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1. Introduction evaluate the strength of IMHB that can be used Iter dhe
) ) — o . molecular configuration. With this in mind, a serigf hydrazone

Hydrogen bond is a topic of significant scientifitudy, as it compounds1-15 with different substituents were prepared
plays an important _roIe in the structu_re, functéord dynamics of (Scheme 1). The electronic properties of electionating
chemical and biological systerhS. For example, the groups (EDGs) and electron-withdrawing groups (EWGshef

intermolecular hydrogen bonding is the main drivilogce for prepared compounds were quantified by the analyditammett
host-guest complexation in supramolecular chemisttyThe ¢ pstituent constant&?

influence of the intramolecular hydrogen bond (IMH&) the
folding and unfolding of peptides and artificialadogs has been

fully studied™®™’ For some molecular switches, the IMHB has X R R*
also been proved to take effect on the conversibrtheir 1 F H H
configurations®*® Recently, we and others have explored a < 2 Cl H H
series of acylhydrazones, where the E/Z isomerigaticas XN 3 Br H H
governed by the formation and breaking of IMEB?To further | 4 F CN H
explore the detail of the effects of the hydrogeond on N | 5 F COMe H
molecular switching, we herein report a series ofrawone- N _H 6 F C H
based switches and investigate the relationship leetwae N ; E gZH ﬂ
intramolecular hydrogen bonds and the isomerizatioh the X X s F N(C,_:) H
switches by systematically regulating the substitsien 0 F H eN
In this study, the structures of the switches wetaroped to R RoM F H CO.Me
: . . - 12 F H cl
a hydrazone framework wherein the IMHB is contained ®ix- 1-15 (E) 115 (2) 13 F H Me
membered ring (HN-N=C-C=N) in the Z form (Scheme 1). As 14 F H OCH,
the N-H'N hydrogen bonding is the main driving force that 15 F H N(CH,),

governs the balance of E/Z isomerization in thistay, the

effect of IMHB can be accurately determined by th& E Scheme 1. The structures and isomerization equilibria of thedrazone
configurational equilibrium. This relation may foer open up  switches synthesized in this study.

the possibility for the introduction of various stituents to

UCorresponding author. e-mail: ganquan@hust.ed@crBén)
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2. Results and discussion Table 1. Summarizeof the N-H chemical shifts in Z isomer, ratio ofZE:

1 . . . and Gibbs free energyGg of E/Z equilibrium for componuds-15.
2.1."H NMR analysis of the hydrazones with different pais

NH (ppm) E:Z Ratio AGr (kJ/mol)
1 13.98 0.4% 0.02 2.20:0.13
2 14.28 0.2 0.02 3.24:0.17
3 14.31 0.24+ 0.02 3.54:0.21
4 13.70 0.72: 0.03 0.81+0.10
5 13.85 0.58+0.02 1.35+0.08
6 13.82 0.48+0.02 1.79+ 0.07
7 14.01 0.38+ 0.02 241+0.14
// 8 14.05 0.40% 0.04 2.27+0.26
146 14077 90 85 80 75 7.0 6.5 9 14.22 0.25+0.02 343+0.21
. . o/ppm 10 14.17 0.16+0.01 4.54+0.15
Fig. 1. Partial'H NMR spectra (400 MHz, CD¢;1298 K) for hydrazoné&-3
at equilibrium. Two signals for the aromatic pratdnom E/Z isomers were 11 14.08 0.23+0.01 3.64+0.10
marked with filled circles and diamonds, respedyive
12 14.03 0.28+0.02 3.15+0.17
The E/Z isomers for all the compountisl5 can be separated 13 e 0.53+ 0.02 1574 0.09
by column chromatography due to the slow kinetics of X DA R
isomerization, which has been reported for the edldtydrazone 14 13.98 0.48+ 0.02 1.79+ 0.07
derivatives>"® The NMR technique was chosen for evaluating
15 13.94 0.92+ 0.03 0.21+0.08

the hydrogen bonding, since it is well-known that freton
shifts are highly correlated with the hydrogen bstréngth, i.e.,
the downfield shifts of the proton arisen from dekling is Further analysis of the crystal structures revetiati3—Z has
increased with increasing hydrogen bond strength wicg  the shorter NH distance compared to that bfZ (Fig. 2), apart
versa®?® To fast establish the relationship between theffom this, the N-H'N angle of3-Z is larger than that of-Z,
substituent effects and the intramolecular hydrogends, the bPoth of which mean the strength of IMHB3rZ is stronger than
hydrazoned-3 were firstly assessed as they are only varied witfhat in 1-Z. This result is consistent with NMR data that
one substitution of halogen. For the Z isomersyafrhzones-3,  compound3 possessing the highest Z form. Here, the six-
the downfield shift of the hydrazine N-H protons waserved ~membered ring (HN-N=C-C=N) hydrogen bond motif is &mi
from 13.98 to 14.31 ppm, which infers the hydrogeond 10 the classical resonance-assisted hydrogen bpr@AHB)
strength may increase when the substituent groupsvaried fragment (HO-CR=CR-CR=0j:** The N'N distances and
from fluorine to chlorine and then to bromine (Fig. On the  N-=N bond lengths of N-HN hydrogen bonds in our systems, by
other hand, the ratio of E/Z configuration at eifpuiim can also ~ contrast, are longer than the reported bond dietant the same
be used as a standard for assessing the hydrogetingan our ~ (HN-N=C-C=N) RAHB motif;® indicating the weaknesses of
system. In general, along with the strength of IMHRdyally ~ aromaticity in our RAHB fragment.

increased, the proportion of the Z isomers wouldrease
correspondingly. The E/Z ratios for hydrazon&s3 were
calculated to be 0.41, 0.27 and 0.24, respectiadgprding to
the integration of the aromatic signals by their NMpectra at
equilibrium (Fig. 1, Table 1). The results show fireportion of

Z isomer for the hydrazorieis the lowest, while the hydrazoBe
has the highest proportion of the Z conformer. Thisler
indicates thaB-Z possesses the most stable IMHB compared to
1-Z and2-Z. We attributed this difference to the anisotremg

the electronic effect of the halogen substitutionlse Van der
Waals radius of Br is much larger than that of g @he lone
pairs are much more diffuse, thus the lone pairBrgprovide a
larger anisotropic effect, which results in the erdement of the
adjacent IMHB.

2.2.Crystal structure analysis

Fig. 2. Crystal structures of al-Z; b) 3-Z. The dashed lines indicate
hydrogen bonds.

Next, we examined the crystal structures of hydrazdm3
(Fig. S1-S6), because the hydrogen bond donor-tmcepom
distance can be used to evaluate the hydrogen stoexgth’” =2
The fine crystals for both E/Z isomers were obtaibgdslow
diffusion of hexane to their corresponding chlorafcsolutions.

2.3."H NMR analysis of the hydrazones substituted on the
pyridine ring

To further test the relationship between the sulestit effects
on the IMHB, the compound4-15 with different EDGs and

The analysis of the crystal structures revealetl dhastructures
adopt a nearly planar geometry and the hydrazinel Nrotons
are hydrogen-bonded with the pyridine nitrogen$ianZ form.

EWGs substituents were examined. The analysiSHoNMR
spectroscopy of the hydrazor®<9 indicates the downfield shift
of N-H resonance from 13.70 to 14.22 ppm with theéatian in



substituent groups, suggesting a trend of the exg@maent of the
IMHB strength from EWG to EDG substitutions (Fig. Jble

1). The E/Z ratio variation also follows this trends the

hydrogen bond strength becomes stronger, the piopoof Z

isomers gradually increases. This regular change ba

explained by two aspects. On one hand, the EWGs decthe
basicity of nitrogen in the pyridine ring, thus wealng the
IMHB, while the EDGs direct the opposite effect. On tiker

hand, this result is also consistent with the RAHB ma@ism,
which reveals that the increase of electdomating input can
strengthen the hydrogen bonding througthelocalizatiorr?*°

T T
13.0 9.0 8.0 7.0
~— 5/ ppm
Fig. 3. Partial 'H NMR spectra (CDG| 400 MHz, 298 K) of4-9 at
equilibrium. Two signals for the aromatic protomenfi E/Z isomers were
marked with filled circles and diamonds, respedyive

T
14.0

¢
10 \H@z)

" Eholl_

14.0

Fig. 4. Partial 'H NMR spectra (CDG| 400 MHz, 298 K) of10-15 at
equilibrium. Two signals for the aromatic protomenfi E/Z isomers were
marked with filled circles and diamonds, respedyive

3

2.4.'H NMR analysis of the hydrazones substituted on the
phenyl ring

The'H NMR spectral analysis of the hydrazon@s15 shows
a reverse trend of the substituent effects on MidH, i.e., the
N-H resonances upfield shift by the replacement ofG&Wo
EDGs on the benzene rings. For instance, by chantieg
substitution from the CN to N(Mg)group, a shift in the N-H
proton signals from 14.17 to 13.94 ppm can be olesk(Fig. 4,
Table 1). This was reasoned as the more EDGs it esptbg
weaker the acidity of the N-H proton is. Although #BGs, on
the contrary, can enhance thelelocalization effect of the whole
RAHB fragment, it contributes less to the hydrogendiog.

2.5.Correlation analysis with Hammett empirical values

To provide insight into the correlation and cdmiitions of
different substituted hydrazones in terms of thleinfiguration,
the linear free energy relationship between hydrogend and
Hammett substituent constants were examined-*> We
reasoned that if the E/Z equilibrium was determirmd the
IMHB, and the hydrogen bond interaction was highRuienced
by the electronic effect of the substituent, a eation between
the E/Z equilibrium and substituent effect shoukdl dxpected.
The energiesAGy for the E/Z equilibrium for each compound
was calculated based on théld NMR spectra at equilibria,
while their substituent effects were quantified bg tHammett
empirical values. The hydrazonds15 were divided into two
groups for study according to the substituent pmsitand a
composite Hammett valuer (or = o, + on) was applied to
plot.** As predicted, the Gibbs free energy changesGg
(AAGR = AGR — AGy, whereAGy indicates the Gibbs free energy
of the unsubstituted reference hydrazdhef both branches fit
linear relationships with the composite Hammett valste(Fig.
5, R = 0.973 and 0.998), supporting our inference thatE/Z
equilibria, IMHB strength and substituent effectse aall
correlated well with each other. In addition, a lekly larger
slope was observed for substitution on the pyridimegety than
that for the phenyl ring. Upon comparing of altevai between
compound4 and 9 with that for 10 and 15, the composite
Hammett values were found to vary similarlyof = 2.21), but
the energies for the E/Z equilibrium changed sigaiitly, and
were 1.73 times larger for substitution on pyridimg than on
the phenyl ring. This result indicates the substtu effect is
more pronounced on the side of hydrogen bond agcépan on
donor.

1.5
057 - 0.88x+0.04 y=0.51x+0.06
. - R*=0.998
K R?=0.973
-0.51
'1.5 v T T T T v T T v 1
3 2 -1 0 1 2 3

AAG, / KJ*mol™
Fig. 5. Correlation of the energy chang&\Gg for substituted hydrazones
4-15 with the composite Hammett values. Black squares indicate the
values for the substituents in the para positionthaf pyridine, red dots
indicate the values for the substituent in the paasition of the
fluorobenzene ring.
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3. Conclusions

collected the organic layer. The organic layer wiried over by
Na,SQ,, filtered and concentrated. The residue was reafizsd

The NMR experimental study of substituent effects OMhy methanol to give the pure product.

hydrogen bonding in a hydrazone-based switch redealinear
correlation between the IMHB strengths and
isomerization capacity of these hydrazones. Theocamipy and
push-pull effects of the substituents all contrézlto the strength
of IMHB, and further altered the isomerizations gfltazones.
This study can help us to better design molecwéickes based
on the manipulation of hydrogen bond.

4, Experimental section
4.1.General methods

All chemicals and solvents were purchased from corialer
suppliers and were used without further purificationless
otherwise specified. Column chromatography was edroiut on
Merck GEDURAN Si60 (40-63 pm). High-resolution
electrospray ionization mass spectrometry (ESI-M8as
performed on a micro TOF Il instrument.

NMR spectra were recorded on Bruker AVANCE 400 (400

MHz) spectrometers. The solvent signals were assigned
Fulmer et af® All chemical shifts §) are quoted in ppm and

coupling constants)) are expressed in Hertz (Hz). The following

abbreviations are used for convenience in reportihg
multiplicity for NMR resonances: s = singlet, d =utiet, t =
triplet, and m = multiplet. Data processing was panfed with
Topspin 2.0 software.

The calculation of Z/E ratio of the hydrazones by RIMn
NMR tubes, hydrazones were dissolved in the solvemdH

the E/Z

R‘I
2 | N
R' R P
Nl
| N + — AN
i NHNH
N~ >cHo X
F
R

1-15 (E)

Compoundl-E. *H NMR (CDCl, 400 MHz):6 8.58 (d,J =
4.44 Hz, 1 H), 8.028.00 (m, 2 H), 7.88 (s, 1 H), 7.72.69 (m, 1
H) 7.64-7.60 (m, 1 H), 7.227.19 (q,J; = 6.38 Hz,J, = 5.10 Hz,
1 H), 7.147.10 (m, 1 H), 7.087.03 (g,J; = 10.72 Hz,J, = 8.28
Hz, 1 H), 6.866.81 (m, 1 H).*C NMR (CDCk, 100 MHz):6
154.4, 151.1, 149.4, 148.7, 139.6, 136.4, 132.2.6,3125.0,
125.0, 123.0, 120.3, 120.2, 120.0, 115.2, 115.@,.8/1114.8.
ESI-HRMS: m/z calcd for GH;oFN; [M+H]" 216.0892 found
216.0917.

Compound2-E. *H NMR (CDCk, 400 MHz):5 8.58 (d,J =
4.56 Hz, 1 H), 8.30 (s, 1 H), 8.02 (#= 7.96 Hz, 1 H), 7.92 (s, 1
H), 7.727.69 (m, 1 H), 7.65 (dJ = 8.16 Hz, 1 H), 7.31 (dl =
7.96 Hz, 1 H), 7.227.19 (m, 1 H), 6.865.82 (m, 1 H)**C NMR
(CDCl;, 100 MHz): 6 154.3, 149.5, 140.2, 140.0, 136.4, 129.4,
128.1, 123.1, 120.8, 120.0, 117.5, 114.5. ESI-HRM& calcd
for C;oH;oCIN; [M+H]* 233.0534 found 233.0591.

NMR spectra were recorded with time until the Z/E  Compound3-E.'H NMR (CDCk, 400 MHz):6 8.58 (d,J =

isomerizations reached the equilibria. At equilibtize ratios of
Z/E isomers were not changed any more with time. Ttheir
ratios can be calculated by integration of the gmatignals from
these two isomers.

Crystallographic data for compoundsE, 1-Z, 2-E, 2-Z,

3-E and 3-Z were collected at the the Analysis and Testing
Center in Huazhong University of Science and Techgpolo 2770038 found 277.0051.

(HUST) on a Rigaku MMO0O07 HF rotating anode (0.8 k\Wata
were collected at the CuK wavelength. All data-coitett
strategies were based on Omega scans at 100(2) KXThg
source was equipped with high flux Osmic Varimax marand
a RAPID SPIDER semi-cylindrical image plate detecfbine
Rigaku Crystal Clear suite version 2.0 was used nwex,
integrate and scale the data with a multiscan aksarp
correction. Crystallographic data have been depdsitith the

CCDC, under deposition numbers CCDC 1882583-1882585

(1-E, 2-E and3-E); 1891935-1891937{Z, 2-Z and3-Z).

4.32 Hz, 1 H), 8.31 (s, 1 H), 8.02 @= 8.04 Hz, 1 H), 7.92 (s, 1
H), 7.73-7.71 (m, 1 H), 7.647.62 (m, 1 H), 7.477.45 (dd,J, =
7.92 Hz,J, = 1.04 Hz, 1 H), 7.3%7.27 (m, 1 H), 7.227.19 (m, 1
H), 6.80-6.76 (m, 1 H).*C NMR (CDCk, 100 MHz):5 154.3,
149.5, 141.1, 140.0, 136.4, 132.5, 128.7, 123.1,.412120.0,
114.9, 107.3. ESI-HRMS: m/z calcd for;8;0BrN; [M+H]*

Compound4-E. 'H NMR (CDClL, 400 MHz):6 8.71 (d,J =
4.96 Hz, 1 H), 8.23 (s, 1 H), 7.86 (s, 1 H), #B®B1 (t,J = 8.00
Hz, 1 H), 7.38 (dJ = 3.92 Hz, 1 H),7.187.15 (t,J = 7.69 Hz, 1
H), 7.106-7.05 (q,J; = 11.14 Hz,J, = 8.38 Hz, 1 H), 6.956.88
(m, 1 H)."*C NMR (CDC}, 100 MHz):6 155.9, 150.3, 137.1,
131.9, 131.8, 125.2, 125.2, 123.4, 121.8, 121.2,2,2120.9,
116.8, 115.4, 115.2, 114.9. ESI-HRMS: m/z calcd@gHsFN,
[M+H] " 241.0845 found 241.0892.

Compound5-E. *H NMR (CDCF, 400 MHz):6 8.70 (d,J =
5.00 Hz, 1 H), 8.51 (s, 1 H), 8.13 (s, 1 H), 7.93 (8})17.74 (d,J

The structures were solved by direct methods using 4.80 Hz, 1 H), 7.797.66 (t,J=8.16 Hz, 1 H), 7.177.13 (t,J =

SHELXT* and refined against F2 on all data by full-mateiast
squares with SHELX{! following established refinement

7.78 Hz, 1 H), 7.097.04 (m, 1 H), 6.89%.84 (q,J = 6.69 Hz, m,
1 H), 4.00 (s, 3 H)**C NMR (CDCL, 100 MHz):6 165.8, 155.5,

strategie$® The non-H atoms were refined with anisotropic 151.2, 150.2, 148.8, 138.6, 137.9, 132.4, 125.1,.812120.7,

temperature parameters. All hydrogen atoms were dedunto
the model at geometrically calculated positions eafhed using
a riding model.

4.2.Preparation and Characterization

The E isomer of hydrazonds-15 all can be easily to get by
similar procedures. The corresponding aldehydesthsuldazine
hydrochloride were added to the methanol solutitentthe
reaction mixture was heated under reflux for 10 bo@fter the
reaction was finished, removed the solventacuo The residue
was dissolved in water and neutralized with saturiiedlCQ,
solution. Afterwards, extracted with dichlorometharsnd

119.4, 115.2, 115.1, 115.0, 52.9. ESI-HRMS: m/z dafor
CisHoFN, [M+H]* 274.0947 found 274.1016.

Compoundé-E. '*H NMR (CDCk, 400 MHz):5 8.46 (d,J =
5.32 Hz, 1 H), 8.11 (s, 1 H), 8.00 (#l= 1.52 Hz, 1 H), 7.83 (s, 1
H), 7.65-7.61 (t,J = 7.86 Hz, 1 H), 7.207.19 (dd,J; = 5.30 Hz,
J2 =1.86 Hz, 1 H), 7.26.12 (,J = 7.74 Hz, 1 H), 7.097.04 (q,
J; = 10.74 HzJ, = 8.34 Hz, 1 H), 6.8%.84 (m, 1 H)*C NMR
(CDCl;, 100 MHz):6 155.9, 151.2, 150.2, 148.8, 144.6, 138.0,
132.3, 125.1, 125.1, 123.1, 120.8, 119.9, 115.%.111114.9.
ESI-HRMS: m/z calcd for GHeCIFN; [M+H]* 251.0440 found
251.0503.



Compound7-E. '"H NMR (CDCL, 400 MHz):6 8.43 (d,J =
5.00 Hz, 1 H), 7.99 (s, 1 H), 7.86 (s, 1 H), 7.82 (sH)}
7.66-7.62 (t,J = 7.74 Hz, 1 H), 7.147.11 (t,J = 7.68 Hz, 1 H),
7.07-7.02 (m, 2 H), 6.86.81 (m, 1 H).*C NMR (CDC}, 100
MHz): § 154.1, 151.1, 149.2, 148.7, 147.5, 139.8, 1328,
125.0, 124.2, 120.6, 120.2, 120.1, 115.2, 115.@.811114.8,
21.3. ESI-HRMS: m/z calcd for ;@4,,FN; [M+H]" 230.1049
found 230.1076.

Compound8-E. 'H NMR (CDCl, 400 MHz):6 8.39 (d,J =
5.72 Hz, 1 H), 8.00 (s, 1 H), 7.85 (s, 1 H), 7.63-7159 = 7.78
Hz, 1 H), 7.51 (dJ = 2.36 Hz, 1 H), 7.147.10 (t,J = 7.74 Hz, 1
H), 7.08-7.03 (q,J; = 10.70 Hz,J, = 8.30 Hz, 1 H), 6.86.81
(m, 1 H), 6.726.75 (ddJ; = 5.72 HzJ, = 2.48 Hz, 1 H), 3.93 (s,

3 H). **C NMR (CDCL, 100 MHz):d 166.1, 156.0, 151.1, 150.5,

148.7, 139.6, 132.6, 125.0, 125.0, 120.3, 120.5.2,1115.0,
114.8, 114.8, 110.4, 104.6, 55.4. ESI-HRMS: m/z ctalor
C13H1,FN;O [M+H]" 246.0998 found 246.1112.

Compound9-E. 'H NMR (CDClL, 400 MHz):6 8.22 (d,J =
6.00 Hz, 1 H), 7.95 (s, 1 H), 7.83 (s, 1 H), ZB39 (t,J = 8.06
Hz, 1 H), 7.20 (dJ = 1.60 Hz, 1 H), 7.137.09 (t,J = 7.66 Hz, 1
H), 7.0%7.02 (q,J = 6.61 Hz, 1 H), 6.84.79 (q,J = 6.66 Hz, 1
H), 6.48-6.47(m, 1 H), 3.08 (s, 6 H}*C NMR (CDCk, 100
MHz): § 154.7, 153.9, 151.1, 149.3, 148.7, 140.7, 1328,9,
119.9, 115.1, 115.0, 114.7, 106.8, 102.0, 39.4-HEFSMS: m/z
caled for GgH1,FN;O [M+H]* 259.1314 found 246.1963.

CompoundlO-E. *H NMR (CDCk, 400 MHz):6 8.60 (d,J =
4.40 Hz, 1 H), 8.083.02 (m, 2 H), 7.937.90 (m, 2 H), 7.787.74
(t, J = 7.62 Hz, 1 H), 7167.11 (m, 2 H)*C NMR (CDC}, 100
MHz): § 153.6, 149.6, 141.9, 136.7, 124.4, 123.7, 12018,7,
118.4, 116.3,
C1H1,FNSO, [M+H] " 241.0845 found 241.0864.

Compoundl1-E."H NMR (CDCk, 400 MHz):5 8.59 (d,J =
4.56 Hz, 1 H), 8.28 (d] = 7.56 Hz, 1 H), 8.10 (d} = 7.92 Hz, 1
H), 8.03 (s, 1 H), 7.767.72 (t,J = 7.44 Hz, 1 H), 7.587.55 (m, 1
H), 7.25-7.22 (m, 1 H), 7.137.08 (q,J; = 10.86 Hz,J, = 8.62
Hz, 1 H), 3.94 (s, 3 H)**C NMR (CDCk, 100 MHz):5 166.7,
154.0, 151.3, 149.4, 140.7, 136.5, 132.8, 132.7,.412127 .4,
123.3, 122.2, 120.3, 116.2, 116.2, 115.3, 115.14.5FSI-
HRMS: m/z calcd for @H,FN,O, [M+H]" 274.0947 found
274.0995.

Compound12-E. *H NMR (CDCk, 400 MHz):d 8.59 (d,J =

5
136.5,.132.8, 132.7, 127.4, 127.4, 123.3, 122.2.112120.3,
116.3, 116.2, 115.3, 115.1, 52.4. ESI-HRMS: m/z cafor
C13H1,FN;O [M+H]" 246.0998 found 246.1085.

Compoundi5-E. 'H NMR (CDCk, 400 MHz):6 8.57 (d,J =
4.12 Hz, 1 H), 8.00 (d, 2 H), 7.86 (s, 1 H), #7588 (t,J = 7.12
Hz, 1 H), 7.2%7.18 (m, 1 H), 7.036.98 (dd,J, = 6.98 Hz,J, =
3.02 Hz, 1 H), 6.95.90 (g,J; = 11.80 Hz,J, = 9.08 Hz, 1 H),
6.21-6.17 (m, 1 H), 2.96 (s, 6 H°C NMR (CDCk, 100 MHz):
0 154.5, 149.3, 148.5, 144.4, 142.2, 139.0, 13632,5, 132.4,
122.9, 119.9, 115.3, 115.1, 104.6, 104.6, 99.%5.4HSI-HRMS:
m/z calcd for GH,sFN, [M+H] * 259.1314 found 259.1376.

The corresponding aldehydes for synthesis of hydraz
1-15 can be obtained by reduction of the commercialreste
except for 4-(dimethylamino)picolinaldehyde18. The
corresponding hydrazines can be synthesized eésily the
commercial amines except for compound methyl 4¢b@
hydrazinylbenzoate 22 and 4-fluoro-3-hydrazinyIN,N-
dimethylaniline27. The synthetic procedures 18, 22 and27 are

~ N ~
N "S"ggr' N DBALH |
2 DCM
. e U =
P reflux P -60 °C Z
NZ cooH N coome N” cHo
16 17 18

in the following.

Compound16.® A solution of 4-chloropicolinic acid (0.78 g,
5 mmol) in aqueous dimethylamine (40 %, 10 ml) wiirsesl at
100 °C for 5 h in a sealed tube. The resultingitsah was
concentrated invacuq then dissolved in EtOAc (50 ml) and

116.2, 109.4. ESI-HRMS: m/z calcd forwashed with saturated aqueous NaHQB0 ml) twice. The

organic phase was dried over MgS&hd evaporated iwacuoto
afford compoundl6 (0.79 g, 95 %)'H NMR (DMSO-d;, 400
MHz): § 8.20 (d,J = 7.48 Hz, 1 H), 7.43 (d] = 2.98 Hz, 1 H),
7.10 (dd,J; = 3.01 Hz,J, = 7.53 Hz, 1 H), 3.27 (s, 6 H). ESI-
HRMS: mz calcd for GH;oN,O, [M+H]" 189.0634 found
189.0638.

Compoundl?. Thionyl chloride (5 ml) was slowly added to a
solution of compound6 (0.83 g, 5 mmol) in MeOH (30 ml).
The solution was then heated to reflux for 12 h emncentrated

in vacuo The residue was dissolved in dichloromethane (DCM)

and washed with saturated aqueous NaCl, dried oveiQylgsd
evaporated invacuoto afford compound7 (0.80 g, 89 %)'H

4.44 Hz, 1 H), 8.04 (d] = 8.00 Hz, 1 H), 7.98 (s, 1 H), 7.89 (S, 1 iR (CDCL, 400 MH2):6 8.32 (d,J = 5.76, 1 H), 7.40 (s, 1 H),

H), 7.75-7.71 (t,J = 7.10 Hz, 1 H), 7.6%7.58 (dd,J, = 7.10 Hz,
J, = 2.42 Hz, 1 H), 7.25.22 (m, 1 H), 7.066.95 (q,J; = 11.06
Hz, J, = 8.70 Hz, 1 H), 6.8%6.76 (m, 1 H).*C NMR (CDC},

100 MHz): ¢ 153.9, 149.5, 140.8, 136.5, 133.6, 133.5, 130.4,

123.4, 120.2, 119.7, 119.6, 116.2, 116.0, 114.T-HEBVS: m/z
caled for G,HoCIFN; [M+H] " 251.0440 found 251.0610.

Compoundl3-E. 'H NMR (CDCF, 400 MHz):6 8.58 (d,J =

6.60 (d,J = 3.24 Hz, 1 H), 3.98 (s, 3 H), 3.06 (s, 6 H). ESI-
HRMS: mz calcd for GH{.N,O, [M+H]® 181.0932 found
181.0987.

Compound 18>° Compound 17 (0.90 g, 5 mmol) was
dissolved in anhydrous DCM (25 ml) and the soluti@s cooled
to -60 °C. Diisobutyl aluminum hydride (DIBAIH) (1.5 M in

toluene, 6.67 ml) was dropwised. After 5 minutes atéhd of

4.52 Hz, 1 H), 8.02 (d] = 8.00 Hz, 1 H), 7.98 (s, 1 H), 7.86 (s, 1 addition, the reaction mixture was treated with tdeliton of

H), 7.73-7.69 (m, 1 H), 7.43 (d] = 6.84 Hz, 1 H), 7.267.19 (q,
J, = 6.38 Hz,J, = 5.14 Hz, 1 H), 6.9%.90 (q,J, = 11.48 HzJ,
= 8.32 Hz, 1 H), 6.646.61 (m, 1 H), 2.35 (s, 3 H}’C NMR

MeOH (5 ml) and then with aqueous solution of NaOH (120,
ml). The organic layers were dried over MgS@ltered and
concentrated to give the produt® (0.57 g, 76 %)'H NMR

(CDCl;, 100 MHz):6 154.4, 149.4, 147.1, 139.3, 136.4, 134.7,(CDCl,, 400 MHz):6 9.99 (s, 1 H), 8.38 (dl = 5.80, 1 H), 7.18

134.7, 132.1, 132.0, 122.9, 120.7, 120.7, 115.5.111114.8,
114.6, 21.3. ESI-HRMS: m/z calcd for,;#,,FN; [M+H]"
230.1049 found 230.1104.

Compoundi4-E. 'H NMR (CDCL, 400 MHz):6 8.57 (d,J =
4.40 Hz, 1 H), 8.028.00 (d, 2 H), 7.87 (s, 1 H), 77269 (t,J =
7.20 Hz, 1 H), 7.227.16 (m, 2 H), 6.98-6.93 (4, = 10.96 Hz)J,
= 9.00 Hz, 1 H), 6.36.32 (m, 1 H), 3.83 (s, 3 H}*C NMR

(d,J=2.20, 1 H, 6.666.64 (q,J = 2.66 Hz, 1 H), 3.07(s, 6 H).
ESI-HRMS: miz calcd for GH;N,O [M+H]* 151.0827 found
151.0886.

Compound19.** To a solution of 4-fluorobenzoic acid (2.80 g,
20 mmol) in concentrated ,80, (25 ml) in an ice bath was
added potassium nitrate (2.20 g, 22 mmol) in pogiwithin 30
minutes. The ice bath was removed and the mixturestimed at

(CDCl;, 100 MHz):6 166.7, 154.0, 153.8, 151.3, 149.4, 140.7,ambient temperature overnight. To the mixture wasleed
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crushed ice at room temperature, the residue wasefi to give
the productl9 (2.41 g, 65 %):H NMR (DMSO-d;, 400 MHz):9
13.69 (br, 1 H), 8.57 (dJ = 5.64, 1 H), 8.328.30 (m, 1 H),
7.757.70 (m, 1 H). ESI-HRMS: fm calcd for GH;oN,O

COOH COOMe COOMe
(COCl),
MeOH Hz, Pd/IC
—_— —_—
NO, NO2 NH,
19 20 21
COOMe
1) HCI, NaNO,
2)SnCly
—_—
NHNH,
F
22

[M+H] " 186.0158 found 186.0174.

Compound20. To a solution of compound9 (1.85 g, 10
mmol) in anhydrous DCM (30 ml) was added (CQ1).70 ml,
20 mmol), then the mixture was stirred 3 h at roemgerature.
The resulting solution was concentratedratuq then dissolved
in anhydrous DCM (20 ml) and MeOH (20 ml) and stirfed?2 h.
The resulting solution was concentrated viacuo again, and
dissolved in DCM and washed with saturated aqueous.N&El
organic phase was dried over MgS&hd evaporated iwacuoto
afford compound 20 (1.83 g, 92 %§ NMR (CDCl, 400 MHz):
5 8.76-8.74 (dd,J; = 1.70,J, = 7.06, 1 H), 8.348.31 (m, 1 H),
7.41-7.36 (t,J = 9.46 Hz, 1 H), 3.98 (s, 3 H). ESI-HRMS/zm
caled for GHgFNO, [M+H]"* 200.0314 found 200.0405.

Compound21. Compound20 (1.00 g, 5 mmol) underwent
hydrogenation in the solution of EtOAc (10 ml) and®#¢ (10

Tetrahedron

over by MgSQ, and evaporated imacuoto give the produc23

(1.26 g, 75 %)'H NMR (DMSO-d;, 400 MHz):5 10.06 (s, 1 H),
8.34 (d,J = 4.40 Hz, 1 H), 7.747.75 (m, 1 H), 7.567.51 (t,J =

10.10 Hz, 1 H), 4.231.19 (t,J = 8.44 Hz, 2 H), 1.041.00 (t, J

= 8.46 Hz, 1 H), 0.05 (s, 9 H). ESI-HRMS:/ancalcd for
C1H17FN,O,Si [M+H] " 301.0975 found 301.0822.

Lo
COCH HNJLO/\/ N NH,
)(COCI),,DMF
TMSN3 TBAF KoCO4
E—
NO, 2 Toluene NO, NO, Chl
TMSE .
23 24
1) HCI, NaNO,
SnC|2

H2 Pd/C
NHNH,

Compound24 Toa solut|on of compourB (1. 20 g, 4 mmol)
in THF (20 ml) was added tetrabutylammonium fluer{@.13 g,
12 mmol) and the reaction mixture was stirred atnroo
temperature for 10 h. The solvent was removedidouq the
residue was dissolved in DCM, and dried over by MgSken
concentrated iwacuoto get the compoung4 (0.59 g, 95 %)'H
NMR (DMSO-d;, 400 MHz):6 7.24-7.19 (m, 2 H), 6.926.88 (m,
1 H), 5.63 (s, 2 H). ESI-HRMS: /= calcd for GHsFN,O,
[M+H] " 157.0369 found 157.0375.

Compound25. To a solution of compour2# (0.31 g, 2 mmol)
and KCO; (1.38 g, 10 mmol) in anhydrousN,N-

ml) at H, atmosphere for 5 h using Pd/C (0.10 g, 10 %) as thdimethylformamide (DMF) (5 ml) was added €H0.35 g, 2.5

catalyst. The reaction was then filtered and thevesdl was
removed invacuoto afford the compoungl (0.81 g, 96 %)'H

NMR (CDCL, 400 MHz):6 7.49-7.47 (ddJ, = 1.76,J, = 8.60, 1
H), 7.43-7.39 (m, 1 H), 7.046.99 (q,J; = 8.62,J, = 10.46, 1 H),
3.88 (s, 3 H), 3.82 (br, 2 H). ESI-HRMS:/ancalcd for
CgHgFNO, [M+H]* 170.0573 found 170.0618.

Compound22.>* To a suspension of compou@d (1.01 g, 6
mmol) in hydrochloric acid (13 ml, 37 %) at 0 °C wadded a
cold solution of sodium nitrite (0.50 g, 7.2 mmii)water (5 ml)
maintaining the temperature below 5 °C. The restlsafution
was stirred in an ice bath for 30 min before theitémd of a
solution of tin (ll) chloride dehydrate (4.06 g, 18mol) in
hydrochloric acid (5 ml, 37 %) maintaining the tesrgture
below 5 °C. The resultant suspension was stirred°&t for 3 h
and the suspension filtered and then dissolved iMP@ashed
with saturated NaHC{ dried over by MgS® to get the
compound22 (1.01 g, 92 %)'H NMR (CDCk, 400 MHz): ¢
7.79-7.77 (m, 1 H), 7.46 (s, 1 H), 7.08.99 (m, 1 H), 5.48 (br, 1
H), 3.91 (s, 3 H) 3.62 (br, 2 H). ESI-HRMS:/acalcd for
CgHoFN,O, [M+H] " 185.0682 found 185.0664.

Compound23. To a solution of compound9 (1.03 g, 5.6
mmol) in anhydrous DCM (15 ml) was added (CQCL)7 ml,
20 mmol), the mixture was stirred for 5 h at roormperature,

mmol), and the reaction mixture was stirred for 1@tt80 °C.
After cooling down the reaction to room temperature wdded
DCM (50 ml) to the solution, and washed with saturated
NaHCQO,. The organic layer dried over by Mg$Qnd
concentrated ivacuoto give the produces (0.34 g, 92 %) H
NMR (DMSO-d;, 400 MHz):6 7.41-7.36 (m, 1 H), 7.237.21 (m,

1 H), 7.127.09 (m, 1 H), 2.95 (s, 6 H). ESI-HRMS:/zrtalcd

for CgHgFN,O, [M+H]" 185.0682 found 185.0749.

Compound 26. The similar procedure as described
synthesizing compoun@1. *H NMR (CDCk, 400 MHz):5 6.88-
6.83 (1,0 =9.76 Hz, 1 H), 8.34 (dd; = 2.68 Hz,J, = 7.56 Hz, 1
H), 6.16-6.06 (m, 1 H), 3.65 (s, 2 H), 2.86 (s, 6 H). ESI-HRMS:
m/z caled for GHy,FN, [M+H] ™ 155.0940 found 155.1032.

Compound 27. The similar procedure as described
synthesizing compoung2. '"H NMR (DMSO-d6, 400 MHz)s
10.28 (s, 3 H), 8.35 (br, 1 H), 74R14 (m, 1 H), 7.03 (s, 1 H),
6.69 (s, 1 H), 2.96 (s, 6 H).

in

in
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