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Abstract : The reaction of N-(3-chloro-3-methyl-2-butylidene)amines (i.e. a-chlo-
roketimines) with lithium diisopropylamide in tetrahydrofuran gave rise to an un-
expected reaction leading to 2-(N-alkylimino)-3,3-dimethyl-l1-isopropyl-5-(2-methyl-
propylidene)pyrrolidines in good yields. The reaction mechanism is interpreted in
terms of a Favorskii-~-type 1,3-dehydrochlorination affording intermediate cyclopro-
pylideneamines (N-analogues of cyclopropanones), which "dimerize" in an unusual
way. This mechanism entails a "normal” opening as well as an "abnormal" opening
of incipient cyclopropylideneamine adducts. This rearrangement represents an
example of the scarcely reported abnormal opening of functionalized cyclopropyl-
amines.

Introduction
The Favorskil rearrangement is the well-known base-induced skeletal rearran-
gement of a-halogenated ketones to afford carboxylic acid derivatives (acids s.s.,

esters, amides).l’2

It is now well-established that this reaction either proceeds
via a cyclopropanone intermediate (1) or via a less frequently encountered so-cal-
led semi-benzilic type rearrangement. The regiochemistry of the opening of cyclo-
propanone adducts 2 during the more abundant type of the Favorskil rearrangement
is in accord with the relative stabilities of the putative carbanions (3 and 5)
which are generated by cleavage of thé carbon-carbon bonds (Scheme I1). However,
in a few cases of the Favorskii rearrangement of isomeric a-haloketones it was no-
ted that a larger group than a methyl in the intermediate cyclopropanone increased
the amount of carboxylic acid derivative derived from the incipient less stable
carbanion.3 This is still a puzzling result (on the assumption that free carban-
ions are involved as intermediates) why the propyl substituted carbanion should be
less stable than the methyl substituted species. The most pertinent exception to
the normally expected ring cleavage of cyclopropanones was observed during the me-

thoxide induced ring opening of 2,2-di-t-butylcyclopropanone 1 (Rl-Rz-t-Bu) which

n
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SCHEME I
afforded only 25% of the "normal” ring opening product 4 (R1=R2-t-8u; Nu=CMe) , but
gave rise to predominantly (75%) the "abnormal® opening product 6 (R1=R2=t-Bu; Nus=

oMe) .4

These experiments demonstrated that steric factors, in addition to carban-
ion stability, determine the direction of the base-tatalyzed ring opening of cy-
clopropanones.3

a-Halogenated ketimines, i.e. the N-analogues of a-halogenated ketones, have
also been shown to rearrange with bases via a Favorskii-type mechanism, which en-

5~-10

tails the intermediacy of cyclopropylidenamines. Also in these cases, the di-

rection of ring opening of the N-analogues of cyclopropanones has been shown to

follow considerations of carbanion stabilities.lo
We would like to report now an unusual ring opening of an intermediate cyclo-

propylidenamine derivative during a Favorskii-type rearrangement of a~chloroketi-

mines.

Results and Discussgion

The reaction of N-(3-chloro-3-methyl-2-butylidene)amines 7a,b,c, easily pre-
pared from 3-chloro-3-methyl-2-butanone and the corresponding primary amine in the
presence of titanium(Iv)chloride,11 with two equivalents of lithium diisopropyl-
amide in tetrahydrofuran (0°C/2 h) afforded 2-(N-alkylimino)-3,3-dimethyl-1-iso-
propyl-5-(2-methylpropylidene)pyrrolidines 8a,b,c in 65-80% yleld (Scheme II).
Compounds 8 occurred as one stereoisomer but a definitive stereochemical assign-
ment could not be established. Compound 8b was investigated by 2D-NOE NMR experi-
ments which revealed some interaction between the substituent on the 1 position
(N-atom) and the adjacent isopropyl groups. However a decission regarding the
stereochemistry could not be taken because of overlap of the signals (360 MHz,

1H NMR) of the allylic methylene function (4-position) and the vinylic hydrogen

on the exocyclic double bond.
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However, inspecting these molecules by Dreiding models indicated a large sterical
congestion when the molecule had the Z-stereochemistry at the olefinic double bond.
This sterical hindrance is totally absent in the E-stereoisomer and this might be
an indication that this is the actual stereochemistry involved in the isolated
compounds 8.

Compounds 8 are characterized by a strong stretching vibration at 1640-1650

cm-1 and by a complex resonance pattern in the IH NMR spectra. Important struc-

tural features could be deduced from the 360 MHz 1

H NMR spectrum, as exemplified
for heterocycle 7b. Three doublets, each integrating for six protons, are situated
at 0.92, 1.07 and 1.27 ppm while the six proton asinglet at 1.28 ppm is attributed
to a geminal dimethyl function on a quaternary carbon atom. The methine septets

of the isopropyl groups linked to nitrogen resonate at 4.07 and 4.49 ppm, but the
third methine signal is a very broad multiplet (8 2.2 ppm) covered by the doublet
(allylic coupling, J=1.8Hz) of the methylene group. The olefinic hydrogen is si-
tuated at 4.29 ppm as a broadened doublet (J=9Hz). Of major importance for the

structural elucidation were the typical 13

C NMR signals at 103.30 ppm (d, B-carbon
of the enamine moiety), 137.10 ppm (8,quaternary a~carbon of the enamine moiety)
and 160.56 ppm (8, imino carbon). Putting all structural units together suggest
compounds 8 to have a heterocyclic five membered ring structure with an exocyclic
olefinic double bond. From the mass spectrum (molecular ion) and the elemental
analysis it was concluded that the reaction products originated from a dehydrochlo-
rination step followed by a dimerization process. In view of the known chemistry

of a-haloimines}?

and its potential for base-induced 1,3-dehydrochlorinations, it
is reasonable to propose a mechanistic rationale starting with a base~induced Fa-
vorskii-type ring contraction affording cyclopropylideneamines 11 (Scheme III).

The final molecules 8 contain two such entities 11 and, therefore, a "dimerization"
process involving a mechanism as outlined below is suggested.

The dimerization reaction might be envisioned as an addition of zwitter-ion 10

across the reactive imino bond of the cyclopropylideneamine 11 and subsequent
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"normal” opening (i.e. generating the most stable carbanion) of the resulting ami-
nal anion 12. 2-Azaallylic carbenium ions are the nitrogen analogues of the well-
known oxyallylic carbenium ions, which have feceived considerable interest in re-
cent years.13 The equilibrium between 2-azaallylic carbenium ions and their ring
closed isomeric species, i.e. cyclopropylideniminium ions, has been discussed re-
cently.l‘ Applyihg this equilibrium to 13 provides 14 which suffers nucleophilic
addition to afford bicyclic intermediate 15. In order to produce amidines 8 this
bicyclic substrate has to undergo an "abnormal"™ ring opening by which the least

stable carbanionic species 16 is formed.15 Protonation of this carbanion and con-~

version (by deprotonation) of the iminium moiety into the corresponding enamine
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yields the functionalized amidines 8. The enamine has the exocyclic structure
which 18 clearly underatood in terms of the formation of the less sterically hin-
dered olefinic double bond (Scheme IV). As discussed already above the 1H NMR
spectra of compounds 8 are very complex due to overlap of several signals (for in-
stance compound 8b contains three isopropyl groups). Therefore it was tried to
grow a single crystal of compound 8b but any effort in various solvent systems re-
mained unsuccessful. Derivatization proved also to be difficult. Compound 8b was
resistent to boiling aqueous mineral acids (12N HC1l, 50% H2804) and was not reduced
by lithium aluminium hydride in ether (reflux). However, treatment of 8b with dry
hydrogen chloride in ether gave a solid hydrochloride 17, which on crystallization

from water produced nice crystalls of the water addition product 18 (Scheme V).

© a®
NJ\ NH

2 N N

efher oH
17 18

SCHEME VvV
The stability of carbinolamines such as 18 .is not surprising in view of the sta-

bilizing properties of the electron-withdrawing imidoyl substituent on nitrogen.

Figqure 1 : Stereoscopic view of carbinolamine salt 18.
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Carbinolamine 18 was subjected to X-ray crystallographic analysis, which clearly

established its structure. The principal crystallographic parameters are : mono-

o °
clinie, P21, a=8.532(1), b=11.157(2), c=9.735(2)A, B8=90.42(2)°, V'926.7(3)A3, =2,

- ° -
Dx=1.09 g.cm >, MoKa, 1=0.71069A, u=2.1 cm
observed reflections. The atomic parameters are given in Table 1.

a stereoscopic view of the molecule showing the numbering of the atoms.

1

TABLE 1

, F(000)=336, T=291K, R=0.034 for 1352

Figure 1 gives
Bond dis-

Atomic coordinstes(X10%) and equivalent tespersture
factors(R?)

Beq= (Ils)l'!.!‘ Ug,a® ‘C.‘ a e,

x/a
N 2205(3)
c2 2304(4)
c3 3529(4)
c4 4450(4)
[+ 3344(0)
ceé 911(4)
c? 414160(S)
cs =740(4)
N9 4447(3)
c10 1198(S5)
ci1 41796(7)
c12 -543(5)

c13 2714(S)
ci4 4660(5)
C15 M3
Ci16 5598(4)
c47 sL44(S)
c1s 6482(5)
019 2567(3)
CcL 818(1)

y/®

1803(3)
1873(3)
41009(3)
723(8®)
930(3)
2261(3)
3
2002(4)
2601(3)
2553(4)
3700(S)
2368(S)
-123(4)
1549(%)
1488(3)
313(8)
-368(4)
1631(5)
-139(2)
0

z2/c

1093(3)
2432(3)
30141 (3)
1695(3)
4831 (3)
199(4)
-193(®)
776(S)
3194(3)
4697(3)
85355(4)
4946(6)
3557¢4)
4088(4)
=751(3)
-1288(4)
~1981 (5)
-2263(4)
170(2)
7335(1)

Beq

2.69(4)
2.54(S)
2.97(S)
3.26(6)
2.65(5)
3.47¢6)
4.43(7)
4.62(8)
2.85(5)
3.89(?)
5.85(10)
5.72(10)
4.62(7)
4.65(8)
2.89(S)
3.36(6)
5.40(9)
5.00(8)
3.37(4)
4.07(2)

tances and angles are given in Tables 2 and 3 while torsion angles are compiled in

Table 4. In addition, the following hydrogen bonds can be described : O, ,.~H...Cl

TABLE 2

Bond distances(A)

c2 -M 1.328( ®
c6 -N1 1.490( 4)
N9 -C2 1.313( &)
C13 -C3 1.539( %)
CcS -C4 1.524( @
019 -CS 1.397C &)
cs -C6 1.524( 5)
c11 -C10 1.513(C 6)
Ci6 -CAS 1.5372( %)
€18 -C16 1.520C 6)

(-]
(x,y,2-1) 3.13 A and Ny-H...Cl

cs
c3
ce
Cc14
c13
c7
c10
ci2

-t

19

- 1.502( @)
-c2 1.549( )
-C3 1.54( 4)
-C3 1.542( 5)
-CS 1.522(¢ 5)
-Cé 1.527C 6)
~N9 1.481( &)
-C10 1.522( 6)
-C16 1.547C 6)

o
(-x, 1/2 + y, 1-z) 3.34 A.
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TABLE 3

Bond angles(®)

cs - -C2 113.3(2) c6 -M1 -C2 127.4(3)
c6 -Nt -CS 118.0(2) cs -c2 -M 114.0(3)
N9 -C2 -M 123.5(3) N9 -C2 -C3 128.5(3)
ca -C3 -Cc2 100.8¢2) €13 -C3 -C2 109.4(3)
C13 ~C3 -Ca 4110.6¢3) €14 -C3 -C2 114.9(3)
C14 -C3 -C4 109.0(3) C14 -C3 -C413 111.6(3)
cSs -c4 -C3 107.3(3) C4e -CS -mM¢ 100.9(2)
CiS -C5 -M 4110.3(3) C1S -CS -C4 113.0(3)
019 -C5 -M1 109.4(2) 019 -C5 -C4 109.2¢3)
019 -CS -C13 113.3(®) c? -C6 -M 114.7(3)
cs -C6 -M1 143.0(3) c8 -C6 -C7 113.7¢()
Cc10 -N9 -C2 127.4(3) €14 -C10 -N9 109.9(3>
€12 -C10 -N9 108.0(3) €12 -C10 -C11  142.1(8)
C16 -C15 -CS 116.0(3) Ci7 -C16 -C415 113.8(3)
C18 ~C16 -C1S 108.8(3) C18 -C16 -C17 140.6(3)

TABLE 4

Torsion angles(®) (6=0.6)

c5 -N©t -C2 -C3 -1.7
c5 -Nt¢ -02 -N9 178.2
c6 -N1 -C2 -C3 163.6
€6 -N1 -C2 -N9 -46.5
c2 -N1 -C5 -C4 -14.3

c2 -N4 -C5 -C15 -134.0
cz2 -N1 -CS -049 100.7

€6 -N4 -C5 -C4 179.0
C6 -N1 -C5 -C15 59.2
c6 -N1L -C5 -019 -66.0
cz -N -C6 -C7 87.4
c2 -NM -C6 -C8 -42.6
cS -NM -C6 -C7 -108.2
C5 -N& -C6 -C8 122.1
N -C2 -C3 -C4 16.7
N® -C2 -C3 -Ci3 -99.9
NiL -C2 -C3 -Cis 133.7
N9 -C2 -C3 -C4 -163.2
N9 -C2 -C3 -C13 80.2

N9 -C2 -C3 -C14 -46.2
NiL -C2 -N9 -C10 164.8

c3 -C2 -N9 -C10 -15.4
c2 -C3 -C4 -CS -25.1
€13 -C3 -C4 -CS 90.5
C14 -C3 -C4 -CS -146.4
C3 -C4 -CS5 -M 24.2
C3 -C4 -C5 -C15 141.9
€3 -C4 -C5 -019 -91.0
NiL -C5 -CiS -C16 167.4
C4 -CS5 -C13 -C16 55.0
019 -C35 -C15 -C16 -69.9

C2 -N9 -C10 -Ci1 118.7
c2 -N9 -C10 -C12 -118.7
€5 -C1S -C16 -C17 70.0
€S -C45 -C16 -C18 -166.2

Experimental Section

Infrared spectra were recorded with a Perkin Elmer model 1310 spectrophotome-
.,a_‘er while 14 NMR spectra were measured with Varian T-60 (60 MHz) or Bruker WH-360
1’\1'\ (360 MHz) spectrometers. 13C NMR spectra were taken on Varian FT 80 (20 MHz)
or Bruker WH-360 FT (50 MHz) spectrometers. Mass spectra were obtained from a
Varian MAT 112 mass spectrometer (direct inlet system; 70 eV). Dry tetrahydrofu-
ran was prepared from benzophenone ketyl and lithium diisopropylamide was prepared
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in THF from diisopropylamine and butyllithium (in hexane) or methyllithium (in
ether). a-Chloroketimines 7a, 7b, 7¢ were synthesized by our previously published

method.u'16

Reaction of a-Chlorcketimines 7 with Lithium Diisopropylamide in Tetrahydrofuran

A solution of 8.88 g (0.088 mol) of diisopropylamine in 40 ml of freshly dis-
tilled dry tetrahydrofuran was placed in an ice bath and treated with 41 ml n-bu=-
tyllithium in hexane (1.95 M; 0.08 mol). After stirring for 15 minutes at the ice
bath temperature, this solution was treated dropwise with a solution of 6.46 g
(0.04 mol) of W-(3-chloro-3-methyl-2-butylidene)isopropylamine 7b in 6 ml of dry
tetrahydrofuran. The homogeneous solution was stirred one our at the same tempera-
ture after which the reaction mixture was poured into agqueous sodium hydroxide
(0.5 N), extracted with ether and dried (x2c03). After evaporation of the solvent,
the residual oil was distilled to afford 7.3 g (73%) of heterocycle 8b, bp 121~
130°C/15 mmHg or 63-66°C/0.01 mmHg,mp 49°C (MeOH).

IR (RBr) : 1640 cm © (strong).

'n NMR (360 MHz, CDC1;) : 8 0.92 (6H, 4, J=6.5Hz, Me,CH); 1.07 (6H, d, J=6.0Hz,
§52CH)) 1.27 (6H, &, J=6.5Hz, !QZCH)7 1.28 (6H, =8, §§20-0=N); 2.3 (1H, m, CH-C=(C);
2.3 (2H, 4, J=1.8Hz, caz); 4.49 (1H, septet, J=6.5Hz, N=C-N-CH); 4.06 (1H, septet,
J=6.0Hz, C=N-CH); 4.29 (1H, broad d, J=9Hz, CH=C),

3¢ NMR (20 MHz, CDC1,) : 8 17.93 (g, Me,); 24.44 (q, Me,): 25.49 (g, Me,); 26.77
{q, Mez); 27.63 (d, CH-C=C); 39.30 (s, C-C=N); 43.19 (t, cxz): 43.19 (4, NCH);
46.64 (d, NCH); 103.73 (d, N~C=CH); 136.32 (s, N-C=C); 160.74 (s, C=N).

Mass spectrum m/e (%) : 250 (M+; 38); 235 (52); 207 (100); 194 (14); 193 (76);

166 (19); 165 {33); 151 (48); 150 (14); 111 (19); 109 (21); 83 (19); 82 (29); 69
(38); 68 (29): 55 (19); 43 (39); 42 (28); 41 (66).

Elemental analysis : C {calecd) : 76.74 &, C {found) : 76.59 %; H (calcd) : 12.08
%, C (found) : 12.19 %; N (calcd) : 11.19 &, N (found) : 11.25 &,

Compounds 8a (R=Et) and 8¢ (R=Me) were obtained in similar way as described for
compound 8b.

Compound 8a (R=Et), bp 53-57°C/0.01 mmHg, yleld 65 &.

IR (NaCl) : 1640 cm ! (br, s).

1H NMR (60MHz, CDC13) : 8§ 0.9-1.3 {12H, overlapping signals, 4 Me); 1.32 (6H, s,
Me,C~C=N); 2.2 (1H, m, CH-C=C); 2.40 (2H, 4, J=1.7Hz, CH,-C=C}; 3.54 and 3.48

{each 2H, each q, J=7.5Hz and J=7Hz resp., ggz—N=c-N-g§2); 4.20 (1H, dxt, J=9Hz,
J=1.7Hz, CH=C).

Mass spectrum m/e (%) : 222 (M+; 9); 207 (44); 179 (12); 152 (8): 110 (12); 97 (12);
96 (23); 91 (14); 82 (34); B1 (9); 70 (10); 69 (27): 68 (52); 67 (14); 65 (8); 57
(13); 56 (31); 55 (39); 54 (14): 53 (17); 44 (20); 43 (27); 42 (39); 41 (100); 40
(14); 39 (27).

Elemental analysis : C (caled) : 75.62 %, C (found) : 75.51 %; H {(calcd} : 11.79 &,
H (found) : 11.64 %; N {(calcd) : 12.60 &, N {found) : 12.69 2.

Compound 8¢ (R=Me); bp 117-120°C/12 mmHg, yield 80 %,
IR (NaCl) : 1650 cm ' (br, s).

u NMR (60MHz, CDC1,) : & 0.98 (6H, d, J=6.5Hz, Me,CH); 1.34 (6H, s, Me,); 2.4 M,
d, J=2Hz, CHZJ 2. 86 (3, 8, CH N)f 3.26 (34, s, C'NCK Y: 2.4 (1H, m, CHMez): ‘/16

(1H, dxt, J=7Hz, J=2Hz, CH=C).
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Mass spectrum m/e (%) : 194 (M+z 23); 179 (93); 138 (20); 95 {23); B2 (55); 56
(14); 55 (17): 42 (32): 41 (25); 40 (100).

Elemental analysis : C (calcd) : 74.17 &, C (found) : 74.29 %; H (caled) : 11.41
%2, H (found) : 11.48 %; N (calcd) : 14.42 %, N (found) : 14.29 %,

Synthesis of amidinium salt 18

The reaction of cyclic amidine 8b (R=i-Pr) with excess dry hydrogen chloride
in dry ether (room temperature)} produced a salt {mp 161°), which was dissolved in
water. On standing for two weeks, nice crystals separated {mp 158°C) which were
shown by X-ray analysis to be carbinol amine salt 18 (see Figure 1).
IR (KBr) : 3130 cm ! (s) and 1630 cm ™} (s).
IH NMR (60MHz, DMSO-dS/CDCI3 1:1) : 8 1.03 (6H, 4, J=6Hz, ggzca); 1.41 (6H, 4,
JV6Hz, partially covered, Me,CH): 1.47 (6H, s, Me,); 2-2.7 (3H, m, CH,CH); 3.36
(1H, br s, OH); 4.3 (1H, m, NCH); 5.1 (1H, m, NCH); 9.8 (1H, br, c=RE-).

X~Ray crystallographic analysis

A parallelepiped crystal of 18 with dimensions 0.2x0.2x0.4 mm was used. Lat-
tice parameters were refined using 15 reflections in the range 4° < 28 < 20°,
Syntex le, graphite monochromatized aoxu radiation. oy
1453 hk+1 independent reflections with siné/x < 0,561 A ~, 1352 with I > 2.50.
The standard reflection (2, 2, -1) was checked every 50 reflections : no signifi~
cant deviation was observed. The structure was solved by SHELX84. Anisotropic
least squares refinement (SHELX76) using F; H isotropic with common refined tem-
perature factor (B = 6.2 32). W o= 1/(02 + 0.00046F2), R = 0.034, Rw = 0,038, § =
2.1 for 1352 observed reflections. Final maximum shift to error = 0.12. Max%mum
and minimum heights in final difference fourier synthesis = 0.18 and -0.14 e.A-3.
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