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AbSTRACT

NUCLLAR MaGHLTIC RwSCNANCi STUDIES OF HYDIAZUKWLS

by Carol Elizabeth Usborne

The nuclear magnetic resonance spectra of thirteen hydra-
gzones were examined to determine corfigurations, conformations,
syn/anti ratios and solvent effects,

The assigmment of configurations was based on two points,
Sterically it is resonable to expect that configuration I should

be thermodynamically more stable than II when R1 is smuller

M- NH N -N#
Nl N
C C
/ N\ /
e K R, \Rz

[ L

than R2. Secondly, due to steriospecific associ:tion of benzene
with the substrate the chemical shift of cis protons to higher
magnetic fields is greater than that of the trans protons,
Using these two principles it was possible to make configura-
tional assigmments to the syn and anti isomers of various hydra-
zones, For example, in all cases the cis aldehydic proton of
aldehydic hydrazones is found to resonate at lower magnetic
fields than the trans aldehydic proton,

From the spin=spin coupling constants it was possible to
determine which conformations were the more stuble for the

hydrazones, For example, the coupling constant for syn pro-
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pionaldehyde hydrazone JH‘H“- 5.52 CuLe8., while for syn
isovalerauidehyde hydruscne J&i, i ™ 5.60 e.p.s. This indi-
o<

cates that for the syn aldehydic hydrasones conform-tion Iil
N - NH N - NH

2 2
s
L no oH
i} j\
bectmes more st.ble tnan conformation IV as the it greup in-
creases in size. Conformution 1II invoives a trans coupling
and a gauche coupling amd conformation IV two gauche couplings.
Since J¢ > Js conform.tion IXI would have the lurger coupling
constant,
The relationship Letween couformations and chemical slhifts
was also exauined. It was found th.t & protun in the plane

of the earbon-nitrogen bond 1s shielded with respect to a
proton above or below the plans,
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kuclear mugnetic resonance spectrosco;y huas been a very
uselul nethod for studying probleas arising frwa restricted
rotation about a carvom-nitreszen double bord. The hydrosens
in the neigiiborhood of the aimdsotru:ic group serve as a probe

for detecting asyzmetry srournd the double bond; e.g. I amd I,

N-N N -
/C\ ¢
/7 \\
R, R, R, R,

Many workers have used n.m.r. to study the isomers of
caoncounds containing a curbon-nitrogen double btomd, In 1958,
Frillips (1) showed the existence of syn-anti isomers of ali-
rhatie aldoximes, Later lLustig oLserved separate peuks for
the ayn~anti isomers of ketoximes in the presence of aromstic
solvents (2). Utudies of 2,4-dirdirophenyltydrazones and
senicartagones were made by Karsbatsos, Craham and Vane (3).
farabatsos and Taller (L,5) made similar studies of 1dtros-
anines, phery llydrazones and p-tolylhydragones.,

The purpose of this reseasrch was to study ty n.n.r. con~
figurational and conformation:l iscnerian of hLydrazones; 8.x.
syn and antl assigments to isomurs, syn/auti ratios, and
conforaations of the alkyl grou;s attached to the carbon-
nitrogen double bond.

The assigment of confizurations is based oa steric

conasiderations. For examgle, the rutio I1I/IV should increase
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when R‘ 1s kept constant and R, is changed from etigyl to

isopronyl, N - N
) z T’NHZ
N c
/ '\
B2 Ry R, ¥,
ik j\'

Throughout the thesis the isocmer with the &ulno group
cls to the amaller R group will be regarded as the syn
isomer, The hydrogens of the R grcups are nuabered us
indicated in V and are designated as cis or trans to the

anino group,

N - NH
\ z

C
C*C/ \H

HﬁH



RESULTS AWD DIACEHIIGR

Chenicxl Shifts

Table I sunmarizes the chemical shifts of aeveral hydra-
gones. The :cre litense Bignals wers assigned to the cone
figuration with the saiailest group cis to the anino group.
In many instances swine was preseint in the product or was
forming from hydrazone ss tie s-ectra were tuken, Figure 1
shows the spectrun of a {reshly distilled sample of acetone
hydrazone with a suall amount of azine present. After let-
ting the acetone hydraszone sit at room tex;erature for a few
hours the spectrum was taken agsin showing evidence of more
azine, as seen in figure 2. In order to confirm the lydra-
zone peuks a sukll amount of the corresponiing aldehyde or
ketone was added to the hydrarcne saum;le after the spectra
were run and the sanple was re-exsuined to see which peaks
decreased in intensity.

The aldehydic hydrazones dimerize at room temperature

(reaction one) to give crystalline 3,6-dialkylhexahydro-

‘::'N\'\z R\ /N“-NH\ /H
— C C (1)

Z/c\
& RN N

R

s-tetrazine (6). Figure 3 shows the spectrum of acetaide-~
hyde hydrazone with pezks which presunably sre those of the
dimer. Immediately after this spectrum was run the sample

crystallized in the n.a.r. tube,
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from Table I it can be seen that X-wethyl protons
always appear at higher fields when cis to the amino group
than when trans. In contrast, the aldehydic proton, Hy,
and Jf-methyl protons resonate at lower fields when cis
than when trans. Although in only a few cases could cis
X-methylene protons be detected, it appears that they are
deshielded (lower fields) with respect to trans QG=methy-
lene protons, It was not possible to detect the resonance

of the cis X-metnine protons,

Solvent Effects

The effect of soivent on the chemical shifts can also
be seen by looking at Table I, The solutions shown in Tablie
I are all 102 hydrazone - $0s solvemt, by volume, In carbon
tetrachloride there is little effect on the chemical shifts
for either the syn or the anti isocmers. DBut when benzene
is used as the solvent the cis hydrogens are shifted up-
field more than the trans hydrogens. A hydrogen bonded

camplex of conformation VI explains this behavior. Since

)
N~ N\u

O D)

YL

R, is closer to the center of the beuzene ring than R2
AV(cis) > AV (trans). The behavior of hydrazones in benzene

is similar to that of other compounds of the type Kjlt,0=ilZ

(3,4,7).



Figure L shows the effect of diluticn studies on ace-
tone hydrazone. Curve I, which is concave upward, represents
the cis <-methyl hydrogens of acetone hydrazone in benzene,
Curve II, also concave u~ward with a siight shift towards
lower magnetic fields with low concentratiocns of the solveut,
is the trans x-methyl hydrogens in benzens, Curve 11I is
the cis x-methyl hydrogens in carbon tetrachloride and Curve
IV the trans o-methrl hydrogens in ecurbon tetrachloride.

The chenical shifts in carbon tetrachloride are quite insensi-

tive to dilution.

Courlingz Constants

Table II swanarizes the coupling constants, accurate to
t0.0S c.p.8., between Hy and the a~)rotons of the aldehydic
hydrazoneas. The probe te:xn;yerature was maiantained at about

36 .

Conformitions of the syn Iscuers

Aany instrumental methods have skown that the stable con-
formation of a tetrahedral carbon bonded to a trigonal carbon
has a siigle bond eclipsing the double tond (8-22). If VII
is the conforaation of acetaldehyde hydrazone, then its coupling
constant may be expresaed as:

Jin = (?..J8 + Jt.)/B

where J g is the gauche coupling and Jt the trans cou;ling.
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Spin-50in Coujling Constants of

Tabie Il

liydrazones

R\\

C = No N Solvent JH‘dO‘(c.p.s.)
Rl/ 2 cis trans
R, = H xiz - CH;CHB Nesat 5.52 5.45
iy = H /. = CH A-"r waat 5.60 L.93

2 <
Benzene 5.53
ccy, 5.77
Ry = H R, = CH t-lu EBtoH 6.3 5.25
- w Cf( 5 e 3. £.10
R‘ H 32 cr( t)z Neut 6.32
Benzene 6.32
Ry = H 122 - C)i(i—?’r;‘z EtCH 6.58 8.43

13
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N-NU, N-NH, N-NH, N-NH,
i R L '
e H z H { H \8 I
HooH AT R™ H H~ R
YIT VIIT Xa X6
If VIi1 ard Ixa are energetically equivalent then the
coupling constant for a monosubstituted aldehydie hydrazone
should be the same as that for acetaldehyde hydrazone (5.40
C.U.8.). hLowever, the substitution of an alkyl group prob-
ably decreuses the cou;ling by about 0.4-0.7 c.p.s. per alxyl
substituent (23-25;, (For exam:le, JCE3CHZA is 8.0 ec.p.s.
(£ =1i), 7.26 e.pos. (X = Chiy) and 6.8 c.p.e. for isobutane.)
Fram steric considerations one would exject IX to be more
favorable than VIII, in which case the cou;ling constant of
monosubstituted ucetaldehyde hydrazone would be larger than
that of acetaldeliyde hydrazone since Jt>'JE. ilso, as R gets
larger JH1Ha~should get larger because ucre of the campound
would be in ecnformation IX. From the data it can be ccn-
cluded that this is the cuse; e.g. Jﬂlha_f°r methylacetulde-
hyde hydrazone is 5.52 ec.p.s., for isoprcrylacetaldehyde hydra-
gone 5,60 c.p.s., and for t-butylacetaldehyde hydrazone 6.3
C.Pe8Be
For the disubstituted aldehydic hydrazones there are
three possible conformatiocns with a single bond (C - i) eclip-
sing the carben-nitrogen double bond. As the R xroups get

larger more of the compound should be in conformation X rather

than X1 and the coupling constant should incresse, The data

15
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indicate that this i3 true, conformation L is more stable

N-NH, N-NK N-NH,
H R 3
Jg ‘\H /,\('ku e ‘\\\
™ R LY R ¥y

X Xla X ¢

than couformution XI, For exaa:le, when toth Ii groups are

methyl J = 5,18 c.p.s8.; when they are isoproxyls J = 6,56 C.['e8.
If 1t 1s assuned thut t-butylacetaldehyde hydrazone

exists solely in conformation IZ then its cou,ling ~onstant

may be ex;ressed as:
g Ji,

Jh“exp. + correction =
where the correction factor urises from the substituticn of
an alkyl grour for a hydrogen. 5y using the above exzression
ard the one previcusly given for J“ihm‘of acetaldehyde hydra-

gone it 1s possible to calculate J_ and Jt' “hen C.3 per

[4

alkyl substituent is used as the correction factor Jg = 3,14

CePeBey Jy = 9.92 c.p.s.3 with 0.5 as the correction JE = 2,74

C.D.B., Jt = 10,72 c.p.8.; using 0.7, JE = 2.34 c.p.B., Jt -

11.52 c.p.s. These values are com;srable to those which Bothner-

By found for olefins; Jg = 3.7 c.p.s., Jy = 11.5 c.p.s. (10).
The values calculated for Jg and J¢ muy then be used

to determine the percentajes of the different counforuers., Ffor

the monosubstituted acetaldehyde hydrazones the expression

for determiniig the percentages of the two is:

X(Jr + “'Y.)

. -."1
J“HGXp. + correction = 2 + (1 x)d,

17



where x is the amount of the campound in conformation X, +
14y, and (1 = x) the amount in conformation VIII, Table 1II
shows tne percentages obtained by this methiod,

For the disubstituted acetaldehyde hydrazones the expres-
sion for calculating the amounts of conformers X and XI, + Xl
is:

J; + 2(correction) = xJp + (1 - x)Jg

iHexp.
where x 1s the amount of conformer X and (1 - x) the amount
of conformer )1, + XIy. The percentages thus obtained for
the different conformutions of the disubstituted acetaldehyde
hydrazones are also shown in Table III,

The percentages of different conformations at equili-

brium may then be used to find A FO, the standard free energy

N-NW, N -NH,
R
,\é\\\\ K. 4 Kn
TN ~— Y

1-X X/2

change between the two conformstions, The expression for
AF° 1s:

D F® = -RT1nK
or

AF® = —r11n X2

The values found for A F© are shown in Table IV,

18



Table

III

Conformer Percentages of Syn Aldehydic Hydrazones

19

Monosubstituted Conformation
aldehydic hydrazones
Compound N -NR N -NH
R‘ M 'k 2 \ 2
r S
Rz IXa + IX, VIII
Correction per alkyl substituent
03 05 07 03 05 07
Ry = H Ry = CHCHy |79% |82% |8&5% 214 [18% | 15%
Ry =H R, = CHyi-Pr|82% |84% |867 18% 163 |14%
Ry = H R, = CH,CgHs | 86% |89% | 90% W% 1% |10%
Disubstituted Conformation
aldehydic hydrazones
Campound N-NH, N -N#§,
R, H K R K
P > W B W
o 2 R” R H R
Re X XIa + XIy
Correction per alkyl substituent
03 05 -7 i3 05 07
Ry =H Ry = i-Pr 398 |43% |46d 61% |574 |54%
Ry = H R, = CH(Et)2 56% |57k |59% LihZ |43%  |41%
Ry = H R, = CH(i-Pr)p60s |61% [614 LCE  |39% |39%




Table IV

o
A¥? Vulues for the Conformitions of Syn Aldehydie Hydrazones

Ry A F° cal. molo.‘

/ C=N- N“z Uorrection |used in detgrmuing X
R2 3 o5 o7
R1 = H }iz - Ciizch'zj -3t8 =519 =636
#y = H R, = (HA-Pr =506 =595 -6¢6
Ry = H R, = CiylH, 658 856 923
Ei, = H {{2 = {-I'r -150 -252 348
Ry = H Ry = CH(it), ~563 =597 ~648

Ry=mH &Hhym= CE(1-"r) =675 ~701 =731

2

20
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8 ¢f tre aty lscners

It can be ctserved froa Tatle IY that for the zoucsub-

stituted uldehydic hydrazones the trans cou;ling constant in
each cuse 1s less than the cis coupliing constunt; e.,.

J - 5.6 e.p.s. for the syn fora of iscprc;ylacetuldshyde

dqd
hydrazone and for the aunti form Jyii, = 4.93 c.p.s. This

would seem to iadicate th.t for the anti monosubstituted acet-
aldehyde hydrazones conform:tion YXII is more stuble than con-

formztion XIII, since conformation XiI has two gauche couplings

N-NH, N-NH, N-NR,
‘-\)\\gﬂﬂ k\)g{ H)\\/‘R
R H R H

o X A

whereas Xill has one gauche and one trans coupiing. Conforma=
tion XIV would have apvroximately the same coupling constant
as ZIII and would not expluin the decreoase.

Another explanstion for the decrease could be that the
more stable conform:tion for the antl forms of the monosuvsti-

tuted acetaldelyde hydragones is conformation iV. This seans
N-NY

Ny
i M

unreascn..ble since there would be considerable steric inter-
acticn between the alkyl group and the amino group in tiis

conformation,

23



hhen the disubstituted anti aldehydic hydrazones are
canpared with the syn disubstituted aldehydic hydragones it
can be ssen that they have much larger coupling constants;
L. JH,H = 6,32 c.p.s. for diethylacetaldehyde hydrazones

in the syn form, while for the anti form JH,H = 8,10 c.p.s.
N- NI

)u
X

AN

Conformation XVI then is the more stable conformation for

the antl disubstituted acetaldehyde hydrazones,

Half-iidths

Table V shows the half-widths of the aldehydic protons,
Hy, and the O-methyl protons of several hydrazones, They
were measured in an effort to detemine if coupling was occur-
ing with the protona\of the amino grouj. Although some of the
half-widths are larger than would be expected for no coupling,
there are no specific trends., From these data it is impossible
to make any definite statements regarding coupling between
the amino protons and the x-methyl protons or the aldehydic

protons, “1’ of these hydrascnes,

Anisotropic Effects of the Carbon-Nltrogen Double Dond
It was shown from the coupling constants that for the



Table V

Half-.idths of o-methyl Irotons and .ldehydic Frotons

R
\ \ Halfw idth of Half-:1dth of
/C gN—‘NHZ Q-CHB (c.p.a.) H' (C-;‘.s.)
R 2 eis trans | cis trans
R' = CHB RZ - (3!&')‘!(3 1.20 1.0
R' - CH3 RE = t-Iy «50
R' - CHB ii,‘z L] CH;;C&HS 70 o T
R’ = H H‘Z - C'Ll 055 .70 .7’ '."0
7 - N . "
z"(1 - H P'Z = Ch",i-:"-'r .63 92
Ry = H R, = CH t-Fu &G L%E
R' = .’i_‘ - CH(L‘Jt)z .65 TV
<
Ry = i R, = Cll(i—i’r)2 £9 70
R' = H Rz = {-ip 61 o 7€




eyn-hydrazones, when R 1s changed from methyl to isoiro;yl to
t-butyl, conformation IX 4a8 more stable than conformation VIILI,
Similarly for the disubstituted acetaldehyde hydrazones, con~-
formution X beccmes more stzble than confors:sticn Al as the
R groups increase in size.

Table VI shows what this change in conforastion does
to the chemicul shifts. The chexical shifts, accurate to
¥y C.p.B., are expressed in ¢.p.s. downfield fram tetramethyl
silane (O c.p.s.). From the table it can be seen that as tle
x-proton spends more time in the rlane of the carbon-nitrogen
double bond the resonance shifts to higher magnetic fields;
&.g. the o=methine proton of dimethylacetaldehyde hydrazone
resonates at 140 ¢.p.s., whereas t.ho\ xX-methineé proton of
diisoproprylacetaldehyde hydrazone resonates at %0.6 e.p.s.
Thut is, a proton in the plane of the carbon-nitrogen double
bord is shielded with respect to one above or below the plane.
This behavior is opposite to that generally accerted for
carbonyl compounds (26).

The difference between K(x) and 1)”(15) may be due to

N- Ny

u\{\\
XTH
HB

the anisotrony of the carbon-nitrogen double bord or hyper-

2

conjugation which can occur with protons in position (I),

but not in position (a).




T‘.tbl. VI
Chenical Uhiits, in c.p.8., ©of the

syn Aldehyde and yn hetone Hydragones

N - Nu
3
i
C
/ N “h H -
R R Vv (d"wl"a) 'I/(CL—LL‘;) lj(o:-(.n)
2 1
Ry =K R = Ci 101.5
R‘ - 2-2.2 - ('.'h’zf;ﬂ1 125
dg = H 4o, = CH d-"r 121
Ny = K0 e CH teTun 10,5
R, -} :iz = ('.H:Cu!is po )
H, =k, w tn(oe) 140
Zi‘ -} .i’: = C.‘i(..t.,-2 117
Ry =k 1{2 ) cz.'<1-:'~-x-)_2 4.5
Gy - Ci{3 i, - L‘H‘ac.'s,i 128
ity = Oy LR = OLigllg 206.5
iy = (53‘3 2’.2 - i','i;(,-’xt':)z 143.5

o
411 s-ectra are neat solutions run wt &0 e and 36

except those imidcated by #, the latter were run in itii,




This behavior has also teen demonstrated for carbonyl

campounis and other carbonyl derivatives (7).

Syn/irtd Fatics

The prercentapes of the syn and anti iscaers of various
hydrazones sre s!.own in Table VII, The valucs were determined
from integration of fesk areas «nd are accurste to & 5%. In
all cases the disunstituted aldshyde hydrazones and the a,a -
disutstituted ketone hydrazones show a lurger percentaze of syn
isomer than any of the monosubstituted hydrazones., It is
interesting to note that for the disubstituted acetaldehyde
hydrasones the percenta,e of the antli form increases as R
changes fram methyl to ethyl to isonroryl. It would seem frum

steric considerations, that the trend would be the other way,




,
Syn/antd Composition of Hydrazones; heat

Table Vil

R,
Se-n- NH, '

R, / % syn £ anti
Ry = He R, = Lt

! 2 77.6% 22,2%%
R‘ = g Rz - L"Tr 93-‘,3 6.9/" f"i
Ry = e Ry = Cii Cyiig 7€.54 21.54
Ry = ke R, = t-Bu 1004
Ry = H  fip = CH(it)p® £6.94 12,15
Ry =B R, = C(4-Pr)," €3.7° 16,24

& Some EtUl present

® Value muy be slightly in error due to saall
anine peak underneath the cis proton reak,

29
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EXTERIA6iTAL

A: paratus

The reactions were carried out in a 100 ml. round bottom
flask equipped with a condenser. To the top of the condenser
was added a maall separatory funnel for the aduition of the

aldehyde or ketone, {

Reaction Procedure

A 4 granm sanple (3.8 ml. or 0.U8 moles) of 1003 hydra-

gine hydrate, 5 ml. of ethyl alcohol, and 15.3 g. (0.10 moles)

of barium oxide were placed in a 100 ml. round bottom flask

and cooled to O° with an ice bath, To the magneticaliy stirred

snlution was added, over a period of a half hour, a solution

containing 4.53 g. (.078 moles or 5.73 mls.) of acetone in

5 ml. of ethyl alcohol. After the addition was completed the

reaction was allowed to stir for 10 minutes, The reaction

mixture was then cooled and shaken with ether, After filtra-

tion the ether-hydrazone mixture was distilled under vacuum,

The material boiling from 115-120° was collected. |
The above procedure was followed for the cther compounds

with variations in time and reaction temperature, For example,

all ketone hydrazone derivatives, except acetone hydrazone,

were allowed to stir for three hours at room temperature after

addition of the ketons,



N.I, i, Srectra

A Varian A-60 n.m.r. spectrometer onerating at approd-
mately 36° was used to obtain all spectra. The undegassed
samples were run in thin-walled A-60 sample tubes, Tetra-
methylsilane was used as an internal reference standard
(T = 10.00)e The chemical shifts were measured from sweep
widths of 500 c.p.s. and 250 c.p.s. S;in-spin coupling were

obtained fram a sweep width of 50 c.p.s.

an
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