E)-glycidamide 1¢. The
(Z)-glycidamide 1d gave predominantly the other isomer,
presumably (Z)-quinolinone 2h, The stereochemical assign-
ments for 2f and 2h have not been rigorously established. In
both rearrangements a lesser amount of N,N-diphenyl-2-
hydroxy-3-phenyl-3-butenamide (5a) was also formed.

C.H OH
//R
CH3=CCHCON\ (CeH;),CHC—CONCH,
or., R CH, CH,
5a, R=CH,;R, = H 6
b,R=C/H,; R, = COCH, OR
¢, R =C,H,;R, = BF, l
d,R=CH,;R,=H
e,R = CiHZ; Ri = COCH, CsH,CHCCON(CH,),
f,R=CH;;R, =H l ’
F CH,
7a,R=H
b, R = BF,
¢, R =COCH,

Analysis of the NMR spectrum of the crude reaction mixture
from rearrangement of E isomer lc indicated an approximate
ratio of 6:2.5:1.5 for compounds 2f, 2h, and 5a, respectively,
while a ratio of 1:8:1 was found in the rearrangement of Z
isomer 1d.

Butenamide formation was also observed in the rear-
rangement of N,N-diethyl-3-methyl-3-phenylglycidamide
(1e) in either benzene or methylene chioride solvent. When
the reaction was carried out in benzene the BF, derivative 5¢
was the major product isolated in 77% yield. 5¢ was converted
to the corresponding alcohol 5d using sodium hydroxide in
ethanol. Alcohol 5d was obtained directly when the rear-
rangement was carried out in methylene chloride. Similarly,
N,N-dimethyl-3-methyl-3-phenylglycidamide (1f) led pri-
marily to hydroxybutenamide 5f using boron trifluoride
etherate in methylene chloride solvent. A rearrangement
process of this type has been noted earlier in the reaction of
BF; with 3-methyl-3-phenylglycidic esters,? although prod-
ucts arising from ester or alkyl group migration predominated
in most of these cases. In contrast, this type of process was not
observed for the BFg-induced rearrangement of S-phenyl
3-methyl-3-phenylthiolglycidate? or in the corresponding
B-methyl-8-phenyl «,3-epoxy ketone system.? In the amide
case butenamide formation appears to be the major rear-
rangement process for N,N-dialkyl-3-methyl-3-phenylgly-
cidamides. In the formation of butenamide 5¢ the relatively
basic N,N-dialkylamide function could assist in removal of
a proton from the 3-methyl group in formation of the product
double bond (Scheme I). It is not clear in this case whether or
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not a carbonium ion intermediate is involved in the mecha-
nism.

We have also examined the reaction of N-methyl-N-
phenylglycidamide 1g with boron trifluoride etherate in
benzene solvent. As with the other BFs-induced quinoline
syntheses reported here, this reaction was also stereospecific.
The presence of only one quinolinone isomer was indicated
in the NMR spectrum of the crude reaction mixture. This
compound is believed to be (E)-3,4-dihydro-1,3-dimethyl-
3-hydroxy-4-phenyl-2(1H)-quinolinone. Also in the rear-
rangement of 1g, a Friedel-Crafts reaction with benzene sol-
vent was observed, resulting in formation of N-methyl-N-
phenyl-3,3-diphenyl-2-hydroxy-2-methylpropionamide (6).
A similar Friedel-Crafts reaction with solvent has been noted
previously in the boron trifluoride induced rearrangement of
ethyl 2-methyl-3-phenylglycidate in toluene solvent.3P

The rearrangement of (Z)-N,N-dimethyl-2-methyl-3-
phenylglycidamide (1i) in methylene chloride led to formation
of fluorohydrin (7a) along with its BFy derivative (7b). It is
interesting that under the same conditions the E isomer 1h
gave rise to the same fluorohydrin diastereomer. A related
result has been noted earlier by Tung and Speziale®® in the
HCl-induced rearrangement of (E)- and (Z)-N,N-diethyl-
3-phenylglycidamides in benzene solvent, leading in either
case to the threo isomer of N,N-diethyl-3-chloro-3-phenyl-
2-hydroxypropionamide. These workers suggest that neigh-
boring group participation involving the amide function plays
a role in the conversion of the trans-glycidamide to the
threo-chlorohydrin, involving overall retention of configu-
ration at the 8 position. It is likely that a similar neighboring
group effect is involved in the BF3-induced conversion of 1h
or lito 7a.

When under more severe conditions (Z)-glycidamide 1i was
warmed for 3.5 h in refluxing methylene chloride in the
presence of excess boron triflucride etherate, there was ob-
tained a mixture of erythro- and threo-fluorohydrin stereo-
isomers 7a along with smaller amounts of N,N-dimethyl-3-
phenyl-3-methylpyruvamide (8) and N,N-dimethyl-2-
phenylacetoacetamide (9). Formation of this same mixture

C,H,CHCOCON(CH,), C,H.CHCON(CH,),
CH, COCH.
8 9

of 8 and 9 along with the two fluorohydrin diastereomers was
found when 7a was warmed in refluxing methylene chloride
for 3 h in the presence of excess boron trifluoride etherate.
However, neither fluorohydrin diastereomer was found after
1i was allowed to reflux for 6 h in chloroform in the presence
of excess boron trifluoride etherate. Under these conditions
pyruvamide 8 was isolated in 19% yield along with a smaller
amount (~5%) of 9. When 1i was allowed to reflux for 6 h in
chloroform in the presence of only 1 equiv of boron trifluoride
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etherate there was obtained 15% pyruvamide 8, 27% acetoa-
cetamide 9, and 10% of the mixture of fluorchydrin diaste-
reomers. Acetoacetamide 9 is the product expected from
amide migration. The structure of 9 was established by con-
version to 3-methyl-4-phenyl-3-pyrazolin-5-one using hy-
drazine hydrate in ethanol.

These results suggest that glycidamide 1i is initially con-
verted to fluorohydrin 7a or its BF; derivative 7b. Under more
severe conditions the fluorohydrin undergoes rearrangement
with either methyl or amide migration. A parallel for this is
seen in the rearrangement of (E)-benzalacetophenone oxide
with excess boron trifluoride etherate to give a mixture of
threo-3-fluoro-2-hydroxy-1,3-diphenyl-1-propanone and
a-formyldeoxybenzoin.!'® In the presence of excess boron
trifluoride etherate the fluorohydrin is converted directly to
a-formyldeoxybenzoin, the rearrangement product formed
as a result of benzoyl migration. Kinetic examination?® of this
process did not permit a distinction between direct conversion
of the epoxy ketone to the rearrangement product as opposed
to involvement of the fluorohydrin as an obligatory interme-
diate in the rearrangement.

In the rearrangement of 1i in refluxing chloroform the
percent of amide migration relative to a-methyl migration
increases as the concentration of BF3 is lowered. This result
may be explained if we assume that coordination of BF3 with
the amide carbonyl group would lower its migratory aptitude.
With excess BF3 present it is conceivable that the amide
function could be complexed with 1 molecule of BF;3 at the
same time a second BF3 molecule is involved in generating an
electron-deficient site at the 8 position. This would give
methyl migration an advantage, thus increasing the relative
amount of the pyruvamide product when higher concentra-
tions of catalyst are employed.

In summary, amide migration does not appear to be as
general a phenomena as ketone, ester, or thiol ester migration,
at least in the BF3-induced rearrangement of «,3-epoxy car-
bonyl systems. For example, N-arylglycidamides tend to
undergo intramolecular Friedel-Crafts cyclization in contrast
to S-aryl thiol esters? or O-aryl oxygen esters,3P which give
carbonyl or hydrogen migration products. 3-Methylglycida-
mides give butenamides rather than products resulting from
carbonyl migration, while glycidic esters3 give both types of
products and a,3-epoxy ketones? as well as glycidic thiol es-
ters* give primarily the carbonyl migration product. With
respect to a glycidamide system such as 1i where butenamide
formation or intramolecular Friedel-Crafts cyclization is not
possible, the amide shift does occur but only after initial
conversion to the fluorohydrin adduct. Relatively severe
conditions are then required before this fluorohydrin will give
rearrangement with amide migration. One explanation for this
apparent reluczance of the amide group to migrate lies in its
high relative basicity. This property may lead to serious
competing reactions, including strong coordination of the
amide function with the Lewis acid catalyst or amide carbonyl
association with the electron-deficient 3 position to give a
2-amino-2-oxetanyl cation intermediate. It is of interest that,
when these side reactions are reduced by the use of only 1
equiv of catalyst, the relative importance of amide migration
increases to the point where the migratory aptitude of the
amide function is greater than that of the a-methyl group.

In any case, the reaction of BF3 with tertiary glycidamides
appears to have considerable synthetic utility. The process
offers an efficient stereospecific method for the preparation
of 3-hydroxy-4-phenyl-2(1H)-quinolinones from the corre-
sponding N-phenyl tertiary glycidamides. N,N-Dialkyl-3-
phenyl-3-methylglycidamides are converted in high yield to
the corresponding 2-hydroxy-3-butenamides, and fluorohy-
drins may be obtained stereospecifically in high yield from
N,N-dialkyl-2-methyl-3-phenylglycidamides.
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Experimental Section

General. Infrared spectra were recorded on a Perkin-Elmer Model
457 spectrometer. The ultraviolet spectra were recorded on a Cary
Model 14 spectrometer. Nuclear magnetic resonance spectra were
recorded on the Varian A-60A spectrometer using tetramethylsilane
as an internal standard. Benzene was dried over sodium metal, and
ether was dried over LiAlH4. Both were distilled prior to use. The
tert-buty! alcohol was dried over CaHy and distilled prior to use.
Methylene chloride and chloroform were dried over phosphorus
pentoxide and distilled prior to use. The petroleum ether had a boiling
point range of 60-110 °C. The silica gel used for column chromatog-
raphy was Baker reagent grade (60-200 mesh). Silica gel GF-254
(Merck) was used for the preparative thin-layer chromatography.
Melting points and boiling points are uncorrected. Elemental analyses
were performed by M. H. W. Laboratories, Garden City, Mich.

(E)-N,N-Diethyl-3-methyl-3-phenylglycidamide (le) was
prepared according to the method of Speziale and Frazier:'! mp 94-95
°C (lit.! mp 94-95 °C); NMR (CDCls) 6 0.62 (t. 3 H, J = 7.5 Hz), 1.09
(t,3H, J =17.5Hz), 1.78 (s, 5 H), 2.70-3.50 (m, 4 H), 3.65 (s, 1 H),
7.05-7.50 (m, 5 H); IR (KBr) 1665 cm™1.

The following glycidamides were prepared in a similar fashion: (E)-
and (Z)-N,N-diphenyl-3-phenylglycidamides (la,b) were ob-
tained in the reaction of N,N-diphenyl-2-chloroacetamide!” with
benzaldehyde. The NMR spectrum of the crude reaction mixture
indicated the presence of approximately 70% of the E isomer and 30%
Z. Treatment of the mixture with 1:1 ether and hexane led to forma-
tion of crystals of 1a, which were purified by fractional crystallization
from ethanol. This afforded pure 1a in 59% yield: mp 111-112 °C,
NMR (CDCl3) 63.39(d, 1 H,J = 1.5 Hz), 4.27(d,1 H,J = 1.5 Hz), 7.32
(s) and 7.36 (s) (15 H); IR (KBr) 1675 em™1; UV Apay (EtOH) 233 nm
(¢ 14 400). Anal. Caled for Co1H17NQo: C, 79.98; H, 5.51; N, 4.44.
Found: C, 80.12; H, 5.59; N, 4.49.

The hexane-ether mother liquors obtained from the isolation of
la were concentrated to give a yellow oil which was dried under re-
duced pressure for 3 days. The resulting solid was purified by column
chromatography on silica gel, eluting with 10% ethyl acetate in ben-
zene. The purified material was recrystallized from benzene-hexane
to give the pure Z isomer 1b in 25% yield: mp 112-114 °C; NMR
(CDClg) 6 3.75 and 3.85 (AB quartet, 2H.J = 4.5 Hz), 6.88-7.50 (m,
15 H); IR (KBr) 1675 cm~!. Anal. Caled for C2;H17NO2: C, 79.98; H,
5.51; N, 4.44. Found: C, 80.13; H, 5.64; N, 4.31.

(E)- and (Z)-N,N-diphenyl-3-methyl-3-phenylglycidamide
(lc,d) were obtained in about equal amounts in the Darzens con-
densation of acetophenone with N,N-diphenyl-2-chlorocacetamide.
The mixture was separated by fractional crystailization from ethanol
and water. For the £ isomer 1¢: mp 143-144 °C; NMR (CDCl3) 6 1.80
(s, 3H), 3.24 (s, 1 B), 7.25 (singlet superimposed on a multiplet be-
tween 6 6.90 and 7.40, 15 H); IR (KBr) 1680 cm™!; UV Apax (EtOH)
238 nm (e 16 300). Anal. Caled for CooH1gNO3: C, 80.22; H, 5.81; N,
4.25. Found: C, 79.98; H, 5.96; N, 4.09.

For the Z isomer 1d: mp 120-121 °C; NMR (CDCls) 6 1.40 (s, 3 H),
3.65 (s, 1 H), 6.70-7.60 (m, 15 H); IR (KBr) 1680 cm™%; UV Amay
(EtOH) 233 nm (¢ 12 300). Anal. Caled for CooH;9NOo: C, 80.22; H,
5.81; N, 4.25, Found: C, 80.42; H, 5.72; N, 4.12.

( E)- N-Methyl- N-phenyl-2-methyl-3-phenylglycidamide (lg)
was obtained from benzaldehyde and N-methyl-N-phenyl-2-chlo-
ropropionamide in 68% vield: mp 149-151 °C; NMR (CDCl3) 6 1.15
(s,3H),3.38 (s,3H),4.10 (s, 1 H), 6.85-7.50 (m, 10 H); IR (KBr) 1650
cm™!, Anal. Caled for C;7H;NOs: C, 76.38; H. 6.41: N, 5.24. Found:
C,76.19; H, 6.26; N, 5.18.

N-Methyl-N-phenyl-2-chloropropionamide was prepared from
N-methylaniline and 2-chloropropionyl chloride (Aldrich Chemical
Co.) in ether in the presence of pyridine: mp 49-51 °C {(ethanol); NMR
(CCly) 61.50(d,1H,J =6.5Hz),3.25(s,3H),4.25(q,1 H,J = 6.5 Hz),
7.38 (s, 5 H). Anal. Caled for C;oH;oNOCL C, 60.76; H, 6.12; N, 7.09;
Cl, 17.94. Found: C, 60.69; H, 5.99; N, 7.03; Cl, 18.17.

(E)-N,N-Dimethyl-3-methyl-3-phenylglycidamide (1f) was
obtained from acetophenone and N,N-dimethyl-2-chloroacetam-
ide!8 in 60% yield: mp 57-58 °C; NMR (CDCls) 6 1.80 (s, 3 H), 2.66 (s,
3 H), 2.97 (s, 3 H), 3.71 (s, 1 H), 7.17-7.53 (m, 5 H); IR (KBr) 1650
cm™}, Anal. Caled for C1oHsNOo: C, 70.22; H, 7.37; N, 6.82. Found:
C, 70.07; H, 7.35; N, 6.83. Found: C, 70.07; H, 7.35; N, 6.75.

(E)- and (Z)-N,N-dimethyl-2-methyl-3-phenylglycidamides
(1h,i) were obtained from benzaldehyde and N,N-dimethyl-2-chlo-
ropropionamidel? in 49% yield (60% E and 40% Z). The two isomers
were separated by preparative thin-layer chromatography on silica
gel using 3:1 benzene-ethyl acetate as eluent. The Z isomer 1i was
recrystallized from benzene-hexane: mp 98-100 °C; NMR (CDCl3)
§1.69 (s, 3 H), 2.70 (s, 3 H), 2.85 (5, 3 H), 3.93 (s. 1 H), 7.26 (5, 5 H); IR
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(KBr) 1645 cm™!. Anal. Calcd. for C12H15NO9: C, 70.22; H, 7.37; N,
6.82. Found: C, 70.31; H, 7.45; N, 6.45.

The E isomer 1h was obtained as an oil: NMR (CDCl3) 6 1.30 (s, 3
H), 2.98 (s, 3 H), 3.17 (s, 3 H), 4.17 (s, 1 H), 7.36 (s, 5 H); IR (film) 1650
cm~L. Anal. Caled for C1oH1sNOs: C, 70.22; H, 7.37; N, 6.82, Found:
C,69.97; H, 7.35; N, 6.54.

Epoxidation of ( E)-N,N-Diphenylcinnamamide. The following
procedure was also used in the preparation of 1a: 85% m-chloroper-
benzoic acid (1.31 g, 6.5 mmol) in methylene chloride (30 mL) was
added to (E)-N,N-diphenylcinnamamide?® (5.0 mmol, 1.50 g) in
methylene chloride (30 mL). The reaction was allowed to reflux for
56 h before workup by extraction with saturated sodium sulfite fol-
lowed by repeated extractions with 5% sodium bicarbonate. Evapo-
ration of the methylene chloride gave a residue which was subjected
to column chromatography on silica gel eluting with benzene and
chloroform, affording la as a solid. Recrystallization from ethanol
gave pure la, mp 110-111 °C. The NMR spectrum of this material
was identical with that of 1a obtained in the Darzens condensation
described above. The mixture melting point with the Darzens material
was not depressed.

Reaction of 1a with Boron Trifluoride Etherate. An excess of
boron trifluoride etherate (15 mL, 0.12 mol) was added to a solution
of 1a (1.40 g, 4.4 mmol) in anhydrous benzene (50 mL) under nitrogen,
and the mixture was refluxed for 8 h. After cooling to room temper-
ature the benzene solution was washed with 5% NaCl. The benzene
layer was separated, dried (NasSOy), and concentrated under reduced
pressure to give the quinolinone product 2a (1.21 g, 3.8 mmol, 87%),
mp 225-228 °C. An analytical sample was obtained by recrystalliza-
tion from 1:1 chloroform-petroleum ether: mp 230-231 °C; NMR
(CDCly) 6 3.91 (d, 1 H, J = 1.5 Hz, exchangable with D:0),4.36 (d, 1
H,J = 14 Hz), 4.81 (doublet of doublets, 1 H, J = 14, 1.5 Hz), 6.50-7.85
{m, 14 H); IR (KBr) 3450, 1670 cm ™1 Anay (EtOH) 252 nm (e 10 000).
Anal. Caled for Co;H7NOg: C, 79.98; H, 5.51; N, 4.44. Found: C, 80.07;
H, 5.44; N, 4.44.

Acetate 2b was obtained by treating 2a (0.12 g, 0.38 mmol) with
acetic anhydride (3 mL) and pyridine (3 mL). The mixture was kept
overnight at room temperature. The excess pyridine and acetic an-
hydride were evaporated under reduced pressure, and water (2 mL)
was added to the residual oil. This resulted in the formation of a white
solid (0.102 g, 75%), mp 151-153 °C. Recrystallization from ethanol
gave an analytical sample: mp 1566-157 °C; NMR (CDCl3) 4 1.92 (s,
3H),459(d,1H,J =13 Hz),593(d,1H,J =13Hz),6.30-7.60 (m,
14 H); IR (KBr) 1700, 1750 cm™!. Anal. Calcd for Co3H9NOg: C, 77.37;
H, 5.32; N, 3.93. Found: C, 77.60; H, 5.47; N, 3.85.

Tosylate 2¢ was prepared in the following manner. A solution of
p-toluenesulfony! chloride (1.81 g) in anhydrous benzene (20 mL) was
added to a solution of 2a (3.00 g) in benzene (120 mL). In a separate
flask sodium hydride (2.28 g of a 57% dispersion in mineral oil) was
washed with hexane (2 X 25 mL) and benzene (20 mL) was added.
This NaH-benzene suspension was then added to the mixture of 2a
and p-toluenesulfonyl chloride. After stirring for 80 min at room
temperature, the mixture was filtered through a scintered glass funnel
and the benzene layer was concentrated to give a solid (4.02 g, 90%),
mp 186-189 °C. This was fecrystallized from ethanol to give an ana-
lytical sample: mp 190-192 °C; NMR (CDCls) 6 2.28 (s, 3 H), 4.54 (d,
1H,J =7Hz),533(d,1 H,J =7 Hz), 6.20-6.50 (m, 1 H), 6.80-7.70
(m, 17 H); IR (KBr) 1705 cm™1, Anal. Calcd for CosHosNO,S: C, 71.62;
H, 4.90; N, 2.98; S, 6.82. Found: C, 71.74; H, 4.95; N, 2.78; §, 6.60.

Conversion of Acetate 2b to 1,2-Dihydro-1,i-diphenyl-2-
quinolone (3). 2b (1.20 g, 3.8 mmol) was placed in a short-path dis-
tillation flask and heated under nitrogen for 4 h at 240 °C. A liquid
distilled out of the flask, leaving a residue that solidified on cooling.
The resulting solid was washed with a 1:1 mixture of ether and pe-
troleum ether (50 mL) to give impure crystals, mp 110-120 °C. Re-
crystallization from ether gave pure 3 (0.752 g, 2.5 mmol, 67%): mp
150-152 °C; NMR (CDCly) 6 6.85-7.70 (m, 13 H), 6.60-6.80 (m, 2 H);
IR (KBr) 1655 em™L; UV Apay (EtOH) 225 nm (e 62 000), 280 (20 000),
330 (11 900). Anal. Caled for C3;H sNO: C, 84.84; H, 5.05; N, 4.71.
Found: C, 84.89; H, 5.10; N, 4.84. This material was found to be
identical (mixture melting point and IR spectra) with authentic 3
prepared as described below.

Conversion of Tosylate 2c to Quinolone 3. 2¢ (0.500 g, 1.1 mmol)
in absolute ethanol (100 mL) was treated with a solution of sodium
acetate (4.49 g, 54 mmol) in absolute ethanol (70 mL). This was re-
fluxed for 48 h. The ethanol was evaporated under reduced pressure,
and the residue was treated with water (25 mL) and benzene (50 mL).
The benzene layer was separated, and the aqueous solution was ex-
tracted again with benzene (2 X 50 mL). The combined benzene ex-
tracts were dried (NasSO4) and concentrated under reduced pressure
to give an oil. Addition of ether resulted in formation of a solid (0.320
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g). Recrystallization from a 1:1 mixture of ether and petroleum ether
gave pure 3: mp 150-152 °C; NMR (CDCl;) ¢ 6.85-7.70 (m, 13 H),
6.60-6.80 (m, 2 H); IR (KBr) 1655 cm™1; UV Amax (EtOH) 225 nm (e
64 000), 280 (21 600), 330 (13 500). The mixture melting point with
authentic 3, prepared as described below, was not depressed. The IR
spectra of both samples were identical.

N,N-Diphenyl-3-phenylpropiolamide (4) and Its Conversion
to Quinolone 3. To a mixture of N,N-diphenylamine (1.35 g, 8.0
mmol) and pyridine (0.63 g, 8.0 mmol) in anhydrous ether (70 mL)
was added dropwise at 0 °C under nitrogen atmosphere phenylpro-
piolyl chloride?! (1.29 g, 7.9 mmol) in ether (10 mL) over a period of
1.5 h. The reaction was maintained at 0 °C for an additional 2 h, fol-
lowed by 1 h at room temperature. Water (10 mL) and ether (50 mL)
were added. The ether layer was separated, and the agueous layer was
extracted again with ether (50 mL). The combined ether layers were
dried (NagSO4) and concentrated under reduced pressure to give a
yellow solid (2.20 g, 93%), mp 136-138 °C. Recrystallization from ether
and petroleum ether gave an analytical sample of 4 as colorless prisms:
mp 141-142 °C; NMR (CDCly) é 7.20 (s) and 7.35 (s) superimposed
on a multiplet between 8 7.00 and 7.55; IR (KBr) 2220, 1640 cm™1,
Anal. Caled for Co1H1sNO: C, 84.84; H, 5.05; N, 4.71. Found: C, 84.72;
H, 5.25; N, 4.46.

An excess of boron trifluoride etherate (10 mL, 0.80 mmol) was
added to a solution of 4 (0.500 g, 1.7 mmol) in anhydrous benzene (50
mL) under a nitrogen atmosphere, and the solution was refluxed for
36 h. It was then washed with a 5% NaCl solution, and the benzene
layer was dried (NaySO4) and concentrated under reduced pressure.
The resulting oil was purified by column chromatography on silica
gel, eluting with petroleum ether followed by a mixture of petroleum
ether and ether (1:1), to obtain the product. This was recrystallized
from ether to give pure 3 (0.260 g, 52%), mp 150-152 °C.

Rearrangement of 1b. The same procedure used with la was
followed. NMR analysis of the crude reaction mixture indicated the
presence of only the Z isomer of 1,4-diphenyl-3-hydroxy-2(1H)-
quinolinone (2d). Recrystallization from benzene-hexane gave pure
(Z)-quinolinone (75%): mp 134-136 °C; NMR (CDCls) 6 3.68 (s, 1 H),
450(d, 1 H,J =T7Hz),4.82(d, 1 H, J =7 Hz), 6.50-7.70, (m, 14 H);
IR (KBr) 3450, 1680 ecm™!. Anal. Caled for C2H;7NOg: C, 79.98; H,
5.51; N, 4.44. Found: C, 79.73; H, 5.54; N, 4.19.

Tosylate 2e was prepared using the same procedure described
earlier for the preparation of tosylate 2¢. The product was purified
by preparative thin-layer chromatography on silica gel, eluting with
absolute ethanol in benzene. An analytical sample was obtained by
recrystallization from benzene: mp 171-172 °C; NMR (CDCl3) 6 2.38
(s,3H),4.66(d,1 H,J =6 Hz),5.63(d,1H,J = 6 Hz), 6.35-6.65 (m,
1 H),6.90-7.55 (m, 15 H), 7.84 (d, 2 H, J = 9 Hz); IR (KBr) 1700 em~1.
Anal. Caled for CogHasNO4S: C, 71.62; H, 4.90; N, 2.98; S, 6.82. Found:
C,71.88; H, 5.08; N, 2.80; S, 6.68.

Conversion of Tosylate 2e to Quinolone 3. Tosylate 2e (50 mg)
was dissolved in benzene (0.5 mL), and 4 mL of a solution of sodium
acetate (4.1 g) in 95% ethanol (100 mL) was added. The mixture was
allowed to reflux for 1 h, at which point TLC analysis indicated
complete conversion to quinolone 3. Workup in the usual way followed
by recrystallization from ether and hexane gave pure 3, mp 151-153
°C. The mixture melting point with authentic 3 was not depressed.
The IR spectrum was identical with that of authentic 3.

Using the same reaction conditions the conversion of tosylate 2¢
to 3 was less than 20% complete after refluxing for a period of 1 h.

Rearrangement of le¢. The procedure used with la was followed
with the exception that the reaction was complete within 4 h at reflux
in benzene. NMR analysis of the crude reaction mixture indicated that
it contained 2f, 2h, and 5a in a ratio of 6:2.5:1.5. The crude oil was
treated with ether to give a solid which was recrystallized from ethanol
to give pure 2f (50%): mp 179-180 °C; NMR (CDCl3) 6 1.70 (s, 3 H),
3.75(d, 1 H, J = 2 Hz, exchangeable with D;0),4.87 (d, 1 H,J = 2 Hz),
6.70-7.80 (m, 14 H); IR (KBr) 3450, 1675 cn~1; UV Apmgex (EtOH) 258
nm (¢ 16 000). Anal. Caled for CesH1gNOo: C, 80.22; H, 5.81; N, 4.25.
Found: C, 80.20; H, 6.08; N, 4.22.

A second compound, 5a, was isolated as a solid from the mother
liquors obtained from recrystallization of 2f. This material was re-
crystallized from ethanol to give pure 5a (10%): mp 155-156 °C; NMR
(CDCl3) 6 4.10 (broad s, 1 H), 5.05 (s, 1 H), 5.15 (s, 1 H), 5.25 (s, 1 H),
7.10-7.30 {(m, 15 H); IR (KBr) 3440, 1660, 920 cm~%; UV Apax (EtOH)
238 nm (e 10 100). Anal. Caled for CooH1gNOs: C, 80.22; H, 5.81; N,
4.25. Found: C, 80.47; H, 5.59; N, 4.24.

2h was isolated by subjecting some of the material obtained from
the crude reaction mixture to preparative thin-layer chromatography
on silica gel, eluting with 2% ethanol in benzene (2h ran just below the
other quinolinone 2f). The 2h isolated in this way was identical with
the major product obtained in the reaction of 1d with boron trifluoride
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etherate as described below.

Acetate 2g: mp 190-191 °C; NMR (CDClg) 6 1.81 (s, 3 H), 1.88 (s,
3H),6.17 (s, 1 H), 6.35-7.60 {m, 14 H); IR (KBr) 1750, 1700 cm~%; UV
Amax (EtOH) 255 nm (e 13 000). Anal. Caled for Co4HgNO3: C, 77.61;
H, 5.69; N, 3.77. Found: C, 77.39; H, 5.49; N, 3.57.

Acetate 5b: mp 116-117 °C; NMR (CDClg) 4 2.08 (s, 3 H), 5.51 and
5.55 (s, 2 H), 6.01 (s, 1 H), 7.00-7.25 (m, 15 H); IR (KBr) 1740, 1685,
930 em™Y; UV Amax (EtOH) 238 nm (e 22 000). Anal. Caled for
CqosHo1NO4: C, 77.61; H, 5.69; N, 3.77. Found: C, 77.61; H, 5.96; N,
3.57.

Rearrangement of 1d. This was carried out employing the same
procedure used with 1e. NMR analysis of the crude reaction mixture
indicated the presence of 2f, 2h, and 5a in a ratio of 1:8:1. The major
product, 2h, was obtained by column chromatography on silica gel,
eluting initially with benzene followed by 0.5% ethanol in benzene.
Recrystallization from hexane and benzene gave an analytical sample:
mp 150-151 °C; NMR (CDCls) 6 2.02 (s, 3 H), 3.98 (d, 1 H, J = 3.5 Hz,
exchangeable with D20), 4.52 (d, 1 H, J = 3.5 Hz), 6.50-7.65 (m, 14
H); IR (KBr) 3470, 1685 cm™1; UV Amax (EtOH) 246 nm (¢ 10 000).
Anal. Caled for C9oH1gNOo: C, 80.22; H, 5.81; N, 4.25. Found: C, 80.50;
H, 5.79; N, 4.22.

Acetate 2i: mp 146-147 °C; NMR (CDCly) é 1.87 (s, 3 H), 2.35 (s,
3H),5.77 (s,1 H), 6.45-7.65 (m, 14 H); IR (KBr) 1755, 1710 cm~1; UV
Amax 246 nm (¢ 10 000). Anal. Caled for Co4HoNOs: C, 77.61; H, 5.70;
N, 3.77. Found: C, 77.85; H, 5.78; N, 3.81.

Rearrangement of le. The same conditions were followed that
were employed with 1a with the exception that the reaction was re-
fluxed for 5 h in benzene. Using the same workup procedure, crude
5¢ was obtained in 77% yield, mp 120-122 °C. Recrystallization from
ether and petroleum ether gave an analytical sample: mp 122-124 °C;
NMR (CDCl;) 6 0.85-1.30 (overlapping triplets, 6 H), 3.90 (m, 4 H),
5.30-5.65 (m, 3 H), 7.15--7.65 (m, 5 H); IR (KBr) 1665, 895 cm™!; UV
Amax (EtOH) 240 nm (¢ 11 200). Anal. Caled for C14H1sNO2BFs: C,
59.81; H, 6.40; N, 4.98; B, 3.85; F, 13.4. Found: C, 59.86; H, 6.54; N, 5.06;
B,3.8;F, 12.8.

The hydrolysis of 5¢ (1.00 g, 3.5 mmol) was carried out in 95%
ethanol (80 mL) using NaOH (0.30 g, 7.5 mmol). After standing
overnight at room temperature, the base was neutralized with 10%
HCl and the ethanol was removed under reduced pressure. The res-
idue was treated with water and extracted with ether, and the com-
bined ether extracts were dried (NagSO,) and concentrated to give
an oil (0.830 g) which was distilled under reduced pressure [bath
temperature, 175 °C (0.25 mm)]. 5d was obtained as a colorless oil that
solidified in the receiver, mp 31-32 °C. Recrystallization from ether
gave an analytical sample: mp 31-32 °C; NMR (CDCl3) 6 1.03 (t,6 H,
J =7.0Hz),2.80-3.70 (ra,4 H),4.32(d, 1 H,J = 6.0 Hz), 4.85(d, 1 H,
J =6.0Hz),5.15 (s, 1 H), 5.34 (s, 1 H), 7.00-7.60 (m, 5 H); IR (KBr)
3400, 1640, 915 cm™L; UV Amax (EtOH) 236 nm (e 10 700). Anal. Caled
for C14H1gNOs: C, 72.10; H, 8.15; N, 6.00. Found: C, 72.27; H, 7.94; N,
5.87.

Acetate 5e: n2°p 1.5233; NMR (CDCl3) 6 0.90-1.30 (m, 6 H), 2.15
(s, 3H), 3.95-3.75 (m,4 H), 5.48 (s, 1 H), 5.63 (s, 1 H), 6.12 (s, 1 H),
7.20-7.50 (m, 5 H); IR (film) 1740, 1660, 915 cm™1; UV A,y (EtOH)
235 nm (¢ 10 000). Anal. Calcd for C16H2;NOg: C, 69.81; H, 7.63; N,
5.09. Found: C, 69.69; H, 7.87; N, 4.87.

Rearrangement of 1f. The glycidamide 1f (0.50 g, 2.4 mmol) was
suspended in anhydrous methylene chloride (25 mL) at room tem-
perature, and boron trifluoride etherate (0.35 mL, 2.8 mmol) was
added with stirring over a period of 1 min. The reaction was stirred
for 1 h at room temperature before it was poured into a mixture of
ether (100 mL) and water (100 mL). The layers were separated, and
the water was reextracted with ether (100 mL). The combined ether
extracts were dried (Na;SOy) and concentrated under reduced pres-
sure to give a yellow oi] (0.45 g). Examination of the NMR spectrum
of this material indicated that it was essentially pure butenamide 5f.
An analytical sample was obtained by column chromatography on
silica gel, eluting with 20% ethyl acetate in benzene, followed by
short-path distillation under reduced pressure to give 5f as a colorless
oil: n2p 1.5417; NMR (CDClz) 6 2.78 (s, 3 H), 2.95 (s, 3 H), 4.41 (broad
s, 1 H), 5.03 (broad s, 1 H), 5.20 (s, 1 H), 5.42 (s, 1 H), 7.15-7.65 (m, 5
H); IR (film) 3400, 1660. 1640, 910 cm™!. Anal. Caled for C;2H;505N:
C,70.22; H, 7.37; N, 6.82. Found: C, 70.13; H, 7.56; N, 6.90.

Rearrangement of 1g was carried out in benzene solvent using
the conditions described for 1e. Analysis of the NMR spectrum of the
crude reaction mixture indicated the presence of 1,3-dimethyl-4-
phenyl-3-hydroxy-2(1H)-quinolinone and 6 in a ratio of 3:1. A small
amount of unidentified material (~2%) was also obtained. The latter
had low solubility in chloroform and melted with decomposition at
240-245 °C. The mixture was separated by column chromatography
on silica gel, eluting with 1% ethanol in benzene. 6 was eluted first from
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the column. It was recrystallized from ethanol and hexane: mp
135-136 °C; NMR (CDCl3) 6 1.24 (s, 3 H), 3.16 (s, 3 H), 3.80 (broad
s, 1 H), 4.15 (s, 1 H), 6.75-7.50 (m, 15 H); IR (KBr) 3360, 1610 (broad)
cm~L. Anal. Caled for Co3HosNO5: C, 79.97; H, 6.71; N, 4.05. Found:
C,79.89; H, 6.80; N, 3.88.

Further elution of the silica gel column gave the quinolinone, which
was also recrystallized from ethanol and hexane: mp 159-160 °C;
NMR (CDCl3) 6 1.41 (s, 3 H), 3.47 (s, 3 H), 3.60 (s, 1 H, exchangeable
with D20), 4.11 (s, 1 H), 6.85-7.45 (m, 9 H); IR (KBr) 3420, 1670 cm™L.
Anal. Caled for C17H17NOg: C, 76.38; H, 6.41; N, 5.24. Found: C, 76.31;
H, 6.45; N, 5.32,

Rearrangement of 1i and 1h. (Z)-Glycidamide 1i (1.00 g, 4.86
mmol) was suspended in anhydrous methylene chloride (45 mL)
under a nitrogen atmosphere, and boron trifluoride etherate (1.4 mL)
was added with stirring over a period of 1 min. The reaction was al-
lowed to stir at room temperature for 1.5 h before quenching by
pouring into a mixture of water (200 mL) and ether (200 mL). The
organic layer was separated, and the water layer was reextracted with
ether (100 mL). The combined organic layers were dried {NaxSOy)
and concentrated to give a solid which by NMR analysis proved to
be a mixture of fluorohydrin 7a along with its BFs derivative 7bh. An
identical result was obtained in the rearrangement of (E)-glycidamide
1h carried out in a separate experiment using the same reaction
conditions. This solid was washed with chloroform, and the remaining
residue (0.50 g) was crystallized from acetone to give pure 7Th: mp
139-141 °C; NMR ([CD3),CO) 6 1.55 (d, 3 H, J = 2 Hz), 3.35 (s, 3 H),
3.67 (s, 3 H), 595 (d, 1 H, J = 45 Hz), 7.30-7.80 (m, 5 H); IR (KBr)
1680 cm™!. Anal. Caled for C19H150:NF3B: C, 52.78; H, 5.54; N, 5.13.
Found: C, 52.37; H, 5.78; N, 4.92,

The chloroform washings were combined and evaporated to give
a residue (0.40 g) which was purified by column chromatography on
silica gel, eluting with 10% ethyl acetate in benzene, followed by
crystallization from benzene-hexane to give 7a: mp 87-89 °C; NMR
(CDCly) 61.45(d, 3 H, J = 2 Hz), 3.12 (s, 6 H), 4.50 (s, 1 H), 5.70 (d,
1H,J =45Hz),7.30 (s, 5 H); IR (KBr) 3410, 1620 cm™!. Anal. Calcd
for C1oH1gNOoF: C, 64.00; H, 7.11; N, 6.22; F, 8.44. Found: C, 63.99;
H, 7.23; N, 6.03; F, 8.22.

Acetate 7c was prepared by dissolving fluorohydrin 7a (0.10 g) in
acetyl chloride (3 mL) followed by stirring for 1.5 h at room temper-
ature. The reaction was poured into ether (50 mL) and water (100
mL), and the water layer was separated and extracted with ether (50
mL). The combined ether layers were dried (NaS0O,4) and concen-
trated to give a yellow oil (92 mg), which after standing at 5 °C for 4
days solidified. Crystallization from hexane gave an analytical sample:
mp 61-63 °C; NMR (CDCl3) 6 1.52 (d, 3 H, J = 1 Hz), 2.10 (s, 3 H),
3.03(s,6 H),5.63(d, 1H,J = 45 Hz), 7.37 (s, 5 H); IR (KBr) 1745, 1640
c¢cm~L Anal. Caled for C14H1sNOsF: C, 62.92; H, 6.74: N, 5.24. Found:
C, 62.68; H, 6.68; N, 5.43.

In a separate experiment boron trifluoride etherate (0.50 mL, 4
mmol) was added to 1i (205 mg, 1.0 mmol) in anhydrous methylene
chloride (10 mL), and the solution was allowed to reflux for 3.5 h be-
fore quenching by adding water (5 mL). This was refluxed an addi-
tional 15 min. The water layer was separated and extracted with
methylene chloride (2 X 20 mL). The combined methylene chloride
layers were dried (NazSO,4) and concentrated to give a mixture that
was separated by preparative thin-layer chromatography, eluting with
5% ethanol in benzene. The products were extracted from the silica
gel using 5% ethanol in chloroform. The first major band (R; 0.7)
proved to be N,N-dimethyl-3-phenyl-3-methylpyruvamide (8, 20 mg).
An analytical sample was obtained by short-path distillation under
reduced pressure: mp 36-38 °C; NMR (CDCl3) 61.50 (d,3H,J =7
Hz), 2.53 (s, 3H), 2.80 (s,3H),4.52 (q, 1 H,J = 7THz), 7.27 (s, 5 H);
IR (film) 1710, 1645 cm~!. Anal. Caled for C;3H5NOq: C, 70.22; H,
7.37; N, 6.82. Found: C, 70.48; H, 7.39; N, 6.82.

The next major band (R 0.5) was a 6:4 mixture of fluorohydrin 7a
and its diastereomer. The NMR spectrum in CDCl; suggested the
following data for this diastereomer: § 1.62 (d, 3 H, J = 1.5 Hz), 3.01
(s,6H),4.0(s,1H),5.65(d, 1 H,J =45 Hz), 7.33 (s, 5 H).

In a third experiment boron trifluoride etherate (0.50 mL, 4 mmol)
was added to 11 (205 mg, 1.0 mmol) in anhydrous chloroform (10 mL),
and the solution was allowed to reflux for 6 h. Water (5 mL) was added
and refluxing was continued for 15 min. Workup in the usual way,
including silica gel preparative thin-layer chromatography, eluting
with 5% ethanol in benzene, gave in the first band pyruvamide 8 (40
mg, 19%) followed by a smaller band consisting primarily of N,N-
dimethyl-2-phenylacetoacetamide (9, ~5%). This was converted to
3-methyl-4-phenyl-3-pyrazolin-5-one {mp 208-210 °C) using hy-
drazine hydrate in ethanol. The mixture melting point with an au-
thentic sample*® was not depressed.

In a fourth experiment boron trifluoride etherate (0.25 mL, 2 mmol)
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was added to 1i (410 mg, 2.0 mmol) in CHCI3 (5 mL), and the solution
was allowed to reflux for 6 h. Workup in the usual way followed by
preparative thin-layer chromatography gave pyruvamide 8 (15%) in
the first band followed by the mixture of fluorohydrin diastereomers
(10%) and finally acetoacetamide 9 (28%): NMR (CDCl3) 6 2.17 (s, 3
H), 2.88 (s, 3 H), 2.97 (s, 3 H), 4.84 (s, 1 H), 7.30 (broad s, 5 H).

3-Methyl-4-phenyl-3-pyrazolin-5-one was prepared in the usual
way.*eb Preparative TLC, eluting with ethyl acetate, and finally re-
crystallization from ethanol-water gave the pure pyrazolone, mp
210-211 °C. The mixture melting point with authentic pyrazolone4?
was not depressed, and the IR spectrum was identical with that of the
authentic material.

Rearrangement of 7a. Boron trifluoride etherate (0.25 mL) was
added to 7a (113 mg) in anhydrous methylene chloride (5 mL), and
the solution was allowed to reflux for 3 h before quenching with water
(5 mL). This was then refluxed for 15 min and worked up in the usual
way. Purification by preparative TLC followed by NMR analysis of
the separated products indicated the presence of pyruvamide 8 (10%
yield), acetoacetamide 9 (4%), and a 55:45 mixture (35%) of fluo-
rohydrin 7a together with its diastereomer.
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New Synthesis of a 9-Substituted Adenine
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A new sequence of reactions, utilizing as the key intermediate 7-amino{1,2,5]thiadiazolo(3,4-d|pyrimidine, has
been employed to allow the preparation of a 9-substituted adenine from 4,5,6-triaminopyrimidine. Specifically, 9-
(2-chloro-6-fluorobenzyl)adenine was readily prepared, uncontaminated with other positional isomers in a series
of mild transformations. The method holds promise as a route to a wide variety of specifically substituted adenine

derivatives.

The biological activity of adenine nucleosides and nucleo-
tides!:2 has prompted vigorous chemical activity directed
toward the synthesis of specifically substituted adenine de-
rivatives.3¢ Specifically, adenine derivatives substituted at
position 9 have received considerable attention.5-8 We de-
scribe in this paper a new approach to the synthesis of 9-
substituted adenine derivatives which allows the unambiguous
introduction of the 9 substituent through a sequence of mild,
efficient reactions.

Taylor et al.8 have reported that 9-substituted adenines (2)
may be prepared via reductive cleavage and subsequent cy-
clization of 7-amidofurazano(3,4-d]pyrimidines (1). Although
a wide variety of adenine derivatives was prepared, the au-
thors were unable to effect the conversion of 5-unsubstituted
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7-amidofurazano(3,4-d|pyrimidines (1, R = H) to 2-unsub-
stituted adenines (2, R = H) due to the hydrolytic instability
of the former compounds. We wish to report that the highly
active coccidiostat 9-(2-chloro-6-fluorobenzyl)adenine® (9),
a derivative possessing a hydrogen in the 2 position, may be
readily prepared without isomer contamination (see Scheme
D).

Treatment of 4,5,6-triaminopyrimidine (3) with thionyl
chloride afforded 7-amino[1,2,5]thiadiazolo[3,4-d|pyrimidine
(4)19in 79% yield. Nucleophilic displacement of the 7-amino
group!! of 4 was effected by reaction at 100 °C with 2-
chloro-6-fluorobenzylamine (5) to provide 6 in 93% yield.
Alternatively, 6 could be prepared from 4 in 256% yield by
treatment of 4 with ammonia and 2-chloro-6-fluorobenzyl
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