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SUMMARY

Work performed during this period was a continuation and conclusion of
our project to synthesize and chemically characterize new quaternary pyridine
carboxaldehyde oxime halides (PAM compounds) where F is substituted for H at
various positions in the pyridine ring. The rationale for this project is that
introduction of F (to form F-PAM's) will electronically modify the parent PAM
compounds. Current empirical knowledge of the reactivation of organophosphorus-
poisoned acetylcholinesterase by PAM compounds indicates that molecular electronics
(which, for example, finds expression in the pKa of the oxime group) is one
determinant of reactivator performance. However, the degree to which this
parameter is critical relative to other molecular parameters, especially structural
stereochemistry and enzyme affinity, is in need of clarification. While intro-
ducing electronic modifications, F-substitution should only minimally alter the
stereochemistry and enzyme-binding character of known PAM compounds. Therefore
F-substitution has the potential of contributing to a clarification with less
ambiguity than other substitutions on the PAM molecule. Toward the goal of
designing reactivators of higher performance than those currently available
such a clarification is highly desirable and possibly necessary.

In the First Quarter synthetic precursors to 3-F-2-PAM were prepared
on a small scale. Additionally, physical studies relating to the 4-isomer
(namely 3-F-4-PAM, synthesized during the previous year) were performed. The
pKa, proton NMR, and UV absorption behavior of TMB-4 and 3-F-4-PAM were compared.

In the Second Quarter reactions in the synthetic pathway to 3-F-2-PAM were
scaled-up. Low yields were encountered for the specific nitration isomer in
this pathway which placed a limitation on the amount of 3-F-2-PAM synthetically
practicable.

In the Third Quarter 3-F-2-pyridinecarboxaldehyde oxime was synthetically
achieved by way of the Markovac-Stevens-Ash-Hackley reaction, and the compound
was characterized by its mass spectrum, NMR spectrum, and UV spectrum. The
compound was quaternized to 3-F~2-PAM and satisfactorily characterized by elemental
analysis and NMR spectroscopy. Contrary to expectation, in the NMR spectrum of
3-F-2-PAM the aldehydic proton resonance is less chemically shifted than in
2-PAM. A possible explanation is that in 3-F-2-PAM the F atom, in combination
with the N-Methyl group sterically disfavors coplanarity between the oxime group
and the pyridine ring. Thus the electron-withdrawing (and deshielding) effect
of the F atom may be minimized. Determination of the pKa of 3-F-2-PAM by
potentiometric titration was pursued. However this compound displayed aberrrant
titration behavior apparently undergoing decomposition during addition of NaOH to
give unstable pH readings.

In the Fourth Quarter , after preparation of necessary precursors, synthesis
of 5-F-2-pyridinecarboxaldehyde oxime was achievei by the Markovac-Stevens-Ash-
Hackley reaction. However only a very low yield (4.3%) was obtained, this
being a possible correlate of the observation of Markovac, et.al., that the
iodine/dimethylsulfoxide reaction fails if there is a hydroxy group in the 5-
position. The amount of 5-F-2-pyridinecarboxaldehyde oxime obtained was sufficient
for rigorous structure proof by high resolution mass spectroscopy and NMR
spectroscopy. Quaternization proceeded in low yield (8.6%), and the product
5-F-2-PAM was characterized by proton NMR, UV, and SIMS ("Sputtering Ion Mass
Spectroscopy”). 1In the NMR spectrum the aldehydic proton is chemically shifted
essentially to the same extent as 2-PAM, thus the electron-withdrawing effect




of the F atom in the 5-position appears to express itself only weakly at the
2-oxime group. Spectroscopic determination of the pKa showed that 5~F-2-PAM
has a pKa which is 0.15 pKa units lower than that of 2-PAM.

As an overview, two new F-PAM compounds have been synthesized and
physically characterized (3-F-2-PAM and 5-F-2-PAM). Unlike the isomer prepared
during the previous year (3-F-4-PAM) which was obtained in relatively good
yields, 3-F-2-PAM and 5-F-2-PAM afforded only low yields. Because of that
fact together with the observations that 3-F-2-PAM is unstable during titration
and 5-F-2-PAM displays only a slightly lower pKa than 2-PAM, these F-analogs.
of 2-PAM do not offer impetus to biological studies as reactivators of poisoned
acetylcholinesterase. However the systematic physical studies which the
current research has generated should add to the fundamental data base pertaining
to PAM compounds and assist in the selection of new approaches to high-performance
acetylcholinesterase reactivators.




Section 1

First Quarter

(September 1 - November 30, 1982)

Work performed in this quarter was principally focused on isomer
separation and chemical reactions in the synthetic pathway to 3-Fluoro-2-
PAM and was secondarily focused on physical and spectroscopic measurements
as part of our systematic studies on PAM compounds.

As mentioned in our Annual Report (dated November 1982, Section IV),
synthesis of one of the F-PAM isomers named in this contract, 4-F-3-PAM, is
hampered by virtual inoperation of the diazotization-Schiemann reaction
(fluorination) at the 4-position of the pyridine ring, and we have not been
able to remedy this situation using sodium nitrite or ethyl nitrite as the
diazotization agent. As a pragmatic result it is necessary for us to
designate 4-F-3-PAM as unattainable in our present work.

By contrast, as already demonstrated in the synthesis of 3-F-4-PAM,
the diazotization-Schiemann reaction operates excellently at the 3-position
and thus there is no impediment to 3-F-2-PAM. As noted in Annual Report,
November 1982, Section III, the synthetic reaction sequence for this latter
compound commences with nitration of commercial 6-amino-2-picoline, which
gives a mixture of two nitration isomers. During the present quarter we

received the electric steam generator necessary for separation of these isomers




P

and we successfully isolated the desired structure (6-amino-3-nitro-2-
picoline). This isomer is not volatile with steam but requires passage of
considerable amounts of steam to remove the other isomer (6-amino-5-nitro-
2-picoline). This latter isomer is indeed steam-volatile but its vapor
pressure and hence its mole fraction in the steam distillate is apparently
quite low, accounting for the relatively high steam volume required for
complete distillation.

Once we obtained purified 6-amino-3-nitro-2-picoline (m.p. 188-190°C,
lit. m.p. 188°C, (Ref. 1), we carried out pilot reactions to verify succeed-
ing steps in the proposed synthesis of 3-F-2-PAM. The first of these
reactions was conversion to 6-hydroxy-3-nitro-2-picoline via diazotization

in the presence of aqueous H2504 (eq.1).

(eq.1)
NOZ N02 NOZ
H,S0
2°%4 H, S0 "
O + NaNOp —— o —— O __2__“__) O + Ny
PN Hp0 ® N Hy0 N
HaN CH Ny CH3 HO CH3
6-amino-3-nitro-2-picoline Hs0,© 6—hydroxy—3—nitro—2—piSoline
m.p. 188-190°C 3.22 g:» M.p. 228-230°C
4.00 g. 80.1% vyield
26.1 mMoles

The next reaction was conversion of the hydroxy compound to the

corresponding chloro compound (eq.2).

/No2 N0,
o 2
O + POCI4 LN O (eq.2)
X CH 3 hrs .
Ho” 3 ca’ T CHy
6-hydroxy-3-nitro-2-picoline t-chloro-3-nitro-2-picoline
3.08 g. 2,70 g., m.p. 52-54°C
20.0 mMoles 78.5% vield




Finally in this quarter we catalytically reduced the chloro compound

to 3-amino-2-picoline in the Parr apparatus (eq.3).

@; - " H, (48 psi) NHy S (ea.3)
+ 4Hyr + CHq— 2 ps + CHq—C
N~ 3 C\Ob ? LO 3 N

Cl R CH Pd (C ) N ~ OH
3 x®  Hoac CH3 NaCl
H,0
6-chloro-3-nitro-2-picoline 3-amino-2-picoline 2
1.72 g. 1.00 g. m.p. 114-117°C
10.0 mMoles (Lit. m.p. 112-114°C)

92.5% yield

The product 3-amino-2-picoline was previously prepared in the literature by

reductive dechlorination using zinc and H,SO, , but only in 50% yield.2

2777

During the next quarter we intend to (a) scale up the above reactions,
(b) convert 3-amino~2-picoline to 3-F-2-picoline via the diazotization-
Schiemann reaction, and (c) convert 3-F-2-picoline to 3-F-2-pyridinecarbox-
aldehyde oxime via the Markovac-Stevens-Ash-Hackley reaction. As part of
our broader, comparative studies on PAM compounds, during the present
quarter we carried out several physical measurements on the duplex-(4-PAM)
structure, TMB~4, a sample of which was supplied to us by the Department
of Medicinal Chemistry, Division of Experimental Therapeutics, Walter Reed
Army Institute of Research. Firstly we determined the pKa value of 8.2
reported by Poziomek, Hackley, and Steinberg3, as well as by Wilson and
Ginsburga. Concurrently we re-measured the pKa of 3-F-4-PAM and obtained a

value of 8.21. OQur previous values for 3-F-4-PAM were 8.18 and 8.12; in the

literature we shall report a value of 8.2 (rounded off to one decimal place).




Regardless of the absulute soiura..
3-F-4-PAM has a pEua close to, but =il 0t Lowes

means that anv difference in the ult.zale res tovat @0«
versus 3-F-4-PAM cannot be ascribed to sub-tantive ;b Jillare:

to structural differences (duplex Structure versus oonerer =ty

since the pKa of 3-F-«-PAM (ualike &4-PAM) is nut gredatl. Qisjarate
of 2~PAM (pKa 8.0), reactivator performance of 3-F-4-PAM versus .-iAaM -
constitute a test of the importance of the 4-oxime confipuration vers.-
2-oxime configuration.

vhes

In addition to the pKa value of TMB~4 we also measured the preotven 00
spectrum of this compound (see Fig.l). Analogous to ie other PAM comjound

studied, the NMR spectrum was obtained in DZO solvent with DSS interna.

standard. Spectrum interpretation is provided in Fig.l, and for our presen:

purposes the datum of special interest is the chemical shift of the aldehivd:

proton, which is observed to be 8.39 ppm from DSS. This chemical shift is

slightly greater than that of 4-PAM (8.37 ppm), but is less than that of both

3-F-4-PAM (8.45 ppm) and 2-PAM (8.69 ppm). It is of interest to summarize

these data together with the respective pKa values for the same compounds:

Compound pKa Chemical Shift (aldehydic proton)
4-PAM 8.5(8.6) 8.37 ppm
TMB-4 8.3(8.2) 8.39
3-F-4~PAM 8.2 8.45
2-PAM 8.0(8.0) 8.69

(Note: the pKa value in parentheses refer to values previously reported in

the literature by other workers).




It is seen from the above tabulation that with increasing acidity (decreasing
pKa) there is an increasing chemical shift of the aldehydic proton. This is
as expected, since those electronic factors (electron withdrawal) which
increase the acidity of the oxime group should concomitantly deshield the
aldehydic proton and thus increase its chemical shift, Additionally it should
be noted that these chemical shift data reinforce our pKa measurements, e.g.,
they are consistent with our finding that the pKa of 3-F-4-PAM is lower than
that of TMB-4.

To complement our previous UV absorption spectral study of 2-PAM, 4-PAM,
and 3-F-4-PAM (Annual Report, November 1982, Section IV) we additionally
measured the UV absorption of TMB-4, The resultant spectrum is displayed in
Figure 2 together with that of 3-F-4-PAM for comparison. As noted in our
previous discussion of UV spectra (Annual Report, November 1982, Section IV)
the mono-PAM compounds each display four absorption bands (Bands 1,2,3 &¢nd 4),
as exemplified by 3-F-4-PAM. Curiously, TMB-4 displays a complete absence of
Band 3 (see Tigure 2) which at the present time we cannot explain. However,
nearly superimposable curves for Band 4 and similar curves for Bands 1 and 2
serve to verify that for the most part in TMB-4 and 3-F-4-PAM strictly analogous
electronic transitions inhere. It is worthy to note in Figure 2 that the Band
1 absorption of 3-F-4-PAM is somewhat stronger than that of TMB-~4, which is
consistent with a larger population of anionic 3~F-4-PAM molecules than anionic
TMB-4 molecules, which in turn is consistent with a lower pKa value for
3-F-4-PAM than for TMB-4. This observation is complemented by the stronger
Band 2 absorption of TMB-4 compared to 3-F-4-PAM, As explained in the previous

discussion cited above, Band 2 absorption is attributable to the population of




pa——

v e —— -

PAM molecuvles whose oxime groups have not dissociated from their protons,
Finally, in the present quarter, using TMB-4 we tested Hagedorn's5
nucleophilic reactivity test for potential acetylcholinesterase reactivators.
As found in the previous quarter for 2-PAM, 3-F-4-PAM, and 4~PAM, in the
presence of a 1000-fold excess of triethylphosphate at pH 7.40, TMB-4 reacts
with triethylphosphate at best only very slowly and even after 20 hours (see

Figure 3) the change in the UV spectrum is not large emough to afford useful

data.




9.

337ys
VEN W O3 TeOTWaYy?

uelIsA wdd g

~((¢sa) o0 (Wl INN IONTYIIN
T ST (SA) 3IVIS WIILH3A

IHTTTTTTTTTTETT(03) AUVHD 40 ON3
IHTTT O (DM LHVHD 40 HIGIM
IHT TGS T(dI) 107d 40 ON3
I O8E (dM 101d 40 HIOM
‘2087 ¢ - (3S) ANIWIONVHNI 'SNIS

AVSIO

e () JGOW NOLLISINDOV
IHY 7T (@N) HAQIMANYE 3SION
T (0g) 138330 $31400030
—m T () JG0N ¥31dN0230

TR (9W) NIVD W3AI303Y
...... A1 MOTTTT A0S HOIH
Y9k (04) 138490 ¥ILLINSNWVHL

T B () SANKOD YIVG
WS TTTTTTTUETT(Ad) AVIEA 38N
ST g (Md) H1GIM 3SINd
8866 (1Y) IMIL NOLLISINOOY
T &e (AN) SINJISNVYL 40 ON
IH " ooer (MS) HLOM TWHLIIdS

NOLLISINDIDV

s LUISNI

2. TYSUdNIL 'sdiTW 3 v NIdS
TYF T IVNDIS N0

WNNALX3O chzwh% %001

p3s e $SQ WM
Jues et o%g W

»mg
L-bh-St IL
3ST1T wg
v ITEN
# whvs sy
h-ght
Y S O A )

TTTTTC L L SN ANGWREEQ
T DAMALSS VARISIMANAS
T OF ANBNOINS 3, SNTIOON
gfofi AUV Y554y I WOLVUEO
TTET LT 'ON WAMLO3IS  VOR-Ld

1 374

»—{iWl JO wnaidads YN uoloid

i
1

_
(
|
!

00°0
ot*e
o2
za-*e
19°*9v
29y
€9y
vo°¢
ZL*YV
LLY
6LV
o8y
0€*YV
026
[ AN ]
328
St *°H

o€®8’

ALY
0ok°*g
PR*D
db* &
2o R
S6°*9

NOWVWPCO~ONOVIOVLIDOLNNANN—-m™
P R N T Y R

juaatos 0lq uy
L3ivanduy (Axo1pdy
y3rm 3updderasac
suojoiad auatdyisu -

juaatos QCQ ul 3Ino ysea
suojoxd TAxoady awyxQ

S pue ¢
suojoad 3uja wc.mku.nmu.

_

uojoad oypAyapie wdd gg°g

t
i

O. OL.G...:OL.G! N
o8

TG

co9

-/

®
e

ve

€2

2z

12

oz

61

81

Ll

91

S

v

€1

z

vl

ot

6

8

.w juaatos 0%q uy
S A3panduy j4Axo01dy
4 e, £
€ wdd z/°9
2

0

y ANNAEED LA L |

A

1 ]

Y9 pue ¢
suojoad SBura
aurpradd




A3 ¥

(wu) zum:wam>m3
. 00% 0s¢ 0o¢ 05z 007
o 4 i slMi/l Jv
v N 1]’..!"*'{.’ v v v 12 v g o
E&‘thﬁ‘m ‘ﬂoc
2
W gy Ruau oye ~z0
«l pueg, !
\ .
!
\ i [0
|
\
zﬁ;.\irm/ \
vlmxaortrbrorarlvlir
Wy ¢z Jeay
uoridiosqe wE pueg, g Letdsyp jou saop
7D (0% yd ‘133 3nq 23Bydsoyd yu o, WVd-y~g g
ur yoes .m~m>wuuwamwu .w:owusﬂow ABTopu
0%0°0 pue 020°-0) WVd-y-4-¢ pue V-HAL jo | I
Bljoadg :oﬂuQHOmn< Al 3y3 3o Uostieduoy wu ~ !
98¢ wu g7z ; J
g A N
4 T4 wu ~—wN ﬂ\ .y.
1] H -
wC pueg, mu gg;
[/\

(13 q v:mn..




11.

t "1y

AECV Y uwﬂwﬁw>m3
00¢

«
PUII 013z pu




12.

SECTION II
Second Quarter

(December 1, 1982 - February 28, 1983)

Work in this quarter was aimed at scaling up the chemical reactions
in the synthetic pathway to 3-F-2-PAM, as projected in Section I, First
Quarter. During the present quarter, it was found that the method of
nitration as reported in the 1iterature1’6 gave unexpectedly low yields
of 3-nitro-6-amino-2-picoline (Isomer A) in the initial synthetic step
(eq. 1). Consequently the choice had to be made either to improve the

yield by modifying the synthesis or scaling up yet further the existing

method.
. 0, N
NO 2
e eq. 1
5 YO, O 2 . O (eq. 1)
N H, SO, N
2°Y%  HoN . : CH
H,N CH, X 2 CHj H,N 3
Isomer A Isomer B
6-amino~2-picoline 3-nitro-6-amino - 5-nitro-6-amino -
(Aldrich) 2-picoline 2-picoline
m.p. 188-190°C (steam-volatile)
(1it. 188°C) m.p. 153-155°C

(1it. 150-153°C;
also 141°C)

Previously, from a portion of our first nitration mixture, we success-
fully isolated Isomer A from the dark residue remaining after the more volatile

Isomer B was steam-distilled off. The resultant quantity of A (4 g.) was
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utilized in pilot reactions outlined in Section I, First Quarter.

In the present quarter we ran two additional nitration batches
(eq. 1), each starting with 125 g. of 6-amino-~-2-picoline, following the
procedure of Parker & Shive plus modifications by Baumgarten & Su. It
is necessary to mention that in this nitration, employing 125 g. of
starting material per batch, the work-up and steam-distillation steps are
considerably time~consuming. For example, due to the large amounts of
concentrated acids utilized (730 ml per batch), neutralization with con-
centrated base must be carried out slowly (because highly exothermic),
requiring almost a day. Additionally, a large quantity of sodium sulfate
is generated which co-precipitates with the nitration products and which
takes up space in the steam distillation flask. A modification proposed by
Baumgarten & Su (op. cit., extraction of the nitration products with Ethanol)
is in turn time-consuming because it requires large volumes (4-5 litres)
of Ethanel, prolonged mixing, and subsequent removal of the Ethanol before
steam distillation, all of which adds 2-3 days to the procedure. In our
final nitration batch this quarter we tried rapid collection of the precipi-
tates to minimize the amount of sodium sulfate co-precipitate, as alternatively
suggested by Baumgarten & Su to save time. However, this technique has been
reported by the same authors to reduce yields of <he nitration product and
this may account in part for a low yield in our second batch. Also, as
explained in more detail in Section I, the steam-distillation step is quite
inefficient and it requires about 6 gallons of steam-condensate to be collected
per batch (where a batch is based on 125 g. of starting material). Using a
2-1litre distillation flask and a manageable rate of steam input, about 1

gallon of steam-condensate is generated per work day.
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We obtained 9.3 g. and 9.2 g. (5% yields) of Isomer A per batch.
We do not understand the discrepancy between these vields and those reported
by Parker & Shive and by Baumgarten & Su (54-587) since we followed as
closely as possible their (somewhat vague) procedures, and resolution of
this problem may require development of new synthetic procedures. In addi-
tion to Isomer A we isolated Isomer B (the steam-volatile isomer) in a
yvield of 16%, compared to 257% reported by Parker & Shive and 337 reported
by Baumgarten & Su. We have also isolated a third crystalline nitration pro-
duct (m.p. 220-225°C) in approximately 3% yield. This product was not men-
tioned by the above-cited previous workers and its identity needs to be
established. Therefore this is a new result. Additionally, we have noted
that the m.p. which we obtain for Isomer B (153-155°C) disagrees with that
reported by Baumgarten & Su for the same isomer (141°C) but agrees with that
of Parker & Shive (150-153°C). NMR analysis will be carried out to settle
this question.

Our low yields so far for Isomer A is of concern because the amount
of that isomer currently available is probably only enough to carry out the
synthesis of approximately 0.5-1.0 g. of 3-F-2-PAM. This will be sufficient
to physically characterize 3-F-2-PAM, but insufficient for biological studies.
Therefore in the first month of the next quarter we intend to further investi-
gate the synthesis of Isomer A in an attempt to increase its yield. 1In the
succeeding months of the quarter we intend to carry the synthesis of 3-F-2-PAM
to completion and physically characterize that compound, including a pKa

determination.
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It should be noted that our synthesis work above has yielded
Isomer B (the steam-volatile isomer) in greater amounts than Isomer A.
Isomer B can serve as the starting material for another F-PAM isomer,
specifically 5-F-2-PAM, where the F atom is located at a position

sterically remote from the oxime group. If the F atom in this position

' s
@\ 41\\ QC//I\\QH

C
@ | [ OH ® |
;© CHy H 1 © Cig H
5-F-2-PAM 3-F-2-PAM

nevertheless electronicrlly perturbs the pKa of the oxime group, then the
reactivator behavior of this F-analog versus 2-PAM will constitute a clear
test of the importance of pKa in 2-PAM without the steric ambiguities en-

gendered by substitution adjacent to the oxime group.
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SECTION III

Third Quarter

(March 1 - May 31, 1983)

Work in this quarter focused on the synthesis and physical charac-
terization of 3-Fluoro-2-PAM. As explained in Section II, Second Quarter,
synthesis of this compound was impeded by unexpectedly low yields of the
required nitration isomer ("Isomer A") in the initial synthetic step. Due
to constraints in the amount of time investable in each F-PAM isomer in this
contract, during the current quarter we decided to carry to completion the
synthesis of 3-F-2-PAM regardless of low yield. This would at least allow
us to perform some fundamental physical measurements on 3-F-2-PAM important
to our systemmatic studies.

As outlined in detail in Section I, First Quarter, Isomer A (6-amino-
3-nitro-2-picoline) is converted to 3-amino-2-picoline by way of 3 additional
reaction steps, each of which in our hands proceeds in good yield (78-927%)
The next step is conversion of 3-amino-2-picoline to 3-F-2-picoline via the
diazotization-Schiemann reactions, which during this quarter we achieved in

a 70.77 yield:




©
® BF,

NH, Et ONO @N :

—_— —decomp », + N4 + BF
\O HBF; (eq.) NN '\CN) 2 3
N, 0°-10°C CH3 CH,
3-amino-2-picoline 3-F-2-picoline
2.9 ¢ 2.13 g
(70.7% yield)

Eq. 1 was followed by conversion of 3-F-2-picoline to 3-F-2-pyridine-
carboxaldehyde oxime via application of the Markovac-Stevens-Ash-Hackley
reaction:

/o f
i/ ©
LO + 1, + CHy-S-cH —200C, @:(
N Nen, DMSO N -0
|
3-F-2-picoline H (Eq.
2.11 g
2M NHZOH
pH 7.4

3-F-2-pyridine- F 1
carboxaldehyde oxime EEEEI: '
0.51 g (19.3% yield) N“Ne# N
m.p. 155~158°C ] OH
H

(Eq.

The 3-F-2-pyridinecarboxaldehyde oxime, whrich we assume to be of the

17.

1)

2)

syn-configuration, is crystallized from aqueous ethanol and gives a satisfactory

mass spectrum (Figure 4), including high resolution data. Specifically, for the

M+ peak, calculated for CgHg N, OF : 140,038594; found: 140.038516; deviation

0.56 ppm. For the (M—HZO)+ peak, calculated for CgH3N,F: 122.028027; found:

122.028760; deviation = 0.27 ppm. These data are sufficient to prove the

elemental composition of the above F-oxime product.




18.

The proton NMR spectrum of 3-F-2-pyridinecarboxaldehyde oxime was
obtained in CDCl3 solvent (Figure 5) and in D,0 solvent (Figure 6). Spectral
interpretations are included in the Figures. 1In CDClj solvent the oxime
hydroxyl proton gives a broad resonance around 8.99 ppm (Figure 5) which is
washed out by deuterium exchange in D)0 solvent (Figure 6). The resonance of
the aldehydic proton is located at 8.42 ppm (Figure 5). The corresponding
aldehvdic proton of the non-fluorinated parent compound (2-pyridinecarboxalde-
hyde oxime) is at 8.29 ppm (Annual Report, November 1982, Section III) and
thus the presence of the F atom in the 3-position electronically deshields
(shifts to downfield) the aldehydic proton as expected.

After the above structural evidence for 3-F-2-pyridinecarboxaldehyde
oxime was obtained we quarternized the material by refluxing it with jodo-

methane in methanol:

r F
+ CH,I MeOH (Eq. 3)
(@( 37 Teflux 7 (\OI

c=N 48 hrs (3)

C
\ {
] | OH
H O fD CH3 H
3-F-2-pyridine- 3-F-2-PAM, m.p. 178-180°C
carboxaldehyde oxime 0.32 g (38.7% vield)

Compared to quaternization of the 3-F-4-oxime under the same conditions
(91% yield), this quaternization occurred in a relatively low yield (3§ ', pos-
sibly due to some decomposition of the quaternary product. The desired 3-F-2-
PAM crystallizes satisfactorily from absolute ethanol, giving dull gold
platelets, m.p. 178-180°C. A test sample of this material became discolored
(darkened) upon being left out on the benchtop for a couple of days. However,

the material is stable if stored in screw cap vials.
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Elemental analysis of this material, performed by Schwarzkopf
Microanalytical Laboratory, is satisfactory for 3-F-2-PAM: Calculated for
C7HgN; OFI: C,29.81; H,2.86; N,9.93; F,6.74; 1,44.99. Found: C,30.06;
H,3.00; X,10.00; F,6.46; I, 44.84,

The proton XMR spectrum of the material in D0 solvent is consistent
with the 3-F-2-PAM structure (Figure 7). Spectral interpretation is in-
cluded in the Figure, the salient features of which are the intense singlet
at 4.47 ppmvdue to the methyl group on the pyridine ring nitrogen, and the
singlet at 8.59 ppm due to the aldehydic proton. Regarding the pyridine ring
protons, which are all nonequivalent, they give distinct multiplets, each of
whose location and splitting pattern accrues from a unique position on the
pyridine ring.

An important datum from the NMR spectrum of 3~F-2-PAM is the chemical
shift of the aldehydic proton, which is at 8.59 ppm from the DSS internal
standard. This affords a direct comparison with 2-PAM as well as with the
other PAM compounds measured in our systemmatic study:

Chemical Shift

Compound (aldehydic proton)
4-PAM 8.37 ppm
T™MB-4 8.39
3-F-4-PAM 8.45
3-F-2-PAM 8.59
2-PAM 8.69

As 1is expected, the chemical shifts displayed by 3-F~2-PAM and 2-PAM
are greater than those of the 4-PAM derivatives (4-PAM, TMB-4, and 3-F-4-PAM),
due to the greater proximity of the aldehydic groups in the 2-position to the
positively charged ring nitrogen atom (l-position). However, the fact that the

chemical shift of 3-F-~2-PAM is less than that of 2-PAM is contrary to our initial




o
-]

expectation that placement of an F atom in the 3-position of 2-PAM would
increase the chemical shift via an electron-withdrawing effect of the F
atom. The observed result is all the more unexpected since, as noted
earlier above, the F atom in the nonquaternized precursor does shift the
aldehydic proton downfield relative to that in the nonfluorinated parent
compound. Upon quaternization, however, the chemical shift of the non-
fluorinated compound (2-PAM) surpasses that of the F-compound. At the
present time the simplest speculative explanation for this finding is that
quaternization (n-methylation) has a differential steric effect on the two
compounds, specifically with respect to the torsional angle between the
methylated pyridine ring and the oxime group. If ring-oxime coplanarity is
less favored in the F-compound than in the nonfluorinated compound this could
ramify itself to a decreased chemical ghift.

In this connection it was of interest to compare the pKa of 3-F-2-PAM
with that of 2-PAM, since so far in our studies we have found a positive
correlation between aldehydic proton chemical shift and oxime acidity.
Unfortunately, we have discovered that 3-F-2-PAM behaves in an unstable
manner during pKa determination {(titration with 0.10 N NaOH). Upon incre-
mental additions of NaOH the pH rises as expected for partial neutralization
but then quickly falls as if an acid is being generated in situ. Titration
of 2-PAM during the same experiment displayed normal behavior. Due to the
limited amount of 3-F-2-PAM in our possession, we have not as yet investigated
its aberrant titration behavior.

Finally, we measured the UV absorption spectrum of 3-F-2-PAM, which is
shown in Figure 8 together with that of 2-PAM for comparison. As discussed
previously, (Annual Report, November 1982, Section IV), PAM compounds charac-

teristically display four absorption bands (Bands 1,2,3 and 4) and these are
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readily discernable in Figure 8. With respect to the two short wavelength

bands (Bands 3 and 4, at 225 and 199 nm, respectively) the absorption curves

of 3-F-2-PAM and 2-PAM are virtually superimposable. However, with respect

to the two longer wavelength bands (Bands 1 and 2), those of 3-F-2-PAM are

somewhat broadened and red-shifted relative those of 2-PAM. The intensity

of Band 1 of 3-F-2-PAM (350 nm) is slightly greater than that of 2-PAM (335 nm),

suggesting that the acidity of 3-F-2-PAM equals or slightly exceeds that of 2~PAM.
During the next quarter (Section IV, Fourth Quarter), we inte-d to

synthesize another F-PAM compound in our series, 5-F-2-PAM. The requisite

nitration isomer (Isomer B, S5-nitro-6-amino-2-picoline) Qas previously isolated

by steam-distillation and is available in sufficient quantities to support a

larger-scale synthesis (grams) of the target compound.
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Section IV

Fourth Quarter

June 1 - August 31, 1983

During this quarter synthesis of 5-F-2-PAM was carried out, thereby
obtaining the last of the F-PAM isomers currently proposed in our studies.
As mentioned in Sections II and I1I, the requisite amino-picoline nitration
isomer (''Isomer B'", 6-amino-5-nitro-2-picoline) was isolated by steam
distillation in larger amounts than its companion nitration isomer, 6-amino-
3-nitro-2-picoline. 1In the present quarter the 5-nitro compound was con-

verted to 6-hydroxy-5-nitro-2-picoline in 647 yield.

Oy N OyN 0

H,5G, H,SO

q 2

\1@ +NaNO, _227% . () 2° 4

H2N/}\ o, Hy0 B, SN B0
Hs0,9

6-amino-5-nitro-2-picoline 6-~hydroxy-5-nitro-2-picoline

29,9 g 19.3 g (647 vield)
195 mMoles m.p. 222-224°C

+ N .
\2+ (eq.l)

CHj




The hydroxyv compound was then converted to 6-chloro-5-nitro-2-picoline using
phosphorus oxychloride:
0,N 75°¢ 0, (Eq. 2)
- :]:Efi] + POCL, -‘g—g;g—f> (;)
Cl :

N ~
o ™ CH, CHy

19.25 ¢ 6-chloro-5-nitrc-2-picoline
(x2 batches) 14.13 g (65% yield) x 2 batches
m.p. €9-72°C

Subsequently the 6-chloro-5-nitro-2-picoline was reduced to 5-amino-2-picoline

in the Parr apparatus:

———

H \
H, (40 psi) 2 e (Eq. 3)
. LECLUSS )RR
4 Pd(c) N OH
HOAc H3 +NaCl
11.0 g (x2 batches) 5-amino-2-pico- +H20
line

11.02 g (total of 2 batches)
(79.9% vield)
m.p. 95-98°C

The 5-amino-2~picoline was then converted to 5-fluoro-2-picoline by way of the
Schiemann reaction, followed by conversion to 5-F-2-pvridinecarboxaldehyde oxime

using the Markovac-Stevens-Ash-Hackley method.

©
BF, @
¥ Nz

HoX N F O (Eq. &)
EtONO . + N, * + BF

“Hy 0°-10°C
5-fluoro-2-picoline

5.40 g (x2 batches) 3.12 g (total yield, 28.1%)
F 0 F
s 165-170°
Q . + 1, + CHy ~S-CHy Ly O .
N e, DMSOQ NN (Eq. 5)
/
312 ¢ H
28.0 mMoles
2 M NH,OH
F. pH 7.4

0.1697 ¢ \Igfil\ N '
(4.37 vield) N 7y &

m.p. 146-148°C E

5-F-2-pyridinecarvoxaldehvde oxime

M—-—-—_~ L
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As can be seen, the yield of the carboxaldehyde oxime is very poor
(4.3%). 1t was noticed that the thermal reaction of the 5—F—2—picoline-12
complex in DMSO was less vigorous (including evolution of dimethylsulfide) than

) in the case of previous F-picolines and required somewhat hotter temperatures
(165-170°C). During workup the test for aldehyde product (dinithrophenyl-
hydrazine reagent) was positive as expected, but it was noticeably weaker than
in the case of previous Markovac-Stevens-Ash-Hackley reactions. That the
reaction in the case of 5-F-2-picoline is markedly less efficient than the
other 2-picolines may be related to the observation of Markovac-Stevens-~
Ash-Hackley7 that the reaction fails where there is a hydroxy or dimethyl-
amino group as a 5-substituent in the 2-picoline substrate. (However, 5-
chloro-2-picoline reacts normally). This effect seems to be related to the
presence of relatively high electron-withdrawing groups in the 5-position.

Although a low yield of the aldehyde (and subsequently its oxime
derivative) was obtained, it was sufficient to crystallize the oxime from
aqueous ethanol (yellow crystals, 0.1697 g., m.p. 146-148°C). A sample of
this material has been submitted for high resolution mass spectral analysis
and the results are given on p. 38 of this report. The proton NMR spectrum
of this material is shown in Figure 9. A spectral interpretation is included
in the Figure. 1In this spectrum (in CDCl3 solvent) the oxime hydroxyl
proton gives a broad resonance around 7.98 ppm (which is washed out by
deuterium exchange in 020 solvent, spectrum not shown), and the aldehydic
proton gives a sharp singlet at 8.23 ppm. The corresponding aldehydic proton
of the nonfluorinated parent compound (2-pyridinecarboxaldehyde oxime) is at
8.29 ppm (Annual Report, November 1982, Section III), and thus the presence

of the F atom in the 5-position does not have any deshielding effect on the

s t————————tibite———



aldehydic proton. (By contrast, in 3-F-2-pyridinecarboxaldehyde oxime (re-

ported in Section III, Third Quarter), the aldehydic proton resonates at 8.42

ppm, and thus the F atom in the 3-position deshields the aldehydic proton).
After the above NMR spectrum was obtained, the 5-F-2-pyridinecarbox-

aldehyde oxime was quaternized by refluxing it with iodomethane in methanol:
F
MeOH
Ol ., ™ werx? \Q (Eq. 6)
N A \OH 22 hrs

0.1400 g.
1.0 mMole

fD CH3
5-F-2-PAM

0.0244 g. (8.6% yield)

m.p. 170-172°C
Curiously, this reaction also gave a poor yield (8.67). The quaternized species
was crystallized from ethanol/ether solvent to give an olive-drab product. A
sample of this material has been submitted for high resolution mass spectral
analysis and the results are given on p. 38 of this report. The proton NMR
spectrum of this material in D,0 solvent is given in Figure 10. Compared to
its nonquaternized precursor (Figure 9) the resonances of the pyridine ring
protons of 5-F-2-PAM (Figure 10) have lost much of their resolution. However,
the expected methyl group singlet is clearly present (at 4.42 ppm) as well as
the singlet due to the aldehydic proton (at 8.66 ppm). It is useful to compare
the latter value with the analogous chemical shifts of the aldehydic protons

of 3-F-2-PAM (Section I11, Third Quarter) and 2-PAM. These values are tabulated

as follows:
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Compound Chemical Shift (aldehydic proton)
2-PAM 8.69 ppm

3-F-2~-PAM 8.59

5-F-2-PAM 8.66

It is seen that the chemical shift of 5-F-2-PAM is essentially the
same as that of 2-PAM, and thus the F atom does not exert any significant
deshielding effect on the aldehydic proton. This is unexpected but is con-
sistent with the earlier observation (above) that in the nonquaternized
precursor (5-F~2-pyridinecarboxaldehyde oxime) the F atom does not effectively
deshield the aldehydic proton. Concerning the other F-derivative of 2-PAM
(3-F-2-PAM), it was speculated in Section IIT, Third Quarter, that upon
quaternization (N-methylation) when F is in the 3-position it sterically causes
the oxime group to be twisted out of coplanarity with the pyridine ring. Such
twisting could decrease the electron-withdrawing and deshielding effect.

In studying further the properties of 5-F-2-PAM and 2-PAM, it was
desirabie to compare the pKa values of these compounds. Because such a small
amount of 5-F-2-PAM was available it was necessary to determine the pKa
values by UV spectrometry rather than by potentiometric titration. As a
preliminary requirement, the UV absorption spectrum of 5-F-2-PAM was deter-
mined and compared with that of 2-PAM, These spectra are shown in Figure 11.
As with the other mono-PAM compounds studied, 5-F-2-PAM displays four
separate absorption bands, and with the F substituent present the first two
bands (Band 1 at 342 nom and Band 2 at 300 nm) are somewhat red-shifted rela-
tive to the analogous bands of 2-PAM (335 nm and Band 2 at 794 nm). The
other pair of bands (Band 3 at 225 nm and Band 4 at 199 nm) occur at
essentially the same wavelength in both compounds independent of the presence

or absence of the F atom.
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Band 1 constitutes the UV absorption of the oxime group in the dis-
sociated (anionic) form and Band 2 constitutes the absorption of the oxime
group ‘n the undissociated (neutral) form. For spectrometric determination
of pKa we chose Band 1 as the analytical band (344 nm for 5-F-2-PAM and 336
nm for 2-PAM), and measured the absorbance of a series of 0.040 mMolar solu-
tions of the PAM compounds over a range of pH's, using Tris-phosphate buffers.
(The absorbance of the PAM compounds with their populations completely in the
anionic form was determined in 0.10 M KOH solution (pH 12.5) and with their
populations completely in the undissociated form in 0.10 M HCl (pH 2.1).
Copies of the spectrometric worksheets for these pKa determinations are
included in this report (Figure 12 and 13) for their informational content and
are not intended for formal publication since they follow already established
pKa measurement techniques.

For 2-PAM we obtained a pKa value of 7.77 * 0.06 and for 5-F-2-PAM we
obtained a pKa value of 7.62 * 0.05. (Note: the value for 2-PAM is lower
than that reported in the literature by other workers as well as by us using
potentiometric titration (pKa 8.00); by contrast Hagedorn, Stark and lorenz
report a value of 7.68 for 2-PAM). These data indicate, contrary to the
NMR data which show no significant electronic deshielding (electron-withdrawal)
effect by the F atom, that the F atom does lower the pKa of the 2-oxime.
However, the extent of this lowering is only 0.15 pKa units.

Due to poor synthetic yields, a quantity of 5-F-2-PAM sufficient to
carry out biochemical tests is currently not available. However it is hoped
that the purely physical chemical studies reported in this quarter will be
helpful in choosing or eliminating future research ideas as well as extending

systematic studies.
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38.

Addendum

Mass spectral results for 5-F-2-pyridinecarboxaldehyde oxime and for 5-F-2-PAM.

The low-resolution mass spectrum obtained for 5-F-2-pyridinecarboxalde-
hyde oxime is shown in Figure 14. The base peak of the spectrum corresponds
to the oxime molecular ion (M+) at m/e 140 and the expected water loss peak
(M+ -H,0) also is evident (m/e 122). High-resolution data for this compound:
M+ peak, calculated for CgHgN,OF 140.038594; found: 140.037996 (deviation =
4.28 ppm); (M+ -H0) peak, calculated for CgH4N,F: 122.028027; found: 122.027967
(deviation = 0.51 ppm). These data are sufficient to prove the elemental
composition of 5-F-2-pyridinecarboxaldehyde oxime.

The low~resolution mass spectrum obtained for 5-F-2-PAM is shown in

Figure 15. For this compound "sputtering ion mass spectrometry' (SIMS,
alternatively called "fast atom bombardment" (FAB) was employed. This rela-
tively new spectroscopy technique is utilized for relatively nonvolatile
compounds. The sample is suspended in a glycerol matrix and bombarded with
fast atoms which displace the sample molecules into the gas phase. Only a
low resolution spectrum was carried out for 5-F-2-PAM. This spectrum shows
an intense peak at m/e 155 which corresponds to 5-F-2-PAM whose jodide ion
has been lost, i.e., the peak represents the positively charged quaternary

pyridinium ion. This spectrum does not rigorourly prove the 5-F-2-PAM

structure but strongly supports 1it.
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