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AbsmdGConIigurations and conformations were assigned to several aldehyde and ketone N,N- 

dtmethylhydrazones from analyses of then 60-h& NMR spectra. Aldehyde, but not ketone, N,N- 

dimethylhydrazooes exist exclusively in the syn configuration. Interpretation of the vicinal spin-spin 

coupling constants, .Iu,,,., led to the conclusion that II and III are the minimum energy conformations of 

these compounds. The AH0 values for II + III were found to be more positive than those of N-Me 

imines (Z = Me) but less positive than those of oximes (Z = OH) and their O-methyl ethers (Z = Me). 

General comments are made onseveral aspects of configurational and conformational isomerism about 

single, double and partial double bonds. and on the usefulness and limitations of NMR in studying various 
problems associated with such isomerism. 

IN RECENT years we have investigated by NMR spectroscopy and commented’ 
on various problems arising from restricted rotation about single, double and partial 
double bonds. Of particular interest have been the questions of configurational 
isomerism about the C=N double bond of system I, the relative stabilities of 
rotamers II and III, the conformational preferences of group Z, the anisotropic 

R,R,C = NZ 

R 

,’ 

Y; 

“..’ 

II III 

effects of the C=N double bond and the association between I and various solvents. 
In this paper we wish to present results from our NMR studies of N,Ndimethyl- 
hydrazones (Z = NMe,) that are relevant to these problems. We will also take the 
opportunity to summarize our conclusions on these problems and to make some 
general comments on the uses and limitations of NMR in this particular area of 
research. 

RESULTS 

In Table 1 are summarized the chemical shifts, whose accuracy is about kO.03 
ppm, and the &anti ratios of a few representative N,Ndimethylhydrazones. The 
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notation used to distinguish the various protons is shown in IV. Each proton is 
referred to or cis or truns with respect to the N,Ndimethylamino group. 

“‘b NN(CH,)> 
CH, -CH.’ 

IV 

As in N-methylphenylhydrazomz? (Z = NCH,C,H,)--but not in hydrazoneq4 
N-methylhydrazones,s phenylhydrazones,6 ring substituted phenylhydrazones,7-9 
semicarbazones**9 and thiosemicarbazones*-aldehyde N,Ndimethylhydrazones 
exist only in the syn configuration (Hi cis to N,N-dimethylamino group). Neither 
heat nor treatment with acid gave evidence for the presence of the mti isomer. In 
contrast, the ketone derivatives exist in both the syn and the anti configurations. The 
presence, therefore, of at least one hydrogen on the amino nitrogen is a necessary 
condition for the mti isomers of the aldehydes to be sufftciently stable with respect 
to the syn so as to be detectable by NMR. 

In sharp contrast to all our previous findings, 2-13 the a-Me protons resonate at 
lower, rather than higher, magnetic fields when cis than when truns to Z(Z = 
NMe,). Furthermore, the cis a-methine proton resonates lower than the corres- 
ponding trams by about 1.4 ppm, rather than by the usually observed valus of 0.5 
to 0.8 ppm. 

In Table 2 are summarized several Av(v,, M.-~,n o-I.) values. Two features of the 
data are pertinent to subsequent discussion: (a) Benzene shifts the resonances of 
cis protons to higher fields than does those of the corresponding trans. In the case of 
acetone N,Ndimethylhydrazone the two signals coalesce and eventually cross over 
when the concentration of the hydrazone in benzene becomes less than loo/,. (b) 
Whereas the resonances of the N,Ndimethylamino protons of the aldehyde deriva- 
tives are shifted upheld by benzene, those of the corresponding protons of the ketone 
derivatives are shifted downfield. The same effect was observed with N-methyl- 
hydrazones. 

The representative UV spectra in Table 3 show additional differences between the 

TABLE 3. UV SPECTRA OF som N,N-D~METHYLHYDRAZONES 

R,R,C=NNC”,), 

R, RI Solvent 

H Me cyclohcxane 2408 6.8 

H Me 95% ethanol 2390 5.7 

H Me water 231G I.2 

Me MC cyclohcxane 2664l 060 

MC MC 95% ethanol 2650 076 

MC MC water 2560 039 

MC Et cyclohexane 2740 @82 

MC Et 95% ethanol 2684I 082 

MC Et water 2530 0.78 

L (mid E x 1oJ 
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aldehyde and the ketone N,Ndimethylhydrazones. Whereas the maximum absorp 
tion of the aldehyde derivatives occurs at about 240 mp, that of the ketone derivatives 
is bathochromically shifted to about 265 rng_ This shift is accompanied by a decrease 
in intensity. As pointed out,3* ‘* this is probably the q + x* transition involving the 
lone electron pair of the amino nitrogen. In this respect, again, N,Ndimethyl- 
hydrazones behave similarly to N-methylphenylhydrazones and not to hydrazones 
and compounds that have at least one hydrogen on the amino nitrogen.’ 

In Table 4 is shown the effect of temperature on the vi&al spin-spin coupling 
constants, JHIH_, whose accuracy is about f003 c/s, of the syn isomers of aldehyde 
N,Ndimethylhydrazones. All couplings decrease with increasing solvent polarity 
(Table 5). By the usual treatment of the data,’ the enthalpy differences, AH”. between 

TABLE 4. SPIN-SPIN CXXJPLING CONSTAH~S OF THE syn I~~MRIS OF NEAT LIQUID 

N.N-DIUETHYLHYDRAZONES 

R,RICH,-CH,=NN(CH,)2 J H,“. (c/s) 

R, RZ -30 0 +44” +70 

H H 5.33 531 5.32 5.28 

H Me 5.16 5.12 5.10 5a 
H t-Bu 6.24 6.24 6.22 6.11 

Me Me 5.35 5.25 5.12 5.08 
Et Et 6.82 6.52 6.33 6.10 

0 5,24 5.16 500 4.77 

TABLE 5. EFFKT OP SOLVFNT PO~ANW ON JH,H. OF m syn Imtm 

OF N.N-DIWTHYL HYDRAZONES 

R,RICH,<H,=NN(CH,)2 J,,,,_ (c/s) at 43 

R, RZ cyclohcxane’ acxtonitrile’ 

H H 5.30 5.36 

H Me 500 5.30 

H t-Bu 6.10 6.25 

MC MC 496 5.50 
Et Et 6.24 6.80 

0 480 550 

‘ 10% solutions. 

rotamers have been calculated and summarized in Table 6. The calculated spin-spin 
coupling constants, J, = 1@6 c/s and J, = 2.7 c/s, are similar to those calculated 
for N-methylhydrazones (J, = IO.5 and J, = 2.8 c/s)’ and for hydrazones (5, = 
100 and J, = 30 c/s).* 
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TABLE 6 

AH” for 

R,R,CHCH=NN(CH,), 

R, R, AH” @al/mole) 

H Me +300 

H t-Bu >+4ooo 

Me Me +300 

Et Et +600 

0 +400 

DISCUSSION 

Chemical shifts and anisotropic e&&s. A sufficient amount of information on the 
chemical shifts of syn and anti isomers has now been accumulated that some general 
comments about the degree of reliability with which configurational and conforma- 
tional assignments may be made and about the anisotropic effects of the C=N 
double bond are feasible. As an aid to our discussion, we have summarized in Table 7 
the chemical shift differences in nonaromatic solvents between cis and trans protons 
for a variety of compounds with restricted rotation. The positive sign means that 
protons cis to Z resonate at higher fields than the corresponding protons that are 
tram to it ; a negative sign means the reverse. 

The least reliable chemical shifts in assigning syn and anti configurations are those 
of p-protons and a-methylenes. They depend on the type of compound, i.e. on the 
nature of X, Y and Z, and quite often on the structure of R, and R,. The A6 differences 
are usually small ( f047 ppm), except those of nitrosamines’ ’ where they range 
from + 0.2 @-Me) to + 0.6 ppm (a-methylene). 

Somewhat more reliable are the chemical shifts of a-Me groups. These too, however, 
depend on the nature of X, Y and Z. The A6 values are positive and large (about 
+Q75 ppm) for the a-Me protons of nitrosamines, somewhat less positive for most 
compounds, about zero for oximes” and their O-methyl ethers13 and small but 
negative for N,N-dimethylhydrazones. 

The most reliable chemical shifts in assigning syn and anti configurations are those 
of a-methine and Hl protons. Regardless of the structure of compound-with the 
notable and significant exception of protonated diisopropyl ketone15+r solvent, 
a-methine protons resonate at lower magnetic fields when cis than when trans. The 
A6 values are large and negative for most compounds, about -0.2 to -@6 ppm, 
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more negative for oximes and their O-methyl ethers (about -0% ppm) and sign%- 

cantly more negative, -1-35 ppm, for the N,Ndimethylhydrazone of methyl 
isopropyl ketone. Similarly, the A6 values for H L are also negative and large, ranging 
from about - 03 to about - 10 ppm. There are two significant exceptions, however; 

TABLE 7.6,,,-6, (Aay OF R, RrX=YZ IN NONAROMATIC ~0Lv~h-r~ 

Compound HI a(CH) a(CH,) ct(CH,) MCH,) RCf 

R,R,C&H 
R,R,C=NR (alkyl) 
R,R*C=NNH, 
R,RrC=NNHCHs 
R,RrC=NNHC,H, 
R,R,C-NNHC,H,X(p) 
(X=CH,, Cl, NO,) 
R,RIC=NNHC6H,(NOJt 
R,RrC=NNHCONH, 
R,R,C=NNHCSNH, 
R,R&=NNCH,C,H, 
R,R,C=NN(CH,), 
R,R,C=NOH 
R,R,C=NOCH, 

R,R$=NG 

R,R,I;I=CRO 

R&NO 

+ 
1 

-0 
b -0 

- -0 
* b 

- + 
- •t 

- •t 
- o-+ 
b o-+ 
b b 

b - 

- -I- 

- -t 

-0 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
- 

o-+- 
o-++ 
+ 
+ 
+ 

- 15, 16 
-0 2 20 

f 4 
o++ 5 
+ 6 
O-++ 8.9 

0-k 7 
0-t 8.9 
0-k 9 
-I- 3 
+ , 

0 12 
+ 13 

+ 11 

f 17. 18. 23 

/ 

* A positive A6 means that protons cis to Z resonate at higher fields than those that are frans; a negative 
the reverse. 

* The resonances of both cis and trans protons have not been established. 
’ Only the syn isomer of the aldehydc derivatives is detectable. 
’ No H, protons in these compounds. 
’ This work. 
I From W. D. Phillips, C. E. Looney and C. P. Spoeth. J. Mol. Spectry. 1, 35 (1957). 

AS for the H, of protonated formaldehyde’6 and formamide’6* ‘a are smaller but 
positive. 

On the basis of the aforementioned observations and the information available?-‘* 
on the conformations of groups RI and R,, it is now possible to elucidate the aniso- 
tropic effects of the group X = YZ. Let us examine first positions A(V) and B(V) 

Y’ 
X 

II 
(B) H’-X’HCA) 

V 
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that are in the plane of the molecule. In all compounds where H(A) resonates at 
lower fields than H(B) atom Y has a lone electron pair in an sp’-hybridized orbital 
and Z possesses one or more lone electron pairs. In cases where H(A) resonates at 
higher magnetic fields than H(B) one of these two features is absent. For example, 

VI VII 

in protonated formaldehyde (VI) Z has no lone electron pair; in formamide (VII), 
Y does not. Formamide may be a special case, as the anisotropy of the group might 
be better approximated by that of the carbonyl. If so, H(A) should resonate at a 
higher” field than H(B). Since H(A) of N-methylformaldimine (VIII), where Z has 

(B)H 
II 

H(A) 

VIII 

no lone electron pair, resonates at a lower fieldzO*’ by about 0.34 ppm than H(B), 
reliable conclusions on the relative contributions of the two features in determining 
the difference in the anisotropic effects at positions A and B cannot be drawn. 

The A6 differences of the chemical shifts of a-methine protons permit us to 
estimate the relative anisotropic screening effects at positions A and B (both in the 
plane of the molecule) of IX. The experimentally determined A6 values express only 

minimum differences between 6,,,,, and 6no,, for the following reasons. As shown 
in previous publications in the series, the predominant conformation of the R,CH- 
group when cis to Z is the one where the C-H(A) bond is almost in the plane of the 
molecule, as shown in IX. As the population of this conformation increases by in- 
creasing the sixes of the alkyl groups on R&H-, the cis a-methine resonance shifts 
downfield. The true chemical shift of the cis a-methine when in position A is, therefore, 
lower than the experimentally measured ones. The chemical shifts of the mm 
a-methine protons are weighted averages of the chemical shifts in positions B(X) and 
B’(X1). As shown in previous publications in this series, the chemical shifts of the 
trans a-methine protons move to higher fields as the concentration of rotamer X 
increases, i.e. position B (in the plane of the double bond) is shielded with respect to 
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position B’. The true chemical shift of the truns a-methine when in position B is, there- 
fore, higher than the experimentally measured ones. We estimate that H(A) should 
resonate at lower fields than H(B) by about 2-4 ppm. Apparently the main source of 
this dilference is the anisotropy of the lone electron pairs on Z. In the only compound, 

protonated diisopropyl ketone,’ ’ where Z has no lone electron pairs, the cis and trans 
a-methine resonances where indistinguishable. Not only are the lone electron pairs 
responsible for the bulk of this difference, but their orientation with respect to the 
C-H(A) bond is also important. For example, in compounds such as XII, 

H(R) cp3 ...N,CH, 

N’ @ 
) LH(A) I bH(A) ) I/WA) 

XII XIII XIV 

where the orbital of the lone electron pair is about perpendicular to the plane of the 
molecule and overlaps with the x-orbital of the double bond, A6 is about - 05 ppm ; 
in oximes and their O-methyl ethers (XIII), A6 is about -0.8 ppm ; and in N,N- 
dimethylhydrazones, where the orbital of the lone electron pair is near, or in, the plane 
of the molecule (XIV), vi& i&z, and orthogonal to the n-orbital of the double bond, 
A6 is about - 1.35 ppm. We attribute the finding that A6 of a-Me protons is positive 
in XII, about zero in XIII, and negative in XIV to such differences in the orientation 
of the lone electron pair orbitals. We, therefore, conclude that the anisotropy of the 
lone electron pair on Y is not, as suggested for oximes,21 the controlling factor. 

On the basis of the above discussion and from the conformations2-‘4 of groups R, 
and R, (I) it is now easy to understand why the chemical shifts of a-methylene and 
B-Me protons behave irregularly. As pointed out,12 both conformations XV and XVI 

Y’ 
2 

Y’ 
2 

,! H 

Y 
**. 

‘R 
H R 

xv XVI 

are significantly populated. Similarly, both conformations II and III of the trms 
RCH,-groups are important, their ratio varying with R. The experimental cis and 
trm chemical shifts, therefore, are weighted averages of the chemical shifts of protons 



3932 G. J. KARABATSOS and R. A. TALLER 

from several positions at which the anisotropic screening constants are unknown and 
can be quite different. 

From the finding that the cis a-Me protons resonate at higher magnetic fields than 
the corresponding trans, and by considering XVII, we conclude that position A’ 

is shielded with respect to position B’. The reverse, of course, is true with positions 
AandB. 

The aforementioned arguments and conclusions could be very well extended to 
predict the relative chemical shifts of other compounds. For example, the methine 
proton of XVIII (X = halogen, alkoxy) should resonate by 0.5 to 13 ppm lower than 
the methine of XIX. 

H 

x 

X 

R CHR, 

H 

x 

X 

R,CH R 

XVIII XIX 

Interpretation ofsoluenr eficts on chemical shifts. A valuable compliment to chemical 
shifts in assigning syn and anti configurations is the specific and predictable effect 
that an aromatic solvent, such as benzene, has on these chemicals shifts. In practically 
all compounds studied the effect of benzene on the chemical shifts of the corresponding 
cis and truns protons is different and depends, primarily, on the nature of Y and Z. 
As has been discussed by us and by other investigators,22*23 these elTects require 
stereospecific orientation of benzene by interaction with a positive center(s) on 
the substrate. The bulk of the available data on the chemical shifts of R, and R, 
can be readily rationalized in terms of three types of ofientation complexes, 
XX’“-13*22*23 XXI* and XXII.“’ Model XX produces larger upfield shifts of the 

trans cis 
XXI 

wan.9 cis 

XXII 

resonances of the frans (R,) than of the cis (R,) protons. Some cis protons are shifted 
downfield. Models XXI and XXII produce the reverse effect. Mode. XX applies to the 
following classes of compounds : amides, nitrosamines, oximes and oxime O-methyl 
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ethers. Model XXI applies to N-alkylimines and to N,Ndimethylhydrazones. Model 
XXII applies to hydrazone-type compounds bearing at least one hydrogen on the 
amino nitrogen. 

Since model XXII is self-explanatory, we will discuss the features on Y and Z that 
determine whether XX or XXI will apply. The controlling factor is apparently the 
repulsion between the Ir-electrons of benzene and the lone electron pairs on Y and Z. 
If only Z has a lone electron pair, then model XX applies, as illustrated by amides 
(XXIII). If only Y has a lone electron pair, then model XXI applies, as illustrated by 

x XIII XXIV 

N-methylimines (XXIV). On this basis we can predict that XX will apply to vinyl 
halides and vinyl ethers. 

If both Y and Z have lone electron pairs, model XX applies, as illustrated by 
nitrosamines (XXV). Model XXI will apply, as illustrated by N,N-dimethylhydrazones 
(XXVI), when the lone electron pair on Z is in the plane of the molecule and, therefore, 

orthogonal to the n-orbital of the oriented benzene molecule. The benzene molecule, 
thus, by being oriented between the two (in plane) lone electron pairs finds itself 
closer to the cis (R,) than to the trans (R2) groups. 

The effect of an aromatic solvent is often strong enough to cause crossing over of the 
resonances of cis and lrans protons, as in amides23 and oxime O-methyl ethers13 
(model XX), and as in N,Ndimethylhydrazones (model XXI). In general, mode) XX 
shifts the resonance of the cis or-methine protons downfield; model XXI does so to 
that of the tram ar-methine protons. 

Conformations ojthe Z groups. The absence of detectable configurational isomerism 
about the C=N double bond of the aldehyde, but not of the ketone, N,Ndimethyl- 
hydrazones may be rationalized, as was done with N-methylphenylhydrazomq3 in 
terms of rotational isomerism about the N-N single bond. For example, whereas in 
the syn isomer XXVII the lone electron pair orbital on the N,Ndimethylamino 
nitrogen is parallel to and overlaps with the n-orbitals of the carbon-nitrogen 
double bond, in the anti isomer XXVIII it is orthogonal to the rc-orbitals as a result 
of the nonbonded repulsions between R and N-Me. The ensuing loss of resonance 
stabilization in XXVIII is therefore responsible for the presence of only syn isomers. 
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In contrast to the aldehyde N,Ndimethylhydrazone isomers, both isomers of the 
ketone derivatives will suffer loss of overlap and, thus, will be detectable. The correct- 
ness of this explanation is cogently supported by the UV spectral4 (Table 3) and by 
the effect of benzene dilution on the chemical shifts of the N,Ndimethyl protons.3 

XXVII XVIII 

The conformations of the various Z groups may now be summarized as follows: 
For hydrazone-type compounds that contain at least one proton on the ammo nitro- 
gen, the conformation of Z for both aldehyde and ketone derivatives is as in XXIX, 

YH’ P R 
H(R) 

N/N,” NNN,R 
)N 

IR 

NJ 

R&-l(R) R’% RLR R&(R) 

XXIX xxx xxx1 xxx11 

where the lone pair electron orbital on the amino nitrogen is parallel to and overlaps 
with the x-orbital of the double bond. For compounds without a hydrogen on the 
amino nitrogen the conformation of the aldehyde derivatives is XXX, i.e. the same as 
XXIX, and of the ketone derivatives it is XxX1. For oximes and their O-methyl 
ethers, it is XxX11. 

Conformations of the alkyl groups of the syn isomers. The evidence accumulated in 
recent years is consonant with II and III being the minimum energy conformations 
about the relevant sp2-sp3 C-C bonds. A sufficient number of data is now available 
to, at least, gain some understanding of the effects of Y and Z on the relative stabilities 
of II and III. In Table 8 are summarized AH” values for XXX111 # XXXIV along with 

Y’ 
2 

L H 

CH, H 

XXXlll XXXIV 

the trms and gauche coupling constants of the various systems. From the AH” values 
of propionaldehyde24 ( - 800 cal/mole), N-methyl propionaldimine* ( - 200 cal/mole) 
and I-butenet ( + 400 cal/mole), it appears that these values depend on the electro- 

tThis value was estimated by us from data of the coupling constants of propene and 1-butene and from 

J, and J, of the olefins.” 
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T~ate 8 

Some J,. J, values and AH” for 
CH, 

Y 
i, 

He 
CH, 

H.” 
H 

Compound J, (c/s) J, (c/s) AH” (cal/mole) 

Et H 

N PC 

Et IL H 

Et,NCY2 
N 

,NHMc 

Et H 

N’ 
NMC* 

Et II H 

N 
,NMePh 

Et H 

7.6 D5 -800 

9.7 2.4 -200 

lo.0 3Q 01. +400 

lD5 2.8 +500 

10.6 2.7 +250 

103 2.4 ca. +100 

E H I@4 3.0 ca. +100 
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TAELE 8-onhued 

Some J,, J, values and AH” for 

H* 
CH, 

Compound J, (c/s) J, (c/s) AH” &al/mole) 

N /OH 

Et 13-O 2.4 +500 

OMC 

EtJN’H 11.3 3.2 +4CHl 

11.6 3.7 a+400 

negativity of Y, i.e. they become more negative as the positive charge on the sp’- 
hybridized carbon increases. On the basis of the reported”j vicinal couplings of 
protonated acetaldehyde (J = 35 c/s) and protonated propionaldehyde (J < 0.4 c/s), 
the conclusion may be drawn that AH” for the protonated propionaldehyde is 
appreciably more negative than the -800 cal/mole for the unprotonated species. 
This, of course, is consonant with the statement that we have just made. From the 
values of N-Me propionaldimine, those of N,N-dimethyl-( + 250 cal/mole), N-methyl- 
phenyl- (+ 100 cal/mole) and 2,4dinitrophenylhydrazones (+ 100 cal/mole), and 
that of propionaldoxime O-methyl ether ( +400 Cal/mole), it appears that these values 
become more positive as the electronegativity of Z increases.t The causes for these 
trends are presently not well understood. Nonbonded interactions will certainly in- 
fluence these values, but it is evident from the results that they are not the controlling 
factor. Furthermore, by using Bartell’s procedurez6 and the nonbonded potential 
functions of Scott and Scheraga, ” AH” for propionaldehyde is calculated2* to be 
only - 170 Cal/mole. 

EXPERIMENTAL 

Preparation ofN,N-dinwfhylhydrmones. The following illustrates the general procedure used to prepare 

N.N-dimcthylhydrazoncs. Into a 25 ml, 2-necked. round-bottomed llask quipped with a rcflux condenser, 
drying tube and rubber syringe cap was added 50 g (003 mole) BaO, and a solution of IG g (@Ol mole) 
3.3dimethylbutyraldehydc in 10 ml of EtOH. To the cooled solution was added with a hypodermic 

t The values for the oxime. hydraxone and N-methylhydraxone dertvatives are not included in the 
rot-relation, as these values are too positive on account of strong intermolecular hydrogen bonding’*.*.’ 
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syringe IQ g (Ml6 mole) 1,ldimethylhydrazinc. After the initial cxothcrmic reaction had subsided, the 
reaction mixture was refluxed for 1 hr. The material was then cooled, filtered. extracted with additional 
EtOH and dried over MgSO,. Fractionation yielded ti80 g (56%) of 3,3-dimcthylbutyraldehydc N.N- 
dimcthylhydrazone as a colorless liquid, b.p. 65” at 50 mm of Hg. 

NMR specfra were determined at @-MC on a Model A-60 spectrometer (Varian Associates Palo Alto, 
Calif.). Undcgasscd solns were used with TMS as internal reference. 

UV spectra were taken with a Cary 14 recording spectrophorometcr. 
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