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Derivation of Fluorine-Containing Pyridinedicarboxylates. I1I

Regio-selective Anion Chemistry at the 2- and 4-Position [1]
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In contrast of Part II of the series, 4-alkyl-2{difluoromethyl}-6-(trifluoromethyl)-3,5-pyridinedicarboxylates,
1, were reacted with various strength bases to effect regio-selective reaction of electrophiles at either the
benzylic carbanion of the 4-position, or at the 2{difluoromethyl)carbanion. Weaker bases up to and including
potassium butoxide or lithium bis(trimethylsilylamide) effected reaction of 1 at the 4-position to produce 2
and 3 by Stobbe-type condensations of aldehydes and ketones. In similar manner carbon disulfide, carbon
dioxide, alkyl halides, silyl halides, and hexachloroethane produced the highly functionalized derivatives
4-10. In contrast, use of lithium diisopropylamide and like bases selectively effected carbanion formation at
the 2-position to form, with the cited elecirophiles and others, substitution products 11. The latter were fur-

ther derived to the highly functional materials, 12-19.

J. Heterocyclic Chem., 26, 1771 (1989).

In Part II [1), elaboration of certain fluorine-containing
pyridine-3,5-dicarboxylates were described. In this part we
wish to report studies wherein derivation takes place via
intermediary anion generation. Action of weaker bases
such as sodium carbonate, potassium t-butoxide or even
lithium bis(trimethylsilyl)Jamide in tetrahydrofuran gener-
ally caused deprotonation at the 4-alkyl group, and these
carbanions in turn reacted at that position with a number
of electrophiles. Scheme 1 summarizes the results of
aldehyde and ketone interaction with pyridine carboxyl-
ates 1. The reactions went quite well, although attended in
every case by saponification to form 2. This is due to an-
chimeric assistance from the more labile 3-(rather than 5-)
carboxyl group [1,2], as shown in Scheme 1. It is also quite
reminescent of the Stobbe condensation of aldehydes with
succinates, wherein the alkylidene half-acid esters are
formed [3]. Alkylation restores the material to the diesters
3. Scheme 2 reveals additional electrophiles in reaction at
the 4-position of 1. An improved yield of acid 5a over that
reported in Part II [1} is obtained by simple carboxylation.
This is effective for higher 4-alkyl homologs as well, as ex-
emplified by formation of Sb-d. This material in turn was
converted to various acid derivatives 6 and 7. It would be
expected that these acids would be susceptible to decar-
boxylation, due to the high electron deficient pyridine
ring system under study here; in fact 5b was found to
spontaneously decarboxylate in acetone solutions on ag-

ing.

Structure proofs of these new compounds, as compiled
in Table 1, were easily garnered by an examination of
their spectral properties and micro-analyses. In certain in-
stances the differences between starting material and pro-
duct could be quite illuminating. Thus comparing the acid
5b and methylation product 8¢ with starting 1, the pro-
chiral groups [(CH;),CH and CHF}], can each show as
pairs of doublets in the products because of the asym-

1771
Scheme 1
R* 1p2 -
S R R
R°0, < @®,R> R°O,C O .
B RICOR! —B2se | NrCOyR?
y RY=H 2
& N Car ’ &’ N Car,

Base

R0y @, H N RO.C
o oe
P |

P

1

CFy CF; N O, )
CH=(R'R?
a CO,(H,4
b
< Z
CHFZ
Rl R? { RS
H 2(NO,)CeHs| C2Hs
H 2-furanyl CyHs
H CyHs CHj
CHy | CH; CH3
CF3 CF; CHj
CH3| CeHs CH,

metric center introduced into these materials at the
4-position, in contrast with 1¢ (R’ = isopropyl), where no
such asymmetry exists. However, such prochirality is also
dependent to a degree on steric crowding, since materials
such as 5d, 7d, 7f while having pairs of doublets for the R’
= isopropyl group, retains only a single doublet for the
potentially prochiral difluoromethyl group.

Literature references [4] would indicate that the
difluoromethyl group should be somewhat susceptible to
base attack, deprotonation, and carbanion formation.
However, because of fluorine’s dual nature in both
stabilizing and destabilizing geminal carbanions by induc-
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tive and resonance effects respectively, its relative reactivi-
ty versus alkyl substituents is largely, ¢ priori, unpredic-
table. Presumably the weaker bases employed in Scheme 1
and 2 are not strong enough to deprotonate the 2-substitu-
ent, favoring instead the 4-alkyl substituent. In line with
this reasoning, perhaps a stronger base system such as
butyl lithium or lithium diisopropyl amid might
deprotonate the 2-substituent, and if the latter were less
stable (and consequently more reactive) than the 4-alkyl
derived anion, react preferentially with electrophiles.

Scheme 2[a]
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Initial results were not encouraging. Material 1 (R’ =
isopropyl) with butyl lithium gave no evidence of pro-
moting alkylation. Moreover, 1 (R’ = H) gave low yields of
4-ethyl product and much tar when contacted with lithium
diisopropyl amid and methyl iodide. However when this
base was used with 1 wherein R’ is alkyl, facile reaction oc-
curred for the most part, nearly exclusively at the
2-substituent. These results are illustrated in Scheme 3.
Yield figures (Table 2) are calculated from pure isolated

product, and are not necessarily representative of yield if
the latter would have been based on product assay from
the crude reaction mixture. Workup generally involved
treating the reaction mixture with dilute acid, either
before or after vacuum treatment, to remove solvent.
Methylene chloride was the usual extractive solvent,
although ether was occasionally used. The crude was
generally distilled vie Kugelrohr prior to recrystallization
of hple treatment. Tar formation was variable, generally
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being lower with reactive nucleophiles such as methyl
iodide, iodine, and carbon dioxide, and somewhat more
with chloroformate and methyl disulfide.

Structure proof was fairly easy with but several excep-
tions. Thus, the elimination of the characteristic difluoro-
methyl triplet and doublet in the 'H and !°F nmr respec-
tively, was proof of reaction at that moiety. For instance,
with formation of 11a-c the absorptions at the 2-position
were typlified by a triplet and quartet, in the 'H and '*F
nmr respectively. Substitution on the difluoromethyl
group does not give rise to an asymmetric center and
hence prochiral multiplets as is the case with 4-isobutyl
derivation, except where the latier group was concommit-
antly modified as in bromination and chlorination to give
11g and 11i as minor products.

During preparation of the sulfide, 11i, a second
component was isolated, 12. This latter material, by spec-
tral analysis, did not seem to be present in the crude reac-
tion mixture, but rather was apparently generated in small
amounts by Kugelrohr distillation of the crude. Prolonged
heating at 165-170° or distillation of 11j did not produce
12. Ir is revealing, showing three distinct carbonyl peaks
consistent for COF, CO,Me, and COSMe respectively. The
F nmr reveals the trifluoromethyl at ca & -68 ppm and
carbonyl fluoride at & +55 ppm. A high field study of *C

Scheme 3[a)
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Material

2a

2b

2¢

3b

3c

3d

3e

3f

5a

5b

5d

Ta

b

Tc

7d

Te

7f

Tg

Formula

CyoH4FsNO4

Ci9H13FsN,Og

Ci4H)2FsNOy

C0H15FsN;06

CygH;4FsNOs

CisH14FsNO,

CisH14FsNO,4

CisHgF11NO4

CyoH;FsNO,

Cy5H;4FsNO,S;

Cy3H;0FsNOg

Cy7H8FsNO,4

Ci14H14FsNO,4

Ci2H2FsNO,

C16H;5FsNOg

(and 0.5 H,0)

CigH2;1FsN2Os

Cy7H,gFsNOg

Cy7H,5FsNOsS

CisH6FsNOy

C1sH;6FsNO,

Cy3H, FsNOS

C16H13FsNOgS

Derivation of Fluorine-Containing Pyridinedicarboxylates. I

54.95
54.69

49.58
49.40

50.38
50.00

50.64
50.89

51.56
51.46

49.05
49.08

49.05
49.15

37.91
38.31

55.95
56.09

41.76
42.14

42.06
41.97

51.65
51.89

47.33
47.28

48.49
48.38

43.25
43.16

49.10
49.19

47.78
47.76

46.06
46.20

48.79
48.61

48.79
48.86

47.70
47.78

43.15
43.18

Calcd./Found
H N
3.40 3.37
343 1333
2.85 6.09
2.83 599
298 346
3.16 335
3.19 591
310 598
337 334
332 330
3.84 3381
385 379
3.84 3.81
391 376
1.70  2.95
1.71  3.01
376  3.26
3.83 3.27
3.27 325
336 323
272 377
249 375
4.59 354
4.64 3.55
397 394
398 3.89
4.07 4.68
4.08 4.68
3.62 3.15
351  3.20
481 6.36
483 634
425 3.28
426 3.25
4.09 3.16
410 3.3
437 379
432 377
437 379
436 3.80
431 4.28
432 4.28
362 3.15
3.66 3.13

Micro-Analysis of Materials 2-19

X)

(S) 14.86
14.56

(S) 9.80
9.82

Table 3

Material

8a

8b

10a

10b

10c

11a

111

ilm

11n

Formula

CysH 4FsNO,

Ci6H16FsNO,

Cy6H18FsNO,4

C1,HgCl,FsNO,

Cy7H;,FNO,SSi

CysH,gFsNO,Si

CygHa4FsNO,Si

Ci6H18FsNO4

CisHy6FsNO4

Ci6H18FsNO,4

C7H,0FsNOs

CisHisFsINO4

Cl 5H1 sB rF5N04

CysH4BroFsNO,

CysH;sCIFsNOy

C1sH,4CLF,NO,

C16H18F5N04S

Cy7H;5FgNOs

(and 0.5 H,0)

Cy6Ht,16FsNOs
(and 0.5 H,0)

Cy6H16FsNOs

Ci5H24FsNO,

49.05
48.81

50.40
50.61

50.14
50.27

36.39
36.54

44.44
44.44

45.11
45.19

48.97
49.20

50.14
50.15

48.79
48.75

50.14
50.14

49.40
49.40

36.38
36.80

40.20
40.60

34.18
34.62

44.62
45.02

41.12
41.45

46.27
45.88

42.34
42.50

47.30
47.42

46.50
46.71

48.98
49.02

Calcd./Found
H N
3.84 381
378 3.75
423 3.67
427 3.61
473  3.65
476 3.61
2.04 3.54
2.04 3.51
483 3.05
482 3.00
454 351
456 3.49
548 3.17
545 3.13
473 3.65
475 3.62
437 3.78
437 3.78
473 3.65
475 3.63
488 3.39
489 3.35
3.05 283
312 2.85
337 313
334 3.09
2.68 2.66
291 252
375  3.47
372 3.49
322 320
328 313
437 337
454 3.13
334 290
347 2.87
422 3.45
425 354
390 3.39
404 334
548 3.17
548 3.15

1775

X

(C1) 17.90
17.79

(Br) 17.83
17.73

€1 8.78
8.62

(€1 16.18
15.99

S 772
7.27
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Material Formula Calcd./Found
C H N X)
12 C,sH;sF4NO,S 47.24 3.96 3.67 (S) 8.44
47.27 4.02 3.48 8.14
13a CyHigFsNO, 56.89 4.09 3.16
56.96 4.16 3.16
13b Cy7H;gF5sNO4 51.65 4.49 3.54
51.89 4.64 3.55
14a C15H17F5N205 46.61 4.16
46.66 4.37
14b C;8H, FsN,Os 49.10 4.81 6.36
49.19 4.85 6.35
15 Ci6H15F5N204 48.74 3.83 7.10
48.75 3.86 7.10
16a Ci6H,sFsNOg 43.43 3.60 3.17
(and 0.4 H20) 43.63 3.67 3.19
16b Cp;H31F5N,Op 51.36 6.07 5.44
51.65 6.11 5.46
17a C,6H,gFsNOsS 44.55 4.21 3.25 (5)7.43
44.45 4.21 3.25 7.52
17b C6H,gFsNOgS 42.96 4.06 3.13 S)7.17
43.04 4.08 3.11 7.22
18 C6H1gFsNOs 48.13 4.54 3.51
48.30 4.55 3.48
19 Cy6H18F3NOg 50.93 4.81 3.71

51.02 484  3.58

coupling with °F and 'H reveals that the ring sp carbon
connected to the carbonyl fluoride group, coupled as a
doublet to fluorine, is in turn coupled through three bonds
to the isobutylmethyl protons to form a pair of triplets. On
this basis the acid fluoride moiety is assigned with attach-
ment to C-3, rather than C-2 pyridine carbon.

Dimethylformamide was used in its well known capacity
to introduce a formyl moiety by electrophilic reaction with
carbanions. The kugelrohr distilled material gave a consis-
tent analysis for monomeric aldehyde by glc/ms and gle/ir,
but at room temperature the 'H nmr was not consistent for
monomeric aldehyde, showing only a tiny triplet for
CF,CHO at 6 9.81, with other multiplets at 5.1, 5.5 and
5.92. The methoxy and isobutyl absorptions were also
complex. Moreover there was an obvious O-H stretching
frequency in the room temperature ir including water at
3500 ¢m-* and 1650 cm™* but no high frequency aldehyde
carbonyl. Micro-analysis of 111 contained 0.5 water. The
above data are consistent for a dimer-hemihydrate at room
temperature (see Scheme 3).

EXPERIMENTAL

All melting points were determined on a Laboratory Devices
Mel-Temp apparatus and are uncorrected. The ‘H and '°F nmr
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spectra were recorded on a Varian EM-360-1(60 MHz), XL300
(300 MHz), or XL400(400 MHz) with instruments referenced to
tetramethylsilane and fluorotrichloromethane respectively. Exact
F chemical shifts were not always recorded, although they were
usually in the regions found for CF; (-65 ppm) and CHF, (-115
ppm). Emphasis rather was given to number and type of multi-
plicity to confirm sample identity and purity. Mass spectra were
measured by a Varian CH7 mass spectrometer with ei or iso-
butane chemical ionization (ci) expressed as molecular weight
(m/e). Liquid chromatography purification was achieved on a
Waters Prep LC, model 500A, with refractive index detector
(hplc), or by Chromatotron (rotary tlc). Prior to use of one of
these two methods, the reaction mixtures were developed on
silica tlc plates. The solvent concentration of ethyl acetate in

cyclohexane necessary to give Rf values between 0.05-0.2 (usually
0.5-10%) would then be used to effect macro-separation. Unless
otherwise noted, bp’s are recorded as oven temperatures during
bulb-to-bulb (Kugelrohr) distillations. All microanalyses were
preformed by Atlantic Microlab Inc., Atlanta, Georgia 30366.

The preparation of materials la-¢ by Hantzsch sequences from
the corresponding trifluoroacetoacetic esters and aldehyde are
detailed in reference [2]. Their structures are defined in prepara-
tions for 2b, 2c, and 5b respectively.

Since the chemistry, yield, physical constants, pertinent spec-
tra and micro-analysis are reported elsewhere in this paper for
each of the materials 2-19, the following procedures describing
certain preparations will serve as typical, or as required in cer-
tain cases, atypical examples.

5-(Carboethoxy)-2-(difluoromethyl)-6-(trifluoromethyl)-4-[2-
{2-nitrophenyl)vinyl}-3-pyridinecarboxylic Acid (2b).

Material l1a [defined as diethyl 2{difluoromethyl)}-6-(trifluoro-
methyl}4-methyl-3,5-pyridinedicarboxylate], 3 g (8.6 mmoles) was
dissolved in 30 ml methanol containing 1.5 g potassium car-
bonate and 0.9 g (6.0 mmoles) o-nitrobenzaldehyde. The mixture
was stirred for 24 hours at room temperature, then poured into
water to give a cloudy suspension. This mixture in turn was ex-
tracted with ether twice, then the aqueous layer acidified with
hydrochloric acid to give solid, which was filtered off, washed on
the filter with water, then air dried. Recrystallization from isopro-
panol gave 2.7 g.

5-(Carbomethoxy)-2-(difluoromethyl)-4-(2-methyl-1-propenyl)-6-
(trifluoromethyl)-3-pyridinecarboxylic acid (2¢).

Material 1b [defined as dimethyl 2{difluoromethyl)-4-methyl-
6(trifluoromethyl)-3,5-pyridinedicarboxylate], (4.0 g, 0.012 mole),
was dissolved in 80 ml of anhydrous tetrahydrofuran in a dry
flask under nitrogen, cooled to -30°, and 1.68 g (0.015 mole) of
potassium t-butoxide added. The mixture was held at -20° for 30
minutes, and then 2 ml (0.03 mole) of acetone added. The reac-
tion mixture was allowed to warm slowly to room temperature,
acidified with 3 ml of acetic acid, followed by vacuum removal of
volatiles. The residue was taken up in a mixture of 200 ml of 2%
sodium bicarbonate solution and 150 ml of ether. The ether
phase was extracted again with a second portion of sodium bicar-
bonate solution. The combined bicarbonate extracts were acid-
ified with excess concentrated hydrochloric acid, then extracted
several times with 100 ml portions of ether. The combined ether
extracts were dried over magnesium sulfate, filtered and
evaporated. Half of the residue was recrystallized from methyl-
ene chloride/methylcyclohexane to give 0.81 g of white solid.
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5-Ethyl 3-Methyl 2-{(Difluoromethyl}4-[2{2-nitrophenyljethenyl}
6(trifluoromethyl)-3,5-pyridinedicarboxylate (3b).

Material 2b (2.5 g, 7.0 mmoles) was mixed with 2 g of
potassium carbonate in 20 ml of dimethylformamide and 3 g of
methyl iodide. This mixture was stirred overnight, then poured
into water to give a white solid which was filtered, washed on the
filter with water, then air dried to give 2.5 g. Recrystallization
could be effected from 2-propanol.

Dimethyl 24{Difluoromethyl}4<2-phenyl-1-propenyi}6-{trifluoro-
methyl)-3,5-pyridinedicarboxylate (E/Z stereochemistry indeter-
minate) (3f).

To a solution of 6.0 g (0.018 mole) of 1b in 75 ml of anhydrous
tetrahydrofuran in a dry flask under nitrogen at -20° was added
2.5 g (0.022 mole) of potassium t-butoxide. The reaction mixture
was held at -20° for 0.5 hour, then 5.2 g (0.043 mole)
acetophenone was added, therafter allowing the reaction mixture
to warm to ambient temperature. The mixture was acidified with
4 ml of acetic acid, then the mixture vacuum treated to remove
solvent. The residue was taken up in ether and extracted 2x with
dilute sodium bicarbonate. The combined aqueous extracts were
washed with ether, then acidified with concentrated hydrochloric
acid, followed by ether extraction. After drying over magnesium
sulfate, the ether solvent was removed and the residue dissolved
in 100 ml dimethylformamide with 5.6 g (0.04 mole) methyl
iodide and 3.3 g (0.04 mole) sodium bicarbonate added. The mix-
ture was stirred for 18 hours then poured into dilute hydrochloric
acid. The product was extracted with methylene chloride, and
after solvent removal, purified by hplc (3% ethyl acetate in
cyclohexane). Kugelrohr distillation of the product fractions af-
forded 4.2 g water white oil.

Dimethyl 2{Difluoromethyl}4-[2,2-bis(methylthio)ethenyl]-6{tri-
flusromethyl)-3,5-pyridinedicarboxylate (4).

Material 1b, (3.27 g, 0.01 mole) was dissolved in 50 ml of tetra-
hydrofuran and 2.0 g of carbon disulfide added. The whole was
cooled to -30° and 20 ml of 1M lithium bis(trimethylsilyl)amide in
tetrahydrofuran was added dropwise. The temperature was then
permitted to reach -20° when 0.025 mole methyl iodide was add-
ed, then allowed to warm to ambient temperature followed by 0.5
hour at reflux. After cooling and standing overnight, the solvent
was vacuum evaporated, and the residue was taken up in ether,
washed twice with water, then dried over magnesium sulfate.
After solvent removal, 2.6 g residue remained; this was kugelrohr
distilled at 160-174° (1.5 mm Hg) to give 2.0 g yellow oil.

Dimethyl 4-(Carboxylmethyl)-2-(difluoromethyl)-6-(trifluoro-
methyl)-3,5-pyridinedicarboxylate (5a).

Material 1b (3.27 g, 0.01 mole) was dissolved in dry tetrahydro-
furan, cooled to ca -35° and 0.01 mole of potassium t-butoxide
dissolved in tetrahydrofuran was added at that temperature. The
solution became dark. Dryice (3.0 g) was added, and the mixture
allowed to stir at that temperature. The color lightened, and
precipitate formed. The material was then allowed to warm to
ambient temperature, then poured into an ice and water mixture.
Solid was filtered off (0.4 g, unchanged starting material), and the
filtrate acidified with hydrochloric acid. The resulting insoluble
product was filtered, washed on the filter, then air dried to give
2.4 g of pure product.

Dimethyl 4-(1-Carboxy-2-methylpropyl}-2(difluoromethyl)-6-(tri-
fluoromethyl)-3,5-pyridinedicarboxylate (Sh).
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Dry tetrahydrofuran (100 ml) and 25 g (0.068 mole) of lc
(defined as dimethyl 2{difluoromethyl}4-(2-methylpropyl)-6tri-
fluoromethyl)-3,5-pyridinedicarboxylate] was added to a 500 ml 4
neck flask, that had been flamed and was blanketed with
nitrogen. The temperature was reduced to -30° and 10.5 g of
potassium t-butoxide dissolved in 25 ml of tetrahydrofuran was
added with care taken to keep the dark red-purple mixture at
-30°. Then excess solid carbon dioxide was added with exotherm
to -20°. After addition and 10 minutes at -20 to -30°, the mixture
was allowed to slowly warm to room temperature, then poured in-
to cold 5% hydrochloric acid and extracted with methylene
chloride. The organic solution was washed again with water then
solvent vacuum removed. The '°F and 'H nmr of the 29.9 g crude
showed mostly product. This could be further purified by hple,
with elution by 82% cyclohexane, 17% ethyl acetate, and 1%
acetic acid.

Dimethyl 4-(1-Carboxy-2-methylpropyl)-2(difluoromethyl)-6-(tri-
fluoromethyl)-3,5-pyridinedicarboxylate, Sodium Salt (6).

Material 5b (1.5 g, 3.8 mmoles) was added portionwise to a
solution of 0.8 g sodium bicarbonate. A yellow solution resulted
which still showed basic to pH paper. More 5b was added until
the free acid would not dissolve and pH ca 7 achieved. The solu-
tion was evaporated to give solid which, when dissolved in
deuterium oxide, showed impurities in 'H nmr, with unsatisfac-
tory microanalysis. The material, 1.7 g, was split in half and
chromatographed in two parts using 55% water, 45% methanol
on a C;s reverse phase Waters hplc column. Near baseline
separation was achieved, and after methanol, then water evapora-
tion (the latter by freeze-drying), 1.35 g white solid remained,
which was pure by 'H nmr (deuterium oxide) but had 0.5 H,0 by

microanalysis.

Dimethyl 2-(Difluoromethyl)-4-[1-(dimethylamino)carbonyl-2-
methylpropyl}-6trifluoromethyl)-3,5-pyridinedicarboxylate (7a).

The acid chloride was prepared from acid 5b. The latter (5.0 g)
was contacted in a one neck r.b. flask with 40 ml of thionyl
chloride, refluxed 1 hour, then let stand overnight. The 'H nmr
showed mostly product plus ca. 10% 1e. Thionyl chloride was
taken off under vacuum using portions of methylene chloride to
help vaporize vestiges of hydrogen chloride and thionyl chloride.
the residue was used directly in the reaction with dimethylamine.
In 500 ml r.b. 4-necked flask the whole of the preceding acid
chloride in ether was stirred with addition of 2.2 equivalents of
dimethylamine in ether. The contents was stirred for 2 hours at
room temperature, after which time glc was satisfactory for pro-
duct formation. The contents of the flask was then washed with
3% hydrochloric acid solution (methylene chloride added), and
washed once again with water. After vacuum removal of organic
solvent, the 4.5 g crude residue was directly eluted by hplc using
15% ethyl acetate in cyclohexance to give 0.85 g fraction 5 with
85% assay and fractions 6-8 (1.3 g) with 96% assay. The latter
was distilled at 125-175° (1.5-0.8 mm Hg) via Kugelrohr (no

decomposition) to give a very viscous oil.
Dimethyl 4-3-Butenyl)}2-{(difluoromethyl}-6irifluoromethyl)-3,5-
pyridinedicarboxylate (8a).

Material 1b, (6.6 g, 0.02 mole) was dissolved in 25 ml
tetrahydrofuran and 6.0 g (0.02 mole) 1,3-diiodopropane added.

The mixture was cooled to -30° and 0.4 mole of potassium
t-butoxide (5.0 g dissolved in 25 ml of tetrahydrofuran) was added
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dropwise. The mixture was kept at -30° for 20 minutes, then
gradually allowed to warm to room temperature. The reaction
solution was washed with dilute acid, then vacuum treated to
remove solvent, giving 7.3 g of residue. This was Kugelrohr

distilled to give 6.4 g plus 0.7 g of residue. Hplc was then per-
formed using 2% ethyl acetate in cyclohexane, with fractions 3
and 4 collected as 2.6 g product. Kugelrohr distillation of this
material gave 2.4 g distillate which solidified and was recrystalliz-
ed from heptane.

Dimethyl 4-(Dichloromethyl)-2-(difluoromethyl)-6-(trifluoro-
methyl)-3,5-pyridinedicarboxylate (9).

The starting material 16 (6.6 g, 0.02 mole) was dissolved in 30
m] of tetrahydrofuran contained in a 3 neck, 100 ml flask. To the
contents was added 0.08 mole (1.9 g) of hexachloroethane in 10
ml of tetrahydrofuran. The contents were then cooled to 0° and
0.07 mole potassium t-butoxide (8 g) dissolved in 25 ml of tetra-
hydrofuran was added dropwise at -10°. After addition the con-
tents was permitted to warm to room temperature. The contents
was worked up by treatment with cold 5% hydrochloric acid with
extraction by methylene chloride. The separated organic phase
was vacuum treated to 95° (to remove residual hexachloro-
ethane). This residue on Kugelrohr distillation gave 8.0 g at
120-165° (1-2 mm Hg). Hplc with 3% ethyl acetate in cyclohexane
gave 1.6 g recovery of product, with material eventually solidify-
ing.

Dimethyl 2{Difluoromethyl}-6-(trifluoromethyl}4-(trimethylsilyl-
methyl}-3,5-pyridinedicarboxylate (10b).

To a solution of 3.4 g (0.011 mole) of 1b in 35 ml of anhydrous
tetrahydrofuran in a dry flask under nitrogen was added 12.5 g
(0.012 mole) 1.0 M sodium bis(trimethylsilyl)amide in tetrahydro-
furan controlling the temperature at -30 to -40°. After stirring 10
minutes at -30°, 4 ml (0.015 mole) of triethylsilyl trifluoro-
methane sulfonate was slowly added and the mixture allowed to
warm to room temperature. The reaction mixture was worked up
with aqueous hydrochloric acid and ether. Purification by hple
(1.5% ethyl acetate in cyclohexane) and Kugelrohr distillation af-
forded 2.87 g water white liquid.

Dimethyl 2-(1,1-Difluoroethyl)-4-(2-methylpropyl)-6-(irifluoro-
methyl)-3,5-pyridinedicarboxylate (11c).

A lithium diisopropylamide solution was made up by adding
2.21 g (0.02 mole) of diisopropylamine to 100 ml 3-necked r.b,,
magnetically stirred flamed flask with 20 ml of dry tetrahydro-
furan under nitrogen. To the contents at -60° was added 8.4 ml
{ca. 0.02 mole) of n-butyllithium in pentane, with temperature
allowed to reach -10°. The contents were then cooled to -75° with
dryice/acetone, and 7.4 g (0.02 mole) 1c in 25 ml dry of tetra-
hydrofuran added dropwise, with the temperature kept below
-70°. A 2-fold excess of methyl iodide was added with some ex-
otherm and the color lightened from characteristic dark red.
After stirring at -65° or below for 15 minutes, the contents were
allowed to warm to ambient temperature. After vacuum removal
of most of the tetrahydrofuran, the mixture was poured into 3%
hydrochloric acid and the contents extracted with methylene
chloride. The material was washed again with water. The organic
phase was then vacuum treated to remove solvent, leaving 7.7 g
of dark brown oil. Kugelrohr distillation at 140-175° (1.0 mm Hg)
gave 6.0 g, which solidified overnight. Hplc using 1.35% ethyl
acetate in cyclohexane gave fractions of product with number 5
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most pure. Recrystallization was from methylcyclohexane.

Dimethyl 2{Difluoroiodomethyl}4-(2-methylpropyl)-6trifluoro-
methyl)-3,5-pyridinedicarboxylate (11e).

Material 1e¢ was added in 20 ml of tetrahydrofuran to 0.021
mole of lithium diisopropyl amide at 70° in 25 ml of
tetrahydrofuran. Aftr a 15 minute hold period, 5.2 g of iodine
dissolved in 10 ml of tetrahydrofuran was added dropwise,
whereupon there was a strong exotherm initially, followed by a
lesser exotherm with the bulk of electrophile addition. A further
15 minutes at -65 to -75° was allowed, followed by a slow rise to
room temperature. An aliquot at this time, added to dilute acid
gave by glc an 85% assay for product and 15% starting material;
this result was confirmed by '*F nmr of the crude reaction mix-
ture. The reaction mixture was washed with 200 ml of 10%
hydrochloric acid while extracting with methylene chloride.
Sodium thiosulfate wash removed iodine color. Vacuum removal
of solvent from the organic phase gave 10.2 g of residue.
Kugelrohr to 105° (vacuum) gave 0.5 g of black colored solid.
The next fraction taken between 110-165° (1 mm Hg) gave 6.0 g
containing elemental iodine. This material was subjected to hplc
with 25% methylene chloride in cyclohexane and fractions 4-8
gave 4 g of pure material which was recrystallized from cold hep-
tane to give 3.8 g white solid. This material was stable (i.e. re-
mained white) when contained in a bottle in the dark, but decom-
posed with iodine color generation in deuteriochloroform.

Dimethyl 2-(Carboxydifluoromethyl)-4-(2-methylpropyl)-6-(tri-
fluoromethyl)-3,5-pyridindicarboxylate (11m).

Material 1c (18.5 g, 0.05 mole) was dissolved in 30 ml dry tetra-
hydrofuran and added dropwise to a 500 m! stirred flask contain-
ing 150 ml of a 10% molar excess of lithium diisopropylamide in
the same solvent. During addition the reaction flask contents was
kept at -70°. Twenty minutes after addition excess solid carbon
dioxide was added and the contents of the flask allowed to warm
to room temperature (0.5 hour). The material was then poured in-
to a 300 ml volume of an ice/water mixture containing 32 g of
sulfuric acid. The resulting water insoluble product was extracted
with ether, and dried over magnesium sulfate. Upon ether
evaporation 21.1 g of crude brown syrup was isolated as product.
This material was adequate for further transformations, but
could be further purified by dissolving in dilute caustic, and
reacidifying.

Methyl 5{Fluorocarbonyl}4-2-methylpropyl)-6-[(methylthio)car-
bonyl]-2(trifluoromethyl)-3-pyridinecarboxylate (12).

Material le was treated with slightly more than a molar
equivalent of lithium diisopropylamide in tetrahydrofuran by ad-
ding the pyridine in tetrahydrofuran dropwise at -70° to the
lithio base solution. Then 4 g of dimethyl disulfide was added at
-71° to -68°. This caused an immediate loss of dark red color, and
the solution became dark green over 2 hours, warming to room
temperature. Excellent glc displayed a main peak at ca, 4.80 [this
was later determined to represent the retention times for both 12
and 11j (see below)]. After dilute hydrochloric acid wash and
methylene chloride extraction, the solvent was removed to give
18.0 g crude red oil. It was determined by tlc and ir that the title
compound was not present; nor could it be generated by heat
treatment of pure 11j. Instead 8.4 g of the crude oil was
Kugelrohr distilled at 140-200° (1-2 mm Hg), with 12 evident in
the 6 g of dark distillate. This material was subjected to hplc
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chromatography with 1% ethyl acetate in cyclohexane to give 12
in fractions 2,3 and 11j in fractions 6-9.

Dimethyl 2{Difluoro(methylthio)methyl}-4-(2-methylpropyl)-6-(tri-
fluoromethyl)-3,5-pyridinedicarboxylate (11j).

Chromatography (1% ethyl acetate in cyclohexane) of either
the crude or the distilled crude from 12 (see above) gave fractions
6-9 containing 11j. Heating this pure compound at 160-170° for
0.5 hour or distilling the materal at 160-200° did rot give
evidence of 12. From 8.44 g crude, 2.8 g pure 11j was obtained.

Methyl 8,8-Difluoro-7,8-dihydro-4-(2-methylpropyl)-5-0x0-7-
phenyl-2-(trifluoromethyl)-5H-pyrano[4,3-b]pyridine-3-carboxyl-
ate (13a).

The starting material, 1c (7.4 g, 0.02 mole) was converted to
anion with 0.022 mole of lithium diisopropylamide at -75°, then
excess (0.022 mole) of benzaldehyde added in the same solvent.
After 15 minutes the mixture was warmed to room temperature,
and after 1 hour poured into a mixture of dilute hydrochloric
acid and methylene chloride. Workup gave 8.0 g of crude pro-
duct as a solid, which gave 1.7 g of product from the first fraction
upon recrystallization from methylcyclohexane and ethyl acetate.

Dimethyl 242-Amino-1,1-difluoro-2-oxoethyl)}-4-2-methylpropyl)
6trifluoromethyl)-3,5-pyridinedicarboxylate (14a).

The acid chloride, described in 14b (see below) (5.6 g, 14.3
mmoles) was dissolved in methylene chloride and added dropwise
to a 20% aqueous ammonium hydroxide solution with stirring at
20-25°. A white colloidal suspension immediately formed. After
standing for 24 hours, the clear lower organic layer was
evaporated to give 5.4 g. The F nmr indicated several com-
ponents. The white solid was triturated with water. A solid,
weighing 1 g, was filtered off to give the title compound which
was recrystallized from toluene/ethyl acetate.

Dimethyl 2-[1,1-Difluoro-2-(dimethylamino)-2-oxoethyl]-4-(2-
methylpropyl)-6-(trifluoromethyl)-3,5-pyridinedicarboxylate
(14b).

Crude 11m, 15 g, containing traces of tetrahydrofuran, but
otherwise fairly pure was mixed with 50 ml of thionyl chloride
and heated to reflux in a one-neck flask. After reflux for 1 hour,
the material was cooled, and let stand overnight. Thionyl
chloride was then distilled off, using a final oil pump vacuum at
80° on a rotary evaporator. The residue, 14.5 g, was distilled by
Kugelrohr at 130-160° (0.2 mm Hg) to give 5.1 g of residue and
9.3 g of distillate that solidified. A portion was recrystallized from

very cold heptane to give white crystals, mp 41-46°. This acid
chloride (3.0 g) dissolved in methylene chloride, was treated with
4 g of anhydrous dimethylamine (18% dimethylamine in ether) at
room temperature overnight. Workup included a 3% hydro-
chloric acid wash and vacuum treatment to remove solvent. Hplc
with 12.5% ethyl acetate in cyclohexane gave, after Kugelrohr
distillation at 160-170° (0.1 mm Hg), 1.7 g of yellow oil.

Dimethyl 2{(Cyanodifluoromethyl}442-methylpropyl)}-6-(trifluoro-
methyl)-3,5-pyridinedicarboxylate (15).

Material 14a (3.34 g, 8.1 mmoles) was placed in 20 ml of
phosphorus oxychloride and refluxed for 6 hours. The cooled
reaction mixture was then filtered through a sintered glass fun-
nel, vacuum treated to remove phosphorus oxychloride, and the
residue (still containing small amounts of phosphorus oxy-
chloride), treated once with water and extracted by methylene
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chloride; the latter phase was then washed with dilute sodium
bicarbonate solution. The organic solvent was removed by
vacuum evaporation and the residue Kugelrohr distilled to give
1.6 g of oil at 130-160° (1 mm Hg), which solidified on standing;
recrystallization of a portion from methanol gave the analytical
sample.

Dimethyl 2-(Carboxydifluoromethyl)-4-(2-methylpropyl)-6-(tri-
fluoromethyl}3,5-pyridinedicarboxylate, Salt with Diisopropyl-
amine (16b).

Lithium diisopropyl amide solution was made by adding 1.11 g
(0.01 mole) of diisopropylamine to a 100 ml 3 neck r.b,
magnetically stirred flamed flask with 20 ml of dry tetrahydro-
furan under nitrogen. To the contents at -60° was added 8.4 ml
(ca. 0.02 mole) butyl lithium in pentane, with the temperature
allowed to reach -10°. The contents was then cooled to -75° with
dryice/acetone, and 3.7 g (0.01 mole) 1c in 25 ml of dry
tetrahydrofuran added dropwise, with the temperature kept
below -70°. Then a 10-fold excess of dryice was added causing
some exotherm, with color fading from characteristc dark red.
After stirring at -65° or below for 15 minutes, the contents was
allowed to reach ambient temperature, then poured into water
(green to pH paper). Ether was used to extract considerable in-
solubles. A second ether extraction was combined with the first.
The organic solvent was evaporated to give 3.9 g solid which was
further purified by trituration with methylcyclohexane contain-
ing a small amount of ether, to give 2.1 g light tan solid.
Recrystallization could be accomplished from ethyl acetate.

Dimethyl 2-[Difluoro(methylsulfonyl)methyl}4<2-methylpropyl)
6trifluoromethyl)}-3,5-pyridinedicarboxylate (17b).

The starting material, 11j (1.0 g, 2.4 mmoles) was dissolved in
25 ml of methylene chloride and 2.3 g of m-chloroperbenzoic acid
was added. Reaction was complete overnight. The flask contents
was washed with sodium bicarbonate, then sodium sulfate. Final
purification by hple using 1% ethyl acetate in cyclohexane gave
0.4 g, with recrystallization from hexane.

Dimethyl 2-{Difluoro(methylsulfinyl)methyl]-4-(2-methylpropyl)-
6trifluoromethyl)-3,5-pyridine dicarboxylate (17a).

The starting material, 11j (1.8 g, 4.3 mmoles) was dissolved in
20 ml of methylene chloride and 0.8 g of 40% peracetic acid was
added thereto. The reaction was monitored by tlc, and it was
found necessary to add more increments of oxidizing agent to ef-
fect complete disappearance of sulfide 11j. Some sulfone was
also formed during the oxidation. Chromatotron separation with
25% ethyl acetate in cyclohexane gave good separation (sulfox-
ide Rf > sulfone Rf). The sulfoxide was recovered as a viscous oil
which after two weeks solified, with recrystallization from hex-
anelethyl acetate.

Dimethyl 2-(Methoxydifluoromethyl)-4-(2-methylpropyl)-6-(tri-
fluoromethyl)-3,5-pyridinedicarboxylate (18).

The starting material, 11e (1 g, 2.0 mmoles) was dissolved in 20
ml of methanol and 3.0 mmoles of silver tetrafluoroborate was ad-
ded. After refluxing 1 hour the material was permitted to stand at
room temperature overnight. The reaction mixture was then
decanted, and the clear solution vacuum treated to remove most
of the methanol. The residue was treated with methylene
chloride, followed by aqueous sodium chloride and sodium bicar-
bonate washes. The material was then filtered through a sintered
glass filter, and after separating layers and evaporating the
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organic phase, the residue weighed 0.65 g; glc showed two main
peaks. Chromatotron separation with 2% ethyl acetate in
cyclohexane gave fractions 1-3 (0.35 g) as the title product.

Trimethyl 42-Methylpropyl}6-trifluoromethyl)-2,3,5-pyridinetri-
carboxylate (19).

From chromatography described above for the preparation of
18, fractions 5,6 gave 19 (0.2 g).
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