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agents (acetophenone, benzophenone, phenanthrene, naphthalene, 
and piperylene) in ether. Each solution was irradiated in a Pyrex 
tube at  room temperature for 70 min and submitted to GLC after 
removal of solvent. Irradiation of 9 in the presence of acetophe- 
none or benzophenone led to complete disappearance of starting 
material within 10 min and formation of a new product, which was 
identical on the GLC retention time with a product obtained from 
irradiation of 14a in the presence of acetophenone or benzophe- 
none; thus, the new compound is a secondary product from 14a. 
The nature of this compound is presently under investigation. 
Phenanthrene and naphthalene completely quenched the cycload- 
dition, and piperylene partially quenched by the concentration 
used. 

Energy Transfer Experiments on 12. Energy transfer experi- 
ments on 12 using benzophenone and piperylene as transfer agents 
were carried out in a similar manner described above for 9. Benzo- 
phenone has no effect on the product distribution and yields, and 
piperylene gave results as shown in Figure 2. 
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Hindered acyclic N-tert -butyl amines 1-5 have been synthesized to determine the relative importancesof steric 
and electronic factors in these systems, The syntheses of the acyclic amines, which involved manipulation of a 
common intermediate, namely tetramethylazacycloheptane acyloin 9, (formed from diester l),  are discussed. The 
reduction of acyloin 9 was studied in detail and the stereochemistry of the critical diol intermediates formed, 12a 
and 12b, was established using chemical and spectroscopic techniques. One of the spectroscopic approaches uti- 
lized lH NMR chiral shift reagents to distinguish between the diol meso and dl diastereomers. Low-temperature 
dynamic lH NMR techniques were used to measure AGt (free energy for inversion-rotation processes about the 
N-CHz bonds; e.g., 9.1 kcal/mol for parent amine 4) for the acyclic amines. Similarities in A G j  for 1-4 indicate 
that steric factors and not electronic factors best account for the inversion-rotation barrier found in these mole- 
cules. Studies of favorable conformations for amines 1-3, however, suggested that these systems might be capable 
of some nitrogen-carbonyl interaction. Comparisons of uv spectra obtained for the diketone 3, dialdehyde 2, and 
cyclic ketone 23 provide evidence that interaction (Le., mixing of the nitrogen and carbonyl orbitals) does occur in 
the examples cited. 

Our reportsl,2 on the synthesis of the hindered N - t e r t -  
butyl-3,3’-imino diester 1, and on the possibility that intra- 
molecular 1,4-nitrogen-carbonyl interactions3s4 resulting as 
a consequence of preferred conformations6 might account 

for some of the unusual properties of this molecule (and 
other hindered systems we have now synthesized as part of 
this study), prompted us to synthesize dialdehyde 2 and di- 
ketone 3. 
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I I 
t-Bu R, 

2, R, = R, = H; R, = t-Bu 
3 ,  R, = R, = CH,; R, = t-Bu 
5 ,  R, = H; R, = CH,; R, = t-Bu 

1 

8, R, = R, = H; R, = CH, 

R Y y  
I 

t-Bu 
4,  R = CH, 
6 ,  R = CHZ-OH 

We expected that the increased reactivity toward nucleo- 
philes of the aldehyde and ketone groups, compared to the 
ester group, would enhance any potential or existing inter- 
actions. If 1,4-nitrogen-carbonyl interactions were impor- 
tant in these hindered systems, they would be expected to 
increase inversion-rotation barriers related to the CH2-N 
bonds relative to the parent amine 46 (compare la with 4a). 

la 4a 

On the other hand, if steric factors were mainly responsible 
for the chemistry of these systems, the inversion-rotation 
barriers about the CH2-N bonds of these molecules should 
be similar. 

The CH2-N rotation or nitrogen inversion barriers can 
be estimated by low-temperature lH or 13C dynamic mag- 
netic resonance techniques. Our efforts directed toward the 
synthesis of 1, 2, 3, and a mixed system, 5,  as well as esti- 
mates of AGt for inversion-rotation at  the CH2-N bonds of 
1 through 5,  will be discussed. 

Synthesis and Reactions of Diester 1. It appeared that 
1 would represent a good starting material for the synthesis 
of 2 (and possibly 3), since partial reduction of 1, or com- 
plete reduction of 1 to diol 66 followed by partial oxidation 
of 6, could yield 2. 

Diester 1 was obtained via a dialkylation procedure 
which involved reaction of the Grignard reagent generated 
from ethyl 2-bromoisobutyrate with bis(n-butoxymethy1)- 
tert-butylamine (7) under mild conditions. This approach 
was employed after more conventional approaches employ- 
ing Reformatsky reagents7 were shown to give only monoal- 
kylated products. Interestingly, amine 7 was reasonably 
stable to organolithium reagentss which seem to react, 
under mild conditions, with molecules containing the 
-0CH2NR2 linkage (other than possible acid-base reac- 
tions) only when the nitrogen contains a proton.8e,h In 
these cases the "displacement" reaction is believed to be an 
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"elimination-addition" reaction not possible with tertiary 
amines (eq 1). 

We believe that the Lewis acid ( M ~ B I - ~ ) ~  generated in 
the course of the Grignard reaction is important in catalyz- 
ing the formation of dialkylmethyleneimmonium ion 7a,lo 
which we feel is the actual species attacked by the organo- 
magnesium reagent (eq 2). 

0 

t-Bu 
7 

t-Bu 
7a 

Treatment of diester 1 with diisobutylaluminum hydride 
under conditions which effect the reduction of ethyl iso- 
butyratell gave no reduction. Similarly, reduction with 
lithium tri-tert -butoxyaluminum hydride was also ineffec- 
tive. In contrast, treatment of 1 with lithium aluminum hy- 
dride in refluxing ether gave diol 6 in good yield. Reaction 
of 6 with oxidizing agents known to convert alcohols to al- 
dehydes (e.g., Cr03-pyridine,12 Cr03-graphite,13 DMSO- 
DCC,14 or methyl phenyl sulfide-Cl2 complex15) failed to 
give 2 in our hands. In most cases 6 could be recovered. We 
were also unable to synthesize 2 via either direct or indirect 
procedures employing the Mannich reaction, which had 
proved fruitful in the synthesis of the less hindered N-CH3 
dialdehyde 8,16 

Synthesis of Dialdehyde 2. Taking a different ap- 
proach, we found that we were able to synthesize 2 using 
the sequence outlined in Scheme I. Reaction of 1 under 
acyloin conditions, sodium in refluxing toluene, gave 80% 
yield of acyloin 9. Treatment of keto1 9 with acetic acid- 
acetic anhydride gave acetate 10 in 85% yield. The high 
yield of tetramethylated 9 is not surprising, since alternate 
base condensation reactions are not possible in these sys- 
t e m ~ . ~ ~  Steric compression also favors ring formation (see 
la). Oxidation of 9 using lead tetraacetate in refluxing pyr- 
idine for at  least 24 hr gave dione 11 in 60-70% yield. Re- 
duction of 9, 10, or 11 gave cis-trans mixtures of diol 12 as 
shown in Table I. 

Scheme I 
1 

I 
t-Bu t-Bu 

11 9 10 

I I 
t-Bu 

t-Bu t-Bu 
cis, 12a 

trans, 12b I 
t-Bu 
cis, 1 2 ~  

trans, 12d 
2 
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Table I 
Reduction of 9,lO and 11 

Johnson, Jacobs, and Kerkman 

Run Starting material Reducing agent Solvent Ratioa of 12a:lZb 

A 9 NaBH4 EtOH (25-50") 8O:2Ob 
Bi 9 LiA1H4 THF (-78-50) 83:17 
BZ 9 LiA1H4 THF (80") 74:26 
C 11 NaBH4 EtOH (25-50") 80: 20 
D 11 LiA1H4 Pentane (-78 to 50") 85:15* 
E 11 LiAlH, THF (-78 to 50") 75:25b 
F 10 LiA1H4 THF (25-80") 1oo:o 

Ratios were determined by IH NMR integration of the N-CHz protons. Average of several runs. 

While we were unable to separate the cis and trans diols 
by GLC (SE-30, SE-52, UCON columns), they were readily 
analyzed by lH NMR or TLC (the minor component hav- 
ing the larger Rf  value) and separated by column chroma- 
tography using silicic acid with hexane-ether elution. The 
diols, which have nearly identical melting points (12a, mp 
140-141'; 12b, mp 140-142O), were readily converted to 
their respective diacetates 12c and 12d but different ap- 
proaches were required. 

While cis diol 12a was readily converted to its diacetate 
12c using acetic acid-acetic anhydride, several products 
were isolated when 12b was treated in a similar manner. 
Treatment of 12b with acetic anhydride in pyridine gave 
12d, however, in 82% yield. The stereospecific acylation- 
rearrangements observed for 12b, but not 12a, under acid 
conditions (these will be discussed elsewhere) appear to be 
related to preferred conformations.18 

Oxidation of 12a with paraperiodic acid in ethanol for 24 
hr at  25' gave two products in a 60:40 ratio. These were 
identified as the desired dialdehyde 2 and B-ethoxytetrahy- 
dro-3-tert-butyl-5,5-dimethyl-2H-1,3-oxazine (13).19 We 
have now shown that tetrahydrooxazine 13 results from the 
decomposition of 2 in the alcoholic solvents. Stirring pure 2 
in anhydrous ethanol for 24 hr a t  25' leads to its quantita- 
tive (by lH NMR, 82% isolated yield) conversion to 13. 
This interesting reaction appears to involve loss of isobu- 
tyraldehyde (readily detected by lH NMR) from 2 or hemi- 
acetal 14a via a reverse Mannich20 reaction followed by 
ring closure of hemiacetal 14b to give 13 (eq 3). Dialdehyde 
2 was found to be stable when stored neat or in nonpolar 
solvents (cc14). 

t-Bu t-Bu 
14a 14b (3) 

To circumvent participation by the nitrogen lone pair in 
this reaction, oxidation of 12a was carried out in aqueous 
hydrochloric acid at  25'. Under these conditions 2 could be 
isolated in 62-77% yield depending on the scale of the reac- 
tion. 

Stereochemistry of Diols 12a and 12b. We have stud- 
ied the reduction of 9 and 11 and the stereochemistry of 
diols 12a and 12b using semiempirical, chemical, and phys- 
ical techniques.21 Since the rapidity and exothermicity 
(Eact = 8-15 kcal/mo1)22 of hydride reactions indicates in 
many cases that they proceed via "steric approach con- 
trol" 23 (i.e., little bond breaking and making has occurred 
a t  the transition state), the stereoselectivity of the hydride 
reactions is expected to be reflected by the geometries of 
the ground state of the starting materials.24 

Assuming that this is the case for the hindered mesocy- 
clic acyloins, such as 9, predictions about their ground- 
state geometries might allow predictions concerning the 
cis:trans ratios of diols expected from their reduction by 
h ~ d r i d e . ~ ~ " , ~ ~  Studies of models18 of acyloin 9 show that 
there appears to be two preferred conformations for this 
molecule, namely, 15a and 15b. Because nitrogen can un- 
dergo inversion, conformations 15a and 15b can be 
"viewed" as epimers and their relative populations calcu- 
lated using free-energy differences (AGE/A) between con- 
formations involving equatorial and axial C5  substituent^.^^ 
Assigning a of 0.9 kcal/mol for the C3, C5 (CH3 - 
H) diaxial interaction in 15a, and values of 2.0-2.2 kcal/mol 
for the C3, C5 (CH3 - OH) diaxial interaction and 0.2-0.4 
kcal/mol for the C5, C7 (OH - H) diaxial interaction in 
15b, a AGE/A ranging from 1.3 to 1.7 kcal/mol can be calcu- 
lated. Using the relationship AGE/A = -RT In KE/A and 
solving for KEIA at 25' gives a value for KEIA which indi- 
cates that the more stable conformer, 15a, should comprise 
90-95% of the acyloin mixture. 

15a, R = H 
15c, R = AIHs 

15b, R = H 
151% R = AlH, 

Distortion of the cycloheptanoid half-boat, half-chair 
conformations (15a and 15b) to half-twist boat, half-chair 
conformations, while possibly creating C3, C7 and Cz, C5 in- 
teractions, relieves the C3, C5 diaxial interaction.18 We feel 
that this distortion is probably important for E a ,  and 
especially for 15b, and estimate that a 30' twist (i.e., 158 -. 
15f) between C3, C5 substituents would result in ca. 40% re- 

0 

VCH3 C H 3  

15e 
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duction (based on dihedral angle-rotational barrier rela- 
tionships) of their interaction. Given the a~sumptions,2~ re- 
duction of 9 with sodium borohydride (NaBH4) in ethanol 
at 25’ (attack by hydride a t  the least hindered face of the 
carbonyl) would be expected to give cis (from 15a) and 
trans (from 15b) diols 12a and 12b in ca. 80-9020-10 ra- 
tios, respectively. These predictions appear to agree rea- 
sonably well with experimental results (see run A, Table 
I).z7 Reduction of either acyloin 9 or dione 11 by lithium 
aluminum hydride (LiAlH4) might be expected to give, 
after initial acid-base reaction in the case of 9 or partial re- 
duction in the case of 11, aluminate esters 15c and 15d. 
Aluminate ester 15c, but not 15d, is capable of forming a 
cyclic cyclopentanoid species such as 15g where the acyloin 
acts as a bidentate ligand for the metal atom. 

The effect of 15g on the equilibrium of 15 would be ex- 
pected to be more important in less polar solvents where 
the carbonyl oxygen does not have to compete with solvent 
for complexation.26b 

Since conformers 15c and 15g should yield cis diol 12a 
while 15d would give trans diol 12b, reduction of 9 or 11 
with LiAlH4 in THF (polar solvent) would be expected to 
yield about the same cis:trans ratio as observed with 
NaBH4.z8 In less polar solvents, such as pentane, the yield 
of cis diol should increase upon LiAlH4 reduction of 9 or 11 
owing to the increased importance of 15g in this poorly sol- 
vating solvent. The stereoselectivity of the LiAlH4 reduc- 
tion of 9 in THF at higher temperature would be expected 
to decrease owing both to decreased importance of 15g a t  
the higher temperature and the change expected in KE/A 
due to the change in temperature. At 80’ the more stable 
conformer, 15a, would be expected to comprise only 75 to 
85%25a of the mixture. Reduction of 9, by adding it to THF 
and LiAlH4 at  reflux (80°), gave a 74:26 ratio of 12a to 12b 
(run B2, Table I). In general, the experimental results agree 
well with prediction (see runs B-E, Table I). 

The complete stereoselectivity noted in the LiAlH4 re- 
duction of acetate 10 (run F, Table I) is believed to result 
from the initial reduction of the acetate group in prefer- 
ence to the hindered ketone to give 10a followed by di- 
rected delivery of hydridez9 to give 12a. 

10a 

The predic1;ed cis stereochemistry of the major diol was 
established unambiguously by classical techniques. Exami- 
nation of the lH NMR spectrum of the sulfite ester 16a, 
formed from 12a, showed a singlet occurring a t  6 4.63 due 
to the protons a to the oxygen while sulfite ester 16b 
showed an AB pattern at  6 4.30 (J = 11 Hz) for its C-4, C-5 
protons. 

\ /  

16a 16b 
As the chemical-spectroscopic techniques require fair 

amounts of diol, other simple physical methods for deter- 
mining the stereochemistry of 12 (and related systems)z1 
were studied. Comparison of the mass spectra of 12 indicat- 
ed that the cis and trans diols could be identified on the 
basis of their ability to lose water upon electron impact. 
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Comparison of ions occurring a t  mle 228 (M+ - CH3) and 
210 (228 - H2O) for 12a and 12b indicates that the loss of 
water is considerably more favorable from the trans than 
the cis diol. This seems to be a general property of the cy- 
clic tetramethylated 1,a-diols we have studied and is in 
agreement with the observation that water is eliminated 
preferentially via cis elimination processes only available to 
the trans diol upon electron impact.30 While extremely de- 
pendable in our systems, mass spectra of both isomers are 
required for comparative purposes (both isomers are not al- 
ways available; see run F, Table I). 

A much more interesting approach to diol stereochemis- 
try, which we believe will prove to be generally applicable 
to symmetrical diols and related systems, and which should 
allow isomer assignment in most cases even when only one 
isomer is available, involves the use of chiral lanthanide 
shift reagents.31 Cis diol 12a (meso) and trans diol 12b (d l  
racemate) are  diastereomer^^^ which would be expected to 
exhibit predictably different lH NMR patterns in the pres- 
ence of chiral shift reagents such as tris(3-trifluoroacetyl- 
d-camphonato)europium (111) [Eu(facam)a]. Trans diol 12b 
should show two (probably similar) sets of lH NMR signals 
resulting from formation of “pseudo-contact” diastereo- 
m e r ~ ~ ~  17 and 1834p36 in the presence of the chiral shift re- 
agent. On the other hand, cis diol 12a should show lH 
NMR signals resulting from the formation of “pseudo-con- 
tact” enantiomer33 19-d. For 19-d induced asymmetries, 

d -Eu(facam), d -Eu(facam), d -Eu(facam), d-Eu(facarnX 

I I I I 
t-Bu t-Bu t-Bu t-Bu 
17 18 19- d 

caused by the presence of the chiral center and which 
should diminish with distance from it, would be expected. 
Specifically for 12a and f2b, only 12b can show two tert- 
butyl signals in the presence of chiral shift reagents. Com- 
parison of spectra C and E (Figure 1) shows that this point 
alone is sufficient, in this case, to assign structures to diols 
12a and 12b (spectra A and D, Figure 1). 

Other aspects of spectra C and E (Figure 1) are com- 
pletely in agreement with the above general predictions, in- 
cluding the induced asymmetries expected for 12a in the 
presence of the chiral shift reagent.34 A spectrum of 12a in 
the presence of 0.45 equiv of tris-1,1,1,2,2,3,3-heptafluoro- 
7,7-dimethyloctane-4,6-dionatoeuropium [E~(fod)3],~l an 
achiral shift reagent, is included for comparative purposes 
(spectrum B, Figure 1). 

Synthesis of Diketone 3, Ketone Aldehyde 5, and Mo- 
noketone 23. Diketone 3 (57% yield) and ketone aldehyde 
5 (77% yield) were synthesized from diols 22 and 20 using 
oxidative procedures similar to those employed in the syn- 
thesis of 2. The syntheses of diols 20 and 22 are shown in 
Scheme I1 along with synthesis of ketone 23. 

Treatment of acyloin 9 with 4 equiv of methyllithium in 
THF a t  -78’ followed by warming to 35’ 36 gave, after 
work-up, pentamethyl diol 20 of unknown stereochemistry 
in 81% yield. Treatment of dione 11 under similar condi- 
tions led to formation of acyloin 21 in 87% yield. While we 
were able to convert dione 11 to hexamethyl diol 22 in 81% 
yield by treating it with excess (4 equiv) methyllithium in 
glyme under reflux conditions, we were unable to convert 
either 11 or 21 to 22 using excess methyllithium in THF, 
even when vigorous (35’) conditions36 were used. Acyloin 
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Table I1 

Starting material Tc* OC T,, K A V ,  Hz AC+, kcal / m o l  A value 

1" -8 8 185 67 8.8b 1.3 (C0,Et)42a 

3 -1 02 171 29 8.4 1.2 (COCH,) 
4 d  -8 1 192 79 9.1 1.7 (CH,) 
5 (aldehyde CH,) -1 00 173 60 8.2' 
5 (ketone CH,) -100 173 24 8 .4' 

a Ca. 5% v/v in vinyl chloride. Error is estimated at *3", f 5  Hz = *0.3AGt. Overlapping AB patterns make these values less reliable. 
See Figure 4 for representative dynamic lH NMR spectra (Le., 2 and 4). 

2 d  -9 7 176 78 8.3 1.3 (c0~)42b 

Scheme I1 

3. CH,Li glyme, A 

and 5 were determined using low-temperature dynamic 
proton magnetic resonance techniques. Measurement of T ,  
(coalescence temperature for the CH2-N protons) and AV 
[the chemical shift difference between HA and HB 
(CHAHB-N) well below T,] allows estimation of AGt39 
from the Eyring equation.40 

t-Bu 
24 

t -8u  
23 

21 was reduced in high yield to 20 using LiAlH4 in refluxing 
THF. 

Literature precedentZ5J6 suggests that the successful re- 
action of 9 with methyllithium (in THF) occurs via a lithi- 
um alkoxide-ketone complexed cyclopentanoid half-chain 
conformer such as 9a. The front face of complex 9a would 
be partially obstructed by the lithium cation. Since we feel 
this interaction might also exist in complex 21a, it seems 

9a 21a 

likely that steric hindrance due to the added methyl group 
at  Cg, and not electronic factors, accounts for the relative 
reactivities of 9 and 21 with methyllithium (in THF). 
While not unambiguously established, we believe that only 
cis- 22,37 the product expected from attack of conformer 
21a, was obtained from the reactions of either 11 or 21 with 
excess methyllithium in hot glyme [IH NMR spectra of 22 
taken in the presence of Eu(facam)3 (0.25-0.7 equiv) show 
only one tert -butyl signal indicating "pseudo-contact" dia- 
stereomers were not formed]. 

Ketone 23 was prepared from dione 11 via reaction of its 
monohydrazone 24 with potassium tert -butoxide in reflux- 
ing xylene. 

Low-Temperature Dynamic 'H NMR Studies of 1,2,  
3, 4, and 5. The free energies of activation, AGI, for inver- 
sion-rotation related to the C H Z - N ~ ~  bonds for 1, 2, 3, 4, 

AGt = RT,  In (A KTJhaAV) 

Table I1 shows the measured lH NMR parameters and 
estimated AGt for 1-5. A  value^^^.^^ are included in Table 
I1 as a possible measure of substituent size in order that the 
various steric and electronic factors responsible for confor- 
mational preferences and possibly CH2-N inversion-rota- 
tion barriers might be separated and compared. 

Examination of the various conformations possible for a 
generalized amine 25 (Chart I), taking into account nitro- 
gen inversion, CH2-N rotation, and concerted inversion- 
rotation processes,38 reveals that six conformers, 26-31, can 
be drawn (Newman projection down the CH2-N bond of 
25). Since, to a first approximation, R on 25 can be viewed 
as a tert-butyl group (more will be said about this point), 
conformers 26, 31 and 27, 30 can be considered unimpor- 
tant because of the high vicinal nonbonded repulsions due 
to tert-butyl-tert -butyl-neopentyl interactions in the for- 
mer case and tert-butyl-tert -butyl interactions in the lat- 
ter. Conformers 28 and 29 suffer from tert-butyl-neopentyl 
nonbonded interaction but studies of mode1s18 show that 
because of free rotation about the CHZ-C(CH~)~ bond in 
the neopentyl group, this interaction can be considered 
about equivalent to a tert -butyl-methyl vicinal interac- 
t i ~ n ~ ~  and consequently should be of considerably lower 
energy than the other two types of vicinal nonbonded re- 
pulsions existing in these systems. For these reasons we be- 
lieve that only conformations 28 and 29 are populated 
below the coalescence temperature. While HA and HB are 
nonequivalent for each of the conformers, in 28 and 29 they 
have exchanged environments. Consequently the CH2-N 
dynamic lH NMR spectrum of 28 and 29 should be the 
same under static conformation conditions and only one 
AB pattern due to the CH2-N protons should exist for each 
of the amines (1-4). The near-perfect symmetry38 below 
the coalescence temperature of the different AB patterns 
resulting from the CH2-N protons of 1-4 supports these 
conclusions (see Figure 4). Having demonstrated that only 
conformations 28 and 29 appear to be populated under 
static conformation conditions, the effect of the various R 
groups (25, RM, RA, RK, RE, Chart I) can be analyzed. 
Amines 1-3 can be looked at  as conformers 32-34 (Newman 
projections down the C3-Cp bond, Chart I) formed via a 
threefold rotation process. If A values are used as a criteria 
for deciding the magnitude of nonbonded interaction, it 
would seem that 32 and 33, which have the smaller (Table 
11) sp2 hybridized carbon as one of the two groups gauche 
to the bulky nitrogen, would be preferred over 34. These 
steric arguments tend to indicate that 1,4-nitrogen-carbon- 
yl interactions seem at least conformationally feasible as 
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Figure 1. 'H NMR spectra of diols 12: A, 12a (ca. 5% in CDC13); B, 
12a [ca. 5% in CDC13 containing 0.45 equiv of Eu(fod)a]; C, 12a [ca. 
5% in CDC13 containing 0.45 equiv of Eu(facam)a]; D, 12b (ca. 5% 
in CDCl3); E, 12b [ca. 5% in CDC13 containing 0.45 equiv of Eu(fa- 
cam)31. 

was postulated. Efforts to stop c2-C~ rotation in order to 
look for a nonequivalence of the aldehyde protons of 2 
under static conditions resulted in 60 Hz broadening a t  
-150 to -160O of the aldehyde signal but no nonequiva- 
lence was noted. 

While it is perhaps dangerous to compare ground-state 
( A  values) and transition (AGt) parameters26 for amines 
1-4, we feel they should show similar trends for these simi- 
lar systems if steric factors tend to dominate but that they 
might show divergent trends if electrostatic interaction 
(e.g., la) were important for the carbonyl containing sys- 
tems (Le., 1-3). I t  is interesting to note, then, that the for- 
mer case is observed and that A values do generally parallel 
the AGt  values obtained for 1-3 (sp2) and 4 (sp3), ruling 
out the likelihood that strong 1,4-nitrogen-carbonyl inter- 
actions are important in these systems. 

Comparison of AGi for 4 (9.1 kcal/mol) and for tert- 
b~ty ld ie thylamine~~ (35, AGt = 7.2 kcal/mol) is somewhat 

IC 

9 0  8 0  70 6 0  5 0  40 3 0  2 0  

I E  

C?,,H 

I I I I I I I 
7.0 6.0 6.0 4 .O s .O 2.0 i .oppm 

L 

D 

instructive. While calculations and studies of models show 
that some sp2 character a t  nitrogen relieves nonbonded in- 
teractions in the ground state of 35, thus raising the energy 
of its ground state relative to its transition state for inver- 
sion-rotation (pure sp2 character) processes, similar sp2 
character in the ground state of 4 would seem unfavorable. 
While it might relieve CH2-iHz-N-tert-butyl interactions, 
the increased planarity a t  nitrogen would cause serious 1,7 
alkyl-alkyl interactions. The planar transition state for in- 
version-rotation of 4 appears to be considerably more 
crowded than that of 35. We feel that both of these factors 
account for the 2 kcal/mol difference between the AGt of 4 
and 35. 

Ultraviolet Studies of 11,23, and 3. Since the data and 
discussions presented above indicate that, even though 
there appear to be no strong ground-state electrostatic 
(N-C=O) interactions in amines 1-3, the nitrogen lone 
pair and carbonyl ?r orbitals (especially the larger T* orbit- 
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Chart I 
Newman Projections of 25 

I 

25 CH&H 

A. Down the  C,-N Bond 

CHIR H t-Buy H -  
26 u 27 28 u 
H H 

29 

B. Down the C,-C, Bond 

30 31 

32 33 34 

Z = H, CH,, OEt 

those of cyclic systems if they contained similar structural 
features. Figure 2 shows uv spectra (EtOH) of tetramethyl- 
cycloheptane-4,5-diones 36y4 11, 37,45 and 38.46 

300 

200 

I O 0  

210 230 250 270 290 310 330 350 

nm 

Figure 2. Uv spectra (EtOH) of 36, 0; 11, X; 11 plus 40 pmol 
AcOH, .;37, A;38 ,  4 .  

als) should be in close proximity much of the time (see con- 
formers 32 and 33, Z = H, CHB), uv studies were undertak- 
en to add support to our conclusions. We felt that the uv 
spectra of the restricted linear systems should resemble 

H t.Bu 
36, X = S 39 
11, X = N-t-BU 
37, x = 0 
38, X = CH, 

I t  can be seen that both 36 (219 nm, t 720) and 11 (242 
nm, e 420) show ~harge-transfer~’ (C-T) bands in their uv 
spectra as a consequence of the close proximity of the het- 
eroatom and the carbonyl orbitals while 37 and 38 show 
spectra typical of normal mesocyclic a-diones. When the 
spectra of 11 is looked at in the presence of added acetic 
acid, the C-T absorption decreases significantly because 
protonation of the nitrogen lone pair (see 39) prevents ni- 
trogen-carbonyl interaction. Comparing the uv spectra of 
11, 23, and 3 (see Figure 3), one notices that all three of 
these molecules show C-T absorption near 240 nm. We be- 
lieve the strong similarities between the uv spectra of 3 and 
23 reflect the fact that their most favored conformations at 
2 5 O ,  40a, 40b (same as 40a but nitrogen inverted), and 41, 
respectively, contain similar important geometric relation- 
ships supporting the conformational arguments based on 
steric factors presented earlier. The lower intensity of the 
C-T absorption of 3 can be accounted for by the greater 
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n m  

Figure 3. Uv spectra (EtOH) of 23, 0; 3, +; 42, A; 11, m. 

flexibility of the acyclic system at 25' [Le., conformer 34, Z 
= CH3 (Chart I) would not permit nitrogen-carbonyl inter- 
action]. 

40a (b) 41 
0 

A 
I 

t-Bu 
42 

To make certain that similar C-T phenomena do not 
occur in "anti" oriented systems, the uv spectra of 42 was 
taken (see Figure 3). No evidence for nitrogen-carbonyl in- 
teraction was noted in this case. 

In conclusion, it seems that while steric considerations 
dominate the chemistry of these amines, some mixing of 
the nitrogen and carbonyl orbitals as determined by uv 
studies does exist. 

Further studies on the chemistry and physical properties 
of these hindered amines are currently underway in our 
laboratories. 

Experimental Section 
Melting points were taken on a calibrated Mel-Temp apparatus. 

Infrared spectra were taken on a Perkin-Elmer 337 or 457A spec- 
trometer; 'H NMR spectra were recorded on a Varian A-60 or 
JeOL MH-100 spectrometer using Me4Si as an internal standard. 
Mass spectra were obtained on a Hitachi RMU-6D mass spectrom- 
eter. Ultraviolet spectra were recorded on a Cary 14 instrument. 
VPC analyses were performed using program temperature control 
on a Hewlett-Packard 5750 gas chromatograph equipped with 8 ft 
X 0.25 in. 10% Carbowax on Chromosorb P and 8 f t  X 0.25 in. 10% 
SE-30 on Chromosorb P stainless steel columns. Microanalyses 
were performed by Galbraith Laboratories, Knoxville, Tenn. 
Bis(n-butoxymethy1)-N-tert-butylamine (7). Amine 7 was 

synthesized in 79% yield using a modification of a general proce- 
dure deyeloped by Gaines and Swanson.loa Into a flask was placed 

u u 
100 H Z  I O O H Z  

Figure 4. The dynamic lH NMR spectra (100 MHz) of the CHZ 
groups of (A) amine 4 and (B) dialdehyde 2 (-5% v/v in vinyl chlo- 
ride). 

paraformaldehyde (60.0 g, 2.0 mol, CHz=O), 1-butanol (149.7 g, 
2.02 mol), and 200 ml of benzene. The mixture was warmed gently 
with stirring under Nz while tert-butylamine (74.2 g, 1.0 mol) was 
added dropwise over 15 min. A Dean-Stark trap was added to the 
flask and the mixture was heated to reflux. After the theoretical 
amount of water was removed as an azeotrope (ca. 6 hr), the ben- 
zene was distilled off a t  760 mm and the remaining oil was vacuum 
distilled to give 193.0 g of pure 7: bp 80-83' (0.5 mm); ir (CC4) 
2955, 2940,2870, 1465, 1360, 1278, 1231, 1094, 1043, and 998 cm-'; 
IH NMR (CC14) 6 0.91 (t, 6), 1.19 (s, 9), 1.42 (m, 8), 3.29 (t, 4), and 
4.32 (s, 4); mass spectrum (70 eV) m/e (re1 intensity) 245 (M+, 
trace), 230 (l), 173 (5), 172 (5), 159 (15), 101 (8), 100 (26), 87 (8),  86 
(60), 72 (30), 70 (ZO), 57 (40), 56 (lo), 44 (loo), 43 (40), 42 (35), and 
41 (70). 

Diethyl N-tert-Butyl-3,3'-imino-2,2,2',2'-tetramethyldipro- 
piohate (1). Into a dried flask containing 100 ml of dry ether 
under Nz at  10' was added 8 g (0.30 mol) of Mg. While the mixture 
was stirred at  high speed, ethyl a-bromoisobutyrate (50 g, 0.25 
mol) in 200 ml of dry ether was added dropwise over 0.5 hr and the 
mixture was stirred at  10' until the bromo ester had reacted. 
Maintaining a 10' temperature, amine 7 (26.2 g, 0.11 mol) in 50 ml 
of ether was added to the reaction mixture over 0.5 hr. After stir- 
ring for 2 hr, allowing warming to 35' over the last 1 hr, the reac- 
tion mixture was quenched with cold aqueous ammonium chloride. 
An acid-base work-up gave a small amount of neutral product 
(ethyl isobutylisobutyrate) and 31 g of crude amine products. 
Careful distillation of the amine products gave 1 g of a mixture of 
ethyl N-tert-butyl-3-imino-2,2-dimethylpropionate and ethyl N -  
methyl-tert-butyl-3-imino-2,2-dimethylpropionate7 and 29 g 
(83%) of amino diester 1: bp 96-98' (0.1 mm); ir (cc14) 2980, 1728, 
1465, 1393, 1367, 1268, 1150, 1111, 1062, and 1032 cm-l; IH NMR 

mass spectrum (70 eV) m/e (re1 intensity) 329 (M+, trace), 328 (l), 
314 (21, 214 (34), 158 (95), 112 (42), 84 (45),57 (25), 41 (loo), and 
metastable peaks at m/e 116.9 (15g2/214), and 79.5 (11Z2/158). 

Anal. Calcd for C18H35N04: C, 65.75; H, 10.65; N, 4.25. Found: 
C, 66.00; H, 10.93; N, 4.57. 

N -  tert-Butyl-3,3,6,6-tetramethyl-l-azacycloheptan-4-on- 
5-01 (9). Into a dry three-neck Morton flask equipped with an 
overhead stirrer and condenser was added 600 ml of toluene. After 
removal of 50 ml of toluene from the flask by distillation under a 
NZ atmosphere, 3.0 g (0.13 mol) of sodium metal was added to the 
hot toluene and converted to a fine sand using high-speed stirring. 
Diester 1 (9.87 g, 0.03 mol) was then added dropwise into the flask 
over 1 hr and the mixture was refluxed for an additional 1 hr, a t  
which time it was cooled and 50 ml of 5% NH4C1 was added. The 
organic layer was washed with water until the water wash was neu- 
tral and the aqueous layer was backwashed with ether. The com- 
bined organic washes were dried with MgS04 and evaporated to 

(cc14) 6 0.92 (9, 91, 1.09 (s, 12), 1.21 (t, 61, 2.73 (s, 41, 4.03 (9, 4); 
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give 5.8 g (80%) of solid hydroxy ketone 9, which was further puri- 
fied by sublimation: mp 55-56'; ir (Cc1.i) 3430, 2965, 1700, 1465, 
1390, 1365, 1266, 1200, and 1039 cm-l; 'H NMR (ccl4) 6 0.60 (5, 

3), 0.91 (s, 3), 0.97 (s, 3), 1.05 (s, 9), 1.20 (s, 3), 2.56 (AB, 2, J = 12 
Hz), 2.61 (AB, 2, J = 14 Hz), 3.57 (s, 1, absent in D20), and 4.01 (s, 
1); mass spectrum (70 eV) mle (re1 intensity) 241 (M+, 9), 226 (43), 
154 (14), 126 (14), 100 (14), 98 (14), 86 (201, 85 (40), 84 (39), 83 
(20), 70 (67), 57 (loo), 56 (26), 55 (36), and 41 (91); uv A,,, (EtOH) 
290 nm (shoulder, e 50), 245 (shoulder, 360). 
N-tert-Butyl-3,3,6,6-tetramethyl-l-azacycloheptan-5-ace- 

toxy-4-one (10). A mixture of 4 g (0.0165 mol) of hydroxy ketone 
9, 25 ml of acetic acid, and 25 ml of acetic anhydride was refluxed 
for 3 hr. Most of the solvent was evaporated from the reaction mix- 
ture under reduced pressure and the remaining liquid was poured 
into ice water. The aqueous solution was made basic with NaOH 
and extracted with ether which was dried with K2CO3, filtered, 
and evaporated, giving 4.4 g of brownish solid. The solid was sub- 
limed, giving 4.0 g (85%) of pure 10 as a white solid: mp 86-88'; ir 
(cc14) 2960,1740,1710,1470,1360,1240, and 1033 cm-'; IH NMR 

(s, 3), 2.49 (AB, 2, J = 12 Hz), 2.61 (AB, 2, J = 14 Hz), and 4.82 (s, 
1); mass spectrum (70 eV) m/e (re1 intensity) 283 (M+, 35), 269 
(18), 268 (96), 225 (18), 224 (96), 189 (15), 168 (70), 100 (30), 98 
(loo), 84 (37), 70 (37), 57 (83),56 (25), 55 (30), 43 (58), and 41 (63), 
with metastable ions at  mle 254 (2682/283), 126, and 57; uv A,,, 
(EtOH) 288 nm (shoulder, t 60), 240 (shoulder, 360). 

Anal. Calcd for C16H2gN03: C, 67.81; H, 10.32; N, 4.95. Found: 
C, 68.11; H, 10.03; N, 4.80. 
N-tert-Butyl-3,3,6,6-tetramethyl-l-azacycloheptane-4,5- 

dione (11). A mixture of 5.7 g (0.024 mol) of hydroxy ketone 9,50 
ml of pyridine, and 10.5 g (0.024 mol) of lead tetraacetate was re- 
fluxed for 24 hr under N2. The pyridine was evaporated in vacuo, 
leaving a brown residue. Water and ether were added to the resi- 
due and the pH of the aqueous layer was adjusted to 10. The aque- 
ous phase was extracted several times with ether which was dried 
with K2C03, filtered, and evaporated. The resulting residue, a pale 
yellow oil, was distilled to give 3.9 g (68%) of diketone 11, which so- 
lidified on standing: bp 73-74' (0.1 mm); ir (Cc4) 2970, 1725 
(shoulder 1700), 1475, 1390, and 1375 cm-l; 'H NMR (cc14) 6 1.08 
(s, 12), 1.09 (s, 9), 2.62 (s, 4); mass spectrum (70 eV) mle (re1 inten- 
sity) 239 (M+, 44), 224 (26), 196 (2), 183 (3), 168 (3), 154 (ll), 139 
(8), 112 (18), 100 (loo), 99 (19), 85 (25), 70 (34), 57 (95), 56 (75), 55 
(24), and 41 (55); uv A,,, (EtOH) 335 nm ( e  40), 300 (shoulder, 801, 
242 (425). 

Amino dione 11 was characterized as its quinoxaline derivative, 
29, which was synthesized in the following manner. A mixture of 
0.120 g (0.5 mmol) of diketone 11 and 0.054 g (0.5 mmol) of o-phe- 
nylenediamine in 5 ml of acetic acid was refluxed for 3 hr. The so- 
lution was diluted with ice water, made basic with sodium hydrox- 
ide, and extracted with ether. The ether solution was dried over 
potassium carbonate, and the solvent was evaporated. The brown 
residue was recrystallized from 95% ethanol to give 0.065 g (43% 
yield) of 29 as yellowish-white needles: mp 109-110'; 'H NMR 
(CC14) 8 1.20 (s,9), 1.45 (s, 12), 2.84 (s,4), and 7.72 (m, 4). 

Anal. Calcd for C20HZgN3: C, 77.20; H, 9.39; N, 13.50. Found: C, 
76.97; H, 9.27; N, 13.42. 
Reduction of 9 with NaBH4-EtOH. 12a and 12b. A mixture of 

0.85 g (3.5 mmol) of acyloin 9,0.13 g (3.5 mmol) of sodium borohy- 
dride, and 20 ml of ethanol were stirred under N2 at  25' for 2 hr 
and then warmed to 50' over an additional 2 hr. The ethanol was 
removed in vacuo and water and ether were added to the residue. 
The aqueous layer was extracted with ether which was dried with 
K2CO3, filtered, and evaporated to give 0.88 g (100%) of a crude 
solid which was shown by 'H NMR to be a mixture of cis (12s) and 
trans (12b) diols (see Table I, run A). Separation of the diols by 
column chromatography using silicic acid with hexane-ether elu- 
tion allowed isolation of pure trans and cis material. For trans diol 
12b: mp (sublimed) 140-142'; ir (CHC13) 3500, 2980, 1468, 1390, 
1360, and 1035 cm-'; 'H NMR (CDC13) 6 0.84 (s, 6), 1.02 (s, 151, 
2.34 (AB, 4), 2.80 (s, 2, absent in DzO), 3.39 (s, 2); mass spectrum 
(70 eV) m/e (re1 intensity) 243 (M+, 3), 228 (381, 210 (421, 170 (7), 
156 (48), 114 (lo), 100 (12), 99 (lo), 98 (lo), 86 (37), 85 (111, 84 
(28), 72 (lo), 71 (14), 70 (40), 57 (72), 56 (22), 55 (371, 44 (41), 43 
(87), 42 (66), and 41 (100). 

Anal. Calcd for C14H29N02: C, 69.09; H, 12.01. Found: C, 68.72; 
H, 11.98. 

For cis diol 12a: mp (hexane) 140-141'; ir (CHC13) 3480, 2980, 
1470, 1385, 1365, and 1028 cm-l; 'H NMR (CDC13) 6 0.99 (s, 6), 
1.07 (s, 15), 2.52 (AB, 4, J = 12 Hz) 3.41 (s, 2), and 3.50 (br s, 2, ab- 
sent in D2O); mass spectrum (70 eV) mle (re1 intensity) 243 (M+, 

(cc14) 6 0.75 (5, 3), 0.90 (9, 31, 0.96 (5, 3), 1.02 (9, 9), 1.05 (5, 3), 1.93 

lo), 228 (loo), 210 (41,170 (16), 156 (471,114 (17),86 (28), 84 (18), 
70 (18), 57 (34),55 (12), 44 (22), 43 (251, and 41 (26). 

Anal. Calcd for C14H2gN02: C, 69.09; H, 12.01. Found: C, 69.25; 
H, 12.02. 

Other reductions were run by adding the appropriate substrate 
to the appropriate solvent a t  the temperature specified in Table I. 
In run B2, solid 9 was added to the refluxing mixture through the 
condenser top. 
Reduction of Acetate 10 with LiAlH4-THF. To 10 ml of THF 

containing 2 equiv of LiAlH4 was added 0.28 g (0.001 mol) of 10 
and the mixture was heated to reflux for 1 hr and cooled. 

Standard work-up gave a near quantitative yield of cis diol 12a. 
Cis Diacetate 1212. Diol 12a (90 mg) was refluxed for 3 hr in a 

1:l mixture of acetic acid-acetic anhydride and poured onto ice. 
Acid-base work-up gave 115 mg (95%) of a solid which could be 
sublimed or recrystallized from hexane: mp 91.5-92.5'; ir (cc14) 
2885, 1745, 1458, 1248, and 1230 cm-'; 'H NMR (CDC13) 6 0.82 (s, 
6), 1.04 (s, 9), 1.06 (s, 6), 2.06 (s,6), 2.52 (AB, 4, J = 13 Hz), 5.01 (s, 
2); mass spectrum (70 eV) m/e (re1 intensity) 327 (6, M+), 312 
(loo), 284 (2), 267 (22), 252 (7), 208 (5), 152 (40), 138 (51, 123 (8), 
102 (7), 84 (lo), 70 (22), 57 (30), 55 (IO), 44 (14, 43 (491, 42 (27), 
and 41 (21). 

Anal. Calcd for C18H33N04: C, 66.02; H, 10.16. Found: C, 66.27; 
H, 10.23. 
Trans Diacetate 12d. Diacetate 12d could not be synthesized 

using the procedure described to make 12c. The following proce- 
dure was employed. Diol 12b, 120 mg (0.5 mmol), was refluxed for 
20 min in 5 ml of pyridine containing 5 ml of acetic anhydride. 
After cooling, the mixture was made basic with aqueous KOH and 
extracted with ether. Purification of the crude material by column 
chromatography after evaporation of solvents gave diacetate 12d 
as a white solid (82% yield): mp (sublimed) 79-82'; ir (CC14) 2965, 
1748, 1391, 1370, 1250, and 1028 cm-l; 'H NMR (CDC13) 6 0.86 (s, 
6), 0.98 (5, 6), 1.03 (s, 9), 2.02 (s, 6), 2.42 (AB, 4) and 4.97 (s, 2); 
mass spectrum (70 eV) m/e (re1 intensity) 327 (5, M+), 312 (loo), 
284 (3), 268 (58), 252 (19), 208 (lo), 152 (54), 84 (19), 70 (27), 57 
(44),56 (27), 55 (24),44 (20),43 (72), 42 (41), and 41 (58). 

Anal. Calcd for: C&33N04: C, 66.02; H, 10.16. Found: C, 66.02; 
H, 10.12. 
Cis Sulfite Ester 16a. To a mixture of 0.125 g (0.52 mmol) of 

diol 12a, 0.107 g (1.21 mmol) of dry pyridine, and 25 ml of ether 
under Nz at  0' was added dropwise 80 mg (0.68 mmol) of thionyl 
chloride in 5 ml of ether. After allowing the mixture to stir a t  0' 
for 1 hr and 25' for an additional 1 hr it was poured into cold 
aqueous which was extracted with ether to give, after evap- 
oration of the solvents, a crude solid. Column chromatography on 
silicic acid using hexene-ether elution gave pure 16a in good yield: 
mp (sublimed) 85-87'; IH NMR (CDC13) 6 1.08 (s, 15), 1.12 (s, 6), 
2.44 (AB, 4, J = 14 Hz), and 4.63 (s, 2). 

Anal. Calcd for C14H27N03S: C, 58.09; H, 9.40. Found: C, 58.18; 
H, 9.41. 
Trans Sulfite Ester 16b. Sulfite ester 16b was synthesized 

using the procedure described to make 16a. For 16b: mp (sub- 
limed) 131-132O; IH NMR (CDC13) 6 0.90 (s, 3), 1.01 (s, 3), 1.04 (s, 
9), 1.08 (s,3), 1.11 (s,3), 2.49 (AB, 4), 4.30 (AB, 2, J = 11 Hz). 

Anal. Calcd for C14H27N03S: C, 58.09; H, 9.40. Found: C, 9.67; 
H, 58.33. 
N-tert-Butyl-3,3'-imino-2,2,2',2'-tetramethyldipropanal (2). 

A mixture of 4.31 g (0.017 mol) of diol 12a, 4.17 g (0.018 mol) of 
paraperiodic acid, 100 ml of water, and 4 ml of 1 N hydrochloric 
acid was stirred for 40 hr a t  25'. The solution was made basic with 
cold concentrated sodium hydroxide solution and extracted with 
chloroform. The chloroform was dried with MgS04 and evapo- 
rated, giving, after distillation, 2.64 g (62%) of dialdehyde 2: bp 
95-96' (0.25 mm); ir (CC4) 2965,2680,1726,1467,1390, and 1365 
cm-'; 'H NMR (CC14) 6 0.97 (s, 9), 1.01 (s, 12), 2.75 (s, 4), and 9.60 
(s, 2); mass spectrum (70 eV) m/e (re1 intensity) 241 (M+, trace), 
240 (l), 239 (l), 238 (2), 198 (5), 154 (7), 142 (5), 86 (21), 79 (lo), 72 
(59), 70 (58), 58 (22), 57 (79), 56 (20), 55 (19), 43 (95), and 41 (100); 
uv A,,, (EtOH) 290 nm (a  55), 235 (shoulder, 320). 

Anal. Calcd for C14H27N02: C, 69.66; H, 11.28; N, 5.80. Found: 
C, 69.48; H, 11.42; N, 5.73. 

N- tert-Butyl-3,3,4,6,6-pentamethylazacycloheptane-4,5- 
diol (20). A mixture of 0.75 g (3.1 mmol) of acyloin 9 in either 15 
ml of dry ether or THF and 9 mmol of methyllithium was stirred 
for 10 hr a t  25', at  which time a few milliliters of water were added 
and the organic layer separated. The solvent was evaporated and 
the crude solid remaining was recrystallized from hexane-ether, 
giving 0.63 g (81%) of diol 20 as a white solid: mp 122-123'; ir 
(CC4) 3300, 2965, 1470, 1391, 1368, and 1020 cm-'; 'H NMR 
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(CDCl3) 6 0.92 (5, 3), 1.02 (s, 3), 1.06 (s, 3), 1.09 (s, 9), 1.12 (s, 3), 
1.17 (9, 3), 2.54 (AB, 2, J = 14 Hz), 2.57 (AB, 2, J = 13 Hz), 3.41 
(broad, sharp in DzO, 1); mass spectrum (70 eV) m/e (re1 intensity) 
257 (M+, 14), 242 (loo), 200 (ll), 170 (52), 156 (59), 140 (211, 128 
(37), 114 (17), 86 (66), 84 (43), 70 (23), 57 (49), 43 (63), and 41 (38). 

Anal. Calcd for C15H31N02: C, 69.99; H, 12.14. Found: C, 70.17; 
H, 12.26. 
N- tert-Butyl-3,3,4,6,6-pentamethylazacycloheptan-4-01-5- 

one (21). A mixture of 1.0 g (4.2 mmol) of dione 11, 4.6 mmol of 
methyllithium, and 25 ml of dry tetrahydrofuran was stirred a t  35' 
for several hours. After cooling, water and ether were added. The 
ether was dried with K&03 and filtered, and the solvents were re- 
moved in vacuo, leaving a solid which was sublimed to give 1.0 g 
(87%) of acyloin 21: mp 57-60'; ir (CC4) 3440, 2960, 1685, 1465, 
1385, 1370, 1050, and 1024 cm-l; lH NMR (cc14) 6 0.71 (s, 3), 0.92 
(s, 3), 1.03 (s, 3), 1.07 (s, 9), 1.24 (s, 31, 1.32 (9, 3), 2.70 (m, 4), and 
4.25 (s, 1, absent in DzO); mass spectrum (70 eV) m/e (re1 intensi- 
ty) 225 (M+, ll), 240 (loo), 226 (7), 171 (lo), 156 (lo), 154 (27), 140 
(23), 126 (18), 86 (63), 85 (56), 84 (64), 71 (151, 70 (53), 57 (88),56 
(15), 55 (20), 43 (44), and 41 (38). The addition of excess methylli- 
thium to the THF mixture did not allow isolation of diol 22 in our 
hands. 

Reduction of 21 with LiAlH4. Acyloin 21 was reduced by 
LiAlH4 in refluxing THF to give after work-up a near quantitative 
yield of diol 20. 
N- tert-Butyl-3,3,4,5,6,6- hexamethylazacycloheptane-4,5- 

diol (22). Into a solution of 0.15 g (0.5 mmol) of acyloin 21 (or 
dione 11) in dried glyme under N2 was added 4 equiv of methylli- 
thium. The mixture was heated slowly to reflux over several hours 
and refluxed for an additional 1 hr, cooled, and quenched with cold 
water. The basic aqueous layer was extracted with ether which was 
dried with MgS04 and evaporated to give a solid residue. Sublima- 
tion gave 0.13 g (81%) of 22 as a white solid: mp 91-94'; ir (cc14) 
3300 and 2985 cm-l; 'H NMR (Cc4)  6 0.91 (s, 6), 1.08 (s, 6), 1.10 
(9, Q), 1.14 (s,6), 2.25 (d, 2, J = 13 Hz), and 2.99 (d, 2, J = 13 Hz); 
mass spectrum (70 eV) m/e (re1 intensity) 271 (M+, 6), 256 (31), 
242 (31), 170 (76), 156 (24), 140 (28), 128 (57), 100 (lo), 86 (loo), 84 
(46), 70 (20), 57 (46), 55 (E), and 43 (73). 

N-tert-Butyl-4,4f-imino-3,3,3',3f-tetramethyl~ibutane-2,2'- 
dione (3). Diketone 3 was synthesized from diol 22 in 57% yield 
using the same procedure described to make dialdehyde 2. For 3: 
mp (sublimation) 60-62.5'; ir (Cc4) 2970, 1705, 1470, 1390, 1365, 
1352, 1254, and 1100 cm-l; 'H NMR (cc14) 6 0.94 (5, Q), 1.07 (5, 

12), 2.10 (s, 6), and 2.76 (s, 4); mass spectrum (70 eV) m/e (re1 in- 
tensity) 269 (M+, trace) 183 (5), 168 (391, 156 (6), 112 (5), 110 (3), 
86 (36), 84 (12), 70 (26), 57 (231, 43 (loo), and 41 (33); uv A,,, 
(EtOH) 285 nm (c  69), 235 (shoulder, 370). 

Anal. Calcd for C16H31N02: C, 71.33; H, 11.60; N, 5.20. Found: 
C, 71.40; H, 11.56; N, 5.20. 
N-tert-Butyl-3-imino-2,2-dimethylpropanal-4'-imino-3',3'- 

dimethyl-2'-butanone ( 5 ) .  Aldehyde ketone 5 was synthesized 
from diol 20 in 77% yield using the same procedure described to 
make dialdehyde 2. For 5: mp (sublimation) 18-19'; ir (CCL) 2960, 
2680,1728,1705,1470,1423,1390,1390,1365,1352,1245, and 1103 
cm-'; 'H NMR (CC14) 6 0.98 (9, 12), 1.08 (s, Q), 2.12 (s, 3), 2.80 (s, 
4), and 9.58 (s, 1); mass spectrum (70 eV) m/e (re1 intensity) 255 
(M+, none), 183 (6), 168 (231, 156 (21), 112 (51, 86 (57), 72 (24), 70 
(84), 57 (72), 43 (loo), and 41 (86). 

Anal. Calcd for C15H29N02: C, 70.54; H, 11.45; N, 5.48. Found: 
C, 70.35; H, 11.35; N, 5.66. 

Synthesis of Monohydrazone 24. To 1.2 g (5.3 mmol) of amino 
dione 11 in 10 ml of a 1:2 mixture of ethanol-benzene containing a 
few drops of acetic acid was added 2.0 g (6.2 mmol) of 98% hydra- 
zine. The reaction mixture was heated at reflux for 10 hr a t  which 
time water was removed from the reaction mixture as an azeotrope 
using a Dean-Stark trap. The reaction mixture was then cooled 
and water was added. The resulting mixture was extracted with 
ether which was dried with MgS04, filtered, and evaporated to 
give a solid material. Recrystallization of the solid from methanol 
gave 0.53 g (42%) of pure hydrazone 24: mp 78-80'; ir (CHC13) 
3473,3418,2973,2860,2810,1735,1693,1625, and 1032 cm-'. 
N-tert-Butyl-3,3,6,6-tetramethyl- 1-azacycloheptan-4-one 

(23). Monohydrazone 24 (0.48 g, 1.9 mmol) was dissolved in 15 ml 
of dry xylene. Potassium tert-butoxide (0.24 g, 2.1 mmol) was 
added to the mixture, which was refluxed under NZ for 5 hr. After 
cooling, the mixture was poured onto 50 ml of ice. The organic 
layer was separated and the aqueous layer was washed with ether. 
The combined organic washes were dried over MgS04, filtered, 
and evaporated to give a residue which was further purified by col- 
umn chromatography using 100 mesh silicic acid. Elution with 
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hexane-ether gave a white solid which was sublimed to give 0.20 g 
(42% yield) of pure 23:-mp 37-38'; ir (Cc4)  2960,1702,1465,1390, 
1370, 1260, 1188, 1068, and 1042 cm-l; 'H NMR (CC14) 6 0.87 (s, 
6), 0.97 (s, 6), 1.05 (9, Q), 2.28 (s, 21, 2.47 (9, 2), and 2.63 (s, 2); mass 
spectrum (70 eV) m/e (re1 intensity) 225 (M+, 21) 211 (19), 210 
(loo), 154 (13), 152 (14), 140 (25), 126 (12), 125 (91, 114 (28), 85 
(34), 97 (12), 84 (42), 70 (41), 57 (68), 56 (201, 55 (30), 44 (281, 43 
(30), and 41 (60) (a metastable peak appears at m/e 196.5); uv A,, 
(EtOH) 290 nm (shoulder, 6 58), 240 (shoulder, 375). 

Anal. Calcd for C14H27NO: C, 74.66; H, 12.06; N, 6.22. Found: C, 
74.56; H, 12.04; N, 6.14. 
N-tert-Butyl-4-iminobutan-2-one (42). tert-Butylamine (0.75 

g, 0.011 mol) and methyl vinyl ketone (0.70 g, 0.01 mol) were 
stirred in 10 ml of methanol at 25' for 24 hr. The solvent was re- 
moved by careful evaporation and the crude material was distilled 
to give 42 as a clear oil in good yield. For 42: bp 33-34' (2 mm); ir 
(CHC13) 3300, 2850, 1715, 1370, 1230, and 1168 cm-l; 'H NMR 
(CDC13) 1.05 (s, Q), 2.08 (5, 3), 2.65 [m, 5, becomes 4 (2 partially 
overlapping triplets), J = 6 Hz, in DzO]; mass spectrum (70 eV) 
m/e (re1 intensity) 143 (1, M+), 97 (3), 70 (3),58 (loo), 56 (20), 43 
(28), 42 (22), and 41 (27); uv (EtOH) 288 nm (6 25). 
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The enamines, l-amino-l-trichloromethyl-2,2-dicarboxyalkylethenes, reacted w i th  hydrazine in DMF t o  yield 
l-amino-l-hydrazino-2,2-dicarboxyalkylethenes (2) a t  25’ or 3-amino-3-pyrazolin-5-ones (3) at looo. These het- 
erocyclics react w i th  acid halide and phenyl isocyanate t o  give mono (3-amino) or di (3-amino,5-hydroxy) deriva- 
tives. With isatoic acid, a 3-(o-aminobenzamido) compound can be made. Infrared and mass spectral data indi- 
cate considerable intra- and intermolecular hydrogen bonding in most of these compounds. 

In a program concerned with the synthesis and pharma- 
cological activities of certain enamines,2J one of us convert- 
ed these compounds into mono- and diaminopyrazoles? 
Here we report on the synthesis and properties of several 
3-aminopyrazole-Ei-ones, or in Chemical Abstracts .termi- 

nology, 3-amino-3-pyrazolin-5-ones (3).4a Among the nu- 
merous patterns of substitution in this ring system, a few 
N-unsubstituted pyrazol-5-0nes~~ and 3-aminopyra~oles~~ 
have been reported. Recently, Gillis and Weinkam have ox- 
idized tautomers of 3,4-disubstituted pyrazolin-&ones and 


