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ABSTRACT

The orbital symmetry allowed [3.3] sigmatropic rearraﬁgement
of enamines derived from 2-acetyl-6-methyl-3,4-dihydro-2H-pyran has
allowed for facile entry into highly functionalized cyc]ohexanone
derivatives. This new synthetic methodology offers promise for entry
into sesquiterpene natural products. A by-product of this research
has led to a symp]e synthesis of brevicomin, the aggregating sex
pheromone of the pine bark beetle, Dendroctonus brevicomis. :
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Experimental ideas are often born by chance, with the help
of some casual observation. Nothing is more common; and this’
is really the simplest way of beginning a piece of scientific
work. We take a walk, so to speak, in the realm of science,
and we pursue what happens to present itself to our eyes.

"Serendipity"
Claude Bernard
1865




Part I:

A NEW SYNTHETIC APPROACH TO SESQUITERPENE - INTERMEDIATES




CHAPTER I
HISTORICAL

In recent years,'two concebts haQe emerged in éynthetic method;
ology; that of latent functionality énd the use of heterocyclic con-
pounds'in organic synthesis. D. Lednicer® in 1972 quite aptly verbaliz-
ed the concept of Tatent functionality as: "One carries s&me necessary
function through one or more steps of a synthesis in a'ﬁrecursor form;
and at the proper stage the precursor %s converted to the needed group."
One could say that this concept is a more sqphisticatéd use of protect—-
ing groups. The second and the most important concept was discussed by
A. 1. Meyefs,2 and involves the use of heterocyclic compounds in prganic
synthesis. By direct]y applying the_princip]é of latent functionality -
in a heterocyclic synthesis, one could, in effect, design a heterocycle
which could allow for‘the introduction of a variety of functional groubs
or carbon skeletons. Thus in short, Meyers' concept was that of using
a heterocycle as a precuksor or vehicle for the synthesis of a more
complex mo1ecu1e.l ‘

These concepts were reflected in the synthetic approach to sub-
stituted cyc]ohexenes taken by Buch1'3'4 which was based on the previous
~work by J. D.'Robert§5 and Lutz that deuterium-labeied'2-formy1—2,5—di-
methy]-2,37d1hydro—4H—pyran [1] could thermally isémerize by means of a
[3,3] sigmatropic rearrangement. A series of well-planned NMR_studies |

conclusively demonstrated_that the aldehydic deuterium CDO label ex-




2
changed with H-6. It was also noted that the optical activity due to

the asymmetric center (*) was not lost.

o

Figure 1. [3,3] Sigmatropic Rearrangement of 2-formyl-2,5-
dihydro-4H-Pyran

By dimerizing o,8-unsaturated compounds [4], Blchi was able to
obtain acyl dihydropyrans [5] which, when followed by a Wittig condensa-
tion, gave 3,4-dihydro-2H-pyranethylenes [5]. These compounds were, in
essence, allyl vinyl ethers whose thermal oxy-Cope rearrangement had
been previously well documented in the literature. Just as had been
expected, these substituted 3,4-dihydro-2H-pyran ethylenes underwent
oxy-Cope rearrangements to yield substituted cyclohexene [7] compounds.
Such substituted acyl cyclohexenes are not readily obtainable from mixed
Diels-Alder reactions and, in fact, are only minor products from these

reactions.
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Figure 2. Buchi Synthesis of Substituted 4-Acetylcyclohexenes

Now, in a continuing effort in this laboratory to realize the
full implications of this work, it was conceived to substitute different
heteroatoms for the carbonyl oxygen and rearrange them into the ring.
Thus K. Lipkowitz7'8 first made the thiocarbonyl by refluxing 2-acetyl-
6-methy1-3,4-dihydro-2H-pyran in pyridine and phosphorous pentasulfide.
Sealed tube pyrolysis of the thioacetyl pyran [9] yielded the thiapy-

ranyl system [10].
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Figure 3. Lipkowitz Synthesis of 2-Acetyl-6-Methyl-3,4-
Dihydro-2H-Thiapyran

Thus, my objective was to attempt the next heteroatom, nitrogen.
The methyl imine of 2-acetyl-6-methyl-3,4-dihydro-2H-pyran [11] was pre-
pared and was subjected to conditions of the Cope rearrangement. The
expected product from the pyrolysis was the substituted 1,2-dimethy-6-

acetyl-piperidine [12].

. u */(‘)Y_’m

0 N 0
I i 12

Figure 4. Proposed Synthesis of 1,2-Dimethy1-6-Acetyl-Piper-
idine

However, this was not observed, and careful analysis of the spectral

data from the product led to our assignment for the structure of the
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observed compound as 5-acetyl-1-(1-methyl) amino cyclohexene [13].

i I

13

After consideration of a mechanism for the reaction, it became
apparent that an imine-enamine tautomerization had first taken place,
followed by a [3,3] sigmatropic shift or Cope rearrangement. This would
account for the carbon skeleton of the ring.

Thermal isomerization of imine to enamines have been thoroughly
discussed in the literature® for many years. However, the application
of such isomerization prior to a [3,3] sigmatropic shift has received
very little attention. Some interesting examples can be pointed to,
however. Pyrolysis of 0-a11y1hexan01actimlo [14] gave the 3-allyl-

hexanolactam [16] in better than 60% yield.

~ ()~
i e N0

N
H Q§b0

14 15 16

Figure 5. [3,3] Sigmatropic Rearrangement of 0-allylhexanolactim
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Rationalization of this reaction sequence was that the imine [14] had
readily isomerized to the enamine [15]. This intermediate was then set
up for a thermally-allowed [3,3] sigmatropic shift.
Hill and Newkom'! demonstrated that when quaternary ammonium
salts of imines with an alkyl group in the 2 position were converted to
the anhydro base (enamine)[18],they could be then thermally rearranged

to [19], presumably by a [3,3] sigmatropic shift.

(s
+N/ o N7
e

17 I8

Figure 6. Amino [3,3] Sigmatropic Rearrangement of Hill and
Newkom

Based on this work,? Bramley and Grigg demonstrated that 4,4-diallyl-
3,5-dimethylpyrazole first isomerized to the enamine [21] and then re-

arranged by way of a [3,3] sigmatropic shift to [22].
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Figure 7. Thermal Sigmatropic Rearrangement of 4-Allyl Isopyra-
zole to a Pyrazol

Another system investigated by the same authors was that of 3-allylin-
dolemime ketemine [23] which first thermally isomerized to the enamine

[24] and then rearranged to [25] by means of a [3,3] sigmatropic shift.

\
Qs UL UN SR8

H
2 24 25

To substantiate this conclusion, the enamine [26] was prepared (CH3I/

NaOH), and thermal rearrangement gave the expected product (271




N N

| |

CHg CHy
26 27

Eschenmoser has employed the method of transvinyl etherification of 1-
dimethylamino-1-methoxy-ethene and the dimethyl acetal of N,N-dimethyl-
acetamide as a vinylating agent. Again note the enamine intermediate

[31] which then participates in the actual [3,3] sigmatropic shift.

(/ocn, (OCH3)2

G OH 4+ CHo= A CH3—C

///\\\// 2 3 \ —
28 2g NCHa)2 30, v
N(CH3), N(CH3),

N, )

Gy 4

=z

3l 32

Figure 8. Eschenmoser's Synthesis of y,s-Unsaturated Amides
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Hi11 and Gilman have demonstrated that the enamine [33] prepared from
N-methyl allylamine and a-disubstituted aldehydes pyrolyzed quantita-
tively to [34] via a [3,3] sigmatropic shift at 250° C. Mild hydrolysis
of [34] gave the aldehyde [35].

CH CHs
\3 I
N CHO
Z
Xj | %\/‘
3
33 34 99

| Figure 9. Hill and Gilman Synthesis of N-Methy1-2,2 Dimethy]l
Pent-4-Enamine

We now could view our enamine sigmatropic rearrangement in terms

of E. J. Corey's15 retro-synthetic analysis as:

OY - BYF/QY—’I%

|
R R
36 37 38 39
From such analysis of the synthetic tree, it seems obvious that the en-

amine transform is the key intermediate. Thus, the direct preparation

and rearrangement of the enamine was undertaken. The pyrrolidine en-
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amine of 2-acetyl-6-methyl-3,4-dihydro pyran rearranged quite easily
under the pyrolysis conditions as before. Retrosynthetic analysis
yields the obvious conclusion that the new enamine [41] is also quite a

useful synthetic intermediate:

40 41

The only literature analogy to our system was reported by Bir-
kofferl6 and Daum in 1962. Here the pyrrolidino enamine of acetyl furan
[43] was prepared and Cope rearranged to the corresponding o-amino

phenol [44].

o~ 0~ A

(0]
42 43 a4

Figure 10. [3,3] Sigmatropic Rearrangement of the Pyrrolidino
Enamine of Acetyl Furan to o-Amino Phenol




CHAPTER 2
RESULTS AND DISCUSSION

The N-methyl imine of 2-acetyl-6-methyl-3,4-dihydro-2H-pyran was
prepared by passing methy] amine into a cb]d solution of ether contain-
ing 2-acetyl-6-methyl-3,4-dihydro-2H-pyran and molecular sieves. Fol-
Towing isolation and purification, the methyl imine [11] was vacuum
pyrolyzed at 250° C to yield [15] in 66% yield after disti]]afion. The
product of the pyrolysis was assigned the structure [13] based on the
following spectroscopic evidence (Table 1): The infrared spectra shows
the imine C=N stretch 1667 cm' and the ether C-0-C stretch 1053 cm™'
for [11]; however, the product does not exhibit a C-0-C stretch nor a

. .
was observed as well as a

C=N stretch; however an N-H stretch 3413 cm”
C=C stretch 1645 cm'] which is also characteristic of a carbonyl. Sec-
ondary enamines C=C stretch at 1695 cm_1_was observed. The u]fravioTef
absorption spectra shows the distinct n » =* band 231 nm for the imjne
[11]; however, the pyrolysis product has an absorption at 220 nm as
well.as 284 nm. This is indicative of both a secondary enamine and a
carbonyl group present as well. NMR spectroscopy confirmed the struc-
ture as that of [13] by the observation of the vinyl hydrogen as a
triplet at 4.48s which is in excellent agreement with the observed
chemical shift of the vinyl hydrolysis.of 1-N-piperidinocyclohex-1~ene

at 4.56s, which is also observed as a triplet. Also the methyl group

adjacent to the carbonyl was observed at 2.16s5. Further structural
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analysis was done by chemical degradation as follows. Simple catalytic
hydrogenation of [13] with Pd/C produces the saturated amine [45] in 82%
yield. The quaternary ammonium salt of [45] was prepared in ether and
excess methyl iodide, and this, when followed by a Hoffman elimination
with potassium tert-butoxidel’ gave 4-acetylcyclohexene [47] in 62%
yield. Acid hydrolysis of [13] gave 3-acetylcyclohexanone [36] in 72%
yield.

A temperature versus product study (Table 2) was then carried
out with the results that 250° C was the optimum pyrolysis temperature.
Temperatures any higher usually gave extensive polymerization and a

marked decrease in product yield.

I -‘.;//H:/\:]\\\//’ o //I:::::]\\V/’/
0 0 HN
H I H | 13 u

Mg "r \\‘
//[:::::l\\v/// ’/[:::::1\\~/// [:::::l\\w///
7
0
ks i ! g
0 (CH3)a (0)
47 46 45 36

Figure 11. Preparation of 4-Acetyl Cyclohexene and 3-Acety]l
Cyclohexanone By the Enamine Cope Rearrangement




Table 1. Principle Spectroscopic Characteristics of Reactant and Products

Infrared Spectroscopy

NMR Spectroscopy

11

11

1 C=N stretch

of imine

1667 cm

3.07s

CH
N

i

C

1053 em™! | ¢-0-C
stretch of

the ether

CH=C 4.486
AN

———— N-H stretch
of secondary
enamine

3413 cm~

1

CH,—NH 2.68s

————- C=C stretch
of secondary
enamine

----- C=0 stretch

1645 cm~

1695 cm~

1

1

—— - -

CH3—ﬁ—- 2.168

€l
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Table 2. Temperature Study of The Pyrolysis Conditions of The
Methyl Imine of 2-Acetyl-6-Methy1-3,4-Dihydro-2H-Pyran

1 T (°C) % 11* % 13*%
5.0 grams 150° C 100% -—-
5.0 grams 175° C | 100% ———-
5.0 grams 200° C 81.6% 18.4%
5.0 grams 225° C 29.0% 71.0%
5.0 grams 250° C ——— 100%
5.0 grams 275° C S 73.0%%*
5.0 grams 300° C\ ———— 48 . 2%**

*Relative glc peak areas of material isolated, analysis was done
on 10% SE-30 Chromosorb W at 160° C and peak areas were measured by tri-

angulation.

**Extensive polymerization was observed in the pyrolysis tube.
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In considering the reaction mechanism for our plan it was of in-
terest to establish the configuration of the N-methyl imine as syn or

anti. Careful evaluation of the NMR'® data established the C-methyl

group was observed at a higher field for the anti isomer than for the
syn. This is also observed for the N-methyl group for the anti as well;
however, the C-H proton is observed at a lower field for the anti isomer
than for the syn. The coupling constant for the C-methyl group and the
N-methyl group is smaller (J = 8.9 Hertz) for the anti isomer than for
the syn isomer (J = 1.6 Hertz). The coupling constant between CH and
N-methyl is larger for the anti (J = 8.9 Hertz) than for the syn (J =

0.5 Hertz). We can conclude that our N-methyl imine is 92% anti and

8% syn.

Anti

The first critical step in the rearrangement is the thermal iso-

merization'® of the N-methyl ketimine [11] to the N-methyl enamine [11A].
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Figure 12. Thermal Isomerization of the Imine to the Corres-
ponding Enamine

The mechanism for this isomerization can be postulated to be a
[1,3] sigmatropic hydrogen shift. For such a shift to be thermally

20a-c

allowed an antarafacial migration of the hydrogen on C], would have

to be accomplished (Figure 13).

Figure 13. Proposed [1,3] Sigmatropic Hydrogen Shift

From the orbital topology diagram, we can see that as the ni-

2 3

trogen atom rehybridizes from sp” to sp” there is a simultaneous rehy-
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bridization of C-1 from an sp3 configuration to sp2. Thus as the hydro-
gen is being transferred from carbon to the nitrogen there is a syn-
chronous isomerization of the double bond from C2=N to C2=C]. Thus the
non-bonding pair of electrons on the nitrogen now becomes available for
overlap with the m-system of the double bond, and could be the driving
force for the reaction. K]opman2Of has suggested that keto-enol tautom-
erism could possibly be a [1,3] sigmatropic shift system involving a
heteroatom (oxygen) possessing an occupied p-orbital perpendicular to

the p-m-plane.

H 0 O® OH

e gy R

weReaaln e S O el e

Jatickon WO

Figure 14. Klopman's Proposed Keto-Enol Tautomerization












































































































































































































































































