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yielded III) ,  4-ethyl-2,3,4-trimethyl-2,3-hexanedi01-3-~~C, and 
4,4-diethyl-2,3-dimethy1-2,3-he~anediol-3-~~C (which yielded X) 
were studied in a similar manner, since the interesting peaks from I11 
or X are the same (m/e 43.045 for -COCH3; 43.089 for -CH(CH&; 
44.048 for -I3COCH3; and 44.092 for -I3CH(CH3)z). 

The isotopic study of 3,4-diethyl-5,5-dimethyl-3,4-hexanediol- 
4- I 3C, 3,4-diethyl-5,5-dimethyl-3,4-heptanediol-4- I3C, and 3,4,5- 
triethyl-5-methyl-3,4-heptanediol-4- I3C were carried out in the same 
conditions as for 3,4,5,5-tetraethyl-3,4-heptanediol-4- I3C previously 
d e ~ c r i b e d . ~  These four glycols yielded the same fragmented ketone 
X, whose interesting peaks are  m/e 57 for -COC2Hs; 71 for - 
CH(C2Hs)2; 58 for -I3COC2H5; and 72 for -I3CH(C2Hs)2.l3 

Kinetic Procedure for a,a'-Bis-tert-alkyl Ketones. In a hemolysis 
tube, 0.6 ml of HrS04 (96 wt %) and 6 X mol of ketone were 
mixed and placed in a thermostat at  25 "C. After a suitable delay, the 
mixture was poured onto ice. T H F  (10-12 drops) and two drops of 
heliantin were added. The solution was cooled in an ice bath and 
neutralized by 20% NaOH.  This solution was salted out with sodium 
chloride a t  room temperature and extracted twice with T H F .  The 
combined extracts were dried over Na2S04. Eight to ten samples were 
taken for each ketone. The percentages of different components were 
determined by GLC (10 ft X 0.125 in. column with 15% DEGS; 
programming temperature 4 "C/min; limit temperature according 
to boiling points of ketones composing the fractionI4) using specific 
calibration factors for peak area rneasurement.l5 The percentage B 
of the different reaction pathways of the metathetical transposition 
is the average of the percentage obtained for each assay. 

The G L C  retention times and the ir and NMR spectra obtained 
for each of the fragmented ketones (separated by preparative GLC) 
were identical with those of authentic samples. 

Kinetic Procedure for Glycols. In a hemolysis tube, 0.3 ml of HzS04 
(96 wt %) and 3 X mol of glycol were rapidly mixed (time <30 
s) and immediately poured onto ice. The extractions by THF,  the 
identification, and the determination of the percentages of different 
components were made in the same conditions as described above for 
the kinetic procedure of the ketones. Two to three assays were taken 
for each glycol. 
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Abstract: The conformations of some hexahydropyridazine derivatives were determined by I3C NMR. 1,2,3,3,6,6-Hexameth- 
ylhexahydropyridazine is an approximately 95:5 mixture of the axial-equatorial N-methyl (ae): ee conformations at  - 130 "C. 
1-Ethyl-2-methylhexahydropyridazine is about a 91:9 mixture of ae:ee conformations at  ca. -90 "C, although 1,2-dimethyl- 
hexahydropyridazine is about a 65:35 ee:ae mixture a t  -70 "C. Only ee conformations of 1,6-diazabicyclo[4.3.O]nonane and 
1,6-diazabicyclo[4.4.O]decane were detected. 

1 lee lae I I 
laa 2 3 4 
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Table I.  I3C NMR Chemical Shifts for Some Hexaliydropyridazines 

Other carbons 
\ 

T y p ,  
Comud C Concn 

5 +33 2.3' 54.51 32.41 33.53 (NCH,) 26.43 (CCH,) 
-76 2.3' 54.00 31.22 33.27 

-125 1.06 

6 +34 a 

7 +36 3.5a 
-123 1.56 

8 +33 0.5' 

9 +34 3.00 

10 +34 4.8' 

-49 0.5' 

-68 3.0' 

-93 1.756 

11 +36 2.360 
-118 1.546 

56.59 (A) 

54.29 (B) 

48.09 (C-6) 
54.03 (C-3) 
54.1 Id 
5 3.96d 
58.05 
57.61 
53.52 or 54.46 
53.08 or 53.53 

52.47 (A) ,d  58.88 (A) 
43.38 (B) ,d  50.76 (B) 
44.8gd 
44.32d 

]45.33.6 51.17 (C-3) 

( A ) C  

30.87 (B) 

22.53 
27.20 
25.02 
24.62 
25.44 
25.04 
23.91 or 27.04 
23.63 or 26.78 
19.75, 22.71 
25.71 (A), 25.71 (A) 
17.91 (B), 23.00 (B) 
20.12 
19.83 

(A)C 

30.87 (B) 

30.93 (N,CH,) 
39.60 (N,CH,) 
54.96d 
54.63d 

28.06 (C-4) 
28.80 (C-4) 
35.80 (N,CH,) 
44.57 (A) 
31.50 (B) 
45.1 1 (NCH,)d 
44.96d 

15.66 (A) 

22.54 (B) 
30.87 (B) 
20.30 (C,CH,) 

22.59 (C-8) 
22.31 (C-8) 

13.04 (CCH,) 46.28d (N,m,) 
48.47 (A)d  

13.37 (B) 46.31 (Bid 
13.98 (CCH,) 
14.04 

8.50 (A) 

a Solvent (CD,),CO. Sample used at higher temperatures diluted to  this concentration with CF,Cl,. CPeaks at 35.61 and 36.20 correspond 
to two of three peaks for this minor conformation. dTliese carbon assignments might be reversed. 

the transition state), AG* (-30 "C) = 10.3 f 0.07 kcal/mol, 
and for conversion of lae to lea (the "nonpassing" nitrogen 
inversion, AG* (-100 "C)  = 7.56 f 0.04 kcal/ mol) were 
determined directly, and those for the more difficult nitrogen 
inversion converting lee to lae (the "passing" nitrogen in- 
version) were established using 4 as a model (4ee -, 4ea, AG* 
(+2 "C) = 12.60 f 0.07 kcal/mol). 

For interpretation of low-temperature electrolytic oxidations 
of six-ring hydrazines,* in which separate oxidation peaks are  
observed for different conformations, we needed to establish 
the conformational preferences for a variety of hexahydro- 
pyridazines, and we report conformational work on several 
such compounds and some model systems here. 

Results 
The I3C N M R  spectra for seven hexahydropyridazines 

(5- l l ) ,  two piperidines used as model systems (12-13), and 
the dimethyltetrahydropyridazine 14 are  summarized in Ta-  
bles I and 11, respectively. 

6 7, n = l  / \  

9. n = 3  

10 11 H 14 
12, R = CH, 
13, R = CH,CH, 

Discussion 
Hexamethylhexahydropyridazine (5). Compound 5 showed 

the expected four peaks a t  room temperature, and upon cool- 
ing, the C( CH3)l resonance broadened and resharpened into 
a 1 : 1 doublet by -76 "C; the other lines were unaffected. The 
conformational cube showing interconversions for 5 is shown 
as Figure 1 .  When both of the processes crossed by the heavy 
line become slow on the N M R  time scale, the geminal methyls 
will be frozen out (the situation is entirely analogous to the 

Figure 1. Conformational interconversions for 5. The filled circles indicate 
methyls which have 1,3-diaxial methyl-methyl interactions. 

N C H l  signal of 1 in 'H NMR3).  Line shape analysis gave AC* 
= 11.58 f 0.02 kcal/mol(-23 "C), AH* = 10.8 f 0.2, AS* 
= -3.0 f 0.8 eu, AG* (25 "C) = 11.72 f 0.04. 

Since conformation 5ae has a 1,3-diaxial methyl-methyl 
interaction, we had thought that 5 would exist exclusively in 
the 5ee conformation and were therefore very surprised when 
lowering the temperature caused all the lines to broaden and 
resharpen to a five-line set (set B) corresponding to a major 
conformation and a second, minor set of lines (set A). Only 
four lines of the set A were observed; the fifth presumably is 
obscured either by the set B lines or the acetone46 signal. 
Electronic integration a t  -125 and -135 "C indicated that 
set A corresponds to only 5 f 1% of the material. The free 
energy of activation for interconversion of sets A and B was 
calculated a t  -1 19 "C by line shape simulation, giving AG* 
(- 1 19 "C) value of 7.55 f 0.13 (set A - B) and 8.45 f 0.13 
(B - A) kcal/mol. Further cooling led to such great viscosity 
broadening that it could not be determined whether confor- 
mational broadening was also present. W e  assign the 8 kcal/ 
mol barrier to the "nonpassing" ring reversal crossed by the 
dotted line in Figure 1. Both the high and low barriers of 5 are 
lower than those of 1, A(AG*) = 0.4 kcal/mol (-30 "C) and 
2.4-3.2 kcal/mol (- 1 19 "C), respectively, presumably caused 
by steric destabilization of the ground states in 5. Assigning 
sets A and B to 5ee and 5ae + 5ea is a problem, since we were 
unable to freeze out the latter interconversion. Grant-type 
correlations are  not available for 1,3-diaxial Me-Me inter- 
actions, but using the same type of calculations as used pre- 
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Table 11. Chemical Shifts for Piperidines 12 and 13 and Tetrahydropyridazine 14 

Shifts (ppm from internal Me& 
Comod Concn. M Temo. “C - 

~ ~~~ 

12 2.7“ +3 3 59.82 (C-2) 35.47 (C-3) 25.36 ((2-4) 26.97 (C-5) 
1 .Ob -147 59.94 (C-2) 34.71 (C-3) 25.28 (C-4) 26.26 (C-5) 
NeatC amb 59.8 (C-2) 35.4 (C-3) 25.3 (C-4) 26.9 ((2-5) 

13 3 .Oa +2 8 55.90 (C-2) 35.61 ((2-3) 24.86 (C-4) 27.05 (C-5) 
0.8b -122 55.33 (C-2)e 35.37 (C-3) 25.66 (C4) 26.55 (C-5) 
0.5 -143 52.66 (C-2)e 35.17 (C-3) 25.59 (C-4) 26.45 (C-5) i (C-2Y’ 

14 4.60 0.7b -116 +32 { ;:;; p;;;;; {z; pa;) p; E;;; 
12 2.7“ +33 57.66 ((2-6) 20.69 (Me-2) 43.57 (Me-N,) 

1 .ob -147 5 7.5 4 (C-6) 21.16 (Me-2) 43.62 (Me-N,) 
NeatC amb 57.5 (C-6) 20.1 (Me-2) 43.4 (Me-N,) 

13 3.00 +2 8 51.9, (C-6P 19.33 (Me-2) 47.86 (CHz-N,)d 11.1 1 (N-CH,CHJ 
0.86 -122 52.14 (C-6)d 20.88 (Me-2) 47.49 (cH,-N,)~ 8.19 (N-CHzCHJe 

5.33 (NCH2-CHJe 
13.07 (NCH, -CHq)e 0.5b -143 52.03 (C-6)d 20.66 (Me-2) 47.35 (cH,-N,)~ { 

“Solvent (CD,),CO. bSample used at higher temperature diluted to  this concentration with CF,C1,. =Data from ref 13. d Assignments may 
be reversed. eConformationally broadened. fThe second C-2 peak could not be discerned; see text. 

Table 111. Calculated Chemical Shifts for See 

Position Scaled Sobsd (set B) Sobsd (Set A) 
Me-1,2 38.4 33.2 a 

3 $6 55.1 54.3 56.6 
4 $5 35.3 30.9 a 

UUnassigned peaks at 35.6 and 36.2 probably correspond to  these 
carbons. 

viously for 1-3’ gives the See shifts listed in Table 111. As- 
signment of the major conformation (set B) to 5ee gives large 
deviations a t  both the N-methyls and C-4, C-5, whereas the 
probable shifts for these carbons in the minor conformation 
(set A) are much closer to the expected numbers. We therefore 
assign set B as 5ae + Sea, set A as  See, an assignment which 
surely needs further verification. It is clear that Sea would have 
to be quite distorted to decrease its 1,3-diaxial interaction 
enough to be stabler than 5ee. Both the high barriers and the 
low ring reversal barrier a re  lower for 5 than for 1, as  would 
be expected if flattening of the ring occurred, and our inability 
to “freeze out” 5ae from Sea a t  temperatures where lae is 
frozen out (AG* = 7.56 f 0.04 kcal/mol a t  -100 “C) indi- 
cates that nitrogen inversion is also more rapid for 5. 

One must certainly consider the possibility that the hex- 
ahydropyridazine ring is not a chair in 5. Dalling and Grant4 
suggested that 1,1,2-trimethylcyclohexane was in a twist-boat 
conformation because of the inability of shift parameters to 
fit the observed spectrum for a chair form, but Kellie and 
Riddells disputed this conclusion, pointing out that little of the 
gauche interactions are  actually relieved in a twist boat form, 
and suggesting instead that either the chair is significantly 
distorted, or that the parameter set used in the calculation was 
inappropriate. Similarly, it appears to us that a twist-boat 5 
would relieve little of the strain inherent in 5 and that distor- 
tions in chair 5 might well be more effective. W e  think that the 
1 1.6 kcal/mol barrier observed for methyl equilibration in 5 
would not be compatible with a twist-boat structure. 

The  photoelectron spectrum of 56a shows lone-pair ab- 
sorptions separated by 0.99 eV, compared with 0.92 and 0.84 
for the ae conformations of 2 and 3, and 2.3 eV for lee. This 
PES is incompatible with See as  the major conformation of 5, 
but is compatible with the set B = (distorted) 5ae assignment 
made. 

A tendency for six-membered ring heterocycles to avoid 
conformations with three adjacent equatorial substituents has 
been noted previously. The most studied case has been hex- 
ahydropyrimidines,’ where general agreement has been 

reached that the 1,3-dimethyl compound shows only a very 
slight preference for the diequatorial form, but 1,2,3-trimethyl 
derivative shows a definite preference for the axia1,equatorial 
form, AGO139 = 0.63 kcal/mol. Our previous results on 2 and 
3’ indicated that the aversion to three adjacent equatorial 
substituents was of larger magnitude in the hexahydropyr- 
idazine system, and the effect seems to be large enough to raise 
the energy of See (which has four adjacent equatorial sub- 
stitutents) substantially above that of 5ae in spite of the 1,3- 
diaxial interaction. 

Trimethylhexahydropyridazine 6. Most unfortunately, the 
low-temperature behavior of the spectrum of 6 was so complex 
that little could be concluded from these experiments. First, 
the lines broaden and resharpen, and a minor (< lo%)  con- 
formation appears to be frozen out by -50 O C .  Further cooling 
caused broading of all the lines, and by -95 “C a series of 
lumps were observed, which sharpened up to a series of a t  least 
eleven overlapping lines. Although it is apparent that a t  least 
three different conformations are present in detectable amount 
a t  -95 OC, no assignments could be made for the N M R  
spectrum. From the PES the major conformations 
are  6ae types, of which four different ones a re  possible. The 
PES spectrum also showed a minor 6ee conformation, but this 
conformation might be a part of either the large or small set 
frozen out a t  -50 O C .  

Bridgehead Bicyclic Hexahydropyridazines (7-9). Confor- 
mationally caused broadening of the I3C N M R  lines of 7 and 
8 was not observed. Since the structures rule out diaxial con- 
formations, the ae and ee conformations are  interconverted by 
slow, lone-pair passing processes, leading to the conclusion that 
neither 7 nor 8 exists detectably in ae conformations. The as- 
signment of the observed spectra to 7ee and 8ee is verified by 
chemical shift calculations in Table IV; small deviations be- 
tween observed and values calculated for the related trans fused 
(“e,”) hydrocarbons a re  found, but the deviations are  large 
for the cis fused (“a,”) hydrocarbons. Only peaks for ee con- 
formations were found in the PES of 7 and 8.6b 

Thus, although lee is only about 0.3 kcal/mol lower in en- 
thalpy than lae, 7ee is considerably lower in enthalpy than 7ae. 
This trend is not reflected in the related hydrocarbons; 
trans-dimethylcyclohexane is about 1.7 kcal/mol lower in 
enthalpy than the cis form,8a and trans-hexahydroindane 
(trans-7A) is only 1.04 kcal/mol lower in enthalpy than cis- 
7A.8b.c Crabb and Newton9 have suggested from N M R  cou- 
pling constants of model compounds that  the nitrogen of the 
monoaza analogue, trans-indolizidine (7B), is flattened, re- 
lieving the strain expected for trans-fused bicyclo[4.3.0]nonane 
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Table IV. Comparison of Chemical Shifts Calculated for 7 and 8 ee and ae from the Shifts of the Related Hydrocarbons 
with Observed Values 

Calcd @ Calcd ee Calcd ea0 Calcd ea 
Position 6,, (X = CH) (X = N) (X = N) - Obsd 6,, (X = CH) (X = N) (X = N) - Obsd 

c$2 21.23 54.2 -0.2 to +1.1 24.02 45.9 +8.1 to 10.5 

CZ3 32.59C 

Others 47.40 (C-1,6) 
31.90 (C-7,9)C 
22.16 (C-8) 

28.0b 

35.5 b 

25.4 -0.6 30.01C 19.7 +4.9 

40.00 (C-l,6) 
28.17 (C-7,9)C 
22.68 (C-8) 

57.1 +o .5 25.2b 

26.0 -1.0 30.3b 

46.2 +11.4 

20.9 +4.1 

Others 44.9b 37.6b 
UCalculated by adding the shifts observed changing trans-l,2-dimethylcyclohexane to lee  and cis-l,2-dimethylcyclohexane to lae;  see ref 1. 

bData from E. Lippmaa and T. Pehk. EestiNSV Tead. Akad. Toim.. Keem., Geol., 17,287 (1968); Chem. Abstr., 15795g (1969). CTliese as- 
signments could be-reversed. 

Table V. Inteeration of the Set A and B Lines of 10 
~~~ 

Temp, "C Mean % A 

-74 8.4 
-a 2 8.7 
-93 9.2 

7A 7% 
system;'O ir studies] had indicated that trans-7B is about 2.4 
kcal/mol stabler than cis- 7B. For decalins, the hydrocarbon 
models of 8, the trans hydrocarbon is favored by 2.69 kcal/ 
moli2 over the cis one, a larger amount than in the dimethyl- 
cyclohexanes because of the extra gauche interaction in cis- 
decalin, so the trans-fused conformation 8ee is certainly ex- 
pected. 

The seven-ring bridged compound 9 showed considerable 
broadening a t  -68 "C, and all of the lines broadened into 
shifting lumps a t  lower temperatures, which had not re- 
sharpened by -127 "C, the lowest temperature we were able 
to use for this compound. No matter how the carbons of the 
room-temperature spectrum are  assigned, the shifts suggest 
probable predominance of ee conformations. The broadening 
a t  low temperatures may be associated with kinetic processes 
involving the seven-membered ring, but not affecting the six- 
ring fusion. 

W e  had no better luck with two other seven-membered 
ring-containing compounds, 1.7-diazabicyclo[5.3.O]decane 
and 1,2-dimethylhexahydro- lH-l,2-diazapine, both of which 
just broadened into frustrating lumps a t  low temperature, and 
so no conformational information was obtained. The room- 
temperature chemical shifts for these compounds appear in the 
Experimental Section. 

N-Ethyl Hexahydropyridazines. W e  have been unable to 
unambiguously assign the ring methylene next to the N-ethyl 
group and the N-ethyl methylene carbons of 10 and 11, as  is 
indicated in Table I.  These ambiguities do not affect the con- 
formational arguments presented. 

Broadening of all seven lines of 10 was apparent as  the 
sample was cooled below -32 "C. Upon furthering cooling, 
the lines for a major component (set B) sharpened first, and 
below -74 "C, a minor set of lines (set A) appeared. All of the 
lines of set A except that of the terminal ethyl carbon a t  6 8.5 
continued to sharpen a t  lower temperatures until viscosity 

Table VI. Correction Factors for Conversion of 
N-Methyl- to N-Ethylpiperidine 

Position X = H a  X = CH,a (X = CH,) - (X = H) 

XCH,-l 47.1 5 3.5 +6.4 (a) 

Correction 

2 57.0 54.9 -2.1 (7) 
3 26.6 26.8 +0.2 (6) 
4 24.6 25.4 +0.8 (€) 

QData from ref 17. 

broadening became serious. This terminal ethyl carbon signal 
had broadened into the baseline by - 110 O C .  All of the set B 
lines became conformationally broadened at  low temperatures 
and had also nearly disappeared into the baseline at  -1 10 O C .  

The set B lines were starting to resharpen again a t  - 127 "C, 
but viscosity broadening became so serious a t  still lower tem- 
peratures that we were unable to obtain "frozen" spectra for 
either set B or the terminal methyl carbon of set A. 

Electronic integration of sets A and B was possible for six 
of the seven resonances a t  three different temperatures, and 
the results for the six lines showed good agreement. The results 
of these integrations, which we considered accurate to f 2 % ,  
appear in Table V. 

Calculation of AG* for the process interconverting sets A 
and B was possible for three line pairs a t  -74 "C (it is neces- 
sary that set B not be broadened by the lower temperature 
conformational process), and all gave the same free energy of 
activation, AG*(A - B) (-74 "C) = 9.6 kcal/mol, AG*(B - A )  

(-74 "C) = 10.4 kcal/mol. 
From these observations, theca.  9% minor component (set 

A) must be lOee, and the major component (set B) is the in- 
terconverting lOae == lOea mixture. These latter conforma- 
tions should be unequal in population because of the different 
nitrogen substitutents. 

Chemical shift correlations were made using the corrections 
necessary to convert the N-methyl piperidine chemical shifts 
to the N-ethyl ones (Table VI) and applying these corrections 
to lee. We also applied the same corrections to lae + lea, but 
because the corrections are derived for equatorial substituents 
and because the lOea and lOae populations will be different, 
one expects far less successful agreement. The correlations 
appear in Table VII. 

W e  assign the broadening of the terminal methyl signal of 
lOee (set A) to freezing out of N-ethyl rotation, as  will be 
discussed in the section on piperidines. 

Cooling 11 in the NMR probe had no effect on the line 
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Table Vll. Chemical Shift Correlations for 10 Using the 
Corrections from Table VI 

6 ,  calcd 
8 ,  obsd (-93 " 0 '  Set A Set (Obsd) - (~alcd)  

Position Set A Set B (ee) (ea) Set A Set B 

cH,-1 48.5' 46.3' 51.1 42.2 -2.6 +4.1 
cH,-2 44.6 31.5 44.9 36.0 -0.3 -4.5 

3 58.9 50.8 58.4 48.6 + O S  +2.2 
4 25.7b 23.0b 26.4 21.2 -0.7 +1.8 
5 25.76 17.96 25.6 20.6 +0.1 -2.7 

av deviation 1.3 3.0 
6 52.50 43.40 56.1 46.3 -3.6 -2.9 

Q, b Assignments with superscripts may be reversed. 

Table VIII. Observed and Calculated Shifts for 11 

6, obsd 6 calcd Error (obsd - calcd) 

Position (-118°C) l l a e e  l l e a  l l e e  1 l a e +  l l e a  l l e e  

cH,-1,2 44.30 42.3 51.3 +2.0 -7.0 

4 35 19.8 21.4 26.4 -1.6 -6.6 
3,6 44.90 46.5 56.3 -1.6 -11.4 

UThese assignments might be reversed. 

widths in the temperature range where sets A and B appeared 
for 10, but conformationaliy caused broadening was apparent 
for all lines a t  - 118 and - 123 O C .  Repeated efforts to  obtain 
a "frozen" spectrum a t  still lower temperatures failed, due to 
sample freezing. W e  assign the conformation observed as  11 
(ae + ea); even 2% of l l ee  would have produced detectable 
broadening in the intermediate temperature range, as  was 
verified by simulations including this possibility. Chemical shift 
correlations a re  also consistent with the conformation being 
l lae,  as  shown in Table VIII. 

These experiments show that AGO (ee-[ea + ae]) for 10 is 
0.82-0.95 kcal/mol a t  -93 to -74 O C ,  while a lower limit of 
1.8 kcal/ mol is estimated for 11. The effect of replacing one 
N-methyl group of 1 with an N-ethyl group on the ee vs. [ea 

ae] free-energy difference, AAGO (10 - l) ,  is therefore 1.2 
kcal/mol, and the second ethyl group introduced in 11 incre- 
ments AGO by at  least another 0.85 kcal/mol. Thes: are  large 
effects, indeed, for what seems like a trivial substitution! 

N-Methyl- and Ethyl-2methylpiperidine. The remarkable 
size of the effect of ethyl for methyl substitution on the con- 
formational preference of hexahydropyridazines caused us to 
wonder about how general such an effect might be. trans- 
1,2-DiethyIcyclohexane is preferred over the cis isomer by the 
same amount as in the dimethyl corn pound^.^^ To see if having 
one nitrogen present is sufficient to cause the effect, piperidines 
12 and 13 were examined. 

As 12 was cooled in the N M R  probe, the C-2, C-4, C-6, and 
Me-2 signals broadened from about -30 "C, but tantalizingly, 
they sharpened up  again completely by -80 OC, without pro- 
ducing visible peaks for a minor conformation (S/N was over 
50/1 in the -80 "C spectrum). W e  presume that intercon- 
version with a minor conformation was being slowed in the -30 
to -50 O C  temperature range, but that the percentage of the 
minor conformation had become so low at  temperatures where 
the lines for the minor conformation would have sharpened. up, 
than no peaks could be discerned. Further cooling of 12 pro- 
duced only viscosity broadening. 

Cooling of 13 gave rather similar behavior to  that of 12, 
except that between -56 and -71 O ,  a t  least three tiny peaks 
belonging to the second conformation could be discerned. 
These constituted under 5% of the mixture, and a t  lower 
temperatures they had disappeared. Below - 122 OC, the C-2 
and ethyl CH3 signals were preferentially broadened by an- 
other conformational change, and the -143 O C  spectrum was 
well below the coalescence temperature for this process. Both 

1; I1 
k l f h  # M . R  

a,a k a,e 
Figure 2. Conformational interconversions for 12 and 13. 

3 R3 - 
Figure 3. N-Ethyl rotamers for 13. 

ethyl CH3 peaks were observed a t  - 143 OC; the intensity ratio 
of the peak at  5.33 to that a t  6 13.07 was 65 f 10:35 f 10, both 
by integration and chemical shift change. Unfortunately, only 
one C-2 peak was discernible. Useful spectra were not obtained 
a t  lower temperatures. 

The conformational interconversions for 12 and 13 are  
shown in Figure 2, and a t  least two of the four processes must 
become slow for an observable effect on the I3C N M R .  We 
assign the line broadening observcd for both 12 and 13 in the 
-30 to -50 OC range to slowing of both ring reversals, sepa- 
rating ee + ea from aa + ae. The major peaks are  clearly ex- 
pected to be those of the former set, and the minor peaks (under 
5% in 13, undetectably small for 12j the latter. Failure to ob- 
serve broadening in the major set corresponding to freezing out 
of nitrogen inversions is a powerful argument for domination 
of the ee conformations for both 12 and 13. 

Ellis and JonesI3 have pointed out that the chemical shifts 
observed for 12 are  consistent with it existing as  12ee. Appli- 
cation of the parameters of Booth and GriffithsI5 lead to the 
same conclusion. When the chemical shift increments observed 
comparing methylcyclohexane with N-methylpiperidine are 
applied to trans- 1,2-dimethy;cyclohexane shifts, these cal- 
culated 12ee shifts show excellent agreement with experiment; 
an average deviation of 0.8 ppm was Qbserved, with a maxi- 
mum deviation of -1.4 ppm at  C-3. The observed shifts for 13 
are also entirely compatible with estimates for 13ee (made by 
using the shifts of Table VI to convert the experimental 12ee 
shifts to 13ee ones), but show large deviaiions from calculated 
13ae shifts. 

Thus 12 has the ee conformation a t  least 1.5 kcal/mol sta- 
bler than the ae conformation, and for 13, ee is a t  least 1.0 
kcal/mol stabler. Simple presence of an N-ethyl group clearly 
does not lead to greater stability for ae conformations, and the 
piperidine 13 resembles the cyclohexane system in its confor- 
mational preference; the hexahydropyridazine system is clearly 
a special case. 

W e  assign the process frozen out a t  very low temperature, 
which affected only the ethyl terminal methyl group and C-2 
of 13, to N-ethyl rotation. Broadening was observed for a 
similar process in lOee, but a frozen spectrum could not be 
obtained in this case. Figure 3 shows the rotamers expected for 
the N-ethyl group of 13. We expect RI, which has a 1,3-diaxial 
methyl-methyl interaction, to be the highest in energy and 
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hence the least populated form. W e  presume, then, that the 
observed frozen spectrum is for R2 and R3 interconverting 
slowly on the N M R  time scale. Since C-6 and the ethyl CH2 
resonance have the same number of gauche interactions in R1 
and R2, it is not too surprising that large chemical shift dif- 
ferences do not occur a t  these carbons, whereas they are present 
in C-2 and the ethyl CH3. Since conformation R3 has the ethyl 
CH3 in a position with one more gauche butane interaction 
than R2, and this methyl is also trans to the nitrogen lone pair 
in R3, we must assign the upfield resonance observed to R3 and 
the downfield one to R2. Both integration and chemical shift 
changes show that the signal for the upfield ethyl CH3 reso- 
nance is of higher intensity than the downfield one; we estimate 
the ratio to be 65 f 10:35 f 10 for these signals. Preference 
for R3 over R2 is a surprising result, but distortion of the bond 
angles could relieve some of the 1,3-H,H interactions in R3 
relative to R2. The  coalescence temperature for freezing out 
the ethyl CH3 resonance of 13 is about -1 33 "C, giving a AGX 
(- 133 "C) of 6.3 f 0.3 kcal/mol by the coalescence temper- 
ature method. This value is compatible with an N-ethyl rota- 
tional barrier. ' 

"Standard Geometry" of Hexahydropyridazines. We suggest 
that an important reason for both the aversion for three 
equatorial substituents in a row and for ee methyl-ethyl and 
ethyl-ethyl interactions in the hexahydropyridazine system 
is a single geometrical one. With two nitrogens in a six-mem- 
bered ring, substantial distortion from cyclohexane geometry 
might be present. We do not know the actual bond angles and 
bond lengths for any hexahydropyridazine, but if 1 is arbi- 
trarily constructed with tetrahedral angles a t  all atoms and 
Pople's standard bond lengths ( d ~ h  = 1.45, ~ C N  = 1.47, dcc 
= 1.54),17 by use Of MIRAGE,'* the Me-Me distance for lee 
is 2.73 A, and that for lea is 2.88 A (the M e N N M e  dihedral 
angles are  53.1" for lee and 67.1" for lea, whereas the 
C3NNC6 dihedral angle is 67.1"). Although the actual bond 
angles are  undoubtably not exactly 109'28', so the confor- 
mation discussed is considerably idealized, it is seen that the 
bond lengths of 1 tend to increase the alkyl-alkyl interaction 
for lee compared with lae. Since a lee conformation also has 
a larger destabilizing lone-pair-lone-pair interaction than a 
lea conformation, the balance between these conformations 
is quite fine and, as we have shown, is reversed even by sub- 
stitution of one N-ethyl for N-methyl. 

1,2-Dimethyl-1,2,3,6-tetrahydropyridazine (14). Although 
the barriers measured by Anderson3 for 14 by 'H N M R  of 12.0 
kcal/mol and 8.5 kcal/mol several years ago are  well known, 
and Anderson's assignment of 14ae as the conformation of this 
molecule has now been accepted by the English group,I9 we 
reexamined this molecule by I3C N M R  to see if any other 
conformation would be detectable. The conformational di- 
agram for 14 is similar to that for 1,' and the 12 kcal/mol 
barrier observed by ' H  N M R  does not affect the carbon 
spectrum. Our chemical shift data appears in Table 11, and line 
shape analysis gives the following activation parameters for 
the "nonpassing" nitrogen inversion which converts 14ae to 
14aa (and hence to 14ea): AC* (-86.5 "C) 8.11 f 0.03, AH* 
= 8.8 f 0.35 kcal/mol, AS* = +3.9 f 1.9 eu, AG* (25 "C) 
= 7.68 f 0.21 kcal/mol (calculated with K = s/z, 15 points, 
temperature range 48 "C). 

The ring reversal separating 14ae == 14ea from 14ee might 
be expected to have a significantly lower barrier than that for 
1, but no broadening in the lines for lae was observed down to 
- 127 "C.  Line shape simulations with various relative popu- 
lations convince us that 14ee cannot constitute more than 1oOh 
of the total population a t  -1 16 "C; we were unable to detect 
any conformation other than 14ea a t  any temperature. The 
great predominance of 14ea compared with 1 is no doubt due 
to decreased 1,3-diaxial CH3-H interaction as suggested by 
A n d e r ~ o n . ~  

Experimental Section 

The preparations of 5-9, 11, and 14 have been previously discus- 
sed.6a 

I-Methylhexahydropyridazine was prepared by addition of 4.91 
g (3 1 mmol) of l-carboethoxyhexahydropyridazine20 in 50 ml of ether 
to 2.85 g (75 mmol) of LiAIH4 in 60 ml of ether over 30 min, followed 
by stirring at ambient temperature for 2 h, refluxing for 4 h, and 
quenching with 3 ml of H 2 0 , 3  ml of 15% NaOH,  and 8 ml of H20 .  
After drying and removal of solvent, the residue was filtered and 
distilled, bp (98 mm) 66-76 "C, 1.13 g (42%), >90% pure by VPC. 
Spectral data: N M R  (CDC13) 6 1.42 (m, 2 H),  1.78 (m, 2 H), 2.44 
(s, 3 H),  2.50 (br t, 2 H), 3.05 (br t, 2 H)  (the N H  signal was too broad 
to be observable); ir (CC14) 3315 cm-l. empirical formula CsHlzN2 
established by mass spectroscopy. 

1-Ethyl-2-methylhexahydropyridazine (10). A mixture of 0.5 g (5 
mmol) of I-methylhexahydropyridazine, 1.65 g ( 1  5 mmol) of 40% 
aqueous acetaldehyde, and 0.53 g (8.44 mmol) of NaBH3CN in 25 
ml of acetonitrile was treated with 5 drops of acetic acid every 15 min 
for 1.5 h and, after stirring 7 h, was made basic with NaOH pellets 
and extracted with 3 X 50 ml of pentane. Drying and concentration 
gave 0.35 g of a residue containing 87% 10 by VPC peak area ratios, 
47%. Spectral data: N M R  (CC14) 6 1.08 (t, 3 H) ,  1.60 (m, 4 H) ,  2.47 
(s, 3 H), 2.72 (q, 2 H),  2.8 (m, 4 H); ir (CC14) no N H  or C=O, em- 
pirical formula C7H 16N2 established by mass spectroscopy. 
1,2-Dimethylpiperidine (12) was prepared in 28% yield (95% crude 

purity by VPC) by methylation of 2-methylpiperidine by the method 
used in preparing 10, bp 125-128 "C (lit.2' 126-127 "C). 

I-Ethyl-2-methylpiperidine (13) was prepared in 14.5% yield by 
ethylation of 2-methylpiperidine by the method used in preparing 10, 
bp 58-74 OC (50 mm) (lit.2' 148-149 "C). Unfortunately, preparative 
VPC gave material containing an impurity, which was finally removed 
by distillation from tosyl chloride and repurification by preparative 
VPC. Alkylation with ethyl iodide gave a similarly low yield and im- 
pure material. 

The methods used for the N M R  experiments were identical with 
those of ref 1. All chemical shifts are reported in ppm downfield from 
internal Me&. 

1,7-Diszabicycl0[5.3.0]decane.~~ 13C N M R  (acetone-ds) 25.04, 
25.84, 30.13 (C(3,5)), 56.32, 58.50. 

1,2-Dimethylhe~ahydro-lH-1,2-diazapine.~~ I3C N M R  (ace- 
toned6) 26.60 (C(5)), 28.58 (C(4,6)), 38.26 (NCHj) ,  55.13 
(C(3,7)). 
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Abstract: The conformational equilibria between the free O H  and OH-N bonded species in the trans-8a- (3) and -86-decahy- 
droquinolinol (4) epimers have been determined from their dilute solution ir spectral data.  A comparative conformational 
analysis of these two systems proves that the controversial N-H/N-electron pair equilibrium in the unsubstituted parent trans- 
decahydroquinoline (2) favors the N-H equatorial form by 0.5 f 0.1 kcal/mol in nonpolar solution a t  33 "C.  Relative values 
for all the conformation interactions in 2,3, and 4 (including thatof the intramolecular OH-N and presumed N H - 0  hydro- 
gen bonds in 3 and 4)  are  assigned, based on their syn-axial and peri substituent relationships. Using these values, the confor- 
mational equilibrium of 3-piperidinol has now been fully defined. 

Assignment of the preferred conformation of the N - H  
group in piperidine' (1) and related compounds (e.g., 2) by a 
variety of experimental methods has led to opposite conclu- 
s i o n ~ . ~ , ~  In our view, the most reliable of these is based upon 
the relative ir intensities of the N-H stretching band (a dou- 
blet, assigned as axial and equatorial N-H,  re~pect ively)~ and 
indicates that the N-H equatorial form ( l b )  is preferred by 

U U 

la Ib  
0.44c-0.64a kcal/mol (AH) in CC14 s o l u t i ~ n . ~  Taking all of the 
published data into account, Katritzky and co-workers suggest 
a -AGO value of 0.4 f 0.2 kcal/mol for the gas phase and for 
solutions in nonpolar media. This conclusion, however, has not 
been fully accepted to date.3 Accordingly, we now offer a 
simple, new, and (in our view) unequivocal proof of the equi- 
librium position of the N-H group in trans-decahydroquinoline 
( 2 )  in CC4 solution, based upon a comparative conformational 
analysis of the trans-8-decahydroquinolinol epimers 3 and 4. 
Furthermore, with this result, relative values for the individual 
conformational interactions in these compounds may be as- 
signed and used to define similar equilibria in other systems, 
as shown below. 

H 

2a 2b 

Results 
The ir spectra (Figure 1 )  of the 8a- and 80-decahydroqui- 

nolinols6 (3 and 4), recorded in dilute solution where inter- 
molecular hydrogen bonding has been eliminated, reveal a 
mixture of free OH and intramolecular bonded OH-N con- 
formations. In each, the mole percent of free OH species may 
be determined from its band area ( B )  compared to that of 4- 
hydroxypiperidine (5) as the 100% free OH reference model, 

. - 
E2 5 0 0 -  - ~ 

m d-- 

Q 

01 

02--- - 

8P- OH ISOMER 
I I I 

3700 3500 3300 
FREQUENCY (CM ' 

Figure 1. Dilute solution ir spectra of trans-8ol (3) and 88-decahydro- 
quinolinol (4) isomers in CC14, both at 2 7 X M, 2-cm cell path 
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